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Abstract 

Given the complex, dynamic, and urgent problems that sustainability science addresses, re-

search approaches are required that not only improve the understanding of sustainability chal-

lenges, but also to support action for sustainable development. In this context, transdisciplinary 

research has established as an approach that aims not only to generate new knowledge, but also 

to promote the societal relevance and application of research findings through direct collabora-

tion of scientists and societal stakeholders from different fields in integrative research pro-

cesses. Despite its increasing prevalence in the field, there remains a gap between theoretical 

ideal-typical models of transdisciplinary research and its actual application within sustainability 

science. While scholars generally agree that transdisciplinary research is societally effective, 

there is scattered and partly conflicting evidence on which aspects of transdisciplinary research 

foster societal impact. Moreover, the extent to which transdisciplinary research contributes to 

scientific progress is largely unexplored. 

This thesis aims to contribute to a better understanding of the actual implementation of trans-

disciplinary research in sustainability science. Following three aims, this work likes to (1.) con-

tribute to the measurability of transdisciplinary research processes as well as their societal and 

academic outputs and impacts, to (2.) demarcate transdisciplinary research from other modes 

of research in sustainability science and to (3.) identify and examine the determinants that shape 

the contribution of transdisciplinary research to societal action for sustainable development and 

to scientific knowledge production. 

To serve these aims a mixed methods approach is applied that combines strong quantitative 

elements with in-depth qualitative analyses that integrate the perspectives of practitioners. This 

thesis provides a broad set of indicators to describe and assess transdisciplinary research that 

translate theoretical concepts form transdisciplinarity theory into observable variables. The in-

dicators offer a holistic perspective on transdisciplinary research by representing research mode 

characteristics, societal as well as scientific outcomes of research projects and their specific 

context. 

To theoretically demarcate transdisciplinary research from other forms of research, a narrative 

literature review first elaborates the differences between ‘normal science’, political use of sci-

entific knowledge and transdisciplinarity in their underlying logics of problem definition, 

knowledge production and research utilization. Subsequently, these concepts were compared 

with perspectives and expectations of practitioners in the forest sector on integrative research 
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settings, showing that practitioner perspectives align the most with conceptualizations of polit-

ical use of scientific knowledge. 

Moreover, a cluster analysis of data from 59 research projects identified five research modes 

that empirically demarcate ideal-typical transdisciplinary research from other research modes 

within sustainability science: (1) purely academic research, (2.) practice consultation, (3.) se-

lective practitioner involvement, (4.) ideal-typical transdisciplinary research and (5.) practice-

oriented research. Based on this finding, transdisciplinary research can be characterized as an 

intensive, but balanced involvement of practitioners. It incorporates not only the needs and 

goals of the practitioners but also their norms and values. Ideal-typical transdisciplinary re-

search goes beyond mere consultatory research approaches and must be distinguished from 

what is conceptualized as applied research. 

Regression analysis of 81 research projects and statistical group comparisons of the five re-

search mode clusters show that societal and academic outputs and impacts vary with specific 

project characteristics and combinations of project characteristics defined as research modes. 

The findings indicate that more interactive research modes reach more societal impacts. In par-

ticular, the involvement of practitioners in early project phases and the targeted dissemination 

of the research results positively affect societal impacts. This finding also aligns with practi-

tioner expectations on integrative research and research utilization, provided by qualitative 

analysis. Moreover, the quantitative results show that scientific outputs and impacts decrease 

with the intensity of interactions, indicating a trade-off between societal and scientific outcomes 

and impacts. 

Overall, the empirical results of this thesis support the claimed effectiveness of transdisciplinary 

research in providing societally relevant, applicable knowledge and encourage further funding 

of transdisciplinary research by funding agencies. The relationships discovered in this study 

between research mode characteristics and societal as well as academic outputs and impacts 

can help researchers design and reflect on their research and can inform funding agencies in the 

design of project calls and research programs. However, the observed lower academic outputs 

and impacts of more integrative research modes raise the question of how to further strengthen 

the systematic documentation and accessibility of the results of transdisciplinary sustainability 

research. Additionally, the observed trade-off between societal and academic impacts of trans-

disciplinary research highlights the need for strategies to mediate between the dual aim of trans-

disciplinary research to contribute to societal problem solving and scientific knowledge pro-

duction. 
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Deutsche Zusammenfassung 

Transdisziplinäre Forschung in den Nachhaltigkeitswissenschaften erfassen und bewer-
ten 

Angesichts der komplexen, dynamischen und drängenden Krisen, mit denen sich die Nachhal-

tigkeitswissenschaften befassen, sind Forschungsansätze erforderlich, die nicht nur ein besseres 

Verständnis von Mensch-Umwelt-Verhältnissen schaffen, sondern auch aktives Handeln für 

eine nachhaltige Entwicklung unterstützen. In diesem Zusammenhang hat sich die transdiszip-

linäre Forschung als ein Ansatz etabliert, der nicht nur darauf abzielt, neues Wissen zu gene-

rieren, sondern auch die gesellschaftliche Relevanz und Anwendung von Forschungsergebnis-

sen durch die direkte Zusammenarbeit von Wissenschaftler*innen und gesellschaftlichen Akt-

euren aus verschiedenen Bereichen in integrativen Forschungsprozessen zu fördern. Trotz der 

zunehmenden Anwendung von transdisziplinärer Forschung, besteht nach wie vor eine Kluft 

zwischen theoretischen idealtypischen Modellen und ihrer tatsächlichen Umsetzung in den 

Nachhaltigkeitswissenschaften. Während sich die Forschung im Allgemeinen einig ist, dass 

transdisziplinäre Forschung gesellschaftlich wirksam ist, gibt es nur vereinzelte und teilweise 

widersprüchliche Belege dafür, welche konkreten Aspekte der transdisziplinären Forschung ge-

sellschaftliche Wirkungen fördern. Darüber hinaus ist das Ausmaß, in dem transdisziplinäre 

Forschung zum wissenschaftlichen Fortschritt beiträgt, weitgehend unerforscht. 

Diese Doktorarbeit soll zu einem besseren Verständnis der tatsächlichen Umsetzung transdis-

ziplinärer Forschung in den Nachhaltigkeitswissenschaften beitragen. Die Arbeit verfolgt drei 

Ziele: (1.) einen Beitrag zur Messbarkeit transdisziplinärer Forschungsprozesse sowie ihrer ge-

sellschaftlichen und wissenschaftlichen Ergebnisse und Wirkungen zu leisten, (2.) transdiszip-

linäre Forschung von anderen Forschungsansätzen in den Nachhaltigkeitswissenschaften abzu-

grenzen und (3.) die Determinanten zu identifizieren und zu untersuchen, die den Beitrag trans-

disziplinärer Forschung zu gesellschaftlichem Handeln für eine nachhaltige Entwicklung und 

zur wissenschaftlichen Wissensproduktion prägen. 

Um diese Ziele zu erreichen, wird ein Mixed-Methods-Ansatz angewandt, der starke quantita-

tive Elemente mit in die Tiefe gehenden, qualitativen Analysen kombiniert, die auch die Per-

spektiven von Praktiker*innen einbeziehen. Diese Arbeit liefert ein umfassendes Indikatorenset 

zur Beschreibung und Bewertung transdisziplinärer Forschung, das theoretische Konzepte aus 

der Transdisziplinaritätstheorie in beobachtbare Variablen umsetzt. Die Indikatoren bieten eine 

ganzheitliche Perspektive auf transdisziplinäre Forschung, indem sie die Charakteristika des 
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Forschungsmodus, die gesellschaftlichen und wissenschaftlichen Ergebnisse und Wirkungen 

von Forschungsprojekten und deren spezifischen Kontext abbilden. 

Um transdisziplinäre Forschung theoretisch von anderen Forschungsansätzen abzugrenzen, 

werden in einer narrativen Literaturanalyse zunächst die Unterschiede zwischen "Normalwis-

senschaft", politischer Nutzung wissenschaftlichen Wissens und Transdisziplinarität in den 

ihnen zugrunde liegenden Logiken der Problemdefinition, Wissensproduktion und Forschungs-

nutzung herausgearbeitet. Anschließend werden diese Konzepte mit den Perspektiven und Er-

wartungen von Praktiker*innen im Forstsektor an integrative Forschungssettings verglichen. 

Dabei zeigt sich, dass die Perspektiven der Praktiker*innen am stärksten mit dem Konzept der 

politischen Nutzung wissenschaftlichen Wissens übereinstimmen. 

Darüber hinaus identifiziert eine Clusteranalyse der Daten von 59 Forschungsprojekten fünf 

Forschungsmodi, die die idealtypische transdisziplinäre Forschung empirisch von anderen For-

schungsmodi innerhalb der Nachhaltigkeitswissenschaften abgrenzen: (1.) rein akademische 

Forschung, (2.) Beratung durch die Praxis, (3.) selektive Praxiseinbindung, (4.) idealtypische 

transdisziplinäre Forschung und (5.) praxisorientierte Forschung. Ausgehend von diesen Er-

gebnissen lässt sich transdisziplinäre Forschung als geprägt von einer intensiven, aber ausge-

wogenen Einbindung von Praktiker*innen charakterisieren. Sie bezieht nicht nur die Bedürf-

nisse und Ziele der Praktiker*innen ein, sondern auch deren Normen und Werte. Die idealtypi-

sche transdisziplinäre Forschung geht über rein beratende Forschungsansätze hinaus und ist von 

dem zu unterscheiden, was als angewandte Forschung konzeptualisiert wird. 

Die Regressionsanalyse von 81 Forschungsprojekten und statistische Gruppenvergleiche der 

fünf Forschungsmodus-Cluster zeigen, dass die gesellschaftlichen und akademischen Ergeb-

nisse und Wirkungen je nach spezifischen Projektmerkmalen und Kombinationen von Projekt-

merkmalen, definiert als Forschungsmodi, variieren. Die Ergebnisse deuten darauf hin, dass 

interaktivere Forschungsmodi eine größere gesellschaftliche Wirkung erzielen. Insbesondere 

die Einbeziehung von Praktiker*innen in frühen Projektphasen und die gezielte Verbreitung 

der Forschungsergebnisse wirken sich positiv auf die gesellschaftlichen Wirkungen aus. Dieser 

Befund deckt sich auch mit den Erwartungen der Praktiker*innen an integrative Forschung und 

Forschungsnutzung, die sich aus der qualitativen Analyse ergeben. Darüber hinaus zeigen die 

quantitativen Ergebnisse, dass die wissenschaftlichen Ergebnisse und Wirkungen mit der In-

tensität der Interaktionen abnehmen, was auf einen Zielkonflikt zwischen gesellschaftlichen 

und wissenschaftlichen Ergebnissen und Wirkungen hindeutet. 
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Insgesamt unterstützen die empirischen Ergebnisse dieser Arbeit die erwartete Wirksamkeit 

transdisziplinärer Forschung bei der Bereitstellung von gesellschaftlich relevantem, anwendba-

rem Wissen und ermutigen zur weiteren Finanzierung transdisziplinärer Forschung durch För-

derorganisationen. Die in dieser Studie entdeckten Zusammenhänge zwischen den Merkmalen 

des Forschungsmodus und den gesellschaftlichen sowie akademischen Ergebnissen und Aus-

wirkungen können Forscher*innen bei der Gestaltung und Reflexion ihrer Forschung helfen 

und Förderorganisationen bei der Ausarbeitung von Ausschreibungen und Forschungsprogram-

men unterstützen. Die beobachteten geringeren akademischen Ergebnisse und Auswirkungen 

integrativerer Forschungsmethoden werfen jedoch die Frage auf, wie die systematische Doku-

mentation und Zugänglichkeit der Ergebnisse transdisziplinärer Nachhaltigkeitsforschung wei-

ter verbessert werden können. Der beobachtete Zielkonflikt zwischen den gesellschaftlichen 

und akademischen Auswirkungen transdisziplinärer Forschung verdeutlicht zudem die Not-

wendigkeit von Strategien, um den beiden Ansprüchen der transdisziplinären Forschung, zur 

Lösung gesellschaftlicher Probleme beizutragen, und gleichzeitig wissenschaftliches Wissen 

zu produzieren zu vermitteln. 

Schlagworte: Transdisziplinarität, Nachhaltigkeitswissenschaft, transdisziplinäre Forschung, 

gesellschaftliche Auswirkungen, wissenschaftliche Auswirkungen, Forschungsmodus, For-

schungsbewertung 



1 

1 Introduction 

“We are living in the midst of this rapid and deep transition, so we cannot predict its 

outcome. But we can help to create the conditions and the intellectual tools whereby the 

process of change can be managed for the best benefit of the global environment and  

humanity.” (Funtowicz and Ravetz 1993:754) 

Today's societies face multiple and interrelated crises, such as accelerating climate change 

(IPCC, 2022), rapid biodiversity loss (IPBES, 2019), and ongoing resource depletion (IRP, 

2019) that threaten the security and well-being of current and future generations. These crises 

are characterized by complex and dynamic problem structures that often combine societal and 

environmental challenges, where much is at stake and solutions are urgently needed (Funtowicz 

and Ravetz 1993; Jerneck et al. 2011; Kates et al. 2001). 

Among many other societal responses to these leading challenges, sustainability science 

emerged as a new field of research with the aim of “understand[ing] the fundamental character 

of interactions between nature and society” (Kates et al. 2001:641) and “creating and applying 

knowledge in support of decision making for sustainable development” (Clark and Dickson 

2003:8059). Pursuing these goals, sustainability science is defined by its problem orientation, 

integrative perspective and application orientation rather than by specific research subjects and 

a common methodology (Spangenberg 2011; Von Wehrden et al. 2017). 

However, the conduct of sustainability science requires a broad range of knowledge and skills 

that transcend traditional boundaries between academic disciplines and require a direct interface 

between research and the societal context of application (Jerneck et al. 2011; Kates et al. 2001; 

Leach, Scoones, and Stirling 2010; Nowotny, Scott, and Gibbons 2001; Spangenberg 2011). 

Sustainability science is thus strongly linked to the so called “new modes of knowledge pro-

duction” (Becker et al. 2001; Lang et al. 2012; Scholz et al. 2006) which firm under the labels 

of “Mode 2” (Gibbons et al. 1994; Nowotny et al. 2001), “post-normal” science (Funtowicz 

and Ravetz 1993) or transdisciplinarity1 (Jantsch 1970; Klein et al. 2001). 

The core characteristics of transdisciplinary research entail that research activities are based on 

real-world problems, in distinction to purely inner-scientific questions of basic research (Klein 

1 While transdisciplinary research is strongly connected to sustainability science, it is also discussed and 
implemented in other applied fields like health research (Sell et al. 2022; Stokols et al. 2008) and the study of 
social work (Clark, Handlovsky, and Sinclair 2015). 
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2004; Scholz and Steiner 2015b). It is conducted in collaboration between scholars from differ-

ent disciplines and practitioners from different sectors of society, such as the private, govern-

ment, and civil sector (Bergmann et al. 2012; Hirsch Hadorn et al. 2008; Jahn 2008; Scholz and 

Steiner 2015a). The central underlying assumption is that through these interactions between 

science2 and society transdisciplinary research goes beyond the production of knowledge in the 

form of an in-depth analysis of the problem under study, but provides concrete solutions to the 

practical problems at hand (Jahn 2008; Lang et al. 2012; Miller et al. 2014). 

The body of literature on transdisciplinary research is growing rapidly (Lam et al. 2021; 

Lawrence et al. 2022; Pohl, Truffer, and Hirsch Hadorn 2017) and the approach itself is widely 

used3 (Brandt et al. 2013; Chambers et al. 2021; Pärli, Fischer, and Lieberherr 2022; 

Zscheischler and Rogga 2015). However, there still remains a gap between theoretical ideal-

typical models of transdisciplinary research and the variety of real applications of interactive 

and integrative research modes within sustainability science (Binder, Absenger-Helmli, and 

Schilling 2015; Keitsch and Vermeulen 2021; Sakao and Brambila-Macias 2018). And alt-

hough the study and evaluation of transdisciplinary research and its outcomes has seen much 

progress in the last years (Belcher et al. 2016; Knickel et al. 2019; Lux et al. 2019), still a rather 

small proportion of that research uses large-N quantitative comparative approaches (for excep-

tions see: Binder et al. 2020; Chambers et al. 2021; Hegger and Dieperink 2015; Jacobi et al. 

2022; De Jong, Wardenaar, and Horlings 2016; Pärli et al. 2022; Phillipson et al. 2012). Fur-

thermore, while there is a general agreement in empirical studies that transdisciplinary research 

is societally impactful (Binder et al. 2020; De Jong et al. 2016; Lux et al. 2019; Schneider et al. 

2019), there is dispersed and partly contradicting evidence on which of the diverse aspects of 

transdisciplinary research essentially foster societal impact (Binder et al. 2020; Hegger and 

Dieperink 2015; Jacobi et al. 2022; De Jong et al. 2016; Pärli et al. 2022). While much work 

focuses on capturing and describing societal impact, the extent to which transdisciplinarity con-

tributes to scientific progress is still neglected (Hegger and Dieperink 2015; Lam et al. 2021; 

Lux et al. 2019). Besides, while transdisciplinary research itself is fundamentally based on col-

laboration with heterogenous societal actors, the research on transdisciplinary research is pretty 

much dominated by the researcher perspective and the views, experiences and assessments of 

2 In this work ‘science’ is referred to in the holistic notion of the German term “Wissenschaft” following 
Weingart (2010), as opposed to the distinction between ‘science’ and the ‘humanities’ in the Anglo-Saxon con-
text. 
3 In Germany, where the data for this dissertation were collected, transdisciplinary research projects that aim at 
fostering sustainability have been funded by the German Federal Ministry of Education and Research (BMBF) 
since 2000 (BMBF 2015; Bührer et al. 2020). 
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practitioners are only rarely taken into account (for exceptions see: Binder et al. 2020; Steger 

et al. 2021; Zscheischler and Rogga 2015). 

Responding to these overarching research gaps, the core aim of this doctoral work is to contrib-

ute to a better understanding of the actual implementation of transdisciplinary research in sus-

tainability science. By systematically analyzing a larger number of research projects, this thesis 

identifies and examines the determinants that shape the contribution of transdisciplinary re-

search to the solution of sustainability problems and to scientific knowledge production. 

Specifically, this thesis will pursue the following three research aims: 

Aim#1 Measurability – Extending the measurability of transdisciplinary research: To 

contribute to the measurability of transdisciplinary research practices and their societal as well 

as academic outcomes in a systematic comparative manner by translating concepts from the 

theoretical literature into observable indicators suitable for different types of research projects. 

Aim#2 Demarcation – Demarcating transdisciplinary research in sustainability science: 

To contribute to a better understanding of what transdisciplinary research is in distinction to 

other research modes, by challenging theoretical concepts with empirical observations. 

Aim#3 Assessment – Linking research modes and impacts: To provide empirical insights 

for a better understanding of which of the specific characteristics of transdisciplinary research 

contribute to both societal problem solving and scientific knowledge generation. 

This thesis is structured as follows: Section 2 provides the theoretical background of this thesis 

and Section 3 describes the mixed-methods research design chosen for this work. Section 4 to 

6 present and summarize the overarching findings of the three constituting articles along the 

three research aims defined above. In Section 7 the results are synthesized and discussed with 

respect to overarching challenges of transdisciplinary research in sustainability science. Section 

8 concludes with overarching implications of this thesis for the future study and application of 

transdisciplinary research. 
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2 Theoretical background 
 

2.1 Transdisciplinarity and transdisciplinary research 

The term transdisciplinarity was first coined by Jantsch (1970), introducing it as a theoretical 

approach to “facilitate communication among basic sciences, applied sciences and decision 

making” (Klein 1990:69). Reflecting on the role of science in society, Jantsch (1970) envi-

sioned a science at the “service of society” for a “human purpose” (ibid, p. 412) and emphasized 

– consistent with the later work of Weinberg (1972) – that many societal problems transcend 

the boundaries of scientific disciplines. Through increasing disciplinary specialization, the ob-

jects of research had become ever-stronger decoupled, research problems had increasingly 

arisen within science itself, and communication about research had become more and more self-

referential (Weingart 2010). This inner-academic "puzzle solving" (Kuhn 2012:35) that dis-

tanced itself from societal problem contexts was observed and described in detail by Kuhn 

(ibid.) as 'normal science'. Transdisciplinarity can hence be perceived as a critique and a pro-

gression of ‘normal science’ (Klein 1990; Mittelstraß 1992; Weingart 2010). 

Gibbons, Nowotny, and their collaborators elaborated on these ideas, explaining that in modern 

societies knowledge “is created in broader, transdisciplinary social and economic contexts” 

(Gibbons et al. 1994:1). In the risk society and knowledge economy, more societal stakeholders 

expect science to deliver knowledge that is societally beneficial and responding to current pub-

lic needs (Nowotny 2003; Nowotny et al. 2001). At the same time, educational expansion leads 

to increasing professionalization of many societal fields and to more certified and uncertified 

expertise in society, enabling new, participatory modes of knowledge production (Nowotny et 

al. 2001). Hence, – in distinction from traditional forms of scientific knowledge production – 

which they define as ‘Mode 1’– ‘Mode 2 knowledge production’ as they call it, is taking place 

in mutual exchange with the societal ‘context’ of research. Moreover, the whole knowledge 

production process is shaped by social responsibility. The research activities lead to ‘socially 

robust knowledge’ which is envisioned to be receivable in different societal contexts – not ex-

clusively within academia (Gibbons et al. 1994; Nowotny 1999a). 

In parallel, a very similar argument was developed by Funtowicz and Ravetz (1993): They de-

scribe the emergence of ‘post-normal science’ as a type of science that is required in situations 

of uncertainty, risk and high decision stakes. In this, they distinguish ‘post-normal science’ 

from ‘core science’, ‘applied science’ or ‘professional consultancy’ by describing it as an 
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interactive dialogue, linking hard facts and analytical rigor with participation and public values 

(ibid.). 

From the first Transdisciplinarity Conference in 2000 in Zürich a discourse and corresponding 

community emerged that is concerned with translating the theoretical ideas and principles of 

transdisciplinarity described above into applicable research processes and practices, and with 

continuously developing these (Klein 2004). Building on this discourse4, this thesis is strongly 

influenced by the seminal ideal-typical model of transdisciplinary research by Jahn (2008). This 

phase model aligns with other (phase) models of transdisciplinary research (Jahn, Bergmann, 

and Keil 2012; Lang et al. 2012; Lawrence et al. 2022) and was widely applied to various re-

search problems (e.g. Barnett et al. 2022; Brink et al. 2018; Ifejika Speranza et al. 2022; 

Schaltegger, Beckmann, and Hansen 2013). 

In the ideal-typical model, transdisciplinary research “initiates from societally relevant prob-

lems that imply and trigger scientific research questions” (Lang et al. 2012:27), which is often 

referred to as ‘real-world orientation’ (Klein et al. 2001; Scholz and Steiner 2015b). The re-

search process is conceptualized as two pathways, one pathway to solve the societal problem, 

flanked by a scientific pathway that delivers interdisciplinary insights, and innovative methods 

(Jahn 2008). To relate these two pathways, transdisciplinary research is conceptualized as a 

shared process in three phases: In the first phase, the research problem is framed and formulated 

jointly by science and practice, by linking societal and scientific problems and questions. In the 

second phase, “solution-oriented transferable knowledge” (Lang et al. 2012:28) is jointly pro-

duced by societal actors and researchers from different disciplines and institutions (Jahn 2008). 

In the last phase, the co-created knowledge is brought back to and applied in the respective 

societal and scientific contexts (ibid.). In this regard, transdisciplinary research is closely linked 

to research uptake and knowledge utilization in the practice field (Hoffmann, Klein, and Pohl 

2019; Lux et al. 2019; Miller et al. 2014). 

This thesis elaborates in larger parts on the core underlying assumption of transdisciplinary 

research, that the type, structure and intensity of the interactions shape the outputs and impacts 

of the research projects (Becker and Jahn 2006; Schäfer, Lux, and Bergmann 2020; Spaapen 

and van Drooge 2011). While the ideal-typical model defines the core process, the concrete 

interactions that take place within the model phases can vary: For example, the practice 

4 This thesis does not refer to the discourse shaped by Max-Neef (2005) and Nicolescu (2014) in which transdis-
ciplinarity is envisioned as an approach to science that surpasses disciplines and applies a common, unified logic 
and language in approximation of the unity of science. 
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interactions can range from selective, short-term knowledge exchange to strong involvement at 

various stages of the research process (Stauffacher et al. 2008). Moreover, the practitioners can 

contribute differently to the research project, in form of knowledge contributions (Bunders et 

al. 2010; Enengel et al. 2012), by stating their aims, norms and values (Isgren, Jerneck, and 

O’Byrne 2017; Nowotny 1999b), or by providing material, financial or spatial resources 

(Spaapen and van Drooge 2011). Besides, the practitioners can have different degrees of influ-

ence on the research process and project decisions (Bunders et al. 2010; Fritz and Binder 2020; 

Fritz and Meinherz 2020). Because of this variability in the manifestations of transdisciplinary 

process features, the term "research mode" will be used in the following to refer to particular 

combinations of characteristics of the research process. While this thesis focuses on overarching 

process features, it is worth noting that transdisciplinary research consists of various and de-

tailed processes of knowledge integration on a smaller scale (Bergmann et al. 2012; Defila and 

Di Giulio 2015; Hoffmann, Pohl, and Hering 2017; Pohl et al. 2021). These detailed processes 

can take place more or less formalized and the application of ‘methods of knowledge integra-

tion’ as structured and guided practices are proposed to foster mutual-learning and co-produc-

tion (Bergmann et al. 2012; Hoffmann et al. 2017). 

Transdisciplinary research is associated with a variety of societal impacts, such as increasing 

awareness of the issue at hand or changing attitudes about the problem and the actions that are 

necessary to address it (ESF 2012; Walter et al. 2007). Moreover, it is discussed as a delibera-

tive space where different aims and opinions can lead to shared understandings (Bunders et al. 

2010; Osborne 2015; Scholz and Steiner 2015a). Transdisciplinary research processes are as-

sumed to provoke (mutual-)learning in the involved actors, leading to altered knowledge, en-

hanced capacities and the formation of new actor networks (ESF 2012; Schäfer, Bergmann, and 

Theiler 2021; Walter et al. 2007; Wiek et al. 2014). Further related impacts mentioned are the 

implementation of the research results in the practice field as well as the actual use of developed 

products (ESF 2012; Mitchell, Cordell, and Fam 2015). Overall , it is envisioned that transdis-

ciplinary processes lead to a change of individual or organizational practices or directly affect 

political decisions and policy making (Lam et al. 2021; Walter et al. 2007), improving the prob-

lem situation that initiated the transdisciplinary research endeavor (Mitchell et al. 2015).  

While it is assumed that the impact of transdisciplinary research on society is exclusively pos-

itive, assumptions about the impact on scientific practices and outcomes are more nuanced: On 

the one hand, it is assumed that transdisciplinary research can lead to less scientific publication 

output and less citations as the research approach is labor-intense and leaves less room for 
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academic writing which might make it hard to place transdisciplinary papers in high rank jour-

nals (Kueffer et al. 2007). On the other hand, it is expected that transdisciplinary research im-

pacts positively on scientific practices and outputs: It may lead to more reflexivity among re-

searchers and to more relevant research results that will also find strong resonance in academia 

(Hegger and Dieperink 2015). Moreover, transdisciplinary research is supposed to lead to meth-

odological advances and innovative new research questions (Jahn et al. 2012; Lam et al. 2021). 

It might also lead to new networks in academia and beyond and thus to enhanced career oppor-

tunities within or beyond academia and more options for follow-up projects (Hegger and 

Dieperink 2015). 

Finally, transdisciplinary research is context specific and embedded in a particular local envi-

ronment and field of actors at a particular point in time (Nowotny et al. 2001; Scholz and Tietje 

2002). Hence, it must be assumed that the research processes as well as the societal and aca-

demic outputs and impacts are shaped by contexts factors, like the funding context, the institu-

tional research and practice surroundings, as well as the specific sustainability problem setting 

(Hall et al. 2012; Scholz et al. 2006; Wamsler 2017). 

2.2 Adjoining concepts and discourses 

There are two prominent adjacent discourses in the field of integrative research that partly over-

lap with the discourse on transdisciplinary research: the discourses on ‘co-production’ and ‘par-

ticipatory (action) research’. 

The concept of ‘co-production’ originates from Ostrom (1996), who described the provision of 

public services as a collaborative effort of the whole society, not only offered by the government 

(Norström et al. 2020). It was adapted as ‘knowledge co-production’ by sustainability research 

and encompasses the ideas of Mode 2 science, post-normal science, participatory action re-

search, further collaborative research forms, and also transdisciplinary research (Chambers et 

al. 2021; Norström et al. 2020). Hence, ‘knowledge co-production’ serves as an umbrella con-

cept for all types of complex collaborative research that involves diverse societal actors from 

outside academia as partners in the production of knowledge with the aim of addressing com-

plex sustainability challenges (Chambers et al. 2021; Djenontin and Meadow 2018; Lawrence 

et al. 2022). As such, the concept is open and inclusive to a great variety of approaches, but also 

remains ambiguous in its meaning and application (Chambers et al. 2021). 
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The other discourse around ‘participatory (action) research’ originates from research initiatives 

with oppressed groups in the global south (Brown and Tandon 1983; Freire 1974). It encom-

passes a set of “research designs, methods, and frameworks that use systematic inquiry in direct 

collaboration with those affected by the issue being studied for the purpose of action or change” 

(Vaughn and Jacquez 2020:1). Participatory research strongly concurs with the basic ideas of 

transdisciplinary research as it “engages community stakeholders in the research process, from 

problem identification and developing the research question, to dissemination of the results” 

(Duea et al. 2022:549). However, the concept of ‘participatory research’ tended to co-evolve 

with transdisciplinary research, and the discourses still seem only loosely connected (Vaughn 

and Jacquez 2020). Currently, ‘participatory research’ is predominantly –  but not exclusively 

– discussed and implemented in health research (Duea et al. 2022; Tebes and Thai 2018; 

Vaughn and Jacquez 2020). 

Further to mention are two more specific research formats that were established in recent years 

that adjoin to the concept of transdisciplinary research: ‘citizen science’ and ‘real-world labor-

atories’. 

Citizen science is an approach in which citizens are primarily involved by collecting and clas-

sifying data (Kullenberg and Kasperowski 2016). Beyond that, citizen science projects apply 

“diverse approaches to co-design, co-production and co-dissemination” that relate to transdis-

ciplinary practices (Pettibone et al. 2018:222). Citizen science can enhance public understand-

ing of science and support, or flank participatory political processes that are related to the topic 

of the data collection (Dickinson et al. 2012; Gura 2013). 

In the last years, real-world laboratories gained momentum as a new form of transformative 

research (Rogga, Zscheischler, and Gaasch 2018; Schäpke, Bergmann, et al. 2018). Real-world 

laboratories combine the general principles of transdisciplinary research with experiments as 

core research method (Bergmann et al. 2021; Schäpke, Stelzer, et al. 2018). These experiments 

are centered around a real-world intervention (Caniglia et al. 2017) with the aim to “generate 

evidence related to action fostering sustainability transformations” (Schäpke, Bergmann, et al. 

2018:87).  

While this thesis does not explicitly refer to these discourses and adjoining approaches, the 

considerations and results of this work can partly be interpreted in their context as the concepts 

share the basic ideas of transdisciplinary research as defined above and partly entail the concept 

itself. 
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3 Methodology 

3.1 Epistemological foundation 

All work of this dissertation project is based upon the epistemological paradigm of critical ra-

tionalism as promoted by Popper (2005): Accordingly, I am convinced that personal values and 

subjective assumptions of the single researcher can never be fully eliminated or separated from 

the scientific work. But I believe in the effectiveness of the critical method that is proposed by 

Popper: By open and critical discussion of the research approaches and results by different 

scholars within the scientific community – over time – individual values and presumptions can 

be minimized in approximation of objectivity (ibid.). This epistemological paradigm has led to 

the following actions in the realm of this dissertation project: 

Much effort was put into the permeation of the previous scientific discourse on transdiscipli-

narity in sustainability science to acknowledge and value the already achieved collective stand-

points and to build upon them. Thorough and careful application of established scientific meth-

ods and detailed and transparent reporting of these took place to make research most accessible 

for the critical peer group. Furthermore, previous stages and parts of this work have been ex-

posed to critical discussion at conferences, colloquia and in workshops with the scientific advi-

sory board of the research project “Modes of sustainability related research in comparison 

(MONA)” in the context of which bigger parts of this thesis took place. Finally, all publications 

that form the core of this work have been published in high-quality peer reviewed journals. 

3.2 Context 

The empirical work of the three publications that form the basis of this thesis was conducted in 

the context of two research projects: The project “Modes of sustainability related research in 

comparison (MONA)” founded by the German Research Foundation (DFG) and the project 

“ALTERFOR – Alternative models for future forest management” that was founded by the 

European Union Horizon 2020 research and innovation program. Both projects strongly shaped 

the conceptual and methodological approaches of the resulting papers. 

The core contributions of this dissertation (Article 1 [A1] and Article 2 [A2]) result from the 

research project MONA – in particular the MONA large-N study. The aim of the MONA large-

N study was to provide an extensive dataset for a systematic comparison of a larger number of 
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research projects, and to link specific characteristics of more or less transdisciplinary research 

modes with societal and scientific outputs and impacts. Guided by 14 hypotheses, data were 

collected using a modification of the Case Survey Method (Newig and Fritsch 2009; Yin and 

Heald 1975). The Case Survey Method is a non-reactive, ex-post approach for the meta-analysis 

of a larger number of case studies (Yin and Heald 1975). In the MONA project it was adapted 

to analyze and compare research process characteristics of a larger number of projects as well 

as their general outputs and impacts, rather than their specific content-related results. The anal-

ysis was guided by a coding scheme with the aim to transform predominantly qualitative infor-

mation into quantitative measures and to hence make previously qualitative information acces-

sible for formal analyses (Bullock & Tubbs, 1987 via Newig & Fritsch, 2009). Sources were 

all relevant and available documents and information on one project (Newig and Fritsch 2009), 

like research proposals, project reports, publications, content from webpages, print and online 

reports. For reasons of data availability, the coding scheme was supplemented with a question-

naire addressed to the principal investigator of the project. The resulting data were analyzed 

using established statistical procedures for all 81 projects [A2] and for a subset of 59 projects 

for [A1]. The quantitative large-N sub-study was paralleled by the qualitative MONA in-depth 

sub-study that investigated a subsample of six projects of the large-N study.  

Article 3 [A3] of this thesis is based on the Bavarian case study of the international ATERFOR 

project. The focus of interest of this paper is explorative and the applied methods are of a qual-

itative nature. [A3] additionally provides a conceptual comparison of three modes of knowledge 

production and research utilization based on a narrative literature review. All empirical data for 

this thesis rely on research projects in a German research context. 

The individual methodological approaches that are used in [A1] to [A3] are described in detail 

in the respective articles and summarized for an overview in Table 1. 

This cumulative dissertation consists of the following three publications:  

Article 1 [A1]: Jahn, Stephanie, Jens Newig, Daniel J. Lang, Judith Kahle, and Mat-
thias Bergmann. 2022. Demarcating transdisciplinary research in sus-
tainability science – Five clusters of research modes based on evidence 
from 59 research projects. Sustainable Development, 30(2), 343-357. 

 
Article 2 [A2]: Newig, Jens, Stephanie Jahn, Daniel J. Lang, Judith Kahle, and Mat-

thias Bergmann. 2019. Linking modes of research to their scientific and 
societal outcomes. Evidence from 81 sustainability-oriented research 
projects. Environmental Science and Policy 101, 147-155. 
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Article 3 [A3]: Juerges, Nataly and Stephanie Jahn. 2020. German forest management 
stakeholders at the science-society interface: Their views on problem 
definition, knowledge production and research utilization. Forest Policy 
and Economics 111, 102076. 

Table 1: Overview over the articles and their research approaches 

Article 1 [A1] Article 2 [A2] Article 3 [A3] 
Short title Jahn et al. 2022 Demar-

cating transdisciplinary 
research 

Newig et al. 2019 Linking 
modes and impacts 

Juerges & Jahn 2020 
Stakeholder views 

Project MONA – Modes of sus-
tainability related re-
search in comparison 
(German research foun-
dation, DFG) 
Large-N study 

MONA – Modes of sustain-
ability related research in 
comparison 
(German research founda-
tion, DFG) 
Large-N and in-depth study 

ALTERFOR – Alterna-
tive models for future 
forest management  
(European Union Hori-
zon 2020 research and 
innovation program) 
Bavarian case study 

Unit of analysis Research project Research project Individual stakeholder 
Population (N) 156 interdisciplinary 

sustainability-oriented 
research projects with 
social science share, 
conducted between 2000 
and 2012, funded by the 
DFG or the BMBF 

156 interdisciplinary sus-
tainability-oriented research 
projects with social science 
share, conducted between 
2000 and 2012, funded by 
the DFG or the BMBF 

Stakeholders with dif-
ferent interests in forest 
ecosystems in the dis-
trict of Augsburg (Ba-
varia) 

Number of obser-
vations (n) 

59 81 21 

Representative-
ness of sample 

Full survey of the popu-
lation, 38 % of the pro-
jects provided sufficient 
data for the analysis. No 
significant differences 
compared to the popula-
tion in terms of funding 
sum, funding duration 
and affiliation of pro-
jects to the two funding 
agencies and the respec-
tive funding lines within 
the funding agencies 

Full survey of the popula-
tion, 52 % of the projects 
provided sufficient data for 
the analysis. No significant 
differences compared to the 
population in terms of 
funding sum, funding dura-
tion and affiliation of pro-
jects to the two funding 
agencies. Overrepresenta-
tion of projects from the 
funding line ‘WIN’ within 
the projects funded by the 
BMBF 

Interviewee selection 
based on stakeholder 
analysis 

Design Quantitative ex-post 
evaluation 

Quantitative ex-post evalu-
ation 

Qualitative cross-sec-
tional study 

Data analysis Cluster analysis, 
test statistics 

Linear regression analysis, 
qualitative content analysis 

Narrative literature re-
view, qualitative content 
analysis 

Data collection 2014 - 2019 2014 - 2019 2016 
Contributions to 
aims 

Aim 1- Aim 3 Aim 1 & Aim 3 Aim 2 & Aim 3 

Conceptual or 
empirical contri-
bution  

Conceptual & empirical Empirical Conceptual & empirical 
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3.3 Research design 

The overall research design of this dissertation follows a mixed-methods design, combining a 

strong quantitative component with selected in-depth qualitative inquiries (Johnson, 

Onwuegbuzie, and Turner 2007). The quantitative parts build the center of the dissertation pro-

ject, providing data from a larger number of research projects to offer more external validity 

and generalizability (ibid.) than the small-n case studies that previously dominated the field (as 

described in Section 1 Introduction). Qualitative methods and the subsequent results are used 

to support, enrich or contrast the quantitative parts of this work (Rossman and Wilson 1985) to 

balance the methods strengths and biases (Greene, Caracelli, and Graham 1989). In the follow-

ing, the entanglement of quantitative and qualitative data in this dissertation project is described 

along the five purposes for mixed-methods research as identified by Greene et al. (1989): ex-

pansion, development, complementarity, triangulation and initiation. 

Overall, this dissertation project uses different methodological approaches for different compo-

nents of the inquiry in order to “to expand the breadth and range of inquiry” (expansion) 

(Greene et al. 1989:259): While [A1] focuses on large-N quantitative research to find structure 

in data, [A2] combines a large-N quantitative approach to discover generalizable relationships 

between research project characteristics, outputs and impacts with a qualitative analysis that 

focuses on the underlying mechanisms of these relationships. In addition, in order to explore 

the various experiences and opinions of stakeholders in a research setting at the science-society 

interface, [A3] is based on a qualitative research design. 

To serve Aim #1 Measurability, the mixed-method process of using “results from one method 

to help develop or inform the other method” (development) (Greene et al. 1989:259) was ap-

plied: A part of the data that was collected for [A1] and [A2] was initially gathered as open, 

unstructured text material. Via a systematic content analysis, this open material was structured 

and transformed into quantitative items, which were then used to code the same open material 

transforming qualitative information into quantitative data points (Onwuegbuzie, Bustamante, 

and Nelson 2010). 

Central to this work is also the combination of the results of the qualitative and quantitative 

methods on the same assumptions and datasets to illustrate and elaborate on the results of each 

method (complementarity) (Greene et al. 1989; Rossman and Wilson 1985): In keeping with 

Aim #2 Demarcation, short case descriptions of the most representative cases for the different 

clusters were used in [A1] to exemplify and to increase the interpretability of the quantitative 
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results. The same holds true for [A2], which supports Aim #3 Assessment as the results of the 

qualitative MONA in-depth study illustrate, clarify and enrich the quantitative results of the 

MONA large-N study. 

In [A2], the validity of scientific results is enhanced by the synthesis of the MONA large-N 

sub-study and the qualitative in-depth study to “seek convergence, corroboration, correspond-

ence of results from different methods” (Greene et al. 1989:259) (triangulation). 

Last, the confrontation of results from qualitative and quantitative data sources is used in the 

small sub-discussions of the results on Aim #2 Demarcation (Section 5) and Aim #3 Assess-

ment (Section 6) and the overall Discussion and Conclusion (Sections 7 and 8) to enable the 

discovery of paradoxes and contradictions and to formulate new research questions and ideas 

for future investigation (initiation) (Greene et al. 1989; Johnson et al. 2007; Rossman and 

Wilson 1985).  

Overall, this thesis is emphasizing empirical over theoretical contributions and establishes a 

specific relationship between theoretical and empirical work: Initial conceptual clarification is 

achieved by translating theoretical conceptualizations of transdisciplinary research from the lit-

erature into a set of tangible indicators (Aim #1, Section 4). Building on this, an exploratory 

statistical approach, cluster analysis, is used to expand the conceptual understanding of trans-

disciplinary research based on the structures identified in empirical data (Aim #2, Section 5.1). 

4 Results for Aim #1 Extending the measurability of transdisciplinary research 

4.1 Challenge 

Measuring and evaluating transdisciplinary research is challenging because it is a complex and 

context-dependent research approach that is applied to a variety of different problems within 

sustainability science with various outcomes (Belcher et al. 2016; Jahn and Keil 2015; 

Lawrence et al. 2022). Classic research evaluation assesses scientific excellence mainly through 

scientific outcomes like academic publications and their citation (Belcher et al. 2016; DFG 

2022). In distinction to this, previous works that examine and evaluate transdisciplinary re-

search predominantly developed indicators that capture the research process and the social out-

puts and impacts (e.g. Binder et al. 2020; Jacobi et al. 2022; Knickel et al. 2019). Still missing 

is an indicator set with an integrated perspective that covers different degrees and modes of 
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transdisciplinarity, looks at both societal and scientific outputs and impacts and also considers 

context factors (Lam et al. 2021; Lang et al. 2012; Lawrence et al. 2022). 

In addition, so far only a small proportion of works used quantitative approaches to compare 

and analyze a larger number of transdisciplinary research projects (for exceptions see e.g. 

Binder et al. 2020; Hegger and Dieperink 2015; Jacobi et al. 2022; De Jong et al. 2016; Pärli et 

al. 2022; Phillipson et al. 2012). However, it has been shown that structured, comparative stud-

ies in particular provide meaningful empirical evidence for the respective object of study, as 

they are based on a larger number of case-related data (see e.g. Newig and Fritsch 2009).  

The application of a deductive, quantitative approach needs to be built upon a profound research 

design and well-defined variables (Angrist and Pischke 2009). As a first result, this Section 

describes the contribution of this work to the measurability of inter- and transdisciplinary re-

search, its social and scientific outcomes and impacts, and its context with a structured, quanti-

tative approach. The Section provides further background on the operationalization logic and 

process and relates the efforts of this dissertation to other operationalization efforts in the field. 

4.2 Measuring process, impact and context characteristics of transdisciplinary sustainabil-
ity research 

While also other research in the field performed systematic document analysis combined with 

complementary surveys (e.g. Bührer et al. 2020; De Jong et al. 2016), in [A1] and [A2] of this 

thesis the logic of the ‘Case Survey Method’ (Yin 2009; Yin and Heald 1975) (see Section 3.2 

Context) was adapted and applied for the first time as an overarching heuristic to develop items 

to measure process characteristics, outcomes and the context of transdisciplinary sustainability 

research. Based on a narrative literature review5 departing from the review article of Lang et al. 

(2012), theoretical concepts that describe inter- and transdisciplinary sustainability research 

were translated into an extensive set of precise, observable variables6 (Christophersen and 

Grape 2009). Depending on data availability, these items were split between a coding scheme 

5 Transdisciplinary research as a structured scientific practice is outlined in a set of handbooks, guidelines, and 
compilations of quality criteria (Belcher et al. 2016; Bergmann et al. 2005; Defila, Di Giulio, and Scheuermann 
2006; Hirsch Hadorn et al. 2008; Knickel et al. 2019; Lang et al. 2012), which the operationalization of transdis-
ciplinary research in this thesis strongly builds upon. 
6 In order to link theoretical concepts with empirical observations, the difficulty lies in defining items that either 
capture observable aspects of theoretical concepts fully in their sum (dimensions) or define an observation that 
represents the concept (indicator) (Christophersen and Grape 2009). 
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for document analysis and a questionnaire to the research project leader with the goal to collect 

as much data as possible through document analysis7. 

The resulting indicator set provides an integrative perspective on transdisciplinary research 

(Lam et al. 2021), covering the research mode, societal and academic outputs and impacts and 

the research context (for an overview of the indicators please see supplementary online material 

of Article 1 [A1_OSM]). The research mode is represented by indicators for specific research 

process characteristics that allow not only to capture different degrees of (transdisciplinary) 

interaction, but can represent in their specific combination specific modes of research, as they 

encompass the following dimensions: a.) the real-world orientation, as the degree to which the 

project was oriented towards societal problems in comparison to inner-scientific questions, b.) 

the intensity and frequency of interactions with practitioners, and c.) the type of contributions 

of non-academic actors, for example to the formulation of the research question or to the as-

sessment of the research results. 

The indicator set also entails items that cover both societal outputs and impacts (for more detail 

see Section 4.3) as well as academic outputs and impacts. It was the explicit aim of this work 

to link inter- and transdisciplinary research process characteristics to classical scientometric 

indicators like academic publications and their citations to analyze the performance of research 

projects. Especially, as these indicators are still central to funding decisions and scientific ca-

reers (DFG 2022). Although the scientometric approach that was applied for this work is very 

labor-intensive8, it provides in comparison with Hegger and Diperink (2015) concrete numbers 

of publications and citations rather than estimates of the interviewees and a more precise at-

tributability of publications to the research project than the work of Bührer et al. (Bührer et al. 

2020). Finally, the indicator set is complemented with variables on the research context which 

encompass the funding context, inter-academic collaborations, and the spatial scale to which 

the question of the project referred to. 

7 While the original goal was to gain as much information as possible by coding all available research documents, 
the pretest of the coding scheme showed that the standard documentation of most interdisciplinary and transdisci-
plinary research projects was not sufficient to answer the research questions posed. Many projects for example did 
neither report on forms and intensity of practitioner interactions, nor on societal outcomes and further societal 
impacts. Thus, several items were moved to a complementary questionnaire to the principal investigator – giving 
up on a predominantly non-reactive approach while still staying with the logic of using all available data material 
for one case. 
8 To measure scientific performance in this dissertation, a list of academic project publications, presentations and 
events from webpages and project documents was compiled. Then this list was reviewed and supplemented by 
the principal investigator of the project. In the next step, each publication was searched in Google Scholar and 
the citations within the five years after publication were documented (for a detailed description, please see the 
online supplementary material of Article 1 [A1_OSM]). 
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In previous research, most indicators for capturing transdisciplinary research were developed 

primarily for evaluation or self-reflection purposes (e.g. Belcher et al., 2016; Bergmann et al., 

2005; Knickel, Knickel, Galli, Maye, & Wiskerke, 2019). The items developed in this disserta-

tion primarily serve an analytical aim: to discover relationships between research mode charac-

teristics, project outputs and impacts and the project context. For this reason, the set of items 

encompasses no evaluative questions that rely on expert judgement. The coding scheme and 

questionnaire apply a retrospective perspective and capture whether the research projects dis-

played specific characteristics and what concrete outputs and impacts of the projects were ob-

served. This allows data to be collected on very different projects and allows for intersubjective 

comprehensibility. Although the indicators used in this work serve an analytical aim, they also 

allow for relative comparisons of different projects which can additionally be interpreted from 

an evaluative perspective. 

 

4.3 Four complementary scales to measure the societal impacts of research 

Although a variety of investigations on the societal impacts of transdisciplinary research have 

been conducted in recent years (e.g. Belcher, Ramirez, et al. 2019; Fritz et al. 2019; Lux et al. 

2019; Schneider et al. 2019), these “are characterized by inconsistent definitions regarding the 

scope and different forms of effects” (Schäfer et al. 2021:1). Like the work of Schäfer et al. 

(2021), Schneider et al. (2019) and Fritz et al. (Fritz et al. 2019), the impact scales presented in 

this dissertation work are based on the empirical foundation of reported societal impacts of 

actual research projects – in contrast to categories of societal impact that are result of conceptual 

considerations (e.g. Luederitz et al. 2016; Mitchell, Cordell, and Fam 2015; Williams and 

Robinson 2020). 

The special challenge in the development of a scale to capture societal impact is to develop an 

instrument that is lean enough to truly allow for a categorization in the sense of a reduction of 

the complexity of heterogenous real-world observations. Still, it ought to be detailed enough to 

really comply with the variation in impact between the research projects (Wickson and Carew 

2014). 

In comparison to this work, the current literature provides on the one hand more broad and 

overarching concepts and more detailed compilations of different forms of societal impacts on 

the other hand: For example Fritz et al. (2019) developed the three overarching nested ‘arenas’ 

of societal impacts from a qualitative investigation on impact pathways in seven research 



17 

projects. In contrast to this, the works of Walter et al. (2007), Wiek et al. (2014), Ruppert-

Winkel et al. (2015), Williams and Robinson (2020) offer more detailed compilations of various 

forms of societal impacts in more detail and specificity. Schäfer et al. (2021) offer both, a de-

tailed compilation of various forms of societal impact organized into three all-encompassing 

"orders" of societal impact derived from the qualitative analysis of 16 transdisciplinary projects. 

The impact scales presented in this dissertation work (Graph 1) can be seen as an intermediary 

link between more overarching, broad impact categories and more detailed lists of different 

forms of impacts. In the realm of this dissertation work, the qualitative answers of two open 

questions in the MONA questionnaire9 were analyzed and structured via a qualitative content 

analysis (Früh 2017). Four scales were discovered that cover distinct, but complementary di-

mension of societal impacts (see Table 2): The (a) depth of the impact in the sense of how deep 

and lasting the project results impact on societal actors and processes, the (b) distribution of the 

results on a spatial scale as well as (c) into different societal sectors. Last, (d) the scope of the 

uptake of the project and it´s result by the media. Moreover, the four scales can be integrated 

as a measure of overall societal impact by using the arithmetic mean of all four impact variables, 

as applied in [A2]. 

The other works in the field mentioned above that provide more detailed impact categories 

propose indicators of societal impact on a nominal scale level, foremost to describe and distin-

guish societal impacts (Ruppert-Winkel et al. 2015; Walter et al. 2007; Wiek et al. 2014). Other 

works provide impact scales on an ordinal scale level to get hold of different levels or degrees 

of societal impacts, like for example Schäfer et al. (2021) and Fritz et al. (2019). 

Studies that used interval scaled variables to measure societal impact use rather broad scales 

like for example Phillipson et al. (2012) who measure “high”, “slight” or “no impact” on prac-

titioner knowledge and practices or Belcher et al. (2016; 2019), who rate various rubric state-

ments on a three point scale. De Jong et al. (2016) rate individual items that show content wise 

overlaps with the items developed for this work on a Likert scale.

9 (1) “If your project results were of importance for practitioners or society in general: What are the results and 
who are the target audience for these results?” [Text field], (2) “Do you know if and how your research results 
are perceived or implemented by real-world actors and civil society?” [Text field] 
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However, they use these items that represent very different degrees of depth and range of soci-

etal impact in an unweighted index, which limits the interpretability of the index. 

The impact scales developed in the realm of this thesis propose ways to acknowledge differ-

ences in the degree of the societal impact in four dimensions (see Graph 1). Individually as well 

as in their combination as a summative index of overall societal impact, they generate values 

on the interval scale level, allowing for detailed quantitative comparison and further statistical 

analysis of the relationship between societal impacts and other measured variables. The com-

bination of the four scales provides a wide-ranging perspective on societal impact, covering 

distinct, but complementary aspects to understand societal impact. 

4.4 Summary 

This thesis can be seen as a successful adaptation of the Case Survey Method for the systematic, 

comparative analysis of inter- and transdisciplinary sustainability research and its outputs and 

impacts. It provides a set of indicators that represent an integrative understanding of transdis-

ciplinary research, encompassing research mode characteristics, societal and academic outputs 

and impacts of the project as well as the context. The proposed indicators cover a wide range 

of different projects within sustainability science and transform their experiences into interval-

scaled data for advanced statistical analysis. Moreover, the item set offers coding without expert 

judgement. Additionally, the scales that were developed to capture societal impacts of transdis-

ciplinary research are grounded in empirical observations of real impact descriptions of the 

research projects and provide a medium level of detail, bridging between other indicators pre-

sented in the literature that are either more abstract or more detailed. 

5 Results for Aim 2# Demarcating transdisciplinary research in sustainability science 

5.1 Challenge 

Within the last years, several works became available that provide structured overviews over 

the key conceptualizations and characteristics of transdisciplinary research (Keitsch and 

Vermeulen 2021; Klein 2021; Lawrence et al. 2022; Pohl et al. 2021; Renn 2021). While these 

works integrate and offer guidance in a discourse in which concepts and definitions have long 

been contested (Belcher et al. 2016; Jahn et al. 2012), they are rather describing what 
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transdisciplinary research is, than delineating it actively from other forms of research or telling 

what it is not. 

At the same time, Norström et al. (2020) and Chambers et al. (2021) for example are even 

further broadening the concept, subsuming various forms of integrative research under the label 

of knowledge co-production as a “loosely linked and evolving cluster of approaches, including 

participatory research, mode 2 science, interactive research, civic science, post-normal science, 

transdisciplinary and joint knowledge production, action research, translational ecology and 

engaged scholarship” (Norström et al. 2020:183). Yet, as Jahn et al. (2012:1) argue, “where 

concepts or ideas are not properly defined the risk is that a rather shallow interpretation pre-

vails” and that the “true challenges of transdisciplinary collaboration are underestimated and 

that those who take them seriously become marginalized”. 

Hence the second aim of this dissertation work is to strengthen the conceptual clarification of 

transdisciplinary sustainability research, by demarcating it from other forms of research, both 

conceptually and empirically. 

This Section will summarize the theoretical demarcation efforts of [A3] in which the underlying 

rationales of problem definition, knowledge production and research utilization of transdisci-

plinary research were theoretically delineated from the respective rationales of normal science 

and political use of scientific knowledge. Moreover, the results of [A1] will be summarized, in 

which 59 inter- and transdisciplinary research projects within sustainability science were able 

to be grouped empirically in five distinct research modes through an explorative cluster analy-

sis. 

5.2 Theoretical differentiation of normal science, political use of scientific knowledge and 
transdisciplinary research 

[A3] provides a theoretical differentiation of three scientific conceptualizations of the science 

society interface in the field of forest research with respect to their underlying logics of problem 

definition, knowledge production and research utilization. Science-society interface is used 

here as an open concept for contexts in which interactions between scholars and practitioners 

take place (Fritz 2020). It encompasses research modes like transdisciplinarity, but also less 

structured processes of knowledge transfer (Guimarães Pereira, Guedes Vaz, and Tognetti 

2017). 
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Through a narrative literature review, three main conceptualizations of science-society inter-

faces were found that are most actively applied and discussed in forest research: normal science, 

political use of scientific knowledge and transdisciplinary research (e.g. Beland Lindahl & 

Westholm, 2014; Böcher & Krott, 2014; Kleinschmit, Böcher, & Giessen, 2009; Pregernig, 

2000; Salomaa et al., 2016). To systematically juxtapose the three theoretical conceptualiza-

tions, three categories were used that refer to the core processes of transdisciplinary research 

(Jahn 2008; Lang et al. 2012): Agency of problem definition, agency of knowledge production 

and use of scientific knowledge (see Table 1 in [A3], p. 4). 

[A3] sheds light on normal science which is often used as an antitype of integrative research 

approaches, most prominent in the introduction of post-normal science by Funtowicz and Ra-

vetz (1993) but also underlying the distinction between Mode 1 and Mode 2 research in Gibbons 

et al. (1994). Yet, the underlying assumptions of normal science about problem definition, 

knowledge production, and research use remain implicit.  

For normal science10 it is assumed that academic actors have the exclusive agency of problem 

definition as well as knowledge production (Cash et al. 2003; Jasanoff 2003) and that research 

is “removed from considerations of application” (Grundmann 2009:398). However, there are 

two related conceptualizations of research utilization: the (a.) ‘linear model of knowledge trans-

fer’ assumes that research leads to clear and unambiguous information is therefore of general 

use for society (Beck 2011; Grundmann 2009). Thereby barriers to knowledge uptake by prac-

tice are neglected (Böcher and Krott 2014; Jasanoff 2014; Pregernig 2014). Whereas (b.) the 

‘two communities’ thesis assumes that science is separated from other societal systems and 

their particular logics and communication which fundamentally hinders the transfer of 

knowledge from science to other parts of society (Cash et al. 2003; Jasanoff 1987; Pregernig 

2014). 

With respect to the question of the agency of problem definition, the field of political use of 

knowledge distinguishes between research that was produced pursuing inner-academic research 

questions and research that is conducted in service of specific political actors or institutions 

(Giessen, Kleinschmit, and Böcher 2009; van Kerkhoff and Lebel 2006). Conceptualizations of 

political use of scientific knowledge assume that knowledge – like in normal science – is fore-

most produced within academia and by academic actors. However, the utilization of the 

10 Funtowicz and Ravetz set normal science equal with “core science – the traditional ‘pure’ or ‘basic’ research” 
(1993:740). 
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generated knowledge in practice and politics is highlighted and at the same time problematized 

(Boaz et al. 2019; Maasen and Weingart 2005). Translation processes, intermediary actors and 

institutions to foster research utilization are conceptualized (Jasanoff 1998; van Kerkhoff and 

Lebel 2006; Lentsch and Weingart 2011; Pielke Jr 2007; Weingart and Lentsch 2008) and mis-

use and misinterpretation of scientific knowledge are discussed (Giessen et al. 2009; 

Grundmann 2009; Lövbrand 2009; Lund, Boon, and Nathan 2009; Ojha, Cameron, and Kumar 

2009; Steffek 2009). 

As already outlined in Section 2, the concept of transdisciplinary research calls for scientists 

and stakeholders to define research problems and produce knowledge jointly (Gibbons 1999; 

Jahn 2008; Lang et al. 2012; Nowotny et al. 2001) by actively involving stakeholders from 

outside academia into research processes at various stages (Stauffacher et al. 2008). The ra-

tionale of research utilization behind transdisciplinary research is that intensive involvement of 

actors from outside academia (for instance practitioners, politicians, business, civil society or 

NGOs) in research processes will lead to better or more socially robust knowledge (Nowotny 

1999b). Therefore, it is more likely that this knowledge will be applied and eventually contrib-

ute more directly to solving societal problems (Funtowicz and Ravetz 1993; Lang et al. 2012; 

Miller et al. 2014; Scholz et al. 2006). 

5.3 Empirical demarcation of ideal-typical transdisciplinary research from other modes of 
research 

The five distinct research modes presented in [A1] emerged from a cluster analysis of 59 com-

pleted sustainability-oriented research projects and is based on 23 variables representing the 

three dimensions of an ideal-typical transdisciplinary research process: (a.) real-world orienta-

tion, (b.) intensity of interactions with actors from outside academia, and (c.) types of contribu-

tions of the involved actors from outside academia (for an overview, see Table 2). 

The five identified research mode clusters can be related to existing theoretical conceptualiza-

tions and empirical studies11 that previously structured practices of transdisciplinary research. 

11 Also the works of (Chambers et al. 2021) and (Tribaldos et al. 2020) clustered interactive research projects to 
discover distinct types, but their clustering variables differ strongly from the ones used in A1, hence the refer-
enceability is limited. 
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Table 2: Simplified overview over the core characteristics of the five research mode clusters 
presented in [A1], Table 2, p. 359 

Cluster Core Characteristics 

Cluster 1 
Purely  
academic research 
(n = 6) 

- No practitioners actively involved

Cluster 2 
Practice consulta-
tion 
(n = 9) 

- Practitioners consult the research project

- Main practitioner contribution: provision of knowledge

- No application of structured methods of knowledge integration

Cluster 3 
Selective practi-
tioner involvement 
(n = 19) 

- Mainly short-term collaborations with practitioners

- Main practitioner contributions: provision of knowledge, assess-
ment of the research results, dissemination of the research results

- Low degree of application of methods of knowledge integration

Cluster 4 
Ideal-typical  
transdisciplinary 
research 
(n = 16) 

- Mix of short-term and long-term collaborations with practitioners

- Practitioners involved in project decisions
- Main practitioner contributions: Problem definition, needs & goals,

norms & values, assessment, dissemination, implementation

- Application of structured methods of knowledge integration

Cluster 5 
Practice-oriented 
research 
(n = 9) 

- Collaborations with practitioners as equal research partners

- Practitioners involved in project decisions

- Main practitioner contributions: Research question, needs & goals,
product development, financial and material resources, assessment,
dissemination, implementation

- Low degree of application of methods of knowledge integration

Generally, the research mode cluster structure that emerged from the analysis can be related to 

Mobjörk's (2010) theoretical distinction between “consulting” and “participatory” transdisci-

plinarity. The cluster structures main dividing line (Figure 2 in [A1], p. 348) separates Clusters 

1–3 from Clusters 4 and 5. Clusters 2 and 3, applying a problem focus, but limited interactions 

with practitioners by responding and reacting to the research, these two clusters refer to what 

Mobjörk (ibid.) defines as “consulting” transdisciplinarity, where participation is limited 

mainly to information inputs from practitioners. Whereas Clusters 4 and 5, in which practition-

ers are fully included in the knowledge production process can be related to Mobjörk’s (ibid.) 

concept of “participatory transdisciplinarity” which they define as a research approach with 

substantial practice involvement and knowledge co-production. 
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Furthermore, the stronger demarcation between Clusters 2 and 3 and Clusters 4 and 5 align with 

the two distinct clusters of ‘classical consultative research’ and ‘practical problem-solving and 

co-innovation’ that Fernández González et al. (2021) found in their cluster analysis of 68 pro-

jects described in scientific publications in the field of agroecology.  

However, although the projects in Clusters 2 and 3 encompass almost half of the projects in the 

sample (28 out of 59 projects, 47%), it was not possible to further connect them to more specific 

theoretical concepts or models of research modes, except for their more overarching consulta-

tive manner. Yet, the combination of characteristics of Cluster 4 strongly relates to what has 

been described as an ideal type process of transdisciplinary research by Jahn (2008), Bergmann 

(2012) and Lang et al. (2012). 

The comparison of Cluster 4 with practice-oriented Cluster 5, [A1] contributes to the conceptual 

demarcation between transdisciplinary research and what is discussed in the literature under the 

concept of applied research (Grunwald 2015; Mobjörk 2010; Niiniluoto 1993): It displays the 

highest scores of practitioner influence, more practitioner contributions to product development 

and resources and less heterogenous actors involved with an overrepresentation of private ac-

tors. This comparison also demarcates the ideal-typical transdisciplinary research cluster (Clus-

ter 4) as a research mode that is not equal to pure practitioner-led research. Based on the specific 

cluster structure, it is characterized by an intensive, but balanced involvement of practitioners, 

which incorporates their needs and goals as well as their norms and values (Isgren et al. 2017). 

Furthermore, it is characterized by an intention to mediate between different actors or actor 

groups (Scholz and Steiner 2015a) and is supported by the application of structured methods of 

knowledge integration (Bergmann et al. 2012). 

As the projects in Cluster 1 didn´t actively involve practitioners, the only available information 

on this cluster is that its research questions are slightly drawn towards inner-scientific questions 

and that it shows a rather low application orientation. Nevertheless, this cluster serves as a 

reference category for further analysis with output-variables as will be described in Section 6 

on Aim 3# Linking modes and impacts. 

 

5.4 Summary 

Based on these findings, this thesis contributes to a better delimitability of transdisciplinary 

research as a research mode within sustainability science. This work strengthens the theoretical 

understanding of normal science as a counter-concept to transdisciplinary research and 
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conceptually distinguishes the logics of problem definition, knowledge production and research 

use of normal science, the political use of scientific knowledge, and transdisciplinary research. 

Moreover, it clarifies based on empirical evidence that ideal-typical transdisciplinary research 

on the one hand goes beyond less integrative, more consultatory research approaches, but is 

also not equal to pure practitioner-led research and can therefore be distinguished from what is 

conceptualized as applied research. Consequently, transdisciplinary research is characterized 

by an intensive, but balanced involvement of practitioners, supported by the application of 

structured methods of knowledge integration. Moreover, it incorporates not only the needs and 

goals of the practitioners but also their norms and values. 

6 Results for Aim 3# Linking modes and impacts 

6.1 Challenge 

The concept of transdisciplinary research in sustainability science is closely linked to the ex-

pectation that transdisciplinary research will bring research results more directly into applica-

tion and thus support sustainability solutions (Becker and Jahn 2006; Hoffmann et al. 2019; 

Klein 2014; Lang et al. 2012; Scholz and Steiner 2015a). Therefore, many recent works empir-

ically address the impact potentials and impact pathways of transdisciplinary research (e.g. 

Belcher, Claus, et al. 2019; Binder et al. 2020; Fritz et al. 2019; Jacobi et al. 2020, 2022; Lux 

et al. 2019). At the same time, there is concern that transdisciplinary research is less successful 

in developing more classical research outputs and impacts like scientific publications and their 

resonance in the scientific community in the form of citations (Bulten et al. 2021; Ruppert-

Winkel et al. 2015; Zscheischler, Rogga, and Lange 2018). 

Generally, previous comparative works find that transdisciplinary research is more successful 

in generating societal impact than more traditional forms of research (Belcher, Claus, et al. 

2019; Jacobi et al. 2022; De Jong et al. 2016). However, previous qualitative research still 

struggles to causally link specific modes and impacts (Hansson and Polk 2018; Lux et al. 2019; 

Zscheischler et al. 2018). Although ideal-typical transdisciplinary research is aiming at unfold-

ing impact in the societal as well as in the academic sphere (Jahn 2008; Lang et al. 2012), less 

research so far analyzed the scientific outputs of transdisciplinary research and its resonance in 

the scientific system in more detail (for exceptions see Belcher, Claus, et al. 2019; Hegger and 

Dieperink 2015). 
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Following Aim 3, this thesis sheds light on the research mode characteristics of transdiscipli-

nary projects that can be linked to increased societal impact based on a comparative analysis of 

a larger number of research projects. Additionally, this chapter presents the results on how 

transdisciplinary research performs in the more classical research impact categories of scientific 

publications and citations. The quantitative findings are contrasted and facetted with the find-

ings of the qualitative MONA in-depth study described in [A2] and the stakeholder views on 

research utilization that are outlined in [A3]. 

 

6.2 Linking research modes and societal impact 

The analysis presented in [A2] based on 81 actual research projects shows, that all involvement 

characteristics that were tested in the linear regression model (early involvement of practition-

ers, inclusion of practitioners in project decisions, practitioners providing knowledge about the 

problem field, practitioners stating their values and norms) independently correlate positively 

with the societal impact of the research project. However, in the combined model, no general 

positive influence of practitioner involvement on societal outcome could be confirmed, but two 

selective links: The early practitioner involvement in the problem definition and/or research 

question definition phase, supporting the findings of De Jong et al. (2016), and the dissemina-

tion of research findings as measured by the sum of publications and activities to inform prac-

titioners and the broader public. 

The application of structured methods of knowledge integration12 is strongly advocated in the 

theoretical literature to foster societal impact of research projects (Bergmann et al. 2012; Brandt 

et al. 2013; Fazey et al. 2014; Hoffmann et al. 2017; Scholz and Tietje 2002; Vilsmaier et al. 

2015). However, the analysis underlying [A2] was not able to confirm this assumption, nor did 

it find a positive relationship with knowledge contributions of practitioners in general, aligning 

with the findings of Chambers et al. (2021). 

In [A1] the five research modes that were empirically identified within 59 real inter- and trans-

disciplinary sustainability research projects (for an overview see Section 5 on Aim 2# Demar-

cation) vary with respect to their success in reaching societal impact. The cluster comparison 

revealed that ideal-typical transdisciplinary research (Cluster 4) shows the highest level of 

 
12 Methods of knowledge integration in various forms were applied in the projects in the sample of the MONA 
project, like for example scenario building, SWOT analysis, development and application of models, multicrite-
ria assessment, Delphi method, stakeholder workshops or moderated meetings. 
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societal impact, followed by the practice-oriented Cluster 5. Both these highly interactive re-

search mode clusters have substantially higher scores in societal impact than the less interactive, 

more consultative Clusters 2 and 3 and purely academic research Cluster 1. These results sup-

port the earlier findings of Belcher et al. (2019), Jacobi et al. (2022), Binder et al. (2020) and 

Chambers et al. (2021), who find that more intense forms of transdisciplinary research lead to 

more societal impact. Correspondingly, the results challenge the findings of De Jong et al. 

(2016) and Phillipson et al. (2012), who find that less intensive, more consulting transdiscipli-

nary approaches showed stronger societal effects. 

In accordance with the findings of [A2], the ideal-typical transdisciplinary research cluster and 

the practice-oriented cluster which are strongly engaging with practitioners in early project 

phases reach the highest societal impacts. Additionally, the results in [A1] display the highest 

scores for societal impact for research mode clusters that also display the highest levels of dis-

semination and communication efforts. This is particularly interesting because the purely aca-

demic research Cluster 1, which does not actively interact with practitioners but shows high 

levels of dissemination activities, has a significant amount of societal impact, even more than 

the moderately interactive research clusters (Clusters 2 and 3). 

Involvement in defining the research problem on the one hand and the provision of understand-

able and applicable results on the other hand are also the two aspects most strongly mentioned 

by forest research stakeholders who were asked about their views on research utilization for 

[A3]: The stakeholders interviewed wish for research with a greater practical relevance, and 

demand researchers to get in contact to learn about pressing problems of the practice. With 

respect to dissemination, various claims were formulated that refer to the processing and com-

munication of research results: Stakeholders call for a translation of the results into a language 

that is understandable to non-scientists, providing simple messages that are tailored to specific 

actor groups. Moreover, the scientific insights should be offered in the form of guidelines or 

checklists. Also mentioned was the presentation of the findings locally in the respective prob-

lem area. When it comes to knowledge (co-)production, the interviewees preferred a clear dif-

ferentiation between the tasks of researchers and stakeholders, whereas researchers are seen as 

the producers of knowledge, while the stakeholders see themselves more in the role of raising 

practical problems, commenting, and implementing. 
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6.3 Linking research modes and scientific impacts 

The empirical results in [A2] indicate that tow aspects, the general aim of projects to generate 

applicable knowledge, and the influence of practitioners on project decisions diminish academic 

outputs in form of scientific publications. Moreover, both impact negatively on the successful 

finalization of dissertation projects within sustainability science projects (for the challenges of 

doing a PhD in transdisciplinary research projects see Rogga and Zscheischler (2021)). A sim-

ilar pattern is visible for the projects resonance in the scientific community in the form of cita-

tions of the publications: The most stable factor to explain lower citations of project publica-

tions is the degree to which the project pursued the goal to deliver applicable research results. 

However, the results indicate that the application of structured methods of knowledge integra-

tion impacts positively on academic outputs in form of publications. 

The comparison of the research mode clusters in [A1] with respect to academic performance, 

finds that with increasing practice-orientation and practitioner involvement, academic outputs 

and impacts decrease. Cluster 1, the purely academic research cluster reaches by far the highest 

level of scientific publications and citations, whereas practice-oriented Cluster 5 displays very 

little academic output and its outputs being barely cited, demonstrating almost no interaction 

with the academic community in the peer reviewed publishing system. However, as argued in 

[A1], the projects in Cluster 5 are not the most transdisciplinary ones, but very much shaped by 

practice interests and activities. 

6.4 Trade-off between societal and academic impact and outputs 

In summary, the results of [A1] and [A2] display an inverse relationship between societal and 

academic outputs and impacts, suggesting a trade-off between these two impact spheres. In 

[A2] we see that the involvement of practitioners in early project phases positively affects so-

cietal impacts, while practitioner involvement was found to negatively affect both, academic 

publication output and citations. Moreover, the comparison of the five research mode clusters 

in [A1] indicates that projects with more practitioner interaction display stronger societal out-

puts and impacts at the cost of academic outputs and impacts, with the exception of purely 

academic research Cluster 1. 

Rose and Maibaum (2020) generally confirm this trade-off for the specific form of transdisci-

plinary real-world laboratories, due to their extensive practical fieldwork with little personnel 

resources. Further indications of background mechanisms are delivered by Zscheischler et al. 
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(2018) who found that researchers and practitioners rank the development of implementable 

solutions as the most important success factor for transdisciplinary projects, while scientific 

outcomes are on the last rank. Additionally, Bulten et al. (2021) found a general insecurity 

among scholars on how to develop scientific publications from knowledge generated in trans-

disciplinary processes. In contrast, Lemaitre and Le Roux (2021) cannot confirm a trade-off 

between societal and academic outputs and impacts, based on an analysis of 21 biodiversity 

research projects. Whereas they highlight that the funding program of these projects explicitly 

called for “research that could reach excellence for both academic production and society/pol-

icy relevance” (Lemaitre and Le Roux 2021:31). 

However, the qualitative results of the MONA in-depth study presented in [A2] offer perspec-

tive on how single projects were able to mitigate the trade-off – mainly by promoting the sci-

entific part of interactive research projects. The following activities were observed that foster 

strong academic outcomes in the analyzed transdisciplinary research projects: a constant focus 

on producing academic results, starting to publish early in the research process, an effective 

division of tasks among the involved researchers, a purposeful combination of disciplinary, 

inter- and transdisciplinary research phases, as well as researchers with a strong individual re-

search agenda. 

6.5 Summary 

The work presented here to serve Aim 3 does not establish causal links, but substantive empir-

ical insights on relationships between research modes and respective project outcomes based 

on the quantitative comparative analysis of data from a larger number of actual research pro-

jects.  

Generally, the results show that societal and academic outputs and impacts vary with specific 

project characteristics [A2] and combinations of project characteristics defined as research 

modes [A1]. In more detail, the results imply that more interactive research modes reach more 

societal impacts. In addition, selective relationships were found between the characteristics of 

the research process and the outcomes and impacts, which were also consistent with stakeholder 

expectations on research utilization [A3]: The results indicate that the involvement of practi-

tioners in early project phases positively affects societal impacts. Moreover, societal impacts 

seem to be fostered by research dissemination efforts. In contrast, the results imply that a strong 
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practice-orientation and involvement negatively affects both the number of scientific publica-

tions and the number of citations [A2]. 

To date, little research has related scientific and societal outcomes and impacts of transdiscipli-

nary research. This work is the first to provide indication of a trade-off between societal and 

scientific outcomes and impacts based on a solid empirical foundation [A1 & A2], whereas the 

analysis of a qualitative subsample of the qualitative studies revealed some strategies on how 

to mitigate the trade-off [A2]. 

7 Synthesis and discussion 

In the following Section the results of this dissertation work are synthesized and discussed with 

respect to more overarching challenges of transdisciplinary research. Lessons for the future 

practical implementation of transdisciplinary research are drawn as well as impulses for future 

study of transdisciplinary research are outlined. 

7.1 The contribution of transdisciplinary research to sustainability transformations 

Transdisciplinary sustainability research is conducted with the aim to contribute to the solution 

of sustainability problems (Klein 2014; Miller et al. 2014; Wiek et al. 2015). Still, there is little 

empirical evidence based on a larger number of observations about what really works for the 

societal impact of transdisciplinary research (Pärli et al. 2022). The empirical findings of this 

dissertation show that more interactive forms of sustainability research generally achieve 

greater societal impact than projects that have less intensive contact with practitioners [A1]. In 

addition, this work provides empirical indication which determinants most strongly foster so-

cietal impact: the early involvement of practitioners to collaboratively define research problems 

and questions, and the targeted dissemination of results [A2]. 

These findings generally support the claimed effectiveness of transdisciplinary research for 

providing socially relevant, applicable knowledge, and to a greater extent than less interactive 

or more conventional forms of research, as also previous studies have also shown (Belcher, 

Claus, et al. 2019; Binder et al. 2020; Jacobi et al. 2022). Hence, these results may encourage 

the further promotion of transdisciplinary research by funding agencies, like e.g. the German 

Federal Ministry of Education and Research (BMBF) which are aiming to trigger more direct 

societal benefits of science by mission-oriented research funding (BMBF 2020). Moreover, the 

results on the effectiveness of the early involvement of practitioners support claims to provide 
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funding for researchers and practitioners in a project development and proposal phase (Binder 

et al. 2020; Hoffmann et al. 2019; Landry, Amara, and Lamari 2001). 

However, the theory and practice of transdisciplinarity currently mainly focusses on the inter-

action model of knowledge utilization (Hoffmann et al. 2019; Landry et al. 2001), concentrating 

on productive interactions between researchers and practitioners during the research process as 

the cause for research uptake (Spaapen and van Drooge 2011). Yet, the results of this work 

demonstrate additionally targeted dissemination and research communication as an effective 

way to move knowledge into application and thus support the dissemination model of 

knowledge utilization (Hoffmann et al. 2019; Landry et al. 2001). The dissemination model of 

knowledge utilization highlights the translation of results and targeted distribution as a cause 

for research application. Additionally, the dissemination and targeted research communication 

can expand the impact area of projects to actors and institutions at other governance levels 

beyond the project context [A2]. Hence, dissemination strategies and efforts should be high-

lighted more strongly as integral aspects of an integrative transdisciplinary process (Knickel et 

al. 2019; Lam et al. 2021; Nagy et al. 2020). 

Nevertheless, the regression model to analyze the relationship between characteristics of trans-

disciplinary research and societal impact that was applied in [A2] was only able to explain 

roughly about 30% of the variance of societal impact between the projects. Hence, this work 

wants to motivate future research to look at further determinants of the research process that 

might influence successful societal outcomes like for example general project management 

strategies (Polk 2015), group dynamics, power and trust (Binder et al. 2020; Fritz and Meinherz 

2020) or the overarching social and political context in which the research project is embedded 

and which may also impact on the application of the results (Lam et al. 2021; Nagy et al. 2020; 

Schneider et al. 2022). Furthermore, this work provides a large indicator set, tailored to grasp 

the characteristics of these new modes of research and their various outcomes. Yet, due to rea-

sons of data availability, as the societal output and impact variables are mostly based on open 

text material from the project leaders, there is an undercoverage of actual outputs of the projects 

in the sense of prototypes or products, strategies, concepts, and measures. While this aspect is 

covered indirectly through whether the research results were disseminated via publications for 

practice, guidelines, or presented at practice events, there is a blind spot for what the result of 

the project actually was. Hence, future large-N research should target this gap and lay a specific 

focus on these real outcomes and (potential) sustainability solutions (Williams and Robinson 

2020). 
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Generally, to foster the effectiveness of transdisciplinary research for sustainability problem 

solving, future research should expand the quantitative comparative analysis of which of the 

multiple characteristics of transdisciplinary research contribute to societal impact and how these 

characteristics interplay (Lawrence et al. 2022; Pärli et al. 2022). And since quantitative com-

parative research, as conducted for this dissertation work, is labor intense, all available data 

should be used to investigate on the topic: the last evaluation of the sustainability research 

funding line of the German federal ministry of education and research (FONA) for example 

collected the respective information on a larger number of projects but missed to investigate on 

links between modes and impacts (Bührer et al. 2020). In qualitative research, work using a 

theory of change (TOC) approach has been most successful in revealing mechanisms between 

modes and impacts (Belcher, Claus, et al. 2019; Schneider et al. 2019) so far. These qualitative 

findings should be used as an asset to inform the operationalization of future large-N studies. 

Finally, qualitative and quantitative studies and evaluations should be more often combined and 

should additionally give greater consideration to practitioners' views and experiences as they 

do not always follow the logics of academic conceptualizations of integrative research and re-

search utilization as shown in [A3]. 

7.2 The embedding of transdisciplinary research in the academic system 

The empirical results of this thesis show that more interactive research projects in the sample 

produce substantially less scientific publications than projects that apply more ‘classical’ re-

search approaches. Additionally, the resonance of the research results of these projects within 

the scientific community in the form of uptake of the publications as references in other scien-

tific work is considerably lower. 

Two aspects related to that finding raise concern: First, academic careers and the distribution 

of funding grants is still strongly linked to standard evaluation indicators of scientific perfor-

mance in the form of publications and citations (DFG 2022). Hence, transdisciplinary research 

scoring lower with respect to these indicators, can hinder transdisciplinary researchers in ad-

vancing their careers within the academic system (Jaeger-Erben et al. 2018; Rogga and 

Zscheischler 2021). 

The second concern relates to the alignment of transdisciplinary research with overarching 

rulesets of the scientific system: 
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Although there are no universally valid criteria for scientific research, there are fundamental 

and overarching procedures in the scientific system, that maintain scientific quality (Henze 

2021). The baseline of these rules is the cumulative structure of science and the organized crit-

ical contestation of research results within the scientific community, which are explicated by 

Popper (2005) as the critical method and Merton (1942) as organized skepticism: New 

knowledge has to build upon previous knowledge and has to be contested by other researchers 

in systematic procedures to review and assess the new knowledge in open debates within the 

academic system (Merton 1942; Popper 2005) – while these debates are mainly taking part in 

written forms. 

Accordingly, all transdisciplinary research that is not published, is not available for critical 

contestation13, and is moreover not systematically documented and accessible for future re-

search to build on, which hinders knowledge cumulation (Kueffer et al. 2007; Newig and Rose 

2020; Wuelser et al. 2021). Hence, this dissertation work wants to call for efforts to foster the 

critical contestation and the structured documentation of insights of transdisciplinary research. 

A way forward might be the agreement on and the application of minimum reporting standards 

for transdisciplinary research based on already accepted quality criteria (Belcher et al. 2016; 

Bergmann et al. 2005; Knickel et al. 2019) – especially as Bulten et al. (2021) discovered a 

general insecurity among researchers regarding the publication of transdisciplinary results. Fur-

thermore, efforts should be taken to make transdisciplinary research insights systematically ac-

cessible not only for future research projects but also for practice-driven development projects, 

e.g., in online data bases like Zenodo14 or the ‘solutions for a healthy planet’ database Pano-

rama15 which do not necessarily have to be located inside the classic scientific publishing sys-

tem.

7.3 The role of practitioner knowledge 

Knowledge-exchange processes between science and practice are at the heart of many concep-

tualizations of transdisciplinary research under the terms of ‘knowledge integration’ (Bergmann 

et al. 2012; Defila and Di Giulio 2015; Pohl et al. 2021), ‘knowledge co-production’ (Chambers 

et al. 2021; Norström et al. 2020) and ‘co-creation of knowledge’ (Lang et al. 2012; Polk 2015). 

13 One can of course argue that transdisciplinary is contested by the direct exchange with societal actors on 
whether the results are of use to them. Nevertheless, practitioners will most likely not be able to assess the credi-
bility of the scientific procedures of how the knowledge is created. 
14 https://zenodo.org, last visited 21.01.2023. 
15 https://panorama.solutions/en, last visited 21.01.2023. 
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However, the actual impact of practitioner knowledge on the outputs and impacts of transdis-

ciplinary processes is still unclear (Chambers et al. 2021). While previous qualitative research 

by Fritz et al. (2019) identify the provision of knowledge about the practice context as one step 

in impact pathways that lead to sustainability transformations, the analysis underlying this dis-

sertation work was not able to confirm this finding based on a larger number of projects: The 

regression models in [A2] were not able to detect a relationship between practitioner knowledge 

contributions and societal impacts, while the results even display a negative effect of practi-

tioner knowledge contributions on scientific publications and citations. Additionally, the qual-

itative findings of [A3] indicate that stakeholders involved in research settings favor a classical 

distribution of work, where knowledge is produced by researchers and the practitioner role is 

to raise practical problems to initiate the research, and to set findings into perspective. 

However, in this thesis, knowledge is operationalized very broadly, without a refined concep-

tualization, whereas the co-production of knowledge is a complex cognitive process (Pohl et al. 

2021). Thus, the role of practitioner knowledge in transdisciplinary research warrants closer 

inspection, based on a more refined conceptualization of what is understood as knowledge and 

how it is transmitted between different actors. Of specific interest in this respect would be to 

trace carefully what exactly practitioners provide as knowledge, how this is processed through-

out the further transdisciplinary research process and how these inputs are contributing to the 

outcomes of the research project through in-depth accompanying research. A promising way to 

structure the analysis would be to trace the knowledge contributions along the three research 

phases of the ideal-typical transdisciplinary process (Jahn 2008; Lang et al. 2012) and in terms 

of content, related to the three types of knowledge underlying transformative research: System 

knowledge, target knowledge, and transformation knowledge (CASS & ProClim- 1997; 

Kueffer, Schneider, and Wiesmann 2019). 

Besides, the empirical results of [A2] show that at least for the number of scientific publications, 

the application of structured methods of knowledge integration have a significant positive ef-

fect. Accordingly, one lever to also foster academic publication output of transdisciplinary re-

search, could be to investigate in more depth how methods of knowledge integration can con-

tribute or facilitate not only societal but also academic outputs and impacts. 
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7.4 The trade-off between societal and academic impacts 

Ideally, transdisciplinary research is aiming at contributing to societal as well as scientific prob-

lem solving (D’Este et al. 2018; Jahn 2008). However, very little research to date has targeted 

and related both societal and scientific outcomes of transdisciplinary research (for an exception 

see Hegger and Dieperink 2015 and Lemaitre and Le Roux 2021). The results of this thesis 

show that practitioner involvement in research fosters societal impacts, while the results also 

indicate that practitioner interactions negatively affect the publication outputs and citations 

[A1]. Hence, this work describes a tension or trade-off between societal and academic impact 

with projects involving practitioners more intensely reaching greater societal impact at the cost 

of academic outputs and impacts impact [A1 & A2]. 

The literature provides a set of explanations that describe mechanisms behind the observed 

trade-of: D’Este et al. (2018) mention the funding context as crucial for the choice of research 

modes as well as the orientation towards societal versus academic impact. This influence is also 

supported by empirical findings of this dissertation work: As described in [A1] and [A2], pro-

jects from mission-oriented research funding (German Federal Ministry of Education and Re-

search, BMBF), which tenders often explicitly call for societally applicable outcomes and partly 

even request a research mode involving societal actors, display stronger societal impacts. 

Whereas projects from bottom-up funding (German Research Foundation, DFG) reach more 

academic outputs and impact, as academic excellence and classical criteria of research evalua-

tion are crucial for further funding from this institution. Another underlying mechanism, that 

should be observed empirically by future research is the assumption that organizational condi-

tions might shape the choice of modes and impact aims, as organizations differ in their “cli-

mate” of openness for societally-oriented research (D’Este et al. 2018). Furthermore, D’Este et 

al. (2018), Misra et al. (2015) and Hilger et al. (2021) highlight that also the individual antece-

dents of researchers determine which priorities are set between societal and academic research 

outputs as well as interest in engagement in transdisciplinary research in general. 

However, there were also projects observed in the context of this dissertation that reached both 

goals to a certain degree, and the qualitative in-depth study [A2] discovered strategies for how 

projects promoted scientific work alongside practical work. This dissertation likes to encourage 

future research to further investigate on how to mitigate the trade-off and explicitly search for 

mechanisms and conditions that support the dual aim of transdisciplinary research to produce 

both strong societally and academically relevant outcomes. Thereby, future research should use 

classical research indicators like publications and citations as they are still widely applied in 
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research governance (DFG 2022), but also assess other contributions of transdisciplinary re-

search to academia which are for example currently explored by a research project of the 

tdAcademy16. 

Conversely, the trade-off between societal and academic impacts in the light of the research 

modes in [A1] can also serve as an argument for plurality of research modes within sustaina-

bility science, to balance their respective advantages and boundaries. As Lawrence et al. state, 

transdisciplinarity is not meant to replace all other forms of research, but to “augment (…) 

research conducted using long-standing disciplinary and interdisciplinary scientific methods” 

(Lawrence et al. 2022:45). 

7.5 Methodological reflections and limitations 

This thesis followed a mixed method design to expand the depth and breadth of the analysis of 

transdisciplinary research in sustainability science, in which the larger part of the argumentation 

is based on the results of quantitative research. The application of a deductive, structured ap-

proach to the analysis of transdisciplinary research can generally be criticized for not being able 

to capture all the complex facets of transdisciplinarity and for not paying sufficient attention to 

the specifics of each research project and its individual results17. And as scientific practices 

align to evaluation criteria over time (Alkin and King 2016; Hemlin 1996), there is the risk of 

limiting the diversity and specificity of transdisciplinary projects if highly structured ap-

proaches become the predominant way of analyzing transdisciplinary research. Hence, this the-

sis likes to encourage future research to integrate quantitative and qualitative approaches in 

innovative and balanced ways. However, systematic large-N approaches are a prerequisite for 

further structuring the research field of sustainability science, for exploring different approaches 

within transdisciplinary research and thus continuing the delineation efforts of Brandt et al. 

(2013), Tribaldos et al. (2020), Férnandez González et al. (2021) and this work. 

This work aimed at connecting and contrasting perspectives of researchers and practitioners. 

While this led to valuable confrontation and illustration of the quantitative results, the gain of 

knowledge would have been even bigger, if the conceptual and empirical foundation of [A3] 

would have been more closely aligned with [A1] and [A2]. Furthermore, this work is still con-

ceptually based on a strong divide between science and society as two societal subsystems and 

16 https://td-academy.org/en/tdacademy/topic-lines/topic-line-2-scientific-effects2, last visited 21.01.2023. 
17 One principal investigator of a project in the MONA sample did not participate in the survey for this reason. 
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a duality between researchers and practitioners. Hence, future research should develop concep-

tual innovations to overcome this divide (Dressel 2022; Hilger et al. 2021) and to look explicitly 

at intermediary actors, like consultants or entrepreneurial researchers. 

It is to note that this work is strongly referring to the German and Central European context and 

discourse: The data on which this dissertation is based were collected exclusively in the German 

context by examining research projects that were funded in the German research system and by 

interviewing German actors who participated in a German case study. Moreover, this work is 

strongly based on the ideal-typical model of transdisciplinary research promoted by Jahn 

(2008), Bergmann et al. (2012) and Lang et al. (2012), which is predominantly discussed and 

applied in the central European discourse on transdisciplinary research (e.g., Avelino 2017; 

Norström et al. 2020; Sachs et al. 2019; Schaltegger et al. 2013). Also, the majority of compa-

rable empirical studies that were used to contextualize the findings of this thesis were conducted 

in a Central European context (Binder et al. 2020; Bulten et al. 2021; De Jong et al. 2016; 

Phillipson et al. 2012; Zscheischler and Rogga 2015). As transdisciplinary research is context 

specific, it is crucial to reflect the relevance and transferability of the findings of this work for 

transdisciplinary research in other world regions with different political and cultural settings 

(Chilisa 2017; Lam et al. 2021; Moewaka Barnes et al. 2021; Pärli et al. 2022; Schneider et al. 

2022). 

In many conceptualizations interdisciplinary collaboration is an integral aspect of the transdis-

ciplinary research process (Klein 2014; Klein, Baptista, and Danilo 2022; Lang et al. 2012). In 

this work, interdisciplinarity is touched only very at the side in [A1] due to limitations in data 

availability18. While there is a huge body of literature on interdisciplinary collaborations in the 

field of team science (Hall et al. 2018; Hall, Vogel, and Croyle 2019), little research so far 

analyses the challenges of working inter- and transdisciplinary alongside in the process 

(Baptista 2023). Hence, there is space for future research to come up with effective research 

designs to explicitly target this link. 

 
18 To quantify the degree of interdisciplinarity of a research project, first all individual members of the research 
project were identified. Subsequently, their last professional qualification at the time of the project was searched 
in documents or online. This information on the level of the individual project member was then aggregated for 
the whole project as percentual shares of disciplinary background (see online supplementary material of Article 1 
[A1_OSM]). The steps undertaken to identify this indicator are prone to missing values because for some pro-
jects it was not possible to get a comprehensive member list, or it was not possible to research the qualification 
of one or more members of the research project. If the information of at least one team member was missing, the 
indicator was not exact, and the data could not be used for analyses on the project level. For this reason, the in-
depth analysis of interdisciplinarity in the context of transdisciplinary research could not take place as planned in 
this thesis. 
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This thesis is mainly looking at research effectiveness in the sense of delivering societal as well 

as academic outputs and impacts which may possibly contribute “to positive change in the so-

cial, economic, and/or environmental problem context” (Belcher et al. 2016:12). Hence, it deals 

only marginally with legitimacy in the sense of whether the transdisciplinary process and its 

outcomes is unbiased and meets standards of “political and procedural fairness” (Cash et al. 

2002:5) by considering values, interests and affectedness (Belcher, Ramirez, et al. 2019; Cash 

et al. 2002; Fritz and Binder 2020; Newig and Kvarda 2012). Nevertheless, the research ap-

proach and indicators applied in this work could be extended to additionally cover legitimacy 

more strongly in future studies. 

Finally, the projects investigated for [A1] and [A2] date back further in time. Nevertheless, the 

results can be interpreted as a first description of archetypes of interactive research within sus-

tainability science and a snapshot of the German research landscape at that time. However, an 

update of the study including projects from other world regions would provide valuable insights 

into how the field has developed over the past decade. 

8 Conclusions 

This work contributes to a better understanding of the actual application of transdisciplinary 

research in sustainability science and the determinants that shape the contributions of transdis-

ciplinary research to the tackling of societal problems and to scientific knowledge production. 

Overall, this work demonstrates the value and potential of transdisciplinary research to generate 

societal impacts on the way to sustainability problem solving. Nevertheless, it also uncovers 

challenges with respect to the contribution of transdisciplinary research to scientific progress 

and its accessibility for future research. This was reached by the application of a mixed methods 

approach, that complements larger efforts of quantitative research with qualitative research and 

connects the researcher and practitioner perspective on transdisciplinary research. 

8.1 Scientific contribution 

Firstly, this work offers innovation in the field of measurability and evaluation of transdiscipli-

nary research by providing a large set of indicators to track and depict transdisciplinary research 

and its outcomes in a more structured way and is a first example of the adaptation of the Case 

Survey Method (Yin and Heald 1975) in this field. Hence, it responds to the claims for options 

to describe and evaluate transdisciplinary research on a larger scale beyond classical indicators 

of research performance (Belcher et al. 2016; Krainer and Winiwarter 2016; Wolf et al. 2014). 
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Secondly, this work brought forward the conceptual clarification of transdisciplinary research 

in sustainability science by the theoretical and empirical demarcation of transdisciplinary re-

search from other, neighboring approaches and research practices and by contrasting it with the 

perspectives of practitioners on interactive research settings. In this, a strong contribution to the 

field is the discovery and description of five empirically grounded research modes within sus-

tainability science. It refines that ideal-typical transdisciplinary research goes beyond less inte-

grative, more consultatory research approaches, but is also not equal to pure practitioner-led 

research and must be distinguished from what is conceptualized as applied research. 

As a third contribution, this work extended the previous understanding of the relationship be-

tween research modes and research mode characteristics and societal as well as scientific out-

puts and impacts of transdisciplinary research. This work goes beyond previous studies that 

mostly looked at societal as well as academic outputs and impacts separately and demonstrated 

with systematically obtained empirical evidence a trade-off between scientific and societal out-

puts and impacts between more and less interactive research modes. 

8.2 Practical implications 

Although the overarching aim of this thesis was analytical, there are certainly aspects that can 

be of interest for researchers in the planning, application, and reflection of transdisciplinary 

research as well as for funding agencies in the conceptualization of research programs: 

The finding that early involvement of practitioners and the dissemination efforts foster societal 

impact can help researchers to highlight these two aspects in the design of their future projects 

accordingly, especially as both aspects resonate strongly with practitioner expectations of such 

processes. Additionally, funding agencies can support these two aspects by the targeted provi-

sion of funding for example for both a pre-phase for joint problem framing and definition of 

the research question and the distribution and communication of research results. Moreover, 

the five research modes identified in this work offer a momentum for researchers to reflect on 

past and current projects. The identified trade-off between societal and academic impact high-

lights the need for researchers to actively prioritize between the intended outcomes of integra-

tive research projects. For research funders the five research modes might inform the composi-

tion of research programs, by selecting projects of different modes to balance the trade-off be-

tween societal and scientific outcomes and to foster diverse outcomes. 
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8.3 Future research and way forward 

The following ideas for future research emerge from this work: For the structured quality as-

surance and comparative evaluation of transdisciplinary research, there lies a huge potential in 

the consolidation of the various sets of evaluation criteria that have been developed in recent 

years and which also encompass this work. This could help to professionalize transdisciplinary 

research, facilitate future large-N analysis of transdisciplinary research, and deliver evidence-

based arguments for its future funding. Furthermore, more integrative research on transdisci-

plinary research that combines qualitative and quantitative approaches, involves the practitioner 

perspective, and mitigates the conceptual divide between researchers and practitioners and sci-

ence and practice at large can further deepen and substantiate the understanding of what char-

acteristics do influence the diverse impacts of transdisciplinary research. Particular attention 

should be paid to the role of practitioner knowledge for the social and academic outcomes of 

transdisciplinary projects, which should best be analyzed through in-depth accompanying re-

search. Generally, the study and discussion of transdisciplinary sustainability research must go 

further beyond the Central European context and investigate transdisciplinary research in other 

political and cultural settings – to test the transferability of the results of this work in other 

contexts, but also to reflect on Eurocentric understandings of science and overcome post- and 

neocolonial entanglements (Chilisa 2017; Lam et al. 2020). Furthermore, this research indicates 

that many results and developed solutions of transdisciplinary research remain unpublished – 

at least in a scientific way. Hence, this work likes to initiate efforts that support transdisciplinary 

researchers in the systematic documentation and publication of research results. On the one 

hand, this would enable knowledge cumulation (Newig and Rose 2020) and critical contestation 

(Merton 1942; Popper 2005) within in transdisciplinary sustainability science. On the other 

hand, it would also make the various valuable sustainability solutions that have been discovered 

accessible to a wider audience and beyond the scope of the project. 
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Abstract

The discourse revolving around “new modes of knowledge production”—particularly in

sustainability-oriented research—seems to suggest a duality of transdisciplinary versus

non-transdisciplinary research. Yet, in reality, a spectrum of transdisciplinary research

modes may be expected. This article offers an empirically grounded distinction of five

research modes, based on a cluster analysis of 59 completed sustainability-oriented

research projects. Projects in one cluster approximate a transdisciplinary ideal type,

while another cluster combines almost purely practice-oriented projects. Among the

three remaining clusters with varying degrees of practitioner interaction, one cluster

assembles projects with strictly academic research, while realizing substantial societal

impact. Furthermore, our analyses indicate that the choice of research mode strongly

depends on the funding context, with mission-oriented funding encouraging more col-

laborative modes. Overall, clusters with more practitioner interaction display stronger

societal outputs and impacts at the cost of academic outputs and impacts. Beyond the

demarcation of transdisciplinary research modes in sustainability science, our empirical

analysis revealed three important tensions related to the theory and practice of this

research approach: the duality of science and society (and scholars and practitioners);

imbalances in the involvement and influence of different societal actor groups; and

tensions between societal and academic outputs and impacts.

K E YWORD S

modes of research, research evaluation, societal impact, transdisciplinarity

1 | INTRODUCTION

Sustainability problems often transcend the boundaries of traditional

scientific disciplines and call for collaboration between academia and

actors from other societal domains (Jerneck et al., 2011; Kates

et al., 2001; Leach et al., 2010). Concomitantly, the need for a new

‘contract’ between science and society has been declared, promoting

new research modes that focus on real-world problems and that involve

actors from outside academia (Gibbons, 1999; Lubchenco, 1998). The

research community has been active in conceptualizing, observing, and

advancing such research approaches in sustainability science, predomi-

nantly under the label of transdisciplinary research (see Brugnach &
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Özerol, 2019; Horcea-Milcu et al., 2020; Keitsch & Vermeulen, 2021b;

Renn, 2021 for recent overviews).

Notwithstanding this progress in conceptualizing trans-

disciplinarity, tensions have been observed between the theory of

transdisciplinary research in sustainability science and on-the-ground

experiences in actual research projects (Binder et al., 2015; Sakao &

Brambila-Macias, 2018; Scholz & Steiner, 2015b; Vermeulen &

Keitsch, 2021). Whereas a rich literature provides guidance for the

design and evaluation of transdisciplinary projects (Belcher

et al., 2016; Bergmann et al., 2012; Frodeman, 2017; Hirsch Hadorn

et al., 2008), blueprints and ideal-typical models of transdisciplinary

research require substantial adjustment to actual research questions,

funding structures, or stakeholder fields. Hence, given the unique and

individual circumstances of each project actual research practices vary

in their expression of transdisciplinarity (Fernández González

et al., 2021; Keitsch & Vermeulen, 2021a). Still, the discourse revolv-

ing around “new modes of knowledge production” – particularly in

sustainability-oriented research—seems to imply a duality of transdis-

ciplinary versus non-transdisciplinary research. Yet, in reality, a spec-

trum of more or less transdisciplinary research modes may be

expected due to design decisions to navigate sustainability research

within the boundaries of societal and scientific requirements. Empiri-

cal research on transdisciplinarity has illustrated the diversity of

research approaches and revealed relationships between individual

characteristics of research processes (Brandt et al., 2013; De Jong

et al., 2016; Fernández González et al., 2021; Lux et al., 2019;

Phillipson et al., 2012; Schneider, Giger, et al., 2019; Zscheischler

et al., 2018). However, the literature is still lacking a robust and empir-

ically grounded identification of different modes of research.

This paper aims to structure and synthesize experiences from

59 completed sustainability-oriented research projects1 to identify

distinguishable modes of research. In this way, we aim to inform and

add nuance to existing theoretical frameworks on transdisciplinary

research within sustainability science. By juxtaposing the different

research modes, we additionally aim to explore both conceptual and

methodological tensions that occur during the application of transdis-

ciplinary approaches.

Below, we introduce our theoretical framework and hypotheses

(Section 2), describe our cases, variables and methodological approach

(Section 3), present the research modes that we identified in the 59 com-

pleted research projects (Section 4) and characterize the clusters in rela-

tion to our hypotheses and previous research (Section 5). Subsequently,

we discuss the methodological and conceptual tensions that emerged

from our empirical analysis (Section 6). We conclude with overall reflec-

tions on our research and an outlook for further research (Section 7).

2 | THEORETICAL FRAMEWORK AND
HYPOTHESES

Our theoretical framework relates to previous works that define a

normative model of an ‘ideal-typical’ transdisciplinary research pro-

cess (Bergmann et al., 2005; Jahn, 2008; Lang et al., 2012). In this

tradition, transdisciplinary research is defined as “a reflexive, integra-

tive, method-driven scientific principle aiming at the solution or transi-

tion of societal problems and concurrently of related scientific

problems by differentiating and integrating knowledge from various

scientific and societal bodies of knowledge.” (Lang et al., 2012, p. 26).

Central to this understanding is the notion that transdisciplinary

research integrates knowledge from academia and practice and, in

turn, produces relevant and useful knowledge for both of these

spheres (Bergmann et al., 2005; Jahn, 2008; Lang et al., 2012). This

model of ideal-typical research processes assumes interdisciplinary as

an integral part and precondition of transdisciplinarity. In our frame-

work, we focus on the aspect of joint research practice between

scholars and practitioners, following more recent debates around

transdisciplinarity (Scholz & Steiner, 2015a, 2015b; Zscheischler &

Rogga, 2015). We do, however, include interdisciplinary as an impor-

tant context variable.

While models of ideal-typical transdisciplinary processes

serve prescriptive purposes, our framework serves analytical and

explanatory objectives (Figure 1): We generally pick up on the

basic idea that transdisciplinary research processes seek to pro-

vide a shared space between societal and academic practice and

to address societal problems in an integrative way (Lang

et al., 2012). We expect that in the actual practice of sustainability

science, a spectrum of different research modes occurs, which dis-

play varying combinations and degrees of the characteristics of a

transdisciplinary ideal type (Hypothesis 1). Moreover, we assume

that the occurrence of certain modes is shaped by the relevant

funding context (H2), by constellations of interdisciplinary schol-

arly collaboration (H3) and by the spatial scale of the research pro-

ject (H4). Furthermore, we assume that these modes of research

play out differently in terms of actually producing societally and

academic impacts (H5 and H6).

The recent discourse on transdisciplinarity is very much centered

on solution orientation and efforts to detect, measure and enhance

the societal impacts of transdisciplinary research (e.g. Belcher

et al., 2016; Lux et al., 2019; Miller et al., 2014). Nevertheless, we

explicitly acknowledge the dual role of transdisciplinary research to

benefit practice and academia rather than mainly serving to make aca-

demic research more practice-relevant.

Our understanding of transdisciplinary research is one of close

engagement between academic research and societal practice from

outside academia. Hence, we do not relate to the strand of discourse

that perceives transdisciplinarity essentially as an inner-academic

practice, e.g. in the sense of a higher-level synthesis or transcendence

of academic disciplines (for an overview, please see Thompson

Klein, 2014).

2.1 | Characteristics of transdisciplinary research

In our framework, we refer to three fundamental dimensions of trans-

disciplinary research: (1) the orientation towards real-world problems,

(2) the intensity of interactions with actors from outside academia,
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and (3) the tangible contributions of the involved actors from outside

academia. All characteristics subsumed under these dimensions are

anchored in the broader discourse on transdisciplinary research and

feature in the existing model presented in Lang et al., 20122 that was

developed on the bases of the ideal-typical model of an transdisciplin-

ary research process introduced by Jahn, 2008.

2.1.1 | Real-world orientation

A core feature of transdisciplinary research is that it departs from

real-world problems (Häberli et al., 2001) and aims at producing

knowledge that is applicable by political, economic and societal actors

(Nowotny, 1999a)—rather than to pursue questions that are only rele-

vant to the academic sphere alone.

2.1.2 | Intensity of interactions with actors from
outside academia

Moreover, transdisciplinary research is fundamentally associated with

interactions between academic scholars and practitioners (Jahn

et al., 2012; Lang et al., 2012; Scholz & Steiner, 2015a; Thompson

Klein et al., 2001). These transdisciplinary interactions can vary in

their intensity (Lang et al., 2012; Stauffacher et al., 2008), ranging

from rather selective, short-term collaborations to highly interactive

project work, in which practitioners are engaged on equal footing,

such as by leading (sub-) projects.

The intensity of interactions with actors from outside academia is

also shaped by the degree of integration of these actors into the

research process, what is strongly connected to the application of

structured methods of knowledge integration (Bergmann et al., 2012;

Defila & Di Giulio, 2015; Lux et al., 2019). Furthermore, the intensity

of transdisciplinary interaction is defined by the practitioners' influ-

ence on the research project, for example whether practitioners are

involved in project decisions (Bunders et al., 2010). Besides, trans-

disciplinarity is often associated with deliberation as a very intense

form of interaction, for example, when heterogeneous (groups of)

actors jointly develop solutions for sustainability problems (Bunders

et al., 2010; Osborne, 2015; Scholz & Steiner, 2015a).

2.1.3 | Types of contributions of the involved
actors from outside academia

The literature on transdisciplinarity discusses different types of contri-

butions of the involved actors from outside academia. Jahn et al. (2012)

and Lang et al. (2012) highlight the early involvement of practitioners

in the phase of problem definition. In addition, Spangenberg (2011)

mentions the joint definition of the research question.

The most pragmatic contribution of practitioners is the provision of

knowledge on the field of action (Bunders et al., 2010; Enengel

F IGURE 1 Theoretical framework and hypotheses. The figure provides a schematic overview over the relationships assumed in our
hypotheses. As for Hypothesis 1, the ‘bubbles’ in the coordinate system are a simplified visualization of the assumption that projects cluster
according to their specific combination of characteristics within the postulated three dimensions of (‘more’ or ‘less’) transdisciplinary research.
The positioning of the ‘bubbles’ is exemplary and does not correspond to the actual positioning of the clusters of research modes that we
identified empirically. A detailed overview over how the empirically identified clusters relate to the individual characteristics that are subsumed
under the three dimensions is provided by Table 1 in Section 4. As indicated in Figure 1 Hypotheses 2, 3, and 4 relate to the research context that
influences the expression of a certain research mode, while Hypotheses 5 and 6 refer to the characteristics of the outputs and impacts that are
created by the different modes
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et al., 2012). Spaapen and van Drooge (2011) emphasize the joint product

development or practitioners providing financial, material, or spatial

resources as further pragmatic contributions. Furthermore, the literature

highlights the importance for transdisciplinary research to listen to the

needs and goals of practitioners, their underlying norms and values and

therefore the conditions they see that need to change for a sustainable

future (Isgren et al., 2017; Nowotny, 1999b; Spangenberg, 2011). Further

important practitioner contributions include the assessment of the

research results, and the dissemination of insights or products developed

within the project and their practical implementation (Jahn et al., 2012;

Lux et al., 2019; Nagy et al., 2020; Spaapen & van Drooge, 2011).

We assume that sustainability-oriented research projects vary in

these characteristics of a transdisciplinary process and that it is there-

fore generally possible to distinguish specific combinations of these

characteristics into clearly distinctive research modes (Hypothesis 1).

The counter-hypothesis would be that the analyzed research projects

distribute more or less evenly on a continuum.

H1. Distinct research modes can be distinguished as a

combination of specific project-related characteristics.

2.2 | The context of transdisciplinary research

We assume that specific context conditions shape the possibilities of

particular research modes.

2.2.1 | The funding context

Arguably, the employed research mode depends on the funding context.

In Germany, the Federal Ministry for Research and Education (BMBF)

funds mission-oriented research with specific thematic and partly method-

ological tenders. With the funding line Social-ecological Research (SÖF), the

BMBF has been funding sustainability-oriented projects since 1999, mostly

requiring research to be transdisciplinary. In 2005, the BMBF launched the

extensive and still ongoing funding program Research for Sustainable Devel-

opment (FONA) to support the societal goal to foster sustainable develop-

ment. The German Research Foundation (DFG) funds bottom-up research,

with independent project proposals evaluated by peer review and panels

structured along traditional disciplinary communities. Given these differ-

ences in funding structures, and in line with Balsiger (2005) Becker and

Jahn (2006) and Schneider, Buser, et al., 2019, we assume the funding con-

text to be decisive for research modes pursued by the studied projects.

H2. Research modes clearly discriminate between

mission-oriented and bottom-up funding contexts.

2.2.2 | Inter-academic collaborations

As sustainability problems are not confined to individual academic disci-

plines, it has been argued that sustainability science requires not only

the involvement of societal actors but also interdisciplinary collabora-

tions (Hall et al., 2012; Jerneck et al., 2011; Lowe et al., 2013; Thompson

Klein, 2004). Additionally, Gibbons et al. (1994) predicted an increasing

heterogeneity of (academic) institutions and the emergence of new

research institutions in the realm of a transition to new modes of knowl-

edge production. Indeed, since the late 1970s, several independent not-

for-profit research institutes have been founded in Germany outside the

established research system, with the aim to develop concepts

addressing social-ecological problems (Ecornet, 2020).3 Accordingly, we

assume that a research context in which ‘traditional’ academic institu-

tions and their disciplinary structure prevail, hinders the realization of

transdisciplinary research. Vice versa, we assume that transdisciplinarity

requires a context of interactions between a variety of (inter-)disciplinary

scholars and research institutions, which we subsume under the term

‘inter-academic’ collaborations.

H3. Inter-academic collaborations and research institu-

tions outside the traditional academic structures enable

and facilitate transdisciplinary research modes.

2.2.3 | Spatial scale

Moreover, it is assumed that a research project's spatial scale influ-

ences the possibilities for collaboration and involvement of extra-

academic actors. Though sustainability problems are often described

as global (Jerneck et al., 2011), the local level offers particular options

to effectively address sustainability problems (Scholz et al., 2006;

Thompson Klein, 2004; Wamsler, 2017).

H4. A local spatial context of a research project fosters

the choice of a transdisciplinary research mode.

2.3 | Research outputs and impacts of
transdisciplinary research

Transdisciplinary research is expected to deliver more practice-

relevant and applicable results than non-transdisciplinary research,

and to reach beyond the mere production of scientific knowledge

(Bergmann et al., 2005; Funtowicz & Ravetz, 1993; Nowotny, 1999a).

It is believed to benefit practitioners or society at large and to deliver

solutions to sustainability problems (Hansson & Polk, 2018; Jahn

et al., 2012; Lang et al., 2012; Wiek et al., 2014). Transdisciplinary

research, being practice-oriented and collaborative, is expected to fos-

ter the practical usefulness of its research results and lead to societal

impacts, for example in form of increased societal attention, changed

attitudes, altered behavior or new regulations (Belcher et al., 2016;

Hansson & Polk, 2018; Miller et al., 2014).

In turn, transdisciplinary projects may provide fewer resources for

producing academic outputs, as compared with non-transdisciplinary

projects. Therefore, we assume that transdisciplinary research gains

less scientific outputs and impacts, as commonly measured by the
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number of scholarly publications and their respective citation

(Hegger & Dieperink, 2015).

H5. Projects that display more characteristics of trans-

disciplinary research, show stronger societal outputs

and impacts than projects that display less characteris-

tics of transdisciplinary research.

H6. Projects that display more characteristics of trans-

disciplinary research, show lower scientific outputs and

impacts as compared to projects that display less char-

acteristics of transdisciplinary research.

3 | RESEARCH DESIGN

3.1 | Unit of analysis

The unit of analysis of our investigation is the research project as a

“temporally, financially and staff-wise limited unit of activities in rela-

tion to one or more related research goals” (Newig et al., 2019,

p. 149). As our population, we identified all sustainability-related

research projects that (i) were funded between 2000 and 2012, either

by the German Research Foundation (DFG) or by the German Federal

Ministry of Education and Research (BMBF), and that (ii) combined at

least two different disciplines, one of which had to be a social science.

Projects were defined as sustainability-oriented if they used the terms

‘sustainable’ or ‘sustainability’ in the project title or the abstract, and

if they did not use these terms merely in the sense of ‘long-term’. We

did not select projects depending on their (transdisciplinary) research

mode. Instead, we aimed to study a broad spectrum of research

modes. We found 156 research projects matching these criteria.4 We

contacted all 156 projects, and 59 provided sufficient data for our

analysis.5 This sample of 59 projects displays no significant differ-

ences compared to the basic population in terms of funding sum,

funding duration and affiliation of projects to the two funding agen-

cies and can therefore be regarded as representative for the

population.

3.2 | Variables

The dataset consists of structured information from a systematic

variable-based document analysis of project documents (research pro-

posals, final reports, webpages, etc.) and questionnaires completed by

principal investigators of projects, who had also been given the oppor-

tunity to validate project output lists assembled by us. A detailed list

of variable definitions is available in the online supplementary of this

paper. Here, we limit the description to the more complex variables:

We measured the real-world orientation of research projects via

two variables; the degree to which a project's main research question

is more oriented towards academic problems or towards real-world

problems (Research_question), and the extent to which the production

of societally applicable knowledge or results is described as a goal of

the research project (Goal_applied).

The conceptual dimensions Intensity of interactions with actors

from outside academia and Type of practitioner contribution are repre-

sented via a number of specific items that indicate whether an inci-

dent (such as for example long-term collaborations between scholars

and practitioners or the contribution of practitioners to the formula-

tion of the research question) has taken place in the project or not.

As societal productivity we define the number of publications in

practitioner outlets, articles published in newspapers, press releases,

newsletters, flyers, presentations and/or events for practitioners or

the public, weighed relatively to their expected workload for project

employees and controlled for the project's respective funding sum.

The index we use to measure the depth of the reported societal

impacts of the research projects was derived from two open ques-

tions of our questionnaire, asking about (1) the societal results, the

corresponding target audience, and (2) whether results were recog-

nized or applied by practitioners and/or civil society. Structuring the

respective answers in a qualitative content analysis, we developed the

following impact scale: (1) recognition of project results outside aca-

demia; (2) discussion of project results; (3) putting project results to a

practical test; (4) application of the generated results; and (5) long-

term continuation of practices and networks. As multiple options

could be chosen, the index comprises the sum of scores in all five

impact categories.

As academic productivity, we understand all peer-reviewed schol-

arly articles, book chapters, anthologies, monographs, non-peer

reviewed articles, working or discussion papers, conference proceed-

ings as well as scientific presentations and events of a project,

weighed relatively to their expected workload for project employees

and controlled for its funding sum.

Our indicator for academic impact is based on the sum of cita-

tions of the project's academic publications within the first 5 years

after publication, controlled for the respective funding sum.

3.3 | Data analysis

To answer Hypothesis 1 we used cluster analysis as an explorative

statistical technique that uses differences or similarities between

cases in a defined set of variables to group the cases into clusters. For

doing so, above-mentioned characteristics of transdisciplinary

research were operationalized through 23 distinct variables. Three of

the variables are interval scaled, 20 of them are binary. The

corresponding data were analyzed in a hierarchical cluster analysis

applying Gower's general dissimilarity coefficient for mixed variables

and Ward's method of agglomeration (Everitt et al., 2011) using

STATA 15.0.

In order to test Hypotheses 2–6, differences between clusters in

binary variables were tested with chi-squared test, differences in

interval scaled variables were tested using non-parametric Mann–

Whitney U test. More technical information on data structure and the

statistical procedures is detailed in the online supplementary material.
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4 | RESULTS I : RESEARCH MODES IN
SUSTAINABILITY-ORIENTED RESEARCH

Graphical inspection of the cluster structure visualized in the dendro-

gram (Figure 2) suggests a five-cluster solution. The dendrogram

shows that the most prominent differences occur between the two

subsets of Clusters 1–3 and Clusters 4 and 5. In the following we pro-

vide detailed cluster descriptions along the lines of the clustering vari-

ables (see Table 1). Each cluster description is followed by a

qualitative description of the case that is representative of the

cluster.6

4.1 | Cluster 1—purely academic research

Projects in the smallest cluster, Cluster 1 (n = 6), show the lowest

degree of application orientation compared to the other clusters. Fur-

thermore, it is the only cluster whose research questions are predomi-

nantly academic. Moreover, Cluster 1 involves all cases with no

practitioner involvement.

The exemplary Cluster 1 project aimed to develop a global eco-

nomic model of the availability and use of a particular resource. There-

upon, the project aimed to simulate possible policy interventions to

achieve a more efficient and sustainable global use of the resource.

No actors from outside academia were actively involved.

4.2 | Cluster 2—practice consultation

Cluster 2 (n = 9) has a low application orientation, while its research

questions, as compared with Cluster 1, are slightly more drawn

towards real-world orientation. All cases in Cluster 2 describe a rather

minimal form of interaction with actors from outside academia: The

practitioners—from all societal sectors, with the highest share of

private actors—were addressed as experts with the request for spe-

cific information or served as target audience for the project results.

Consequently, the provision of knowledge receives the highest score

of practitioner contributions in Cluster 2.

The project that is exemplary for Cluster 2 pursued an entirely

academic research goal: to empirically investigate and internationally

compare the influence of institutions on private companies in a spe-

cific sustainability-relevant area. Selected private companies were

analyzed as case studies. These companies additionally served as a

target group for the project outcomes and received a tailored report

on the project's (interim) results once a year.

4.3 | Cluster 3—selective practitioner involvement

Cluster 3 (n = 19) is the biggest cluster and is characterized by mostly

short-term collaborations between practitioners and scholars. The

research questions in this cluster are balanced between societal and

academic interest, while this cluster is substantially application-

oriented.

Three of the projects in this cluster (16%) involved practitioners

in project decision-making. No project was initiated or led by practi-

tioners, and practitioners were involved on equal footing in only

one project. The highest levels of practitioner contributions are

found with practitioners contributing knowledge and being active in

the assessment and dissemination of the research results. One third

of the projects applied structured methods of knowledge

integration.

Practitioners from all societal sectors were involved, while gov-

ernmental actors dominated (15 out of 19 projects involve actors

from the governmental sector) and practitioners from the civic sector

have their highest share in this cluster compared to the other clusters

(nine projects, 47%).

The exemplary project for Cluster 3 aimed at analyzing the

impacts of climate change on a specific agricultural sector, and devel-

oping mitigation strategies accordingly. Interactions with practitioners

focused on one type of actor: farm managers, on whose land the field

research was conducted. The farm managers attended project meet-

ings or were approached through direct informal contacts. They were

not involved in project decision-making, and no formal methods of

knowledge integration were used, but they participated in the collabo-

rative work on mitigation strategies.

4.4 | Cluster 4—ideal-typical transdisciplinary
research

Compared to the previous clusters, Cluster 4 (n = 16) shows much

more interaction with practitioners: 13 projects in this cluster (81%)

are characterized by long-term and short-term collaboration, but all

other forms of active interaction are also present in this cluster. Three

quarters of the projects in this cluster involved practitioners in project

decisions. Moreover, Cluster 4 has a higher orientation towards real-

F IGURE 2 Dendrogram of the cluster structure of the 59 cases,
based on the variables of the core characteristics of transdisciplinary
research. The vertical lines in the dendrogram display the degree of
dissimilarity between the created clusters applying Gower's general
dissimilarity coefficient for mixed variables and Ward's method of
agglomeration
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world problems and a significantly higher application orientation than

Clusters 1–3.

A notable characteristic of this cluster is its high share of projects

in which practitioners were able to state their interests and beliefs. In

all projects of this cluster the practitioners contributed by formulating

their needs and goals, and in 14 projects (88%)—significantly more than

in all other clusters—practitioners contributed by stating their norms

and values. In addition, practitioners contributed in early project stages

by (co-)defining the research problem (12 projects, 75%) and in the lat-

est stages of the assessment, dissemination and implementation of the

research results (14 projects, 88% to 15 projects, 94%).

Cluster 4 encompasses the highest share of projects that applied

structured methods of knowledge integration (eight projects, 50%),

which is recommended in an ideal-typical transdisciplinary process

(Bergmann et al., 2012). Furthermore, this cluster displays the highest

diversity of societal sectors involved, with relatively high percentages

of each sector. Moreover, Cluster 4 is the one with the highest share

of projects that involved citizens in their research activities (five pro-

jects, 31%). All in all, projects in this cluster come very close to the

ideal-typical transdisciplinary research process described by

Bergmann et al., 2005; Jahn, 2008; and Lang et al., 2012.

The exemplary Cluster 4 project aimed to identify risks of a new tech-

nology and to develop resulting risk assessment and communication strat-

egies. Starting with contributions to problem identification, a large number

of practitioners from a variety of institutions across all societal sectors and

the public participated over the course of the project in long-term and/or

short-term exchanges. The project was, for instance, accompanied by an

advisory board composed of scholars and practitioners. Other practitioners

participated in forums and thematic workshops. Scenario techniques, defi-

nition of key terms and the Delphi method were used as knowledge

TABLE 1 The five research mode clusters described with the variables used to cluster the cases. The core characteristics of transdisciplinary
research (Hypothesis 1) (n = 59)

Notes: Outlined cells indicate that cluster is significantly different in this variable from all other clusters (statistical significance ≤p .05), differences between
clusters in binary variables were tested with chi-squared test, differences in interval scaled variables were tested using non-parametric Mann–Whitney U
test. The variables on the sectoral origin of the practitioners (governmental, private, civic, and citizens) entered the clustering indirectly aggregated in the
variable ‘Practitioner_heterogeneity’. The full analysis is displayed in Table A3.
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integration methods. The advisory board was involved in more minor deci-

sions, such as which topics to involve in a survey.

4.5 | Cluster 5—practice-oriented research

In comparison, projects in Cluster 5 (n = 9) show the strongest orientation

towards real-world problems in their research questions, while also

exhibiting the same degree of application orientation as Cluster 4. Collabo-

ration with practitioners from outside academia on equal footing is

reported for as much as eight (89%) of the Cluster 5 projects. In addition,

eight of the cluster's projects (89%) involved practitioners in project deci-

sions. Moreover, Cluster 5 projects show the highest shares of practitioners

initiating or leading a (sub-)project as a principal investigator. Taken

together, Cluster 5 is characterized by projects with the most practitioner

influence.

In terms of practitioner contributions, Cluster 5 is characterized

by projects with the highest share of practitioners contributing to

product development (seven projects, 78%). Cluster 5 has the signifi-

cantly highest amount of practitioners being involved in the crucial

phase of formulation of the research question. In all Cluster 5 projects,

practitioners contributed to assessing research results or products,

their dissemination and implementation. All Cluster 5 projects but one

involved practitioners from the private sector with less involvement

of civic and governmental actors and no citizen involvement.

The project that is exemplary for Cluster 5 had the practical aim

to develop a financial product for the sustainable management of a

particular resource. This financial product was to be tested in a spe-

cific municipality. Researchers and actors from the administration of

this municipality acquired the project with a joint proposal and real-

ized the project as partners on equal footing. Thus, the municipal

administration was involved in all project decisions. Further practi-

tioners included actors from an engineering office and the private sec-

tor. This set of actors met regularly, continuously discussed the

current state of work, and jointly developed the final project report.

Moreover, workshops were conducted for external stakeholders.

5 | RESULTS II : RELATIONSHIPS BETWEEN
RESEARCH MODE, CONTEXT, OUTPUT AND
IMPACT

Below, we characterize the five identified clusters in relation to the

six hypotheses formulated above. To facilitate interpretation, Table 2

highlights important features and differences between the five

research mode clusters.

5.1 | Research modes within sustainability science
(Hypothesis 1)

In Hypothesis 1, we assumed that it is possible to demarcate distinct

research modes within a range of different research projects. Our

empirical results generally confirm this hypothesis. The cluster analy-

sis with the set of variables that we defined as core characteristics of

transdisciplinary research revealed five clusters that encompass sub-

stantially different research modes: from purely academic research

(Cluster 1) to wholly practice-oriented research (Cluster 5). Cluster

4 aligns most closely with what has been described as an ideal type of

transdisciplinary research (Jahn, 2008; Lang et al., 2012; Scholz &

Steiner, 2015a). Moreover, we can connect our findings to

Mobjörk's (2010) distinction between “consulting” and “participatory”
transdisciplinarity. While the former refers to limited involvement

mainly as information inputs from the practice side, the latter charac-

terizes research with substantial involvement and knowledge co-pro-

duction. The dendrogram's main dividing line (Figure 2) separates

Clusters 1–3 from Clusters 4 and 5. Clusters 2 and 3 encompass pro-

jects applying a problem focus, but limited interactions with practi-

tioners, focused on responding and reacting to the research in

alignment with the features of Mobjörk's ‘consulting trans-

disciplinarity’ category ‘Participatory transdisciplinarity’, where practi-

tioners are fully included in the knowledge production process, can be

related to Cluster 4 and, by this standard, also to Cluster 5. Further-

more, in this our results show similarities to the division between

‘classical consultative research’ and ‘practical problem-solving and co-

innovation’ as defined by a cluster analysis of transdisciplinary

research in agroecology by Fernández González et al. (2021).

Although we can generally relate our findings to conceptualiza-

tions and typologies in the literature, our cluster structure further

extends these by offering a more detailed differentiation into five

empirically based research modes within sustainability science. The

entirety of the clusters we identified could be interpreted as a spec-

trum ranging from purely academic to practice-oriented research, as

the intensity of practitioner influence on the research process aug-

ments with increasing cluster number.

However, this directionality of practitioner influence does not

imply that the degree of transdisciplinarity increases from Cluster

1–5. Notably, projects in Cluster 5 share characteristics of a trans-

disciplinary process, but Cluster 5 shows a specific pattern that

strongly aligns with concepts of applied research. The notion of

‘applied research’ is associated with research conducted in design

with stakeholders from outside academia (mainly from business and

industry), who usually determine the research topics

(Grunwald, 2015). Applied research often sees problem frames tai-

lored to specific actor groups (Mobjörk, 2010), and its core aim is to

develop “new products, methods, and means of production”
(Niiniluoto, 1993, p. 2). Cluster 5 displays high scores of practitioner

influence and more practitioner contributions to product develop-

ment than the other clusters. Moreover, the involved actors from

outside academia are less heterogeneous, mostly involving private

business but no citizens.

Taken together, our empirically informed cluster structure demar-

cates “ideal-type” transdisciplinarity (Cluster 4) as an approach that is

not equal to pure practitioner-led research but characterized by an

intensive, yet balanced involvement of practitioners, acknowledging

their needs and goals as well as their norms and values (Isgren
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et al., 2017). Furthermore, in transdisciplinary research an intention to

mediate between different actors or actor groups (Scholz &

Steiner, 2015a)—as indicated by higher practitioner heterogeneity—is

flanked by the application of structured methods of knowledge inte-

gration (Bergmann et al., 2012).

5.2 | The context of transdisciplinary research
(Hypotheses 2–4)

With perspective to Hypothesis 2, we observe a nuanced pattern.

Clearly, our five research modes align with funding programs. The

highly interactive Clusters 4 and 5 are almost exclusively populated

by BMBF-funded projects, responding to the ministry's mission ori-

ented tenders. Cluster 2 (practice consultation) is dominated by DFG

individual grants, while Cluster 4 only includes one DFG-funded pro-

ject. This may suggest that the DFG funding criteria do not particu-

larly attract transdisciplinary research approaches. We may even

speculate that DFG funding decision-making favors more traditional

research modes. Conversely, purely academic research Cluster

1 shows a mix of BMBF- and DFG-funded projects that roughly rep-

resents the distribution in the whole sample (see Table A2), showing

that both bottom-up and mission-oriented research can have a

strong academic orientation with high impacts into the academic

community.

Projects from the social-ecological research funding line of the

BMBF are most present in Cluster 4. This was to be expected, as the

tenders in this funding line specifically demand a transdisciplinary

research mode. The fact that projects from the social-ecological

research funding line also appear in other clusters (especially in Clus-

ter 1) might indicate that the spectrum of transdisciplinarity as

demanded by the BMBF is not limited to ‘ideal-type’ transdisciplinary
processes. Moreover, we observe that projects of the sustainable land

management funding line are strongly represented in Cluster 5, which

reflects the fact that tenders of this funding line require real-world

impacts (here: the reduction of human land use) as the primary goal

and selection criterion for research projects. What kind of research

mode is promoted (and pursued by projects) thus not only seems to

depend on the funding institution but to a good degree also on the

individual funding lines and their specific demands.7

Regarding Hypothesis 3 on the co-occurrence of transdisciplinary

collaborations and inter-academic collaborations, our findings are less

straightforward. In terms of inter-institutional collaborations, we

observe that Clusters 1, 3, 4, and 5 operate on a very similar level,

with a slightly higher institutional heterogeneity for the transdisciplin-

ary ideal type Cluster 4. Practitioner consultation Cluster 2 displays the

TABLE 2 Differences between the five research mode clusters in context and in societal and academic output and impact (reduced variable
set, n = 59)

Notes: Outlined cells indicate that the cluster is significantly different in this variable from all other clusters (statistical significance ≤p .05), differences
between clusters in binary variables were tested with chi-squared test, differences in interval scaled variables were tested using non-parametric Mann–
Whitney U test. The values for Clusters 2 and 3 in the variables Disciplinary_heterogeneity and Share_interdisciplinary are softened to indicate missing
values (see Table A5). Table 2 displays a reduced set of variables. The full analysis is displayed in the Tables A4–A7.
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lowest value, which is likely due to the large share of individual

DFG-funded projects, which usually encompass only one research

unit at a university. Moreover, we can observe that university involve-

ment decreases with the intensity of interaction from Cluster 2 to

Cluster 5, with more interactive Clusters 4 and 5 displaying slightly

higher shares of not-for-profit and private research institutes.

The data quality of the variables describing the disciplinary set up

is unfortunately limited. Thus, the results have to be interpreted with

caution, excluding Cluster 2 and 3 from our interpretation. Nonetheless,

we can see that the transdisciplinary ideal type Cluster 4 displays the

highest share of interdisciplinary scholars working on the projects and

the highest rate of scholars from different disciplinary backgrounds.

Together, these results provide some support for our Hypothesis 3.

Concerning Hypothesis 4, it appears that the level of projects on

the smallest spatial scale (municipal scale) increases with the degree

of practitioner orientation from Cluster 2 to 5. Nevertheless, the pat-

tern is more nuanced as there is a directly opposite relationship for

the regional scale, in which the practice consultation Cluster 2 is on

top (five of the projects out of nine projects (56%) in this cluster oper-

ate on the regional level). Noteworthy is the high share of projects

referring to the international scale in the purely academic Cluster

1 (four out of six projects (67%) and significantly higher than all other

clusters), which again aligns with Hypothesis 4.

5.3 | Societal and academic outputs and impacts
(Hypotheses 5 and 6)

In Hypothesis 5—informed strongly by conceptual research on trans-

disciplinarity – we assumed that projects that display more character-

istics of an ideal-typical transdisciplinary research process lead to

stronger societal outputs and impacts.

Previous comparative empirical research on transdisciplinary

research found that less intensive (“consulting”) transdisciplinarity
showed stronger societal effects than more intensive science-

practice interactions (De Jong et al., 2016; Phillipson et al., 2012).

Our study, which considers the whole range of research modes from

purely academic to practitioner-led, adds to this body of literature by

generally confirming Hypothesis 5. We find that ideal-typical trans-

disciplinary research (Cluster 4) shows the strongest societal

impacts, followed by the practice-oriented Cluster 5. Both Clusters

have substantially higher scores in societal impact than the less

interactive Clusters 1, 2, and 3. These differences are statistically sig-

nificant for Clusters 2 and 3.

Interestingly, the purely academic research Cluster 1, in which no

project has any practitioner interaction, shows a relatively high socie-

tal impact as compared to the slightly more practice-oriented Clusters

2 and 3. We suggest two possible explanations: On the one hand, one

could assume that purely academic research on sustainability subjects

with strong academic outputs proves to be societally relevant, even

without practitioner interaction. On the other hand, the fact that Clus-

ter 1 also displays high levels of practice-relevant output in form of

publications and events for practitioners (societal productivity second

highest of all clusters) suggests that targeted dissemination and com-

munication into the practitioner field fosters societal impact.

In Hypothesis 6, we assumed that more transdisciplinary research

modes would be less productive and impactful in academic terms. While

earlier research found inconclusive evidence on the link between collab-

oration with practitioners and scientific publications and citations

(Hegger & Dieperink, 2015), our empirical results generally confirm

Hypothesis 6: With increasing practice-orientation and practitioner

involvement, academic outputs and impacts clearly decline (from Cluster

1 to 5). The classical academic research Cluster 1 displays the highest

level of academic productivity in terms of scientific publications, and aca-

demic impact, measured by citations (both relative to the project's

respective funding sum). Specifically, the practice-oriented Cluster 5 dis-

plays the lowest level of academic impact by far, significantly different

from all other clusters. However, as discussed above in Hypothesis

1, projects in Cluster 5 are not the most transdisciplinary ones.

Overall, we find an inverse relationship between societal and aca-

demic outputs and impacts for at least Clusters 2–5, proposing a trade-

off between activities and effects in these two spheres, which confirms

our earlier regression analyses on 81 research projects (Newig

et al., 2019) as well as similar results by Zscheischler et al. (2018). This

might question the capacity of transdisciplinary research purported by

the ideal-typical transdisciplinary research process in the tradition of

Bergmann et al. (2005), Jahn (2008) and Lang et al. (2012) to ideally

produce both valuable contributions for science and society.

6 | CHALLENGES OF DOING
TRANSDISCIPLINARY RESEARCH: TENSIONS
DERIVED FROM THE ANALYSIS

While engaging with the demarcation of transdisciplinary research in

sustainability science, our empirical analysis revealed three important

tensions and challenges related to the theory and practice of transdis-

ciplinary research for sustainability transformations.

6.1 | The assumed dualism of science and society
in transdisciplinary research

Approaches to transdisciplinarity often imply a conceptual dualism of

science and society, which has also been imminent in our own study.

In the wording of our questions and indicators, we used ‘science’ and
‘society’ largely as complementary and often mutually exclusive cate-

gories to which we assigned project activities, outputs and impacts.

Hence, we also assigned actors to either science or society according

to their main professional attribution. With regards to the related dif-

ferentiation of ‘scientists’ and ‘practitioners’, our questionnaire had

been directed at the principal investigator, who in the vast majority of

projects had been an academic scholar. Yet, especially the structure of

our practice-oriented research mode represented by Cluster 5 raises

the question about who should be defined as a ‘researcher’. In this

cluster, practitioners are participating on equal footing or even as
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principal investigators of (sub-)projects. Thus, we would encourage

future research to move beyond the dualistic perspective of scientists

versus practitioners, and pay due attention to the nuances of individ-

ual actors engaged in transdisciplinary sustainability research, such as

research-related consulting firms, or researchers interested in entre-

preneurial action. An approach to overcome the scholar-practitioner

dualism is by focusing on the various roles that one actor can take on

in transdisciplinary research (Bulten et al., 2021; Wittmayer &

Schäpke, 2014), rather than seeing actors only through their (formally)

attributed status. In particular, future research ought to consider the

various roles that practitioners fill in transdisciplinary research, such

as advocate, researcher or consultant.

6.2 | Imbalances in the involvement and influence
of different societal actor groups

Empirically, we find a tension between practitioners' societal sector and

their respective intensity of involvement and influence. In practice-ori-

ented Cluster 5 we observe a high share of projects in which practi-

tioners are joining on equal footing, who are involved in the definition of

the research question and influence the research process. At the same

time, this cluster has the highest share of private sector actors and the

lowest share of civic actors (e.g., from NGOs or associations, etc.) and

involves no citizens. Conversely, the selective practitioner involvement

Cluster 3 shows the highest share of actors from the civic sector of all

clusters, while practitioners in this cluster join the project activities pre-

dominantly on short-term and have little influence on project decisions.

On the one hand, this observation might be attributed to the fact

that there are different objectives for stakeholder involvement in

transdisciplinary research (Schmidt et al., 2020), so we may not expect

homogenous patterns of involvement, due to actor specific capacities,

resources, and legitimacy for sustainability problem solving. On the

other hand, it could also be the case that not all actors have equal

capacities and resources to take part in transdisciplinary research pro-

jects (Fritz & Binder, 2020; Osinski, 2021). If the latter were to

account for the comparatively less intensive involvement of civil soci-

ety actors in the studied projects, the conclusion would be to explic-

itly design transdisciplinary processes that anticipate such factors and

provide, for example, for sufficient resources to activate and compen-

sate ‘less-advantaged’ actor groups.

6.3 | Tensions between societal and academic
outputs and impacts

Comparing the five identified clusters in their societal and academic

outputs and impacts, the question arises whether sustainability-

oriented research can fulfill the expectations to contribute to both sci-

entific and societal progress. We found that purely academic research

(Cluster 1) can be societally relevant, but also that highly interactive

research modes (Cluster 4 and Cluster 5) have significantly less impact

in the academic sphere. Certainly, the model of the transdisciplinary

ideal-type does not claim that transdisciplinary research equally con-

tributes to both realms, and it is disputable whether societal and sci-

entific outputs and impacts should be weighed against each other. A

potential explanation for our findings is indicated by the work of

Zscheischler et al. (2018): Asking a larger number of scholars for what

defines a successful transdisciplinary research project, they found a

“significant imbalance within the science-practice outcome equilib-

rium with an orientation leaning toward the practice side of TDR

(transdisciplinary research)” (ibid., p. 1070).
This issue also highlights the dilemma of the double expectations

researchers face in transdisciplinarity between producing knowledge

according to scientific standards and to team up with societal actors

in joint problem solving (Bulten et al., 2021). Limited resources require

prioritization and decisions on which activities to attribute time and

attention to—which seem currently often at the cost of contributions

to the academic community. Moreover, Bulten et al. (ibid.) discovered

a general insecurity among scholars of how to report knowledge gen-

erated in transdisciplinary research in a scientific way. This also

implies the question if there is a need to adjust or further develop the

prevalent scientific publication structures and processes as well as the

related reward and tenure systems to accommodate the requested

new modes of research.

Given the importance of academic performance for academic

careers, we would like to encourage further research to investigate

how academic contributions of transdisciplinary research can be

enhanced to mitigate the trade-off we observed. In our analysis we

used rather conventional indicators, as we measured academic perfor-

mance with the number of scientific publications and their respective

citations. Despite the growing critique of the extensive use of these

indicators in research governance, these are still the units in which

academic success is most commonly assessed (Mingers &

Leydesdorff, 2015). Since the general current discourse on trans-

disciplinarity is often centered on societal impacts (e.g. Lux

et al., 2019; Palmer et al., 2020; Schneider, Giger, et al., 2019;

Williams & Robinson, 2020), we would like to initiate a discussion

about how to navigate transdisciplinary sustainability research in this

field of tension between societal and scientific demands. We aimed to

identify clusters of research modes, but it does turn out to be impor-

tant to additionally take a close look at individual projects that stand

out and actively balance societal and scientific aims (for examples of

such projects, see Newig et al. (2019) on a qualitative analysis of a

subsample of our data).

7 | CONCLUSION AND OUTLOOK

Based on the tensions between transdisciplinary ideal types and on-

the-ground experiences in actual research projects, our cluster analy-

sis of 59 completed sustainability-oriented research projects yielded

five distinct research modes. These add nuances to existing theoreti-

cal conceptualizations and empirical studies that mostly focus on ideal

types and best practices of transdisciplinary research. At the same

time, we also find that the diversity of research characteristics does
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not randomly or evenly populate the space of possible research

modes but clusters around five relatively distinct modes. These clus-

ters deepen the understanding of actual research modes and their

respective societal and academic outputs and impacts. By comparing

ideal-typical transdisciplinary research Cluster 4 and practice-oriented

Cluster 5, we were able to contribute to the conceptual demarcation

of transdisciplinary and applied research. We would like to encourage

forthcoming research to add up on this demarcation effort in analyz-

ing further projects. Moreover, our analysis underscores the impor-

tance of research policy and of funding programs in advancing and

shaping transdisciplinarity and related modes of knowledge

production.

In the wider reflection of the identified research modes, we were

able to identify three tensions across the different ways of doing

transdisciplinary research. Based on these tensions, we would like to

propose for future research to apply the concept of roles to actors

and practitioners to overcome the conceptual ‘researcher–practi-
tioner’ dualism in transdisciplinary research. Moreover, we would like

to emphasize the need to systematically approach differences in the

capacities, resources and legitimacy of specific actor groups to avoid

potential imbalances in involvement patterns. Last, we would like to

encourage further research to increase efforts to mitigate the trade-

off between societal and academic impacts and outputs that we

observed in our empirical data.

Our study was limited to the German research context. We there-

fore would like to raise attention to the need for comparative large-n

studies of sustainability-related research modes on an international

scale. This is of special importance, as the majority of comparable

empirical studies we found to contextualize our findings were con-

ducted in a Central European context (e.g. Bulten et al., 2021; De Jong

et al., 2016; Fritz & Binder, 2020; Phillipson et al., 2012; Zscheischler

et al., 2018).

As a practical contribution to research planning and management,

our typology and the relationship between research modes and their

impacts could help setting the methodological priorities along the tra-

jectories of the societal and scholarly aims of future research. More-

over, our findings may support funding agencies in setting up

effective research programs, combining different modes of research

to reach multi-dimensional impacts in society and academia to push

sustainable development forward.
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ENDNOTES
1 We rely on data gathered on 59 interdisciplinary sustainability-oriented
research projects funded by the two largest German funding institutions,
the German Federal Ministry of Research and Education (BMBF) and the
German Research Foundation (DFG).

2 The Lang et al. (2012) model is based on a broad literature review and
integrates numerous earlier approaches to conceptualize transdisciplin-
ary research processes (ibid.). Furthermore, it has been taken up by vari-
ous research endeavors (internationally, but with a majority from the
global north, especially central Europe) (e.g. Avelino, 2017; Norström
et al., 2020; Sachs et al., 2019; Schaltegger et al., 2017).

3 Eight of these independent not-for-profit research institutes are orga-
nized in the ECORNET-network, but there do exist several more.

4 The used data is a subset of the larger dataset of the research project
‘Modes of sustainability-related research in comparison (MONA): Modes
of research and their impact on scientific and societal project outcomes’.
In Newig et al. (2019) which is based on the same dataset, this number
has been erroneously been stated as 141 for the n of the basic
population.

5 In Newig et al. (2019) the analysis was based on variables that were
available for 81 cases.

6 The case displaying the least overall deviation from the cluster mean in
the clustering variables has been identified as being most representative
for the cluster.

7 The results on the BMBF funding lines are displayed in Table A4 in the
online supplementary.
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2 List of variables 
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RULHQWHG�DQG�VFKRODUO\�UHVHDUFK�TXHVWLRQV�¶�
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DSSOLFDEOH�UHVXOWV�GHVFULEHG�DV�D�JRDO�RI�WKH�UH�
VHDUFK�SURMHFW"��H�J��PHDVXUHV��SURGXFWV��UHFRP�
PHQGDWLRQV�IRU�DFWLRQ�¶�
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statistics 

��� .QRZOHGJHB�
LQWHJUDWLRQ�

Explicit application of methods of knowledge 
integration in the interaction with practitioners 
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%LQDU\�>���@� )UHT������5��
���������

��� 3UDFWLWLRQHUVB�
GHFLVLRQV�

Practitioners say in project decisions 
4XHVWLRQ�IURP�WKH�TXHVWLRQQDLUH��µ:HUH�WKH�SUDFWL�
WLRQHUV�LQYROYHG�LQ�WKH�GHFLVLRQ�PDNLQJ�ZLWKLQ�WKH�
SURMHFW"¶�
��µQR¶��
��µ\HV¶�

%LQDU\�>���@� )UHT������5��
�����8���

��� 3UDFWLWLRQHUB�
KHWHURJHQHLW\�

Number of societal sectors involved  
7KLV�YDULDEOH�LV�JHQHUDWHG�IURP�WKH�YDULDEOHV�GH�
VFULELQJ�WKH�VRFLHWDO�VHFWRUV�WKH�SUDFWLWLRQHUV�RQ�
WKH�SURMHFW�RULJLQDWH�IURP��VHH�9DULDEOHV����WR�����
)RU�WKLV�YDULDEOH�WKH�QXPEHU�RI�GLIIHUHQW�VHFWRUV�
WKDW�SUDFWLWLRQHU�RULJLQDWH�IURP�LV�VXPPDWHG���

,QWHUYDO�
>�����@�

0LQ�����
0D[����
0HGLDQ����
0HDQ�������
6WG��'HY���
�����

Type of societal actors involved�
Societal Sector which is represented by the 
practitioners in the project 
2SHQ�TXHVWLRQ�LQ�WKH�TXHVWLRQQDLUH��
µ,I�QRQ�DFDGHPLF�SHUVRQV�ZHUH�LQYROYHG��ZKLFK�
SHUVRQV�RU�SHUVRQ�JURXSV�ZHUH�WKHVH�VSHFLILFDOO\"�
>7H[W�ILHOG@¶�
7KH�UHVXOWLQJ�RSHQ�WH[W�PDWHULDO�ZDV�FRGHG�DF�
FRUGLQJ�WR�WKH�IROORZLQJ�FDWHJRULHV� 

��� 3UDFWLWLRQHUVB�
JRYHUQPHQW�

7KH�LQYROYHG�SHUVRQ�SHUVRQ�JURXS�EHORQJV�WR�WKH�
VRFLHWDO�VHFWRU�µJRYHUQPHQW¶ 

%LQDU\�>���@� )UHT������5��
�5�������

��� 3UDFWLWLRQHUVB�
SULYDWH�

7KH�LQYROYHG�SHUVRQ�SHUVRQ�JURXS�EHORQJV�WR�WKH�
VRFLHWDO�VHFWRU�µSULYDWH¶ 

%LQDU\�>���@� )UHT������5��
�55������

�5� 3UDFWLWLRQHUVB�
FLYLF�

7KH�LQYROYHG�SHUVRQ�SHUVRQ�JURXS�EHORQJV�WR�WKH�
VRFLHWDO�VHFWRU�µFLYLF¶��RUJDQL]HG�FLYLO�VRFLHW\��H�J��
1*2V� 

%LQDU\�>���@� )UHT����8�5��
����5����

��� 3UDFWLWLRQHUVB�
FLWL]HQV�

7KH�LQYROYHG�SHUVRQ�SHUVRQ�JURXS�EHORQJV�WR�WKH�
VRFLHWDO�VHFWRU�µFLWL]HQV¶ 

%LQDU\�>���@� )UHT�����8�5��
����5����

Type of practitioner contributions 
Active contributions of practitioners 
4XHVWLRQ�IURP�WKH�TXHVWLRQQDLUH��µ7R�ZKLFK�RI�
WKHVH�DUHDV�GLG�WKH�SUDFWLWLRQHUV�LQ�\RXU�SURMHFW�
FRQWULEXWH"�>0XOWLSOH�DQVZHUV�SRVVLEOH��SOHDVH�
VHOHFW�DOO�DQVZHUV�WKDW�DSSO\@¶�

��� 3UREOHPB�
GHILQLWLRQ�

µ3UREOHP�LGHQWLILFDWLRQ¶� %LQDU\�>���@� )UHT������5��
�5��85���

�8� 5HVHDUFKB�
TXHVWLRQ�

µ'HILQLWLRQ�RI�WKH�UHVHDUFK�TXHVWLRQ¶� %LQDU\�>���@� )UHT������5��
��8������

��� .QRZOHGJH� µ3URYLVLRQ�RI�NQRZOHGJH�RQ�WKH�ILHOG�RI�DFWLRQ¶� %LQDU\�>���@�
��� 1HHGVBJRDOV� µ)RUPXODWLRQ�RI�QHHGV�DQG�JRDOV¶� %LQDU\�>���@� )UHT������5��

���������
��� 1RUPVBYDOXHV� µ)RUPXODWLRQ�RI�YDOXHV�DQG�QRUPDWLYH�FRQWULEX�

WLRQV¶�
%LQDU\�>���@� )UHT������5��

���������
��� &RQGLWLRQVBRIB�

FKDQJH�
µ)RUPXODWLRQ�RI�FRQGLWLRQV�RI�FKDQJH�LQ�WKH�ILHOG�
RI�SUDFWLFH¶�

%LQDU\�>���@� )UHT����5�5��
���������

��� 3URGXFWB�
GHYHORSPHQW�

µ3URGXFW�GHYHORSPHQW¶� %LQDU\�>���@� )UHT������5��
���������

��� 5HVRXUFHV� µ3URMHFW�UHVRXUFHV��&RQWULEXWLRQ�WR�ILQDQFLDO�RU�
PDWHULDO�SURMHFW�UHVRXUFHV�¶�

%LQDU\�>���@� )UHT������5��
���������

�5�



No. Variable name Variable description Scale level Descriptive 
statistics 

�5� $VVHVVPHQW� µ$VVHVVPHQW�RI�SURMHFW�UHVXOWV��SURGXFWV�RU�UHF�
RPPHQGDWLRQV�IRU�DFWLRQ¶�

%LQDU\�>���@� )UHT������5��
���������

��� 'LVVHPLQDWLRQ� µ&RPPXQLFDWLRQ�RU�VKDULQJ�RI�SURMHFW�UHVXOWV��
UHFRPPHQGDWLRQV�IRU�DFWLRQ��HWF�¶�

%LQDU\�>���@� )UHT������5��
���������

��� ,PSOHPHQWDWLRQ� µ,PSOHPHQWDWLRQ�RI�LQVLJKWV��VWUDWHJLHV�RU�SURGXFWV�
LQ�WKH�ILHOG�RI�SUDFWLFH¶�

%LQDU\�>���@� )UHT������5��
�����5���

THE ENVIRONMENT OF TRANSDISCIPLINARY RESEARCH 
Funding context�

Funding context ‘German federal ministry of 
education and research’ 
7KH�*HUPDQ�)HGHUDO�0LQLVWU\�RI�(GXFDWLRQ�DQG�
5HVHDUFK��%XQGHVPLQLVWHULXP�I�U�%LOGXQJ�XQG�
)RUVFKXQJ��%0%)��ODXQFKHV�DQG�IXQGV�UHVHDUFK�
DFFRUGLQJ�WR�FXUUHQW�VXVWDLQDELOLW\�FKDOOHQJHV��7KH�
IROORZLQJ�YDULDEOHV�FDSWXUH�WKH�DIILOLDWLRQ�RI�WKH�
SURMHFWV�WR�%0%)�IXQGLQJ�DQG�WKH�SURJUDPPDWLF�
IXQGLQJ�OLQHV�RI�WKH�%0%)��

�8� %0%)� 3URMHFW�ZDV�IXQGHG�E\�WKH�*HUPDQ�)HGHUDO�0LQLV�
WU\�RI�(GXFDWLRQ�DQG�5HVHDUFK�

%LQDU\�>���@� )UHT������5��
����58���

��� 6RFLDO�HFRORJLFDO�
UHVHDUFK�

3URMHFW�ZLWKLQ�WKH�%0%)�IXQGLQJ�SURJUDP�µ6RFLR�
HFRORJLFDO�UHVHDUFK¶�

%LQDU\�>���@� )UHT����5�5��
��5������

��� (FRQRPLFVBIRUB�
VXVWDLQDELOLW\�

3URMHFW�ZLWKLQ�WKH�%0%)�IXQGLQJ�SURJUDP�µ(FR�
QRPLFV�IRU�VXVWDLQDELOLW\¶�

%LQDU\�>���@� )UHT�����8�5��
����5����

��� &OLPDWHB�
DGDSWDWLRQ�

3URMHFW�ZLWKLQ�WKH�%0%)�IXQGLQJ�SURJUDP�µ&OL�
PDWH�SURWHFWLRQ�DQG�DGDSWDWLRQ¶�

%LQDU\�>���@� )UHT�������5��
�5��8���

��� %LRGLYHUVLW\B�
FRQVHUYDWLRQ�

3URMHFW�ZLWKLQ�WKH�%0%)�IXQGLQJ�SURJUDP�µ&RQ�
VHUYDWLRQ�RI�ELRGLYHUVLW\¶�

%LQDU\�>���@� )UHT�������5��
��������

��� 6XVWDLQDEOHB�
ZDWHUB�
PDQDJHPHQW�

3URMHFW�ZLWKLQ�WKH�%0%)�IXQGLQJ�SURJUDP�µ6XV�
WDLQDEOH�ZDWHU�PDQDJHPHQW¶�

%LQDU\�>���@� )UHT�������5��
��������

��� 5HVRXUFHB�
HIILFLHQF\�

3URMHFW�ZLWKLQ�WKH�%0%)�IXQGLQJ�SURJUDP�µ5H�
VRXUFH�HIILFLHQF\�WHFKQRORJLHV¶�

%LQDU\�>���@� )UHT�������5��
��������

�5� 6XVWDLQDEOHB�
ODQGB�
PDQDJHPHQW�

3URMHFW�ZLWKLQ�WKH�%0%)�IXQGLQJ�SURJUDP�µ6XV�
WDLQDEOH�ODQG�PDQDJHPHQW¶�

%LQDU\�>���@� )UHT����5�5��
��5������

Funding context of German research founda-
tion 
7KH�*HUPDQ�5HVHDUFK�)RXQGDWLRQ��'HXWVFKH�
)RUVFKXQJVJHPHLQVFKDIW��')*��IXQGV�ERWWRP�XS�
SURMHFWV�DV�LQGLYLGXDO�JUDQWV�RU�LQ�FRRUGLQDWHG�
IRUPDWV��7KH�IROORZLQJ�YDULDEOHV�FDSWXUH�WKH�SUR�
MHFW�V�DIILOLDWLRQ�WR�')*�IXQGLQJ�DQG�WKH�VSHFLILF�
IRUPDWV��

��� ')*� 3URMHFW�ZDV�IXQGHG�E\�WKH�*HUPDQ�5HVHDUFK�
)RXQGDWLRQ�

%LQDU\�>���@� )UHT����5�5��
��5������

Interinstitutional Collaborations 
��� ,QVWLWXWLRQDOB�

KHWHURJHQHLW\�
Number of academic institution types involved 
7KLV�YDULDEOH�LV�JHQHUDWHG�IURP�WKH�YDULDEOHV�GH�
VFULELQJ�WKH�LQVWLWXWLRQDO�DIILOLDWLRQV�RI�WKH�VFKRO�
DUV�RQ�WKH�SURMHFW��VHH�9DULDEOHV����WR������
)RU�WKLV�YDULDEOH�WKH�QXPEHU�RI�GLIIHUHQW�LQVWLWX�
WLRQV�WKDW�VFKRODUV�RULJLQDWH�IURP�LV�VXPPDWHG��

,QWHUYDO�
>����5@�

0LQ�����
0D[��5�
0HGLDQ����
0HDQ�������
6WG��'HY���
���8�

���



No. Variable name Variable description Scale level Descriptive 
statistics 

Share of institutional affiliations of scholars 
working on the research project 
$�OLVW�RI�LQYROYHG�VFKRODUV�ZDV�JHQHUDWHG�ZLWK�
LQIRUPDWLRQ�IURP�UHVHDUFK�SURSRVDOV�DQG�ILQDO�
UHSRUWV�DV�ZHOO�DV�SURMHFW�ZHESDJHV��)RU�HDFK�
VFKRODU�WKH�LQVWLWXWLRQDO�DIILOLDWLRQ�DW�WKH�WLPH�RI�
WKH�UHVHDUFK�SURMHFW�ZDV�QRWHG�RU�UHVHDUFKHG�
RQOLQH�DQG�FRGHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�FDWH�
JRULHV��7KH�QXPEHU�RI�VFKRODUV�DIILOLDWHG�ZLWK�
HDFK�W\SH�RI�LQVWLWXWLRQ�KDV�EHHQ�GLYLGHG�E\�WKH�
RYHUDOO�QXPEHU�RI�VFKRODUV�ZRUNLQJ�RQ�WKH�UH�
VHDUFK�SURMHFW� 

�8� 6KDUHB�
XQLYHUVLW\�

6KDUH�RI�VFKRODUV�ORFDWHG�DW�D�XQLYHUVLW\� ,QWHUYDO�
>�����@�

0LQ�����
0D[����
0HGLDQ�������
0HDQ�������
6WG��'HY���
���5�

��� 6KDUHBQRQB�
XQLYHUVLW\�

6KDUH�RI�VFKRODUV�ORFDWHG�DW�D�ELJ�*HUPDQ�QRQ�
XQLYHUVLW\�UHVHDUFK�LQVWLWXWH��H�J��+HOPKROW]�&HQ�
WUH��/HLEQL]�$VVRFLDWLRQ��)UDXQKRIHU�6RFLHW\��HWF���
ZKLFK�DUH�MRLQWO\�IXQGHG�E\�WKH�VWDWH�DQG�WKH�IHG�
HUDO�VWDWH�

,QWHUYDO�
>�����@�

0LQ�����
0D[�����8�
0HGLDQ����
0HDQ�������
6WG��'HY���
���8�

��� 6KDUHBVWDWHB�
UHVHDUFK�

6KDUH�RI�VFKRODUV�ORFDWHG�DW�D�VWDWH�DJHQF\� ,QWHUYDO�
>�����@�

0LQ�����
0D[�����5�
0HGLDQ����
0HDQ�������
6WG��'HY���
�����

��� 6KDUHBQRQB�
SURILWBUHVHDUFK�

6KDUH�RI�VFKRODUV�ORFDWHG�DW�D�SULYDWH��EXW�QRW�IRU�
SURILW��QRQ�SURILW��UHVHDUFK�LQVWLWXWH��H�J��,QVWLWXWH�
IRU�$SSOLHG�(FRORJ\��,QVWLWXWH�IRU�6RFLDO�
(FRORJLFDO�5HVHDUFK��,QVWLWXWH�IRU�(FRORJLFDO�
(FRQRP\�5HVHDUFK��HWF���

,QWHUYDO�
>�����@�

0LQ�����
0D[����8��
0HGLDQ����
0HDQ�������
6WG��'HY���
�����

��� 6KDUHBSULYDWHB�
UHVHDUFK�

6KDUH�RI�VFKRODUV�ORFDWHG�DW�D�SULYDWH�UHVHDUFK�
LQVWLWXWH�

,QWHUYDO�
>�����@�

0LQ�����
0D[����
0HGLDQ����
0HDQ�������
6WG��'HY���
�����

Disciplinary setup 

���



No. Variable name Variable description Scale level Descriptive 
statistics 

Disciplinary setup 
6KDUH�RI�VFKRODUV�RI�GLIIHUHQW�GLVFLSOLQHV�ZRUNLQJ�
RQ�WKH�UHVHDUFK�SURMHFW���
$�OLVW�RI�LQYROYHG�VFKRODUV�ZDV�JHQHUDWHG�ZLWK�
LQIRUPDWLRQ�IURP�UHVHDUFK�SURSRVDOV�DQG�ILQDO�
UHSRUWV�DV�ZHOO�DV�SURMHFW�ZHESDJHV��)RU�HDFK�
VFKRODU�WKH�LQGLYLGXDO�GLVFLSOLQDU\�EDFNJURXQG�
EDVHG�RQ�WKHLU�ODVW�TXDOLILFDWLRQ�DW�WKH�WLPH�RI�WKH�
UHVHDUFK�SURMHFW�ZDV�QRWHG�RU�UHVHDUFKHG�RQOLQH�
DQG�FRGHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�FDWHJRULHV��
7KH�FDWHJRULHV�DUH�EDVHG�RQ�WKH�WD[RQRP\�RI�VFL�
HQWLILF�GLVFLSOLQHV�RI�:HE�RI�6FLHQFH���7KH�QXP�
EHU�RI�VFKRODUV�DIILOLDWHG�ZLWK�HDFK�GLVFLSOLQH�KDV�
EHHQ�GLYLGHG�E\�WKH�RYHUDOO�QXPEHU�RI�VFKRODUV�
ZRUNLQJ�RQ�WKH�UHVHDUFK�SURMHFW��

��� ,QVWLWXWLRQDOB�
KHWHURJHQHLW\�

Number of disciplinary perspectives involved  
7KLV�YDULDEOH�LV�JHQHUDWHG�IURP�WKH�YDULDEOHV�GH�
VFULELQJ�WKH�GLVFLSOLQDU\�DVVLJQDWLRQ�RI�WKH�VFKRO�
DUV�RQ�WKH�SURMHFW��VHH�9DULDEOHV����WR��8���
)RU�WKLV�YDULDEOH�WKH�QXPEHU�RI�GLVFLSOLQDU\�SHU�
VSHFWLYHV�LV�VXPPDWHG� 

,QWHUYDO�
>�����@�

0LQ�����
0D[����
0HGLDQ����
0HDQ�������
6WG��'HY���
�����

��� 6KDUHBOLIHB�
VFLHQFHV�

6KDUH�RI�VFKRODUV�DVVLJQHG�WR�OLIH�VFLHQFHV�DQG�
ELRPHGLFLQH�DFFRUGLQJ�WR�WKHLU�SHUVRQDO�TXDOLILFD�
WLRQ�

,QWHUYDO�
>�����@�

0LQ�����
0D[����5��
0HGLDQ����
0HDQ�����5�
6WG��'HY���
�����

�5� 6KDUHBSK\VLFDOB�
VFLHQFHV�

6KDUH�RI�VFKRODUV�DVVLJQHG�WR�SK\VLFDO�VFLHQFHV�
DFFRUGLQJ�WR�WKHLU�SHUVRQDO�TXDOLILFDWLRQ�

,QWHUYDO�
>�����@�

0LQ�����
0D[�������
0HGLDQ����
0HDQ��������
6WG��'HY���
�����

��� 6KDUHB�
WHFKQRORJ\�

6KDUH�RI�VFKRODUV�DVVLJQHG�WR�WHFKQRORJ\�DFFRUG�
LQJ�WR�WKHLU�SHUVRQDO�TXDOLILFDWLRQ�

,QWHUYDO�
>�����@�

0LQ�����
0D[�������
0HGLDQ����
0HDQ�������
6WG��'HY���
�����

��� 6KDUHBDUWVB�
KXPDQLWLHV�

6KDUH�RI�VFKRODUV�V�ZLWK�WKH�GLVFLSOLQDU\�DIILOLDWLRQ�
WR�$UWV�DQG�+XPDQLWLHV�DFFRUGLQJ�WR�WKHLU�SHUVRQDO�
TXDOLILFDWLRQ�

,QWHUYDO�
>�����@�

0LQ�����
0D[����
0HGLDQ����
0HDQ�������
6WG��'HY���
���8�

�8� 6KDUHBVRFLDOB�
VFLHQFHV�

6KDUH�RI�VFKRODUV�ZLWK�WKH�GLVFLSOLQDU\�DIILOLDWLRQ�
WR�VRFLDO�VFLHQFHV�DFFRUGLQJ�WR�WKHLU�SHUVRQDO�TXDO�
LILFDWLRQ�

,QWHUYDO�
>�����@�

0LQ�����
0D[����
0HGLDQ����5��
0HDQ�����8�
6WG��'HY���
�����

��KWWSV���LPDJHV�ZHERINQRZOHGJH�FRP�LPDJHV�KHOS�:26�KSBUHVHDUFKBDUHDVBHDVFD�KWPO��ODVW�YLVLWHG��
�5����������

�8



No. Variable name Variable description Scale level Descriptive 
statistics 

��� 6KDUHB�
LQWHUGLVFLSOLQDU\B�
VFKRODUV�

6KDUH�RI�VFKRODUV�ZLWK�WKH�GLVFLSOLQDU\�DIILOLDWLRQ�
WR�PRUH�WKDQ�RQH�GLVFLSOLQH�DFFRUGLQJ�WR�WKHLU�
SHUVRQDO�TXDOLILFDWLRQ�

,QWHUYDO�
>�����@�

0LQ�����
0D[�������
0HGLDQ������
0HDQ�������
6WG��'HY���
�����

5�� Share_no_ 
information 

Share of scholars on the project for which the 
disciplinary affiliation is unknown 

Min.: 0 
Max: 1 
Median: 0 
Mean: 0.04 
Std. Dev.: 
0.18 

Spatial scale 
Spatial scale 
&RGHG�IURP�SURMHFW�SURSRVDOV�DQG�SURMHFW�ILQDO�
UHSRUWV�LI�WKH�SURMHFW�SURSRVDO�ZDV�QRW�DYDLODEOH��
&RGLQJ�&RPPDQG��µ6SDWLDO�DUHD�WKH�UHVHDUFK�SUR�
MHFW�UHIHUUHG�WR�¶�

5�� ,QWHUQDWLRQDO� ,QWHUQDWLRQDO�VFDOH� %LQDU\�>���@� )UHT�������5��
��5��5���

5�� 1DWLRQDO� 1DWLRQDO�VFDOH� %LQDU\�>���@� )UHT������5��
���������

5�� 5HJLRQDO� 5HJLRQDO�VFDOH� %LQDU\�>���@� )UHT������5��
���������

5�� 0XQLFLSDO� 0XQLFLSDO�VFDOH� %LQDU\�>���@� )UHT������5��
��8������

55� 1RBVSDWLDOB�
UHIHUHQFH�

1R�VSDWLDO�SHUVSHFWLYH� %LQDU\�>���@� )UHT�������5��
����8���

SOCIETAL AND ACADEMIC OUTPUTS AND IMPACTS 
Societal outputs and impacts 
5�� 6RFLHWDOB�

SURGXFWLYLW\�
Societal productivity 
,QGH[�IRU�RXWSXWV�RI�WKH�UHVHDUFK�SURMHFW�UHODWHG�WR�
LQWHUDFWLQJ�RU�VKDULQJ�LQVLJKWV�ZLWK�VRFLHW\�LQ�
UHODWLRQ�WR�WKH�IXQGLQJ�VXP�DYDLODEOH�WR�WKH�SUR�
MHFW��7KH�QXPEHUV�RI�WKH�UHVSHFWLYH�DFWLYLWLHV�ZHUH�
FROOHFWHG�IURP�SURMHFW�UHSRUWV��SURMHFW�ZHESDJHV�
DQG�OLVWV�SURYLGHG�E\�WKH�3,��7KH�DFWLYLWLHV�DUH�
ZHLJKHG�UHODWLYHO\�WR�WKHLU�H[SHFWHG�ZRUNORDG�IRU�
SURMHFW�HPSOR\HHV��VXPPDWHG�DQG�GLYLGHG�E\�WKH�
IXQGLQJ�VXP�DV�VWDWHG�SURYLGHG�E\�WKH�IXQGLQJ�
DJHQF\��7KH�IXQGLQJ�VXP�LV�GLYLGHG�E\�����������
WR�UHFHLYH�WKH�LQGH[�RI�VRFLHWDO�DFWLYLWLHV�SHU�PLO�
OLRQ�HXUR�IXQGLQJ�VXP��
VRFLHWDOBSURGXFWLYLW\� �
�QBSXEOLFDWLRQBIRUBSUDFWLFH
��5���
QBQHZVSDSHUBDUWLFOH���QBSUHVVBUHOHDVH
���5���
QBQHZVOHWWHU
���5���QBIO\HU
���5���
QBSUHVHQWDWLRQBIRUBSUDFWLWLRQHUV
��5���
QBHYHQWBIRUBSUDFWLWLRQHUV
��5�����IXQGLQJBVXP���
������������

,QWHUYDO�
>�����@�

0LQ�����
0D[������85�
0HGLDQ�������
0HDQ��������
6WG��'HY���
�8�5��

���



No. Variable name Variable description Scale level Descriptive 
statistics 

5�� 6RFLHWDOBLPSDFW� Depth of societal impact  
,QGH[�IRU�WKH�GHSWK�RI�VRFLHWDO�LPSDFWV�RI�WKH�UH�
VHDUFK�SURMHFW�DV�UHSRUWHG�E\�WKH�3,��7KH�TXDOLWD�
WLYH�WH[W�PDWHULDO�RI�WZR�RSHQ�TXHVWLRQV�IURP�WKH�
TXHVWLRQQDLUH�ZHUH�FRGHG�DFFRUGLQJ�WR�WKH�IROORZ�
LQJ�FDWHJRULHV��
Ã,I�\RXU�SURMHFW�UHVXOWV�ZHUH�RI�LPSRUWDQFH�IRU�
SUDFWLWLRQHUV�RU�VRFLHW\�LQ�JHQHUDO��:KDW�DUH�WKH�
UHVXOWV�DQG�ZKR�DUH�WKH�WDUJHW�DXGLHQFH�IRU�WKHVH�
UHVXOWV"¶�>7H[W�ILHOG@�
Ã'R�\RX�NQRZ�LI�DQG�KRZ�\RXU�UHVHDUFK�UHVXOWV�DUH�
SHUFHLYHG�RU�LPSOHPHQWHG�E\�UHDO�ZRUOG�DFWRUV�
DQG�FLYLO�VRFLHW\"¶�>7H[W�ILHOG@�
Ã5HFRJQLWLRQ¶�
Ã'LVFXVVLRQ¶�
Ã7HVW¶�
Ã$SSOLFDWLRQ¶�
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A B S T R A C T

Sustainability-oriented research has increasingly adopted “new” modes of research promoted under labels such
as ‘post-normal science’, ‘mode 2 knowledge production’ or ‘transdisciplinarity’, aiming to address societally
relevant problems and to produce ‘socially robust’ knowledge by involving relevant scientific disciplines and
non-academic actors into the research.
We present the results of a comparative quantitative analysis of 81 completed sustainability-oriented research

projects, coupled with an in-depth study of six projects, to empirically investigate the assumed connections
between research modes and societal and academic project outcomes.
Statistical analysis suggests that contributions from practitioners in early phases of research projects posi-

tively influence certain societal and practice-relevant outcomes. By contrast, including non-academic actors and
practitioner knowledge into research negatively impacts academic outputs and citations, indicating a trade-off
between academic and societal impacts. Yet projects which apply structured methods of knowledge integration
score generally higher on academic outputs and citations. Moreover, the funding context affects both research
mode and research outcomes. Finally, practitioner involvement negatively affects completing of PhD projects.
Findings from the in-depth study reinforce a trade-off between the societal and academic impact of inter-

disciplinary and transdisciplinary sustainability-oriented research. We find that projects which had a double
research objective on academic and societal outcomes but which did not specify how to realize both, neglected
either the academic or the societal impact during the research process. Moreover, we find that a well-designed
combination of disciplinary as well as inter- and transdisciplinary project phases helped projects to meet both
demands.

1. Introduction

Sustainability-oriented research has increasingly adopted new
modes of research, promoted under labels such as ‘post-normal science’
(Funtowicz and Ravetz, 1993), ‘new modes of knowledge production’
(e.g.Nowotny et al., 2004) and ‘transdisciplinarity’ (e.g.Bergmann et al.,
2005; Hirsch Hadorn et al., 2008). The rationale of these modes of
research is to effectively deal with societally relevant problems and to
produce ‘socially robust’ knowledge. Key elements include collabora-
tion across scientific disciplines, a focus on real-world problems and the
involvement of actors from government, administration, business and/
or civil society in the research process (Jahn et al., 2012; Lang et al.,
2012).

Once seen as radical innovation, these “new” modes of knowledge
production have meanwhile established themselves in the canon of

“normal” (Kuhn) research (Bogner et al., 2010). Public research funding
programs have invested heavily into transdisciplinary (TD) research,
such as the programme “Social-Ecological Research”, funded by the
German Ministry of Education and Research (BMBF) since 1999, with a
funding volume of more than 130 Million Euro until 2015 (BMBF
2015). Such public expenditures, and the experience gained with TD
research through these funded projects, provide both the opportunity
and the need for systematic comparative analysis of TD-related re-
search. This regards the difference between TD and ‘non-TD’ research,
and different forms and degrees of TD research, including their aca-
demic as well as societal outcomes.

Some studies are available that analyze individual as well as mul-
tiple TD projects or funding lines (e.g.Wiek et al., 2014; De Jong et al.,
2016; Hansson and Polk, 2018), and few studies provide evidence of
linkages between research mode and its outcomes (Walter and Scholz,
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2007; De Jong et al. 2016; Hansson and Polk, 2018). Notably, De Jong
et al. (2016) find positive effects of researcher-practitioner interaction
on societal impacts, studying 52 TD projects from the Netherlands. To
the best of our knowledge, no comparative study on the actually em-
ployed research modes and the academic as well as societal outcomes of
a larger number of research projects is available to date, let alone a
comparison of TD against non-TD projects (Zscheischler and Rogga,
2015). Research evaluation, while certainly an active field, has been
mainly focusing on individuals as well as academic organizations and
units. Some research funding programs have been evaluated. For ex-
ample, Ruppert-Winkel et al. (2015), in studying the BMBF-initiated
funding line “Social-Ecological research”, point to trade-offs in
achieving both societal and academic impact through TD research,
which poses particular problems for young researchers.

In this study, we combined comparative analysis of 81completed
sustainability-oriented research projects (large-N study) with six in-
depth case studies (in-depth study) to empirically investigate the as-
sumed connections between research modes and societal and academic
project outcomes. The sample comprises projects with a substantial
social science share funded by the two major German research funding
institutions. These are the German Research Foundation (DFG) and the
German Federal Ministry of Education and Research (BMBF). Studied
projects cover a wide spectrum of research modes, ranging from basic
research that is barely interdisciplinary to highly inter- and transdis-
ciplinary projects including a variety of extra-academic actors in dif-
ferent project phases.

In the subsequent Section 2, we summarize the important concepts
and theoretical claims on structure and functions of “new” modes of
research, organized into four clusters of testable hypotheses. Section 3
reports on our research design including case selection, collected data,
operationalization of variables, and the analytical methods applied. In
Section 4, we present the results of testing the hypotheses, integrating
quantitative findings (regression analysis) from the large-N study and
qualitative process tracing results from the in-depth study. We close in
Section 5 with an overall discussion and an outlook for further research.

2. Concepts and theory

A general assumption often mentioned in the literature is that re-
search modes which actively engage non-academic actors1 in the re-
search process are more likely to produce societally relevant results and
will thus generate more substantial societal impacts. One reasoning
behind these assumptions is that research which takes into account
‘demands’ by potential users or other practitioners can specifically
target its activities towards meeting such demands. Arguably, this is
easier achieved in direct collaboration with those actors than by just
consulting them (De Jong et al., 2016). Therefore, the more intensive
the communication and collaboration, the more likely relevant results
will be produced. Moreover, projects which involve practitioners early
on rather than in later stages are expected to stand better chances of
integrating practitioners’ ideas and demands, in particular if non-aca-
demic actors already collaborate in formulating research questions
(Enengel et al., 2012). Furthermore, it is argued that non-academic
actors can also contribute non-scientific knowledge such as experiential
or indigenous knowledge that is relevant for addressing the societal
problem under investigation (Polk, 2014). Finally, non-academic actors
participating in a research project may, through their professional
networks, disseminate relevant research results more effectively than
researchers by themselves (Phillipson et al., 2012). This leads to the
formulation of
Hypothesis 1. An early and intensive involvement of relevant non-

academic actors fosters the production of societally and practice-
relevant knowledge and its application.

Successful knowledge co-production in research projects among
academics of multiple disciplines and non-academic actors cannot be
taken for granted. This even applies to working in purely scientific
teams, as studies in the field of Science of Team Science have shown
(for a comprehensive overview see Hall et al., 2018). It has therefore
been suggested that specific structured methods of knowledge in-
tegration or comprehensive methodological frameworks such as parti-
cipatory and collaborative modelling (Basco-Carrera et al., 2017), sce-
nario planning and visioning (Sheppard et al., 2011), or the
TRANSFORM as well as the Transition Management Framework (see
Wiek and Lang, 2016) can help to effectively integrate different strands
of knowledge (see Scholz and Tietje, 2002; Lang et al., 2012; Bergmann
et al., 2012), which again is expected to foster the creation of socially
relevant knowledge (Fazey et al., 2014).
Hypothesis 2. Using structured methods of knowledge integration
between academic and non-academic actors fosters the production of
societally and practice-relevant knowledge and its application.

Turning to the academic outcomes of a research project, assump-
tions are less clear. While arguably, an opening up of academic research
to other societal spheres enhances research relevance for those spheres,
it is a contested issue whether and how such opening-up impacts on
academic knowledge production. On the optimistic side, there is the
assumption that involving practitioners enriches research with per-
spectives and insights on real-world problems, which can fundamen-
tally challenge academic thinking and potentially produce innovative
research approaches and outcomes (Vera, 2018).
Hypothesis 3a. An early and intensive involvement of relevant non-
academic actors yields more innovative academic research outcomes.

On the downside, trade-offs between a more transdisciplinary re-
search approach and academic productivity have repeatedly been
mentioned. One reasoning is that practitioner interaction requires
substantial time and resources which are then not available for research
activities (Ruppert-Winkel et al., 2015). Moreover, it has been argued
that transdisciplinary research – given its epistemological difference
from ‘basic’ or merely ‘applied’ research – is more difficult to publish
(Bergmann et al., 2005; Weingart, 2008; Kueffer et al., 2007).
Hypothesis 3b. An early and intensive involvement of non-academic
actors decreases academic productivity and publishability.

Turning to the context of research projects, notably the funding
context is of interest. It has been suggested that projects that emerged in
response to specific thematic calls in mission-oriented research (e.g.
standard European Union Horizon 2020 projects) tend to formulate
unattainable goals in their proposals in order to outrival competing
proposals. Consequently, the formulated goals are less likely to be
achieved than those in non-thematically bound (bottom-up) funding
contexts.
Hypothesis 4. Projects funded in a mission-oriented context are likely
to be less effective in achieving their stated goals than those in a
bottom-up funding context.

Finally, research projects often engage doctoral researchers who
aim to complete a PhD within the project duration, or shortly there-
after. Projects which heavily involve non-academic actors may tend to
overburden doctoral researchers as these are often in charge not only of
conducting academic research but also of managing transdisciplinary
and collaborative processes (Ruppert-Winkel et al., 2015; Haider et al.,
2018).
Hypothesis 5. In highly transdisciplinary projects, doctoral theses are
less likely to be completed.1 As the choice of participating actors has been found to matter (De Jong

et al., 2016), we refer to ‘relevant’ non-academic actors.
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3. Research design and methods

In order to empirically investigate the assumed connections be-
tween ‘new’ research modes and societal as well as academic project
outcomes, we combined a comparative analysis of 81 completed sus-
tainability-oriented research projects (large-N study) with six in-depth
case studies (in-depth study).

3.1. Unit of analysis and case selection

Our unit of analysis is the research project. Under ‘research project’
we understand a temporally, financially and staff-wise limited unit of
activities in relation to one or more related research goals. Hence, the
unit of analysis is relatively clear-cut, allowing for insightful com-
parative empirical research.

Our universe of cases consists of all 141 completed sustainability-
related research projects funded either by the German Research
Foundation (DFG) or by the German Federal Ministry of Education and
Research (BMBF), conducted between 20002 and 2012, which had a
substantial social science share and which combined at least two dis-
ciplines. The two institutions were chosen because they constitute the
most important public research funding bodies in Germany and because
they differ substantially in their funding structures, which arguably
impact on the research modes chosen by the funded projects: The DFG
pursues a ‘bottom-up’ approach in which research proposals are eval-
uated only on their academic excellence, typically neither bound by
topic nor by funding deadlines. By contrast, the BMBF regularly issues
thematic calls – similar to those in European Union funding structures –
with specific deadlines. The BMBF framework program ‘FONA’ (Re-
search for Sustainable Development’ comprises several funding lines,
one of which is the pioneering funding line ‘Social-Ecological Research’.
This and other funding lines within ‘FONA’ explicitly encourage and
often require research projects to pursue a transdisciplinary research
mode, which should be based on societally relevant research goals and
which should involve practitioners into the research (BMBF 2016).
DFG-funded research, on the other hand, is not subject to any re-
quirements as to the employed research mode. While the DFG mostly
funds relatively small-scale individual projects with a typical volume of
around 200 K€, funding one or two doctoral researchers, typical BMBF
projects range from 500 to 1000 K€, often involving multiple doctoral
and post-doctoral researchers. By analyzing both BMBF and DFG-
funded projects, we assure a substantial variety of research modes –
from basic research to applied as well as more or less transdisciplinary
research projects –, which allows to study the effect of transdisciplinary
as opposed to less transdisciplinary research modes.

To determine whether projects were sustainability-related we in-
cluded projects which mentioned ‘sustainable’ or ‘sustainability’ in the
project title or descriptions, excluding projects that used these terms
only in the sense of ‘long-term’. From this universe, 81 complete da-
tasets were produced in the large-N study, consisting of project docu-
ments and questionnaires completed by the respective head of project.

From this dataset, six cases were selected for the in-depth study,
aiming to cover a diversity of projects with respect to project type,
academic or non-academic project initiation, disciplinary focus, degree
of transdisciplinarity, and funding context.

3.2. Data collection and material

In the large-N study, core concepts of the hypotheses were oper-
ationalized into a comprehensive set of variables. Sources for a

systematic document analysis were the respective project proposal as
well as the project report and lists of further project outcomes (e.g.
publications, events, prizes) that emerged after the publication of the
final project report. Additional information was gathered through a
questionnaire filled in by project heads, who were also given the op-
portunity to check and validate project output lists assembled by us. All
141 identified projects were approached with a request to take part in
our study, of which 81 projects supplied the relevant information
(Table 1).

Of the six in-depth cases, three were funded by the DFG, another
three by the BMBF (Table 2). One project was headed by practitioners,
all others had academic project heads. As empirical material, project
proposals, interim and final reports, as well as academic, non-academic
publications and media responses were used for a structured content
analysis. In total, 35 semi-structured interviews were conducted with
project heads, research staff and practitioners involved as project
partners, informants or data providers.

3.3. Methods of analysis

For the large-N study, quantitative data was either taken directly
from standardized questionnaires or produced by coding project
documents and qualitative questionnaire data. Multiple regression
analysis was performed to test the relations between research mode and
outcome variables. In the in-depth study, recorded interview transcripts
and significant project-related documents underwent a structured
content analysis. Causal process tracing (Blatter and Haverland, 2012;
Mahoney, 2012), involving counterfactual analysis, was employed to
test the above hypotheses, providing case-based insights into how the
research mode connects to academic and societal outcomes (Table 2.

4. Findings

Below, we describe and discuss our empirical findings of the large-N
and the in-depth study for each of the above formulated hypotheses.

4.1. Hypothesis 1: Non-academic actor involvement and societal project
outcomes

In the large-N study, we operationalized the research mode “early
and intensive involvement” through four independent variables:
Early_involvementmeasures whether non-academic actors contributed to
the identification of the research problem and to the formulation of a
project’s research question. Practitioner_values measures whether non-
academic actors contributed by formulating needs and goals, normative
values or conditions for change in their field of practice.
Practitioner_knowledge measures whether non-academic actors con-
tributed with knowledge about the area of activity. Practitioner_decision,
finally, measures whether non-academic actors were involved in re-
levant project decisions.

In our sample, projects’ societal impacts – the “production of so-
cietally and practice-relevant knowledge and its application” – included
the production of practitioner guides, press coverage of projects,
changes in policy by governmental actors, use of jointly developed
products by private companies, or awareness raising on the part of
certain publics, to name but a few. For quantitative analysis, societal
impact was operationalized through four dependent variables, which
relied on self-reporting by project heads (for a similar approach see De
Jong et al., 2016): Impact_depth is a weighted index measuring whether
research results were merely recognized by practitioners (weight 1),
and/or discussed (weight 2), tested (weight 3), applied (weight 4) or
continually implemented by practitioners (weight 5). Impact_scale is a
weighted index measuring whether a project had impact on the project
actors (weight 1), and/or on the wider local (weight 2), regional
(weight 3), national (weight 4) or international (weight 5) scale. Im-
pact_sectors sums up the number of sectors (media, education, civil

2 Three of our analyzed DFG-funded projects were part of one of two
Collaborative Research Centers, which already started in 1997 and 1999, re-
spectively. The total durations of these Collaborative Research Centers largely
cover our main investigation period 2000 and 2012.
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society, business, government) in which a project had impact. Im-
pact_media measures how often a project was mentioned by newspapers
or magazines, radio or television (weighted by circulation), or by
practitioner outlets. Impact_total, finally, is the arithmetic mean of all
four impact variables.

In order to determine the link between the nature of non-academic
actor involvement and the societal impact, we ran linear regression
models (ordinary least squares – OLS) as depicted in Table 3. To capture
non-academic actor involvement, we used the four above-mentioned
variables Early_involvement, Practitioner_decision, Practitioner_values, and
Practitioner_knowledge. As control factors we included the degree to
which a project aimed at producing applied as opposed to strictly
academic knowledge (Goal_applied), the extent of project dissemination
activities (Dissemination) and the total third-party funded project
budget (Funding_sum).

Table 3 shows the results of our regression analysis. It comprises a
total of twelve different regression models, with models (1a) to (1 h)
aiming to explain Impact_depth as dependent variable, and models (2) to
(5) referring to the remaining impact dimensions as dependent vari-
ables. As mentioned above, four variables capturing the nature of non-
academic actor involvement and three controls were included as in-
dependent variables to explain the impact variables.

For Impact_depth, we first tested the explanatory role of the in-
volvement variables individually, which yielded relatively high and
significant effects (models 1a to 1d). However, adding more in-
edependent variables beyond the first two (1e) did not improve overall
model fit (adjusted R2; see models 1f and 1 g), which is likely due to the
correlation among these factors. Therefore, we restricted further ana-
lyses (models 1 h to 5) to those two independent variables showing the
strongest effects (Early involvement and Practitioner_decision). Including
the control variables (1 h), only Early_involvement has a significant ef-
fect.

While all four impact variables are significantly correlated among
each other (coefficients between 0.50 and .61), next to Impact_depth,
only Impact_media was found to be significantly explained by research-
mode variables (models 2, 3, 4, 5 in Table 3). Of all control variables,
only Dissemination shows significant positive effects.

While overall model fit is not overly high in absolute terms (r2 of
0.30, adjusted r2 of 0.25 for the ‘best’ model 1 h), model 1 g still implies
that 17% of the variance of Impact_depth can be explained by research
mode only. Research mode thus does have non-negligible effect on
impact.

Taken together, from our regression analysis of 81 cases, we cannot
confirm that non-academic actor involvement generally improves

Table 1
Structured overview of the 81 research projects studied.

Federal Ministry of Education and Research (BMBF) German Research Foundation (DFG) Total

Number of projects 58 23 81
Funding volume (mean/std. dev.) 888 K€/713 K€ 280 K€/292 K€ 716 K€ / 679 K€
Project duration (mean/std. dev.) 44 months / 16 months 60 months / 38 months 48 months / 25 months
Project start date (median) 01 May 2006 01 June 2003 01 January 2006
Projects involving practitioners 50 (86%) 9 (39%) 59 (73%)

Table 2
Structured overview of the six in-depth cases.

Disciplinary Hinge
Project

Applied Project Interdisciplinary Project Transdisciplinary Project Intervening Project Practitioner Project

Funding context DFG DFG BMBF BMBF DFG BMBF
Funding volume categorya 501–750 K€ <250 K€ 2001–7500 K€ 501–750 K€ 251–500 K€ <250 K€
Project type Subproject in joint

project
Single project Single project Single Project Subproject in joint

project
Single project

Approx. duration 12 years 2 years 6 years 3 years 3 years 2.5 years
Initiation & lead Academic Academic Academic Academic Academic Non-academic
Research mode Interdiscipl. Interdiscipl Transdiscipl. Transdiscipl. Transdiscipl. Applied
Aiming for academic

qualification
xx – xxx – x –

a To ensure anonymity of the projects we provide here ranges of funding sums instead of the exact numbers.

Table 3
Effects of practitioner involvement variables on societal impact variables (OLS regression).

Dependent variable: Impact_depth Impact_ sectors Impact_ scale Impact_ media Impact total

Model no. (1a) (1b) (1c) (1d) (1e) (1f) (1g) (1h) (2) (3) (4) (5)
Early_involvement .38*** .26* .21 .21 .28* .20 .05 .36** .28*
Practitioner_decision .38*** .26* .20 .21 .16 −.05 .04 −.11 .03
Practitioner_values .36** .15 .16
Practitioner_knowledge .24* −.03
Goal_applied .18 .07 .22 −.09 .11
Dissemination .25* .27* .15 .33** .34**
Funding_sum −.09 −.14 −.21 −.09 −.18
Intercept 1.43*** 1.38*** 1.19** 1.44** 1.14** 0.95* 0.98* 0.44 .66** 1.56* 3.69 −.36*
Observations 81 81 81 81 81 81 81 81 81 81 81 81
R2 .15 .14 .13 .06 .20 .21 .21 .30 .11 .12 .15 .23
Adjusted R2 .13 .13 .12 .05 .18 .18 .17 .25 .05 .07 .10 .18
F-value 13.4*** 13.2*** 11.8** 4.9* 9.5*** 6.8*** 5.0** 6.3*** 1.85 2.12 2.72* 4.60**
AIC 364.1 364.3 365.6 371.9 361.2 361.78 363.7 356.5

Note: Depicted are standardized regression coefficients (beta values). Statistical significance is depicted as * p < .05; **p < .01; *** p < .001.
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societal outcomes. Rather, practitioner involvement in early project
phases – identification of research problems and formulation research
questions – has shown to have a significant effect, but only on the depth
of impact and on media impact, as well as on the total impact measure.
Of the control variables, only the extent of dissemination strategies
shows a positive influence on societal impacts, whereas the degree to
which a project aimed at producing applied knowledge had no dis-
cernible effect, and the funding sum even showed a slightly negative
effect on societal impacts.

In the in-depth study, two contrasting cases provided insights into
causal relations between the involvement of non-academic actors in
research processes and the societal project impacts.

The Transdisciplinary Project purposefully involved practitioners
from politics, administration and industry. This served two major goals:
First, to facilitate socially robust solutions to cope with anthropogenic
hazards and, second, to empower practitioners to put the solutions to
use. Over the course of the project, the co-produced societal output
resulted in a practical guide. This guide, disseminated by researchers
and practitioners, was used by several practitioners from different so-
cietal sectors: One practitioner from industry, formerly involved in the
project, helped to initiate a non-academic project on a similar topic by
adopting the integrated approach, one of the key results of the
Transdisciplinary Project. Also an environmental state agency, not for-
merly involved in the project, published a flyer on anthropogenic ha-
zards and how to cope with them based on the integrated solutions
developed in the project.

However, as the project’s topic, goals and methods, as well as team
constellation were all decided by the researchers, we can hardly speak
of an early practitioner involvement. Instead, we can speak of an in-
tense and well targeted involvement as the practitioners’ values and
knowledge were pointedly incorporated along the research process.
Several of the involved practitioners reported their grown motivation to
actually apply the project’s results after completion. Interviewees
mentioned different intermediate effects during the development of the
practical guide that ultimately increased the practitioners’ agency, e.g.
grown sensitivity for the societal relevance of the project’s topic, re-
cognition and trust in the academic competence of the researchers,
experiential knowledge how to design and implement a topic-related
project, and lack of result implementation planned by the researchers.

The Applied Project, which aimed for developing coping strategies to
deal with natural hazards, involved practitioners as informants and
interviewees only. Based upon their provided information, the inter-
disciplinary research team developed a practical guide. However, sev-
eral practitioners reported that they barely recognized or used this
guide. They explained this with having no need for the case-specific
examples in the guide as they had already developed their own solu-
tions. Presumably, if the practitioners had been involved more intensely
in the development of the guide they might have become more aware of
the general recommendations for action which were also part of the
guide. At the same time, the researchers would have had the opportu-
nity to adapt their societal project goals more to the actual needs of the
non-academic actors. Nevertheless, important societal effects were
reached via pointed dissemination by one of the project heads, among
others to inform a law development process on federal state level.

Summarizing, the analysis of the Transdisciplinary Project suggests a
causal relation between the intense involvement of non-academic ac-
tors and impact depth, as well as impact scale. Similar insights were
found for the Intervening Project and the Practitioner Project. The Applied
Project, on the other hand, demonstrates that societal impact is hardly
achieved if practitioners are only involved as research objects in the
development of practically-relevant project outputs. This is also re-
flected in the Disciplinary Hinge Project. However, the Applied Project
also indicates that if disseminated well, a project’s results can lead to
societal impact even if it is not transdisciplinary.

4.2. Hypothesis 2: Knowledge integration methods and societal project
outcomes

In the large-N study, the variable Knowledge_integration measured
whether or not a project drew on structured methods to integrate non-
academic and academic knowledge. Such methods included, for ex-
ample, scenario building, SWOT analysis, development and application
of models, multicriteria assessment, Delphi method, stakeholder
workshops or moderated meetings, to name but a few. Analyzing only
those 59 cases with at least some degree of practitioner involvement,
we could not find significant relationships between this variable and
societal project outcomes.

In the in-depth study, four projects deployed moderated workshops
to include the practitioners in the research process: Interdisciplinary,
Transdisciplinary, Intervening and Practitioner Project. Within the work-
shops, each project relied on different methods of knowledge integra-
tion, such as small group discussions, using boundary objects or group
assessment tools. These methods provided the stage and the tools for
transdisciplinary collaboration which in turn essentially bolstered the
practically relevant outputs – but not necessarily the societal impact –
of all four projects.

Only in two projects, Intervening and Practitioner Project, methods of
knowledge integration were used to practically test societal results. In
the projects both knowledge integration methods and the timing of
their application within the overall research process were purposefully
chosen to effectively incorporate different practical knowledges of the
involved groups of practitioners. In the Practitioner Project, for instance,
local governance actors were regularly involved via moderated work-
shops in order to finetune the project results and give way for the next
research steps. By contrast, civil society was involved once via an in-
formation event and subsequent consulting to test a communication
strategy for sustainable urban living. The trust that the practitioners, in
turn, developed in the applicability of the results ultimately motivated
them to further apply the results after project completion.

Summarizing, the in-depth study found weak evidence in support of
a causal link between the selection, timing and way of applying
methods of knowledge integration on the one hand and reaching impact
depth on the other.

4.3. Hypotheses 3a and 3b: Non-academic actor involvement and academic
research outcomes

To test the effect of non-academic actor involvement on academic
research outcomes, we measured two dependent variables: Publications
refers to a project’s total volume of publications in academic journals
and books as researched by our project team and validated by project
leads. As our control variable Funding_sum is correlated extremely high
(.73***) with the absolute number of project publications, we chose to
define Publications as the number of publications per funding volume in
million Euros. The variable Citations refers to the total citations of
project publications in Google Scholar in the five years following
publication (including the year of publication). Due to its distribution,
we measured the decadic logarithm of a project’s citations, and as with
the previous variable, this value was then divided by the project’s
funding volume in million Euros. In the large-N study we did not in-
vestigate the effects on the innovative character of the project outputs
and outcomes (Hypothesis 3a).

In our regression models (Table 4), we included the same involve-
ment variables as in the above models for hypothesis 1, adding
Knowledge_integration. The results of models 1–5 show that most vari-
ables individually are associated with Publications, showing significant
negative effects for Early_involvement, Practitioner_values, Practitio-
ner_knowledge and Practitioner_decision. In the more comprehensive
model 6b, which includes the two controls Goal_applied and the variable
Practitioner_involvement (measuring whether or not practitioners were
involved in the project at all), we still find significant negative effects of
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Practitioner_knowledge and Practitioner_decision, as well as a significant
positive effect of Knowledge_integration. With an R2 of 0.35 (adjusted R2
of 0.31), the model shows a reasonable overall fit.

Turning to Citations (Table 5), we find essentially the same pattern
but with lower effect sizes and statistical significance for all in-
dependent variables.

To conclude, we find relatively clear support for hypothesis 3b –
namely that an early and intensive involvement of non-academic actors
decreases academic productivity and recognition. Contrary to ex-
pectation, also knowledge contributions by practitioners show negative
effects on academic outcomes. By contrast, the use of structured
methods to integrate non-academic and academic knowledge is a highly
significant positive predictor for academic outcomes.

In order to investigate hypotheses 3a and 3b in the in-depth study,
we took academic publications but also the development of new the-
ories, methods and data bases into account, as well as attendances in
academic conferences. For academic outcome, we considered citations
but also follow-up projects, as well as networking and exchange with
other researchers outside the project.

From the four projects which involved practitioners as research
partners, only the Interdisciplinary and the Transdisciplinary Project
aimed for strong academic output in the sense of publications, while
also pursuing applied goals. Both projects started publishing in an early
phase and continued to do so throughout the research process. This
became possible due to effectively distributed tasks among the involved
researchers and a targeted combination of disciplinary, inter-
disciplinary and transdisciplinary research phases along the research
process. In both projects, small disciplinary or interdisciplinary groups

took over specific research tasks according to their prior research ex-
pertise and individual research interests. This allowed the researchers
to make essential research contributions to the specific project. In the
Interdisciplinary Project, researchers were jointly preparing and im-
plementing a limited number of transdisciplinary workshops with
practitioners, thus subdividing the respective workload among each
other. In the Transdisciplinary Project small groups of researchers took
turns preparing the workshops with practitioners while – in the
meantime – the others could continue to work on the disciplinary and
interdisciplinary research results. With these strategies, both projects
reached strong academic outputs in the form of theoretical concepts,
methodical innovations (in support of hypothesis 3a), data sets, as well
as considerable numbers of academic publications (Interdisciplinary
Project: 119; Transdisciplinary Project: 28), thus prociding counter-evi-
dence for hypothesis 3b.

Despite the strong academic output, one researcher from the
Transdisciplinary Project mentioned the enormous amount of time
needed to prepare and implement the transdisciplinary workshops, in-
cluding the choice of the methods of knowledge integration to be used.
At the same time, the researcher stressed the limited output that the
workshops provided for the next research steps in the project. In fact,
those researchers who were less involved in the collaboration with the
practitioners published – apart from the project lead – the most.
Additionally, the same researcher reported initial difficulties to find a
journal to publish the transdisciplinary research results.

Yet, transdisciplinary collaboration also essentially contributed to
certain academic results in both projects. For instance, in the
Transdisciplinary Project a method for actor network analysis could be

Table 4
Effect of practitioner involvement variables on academic publication output (OLS regression).
Dependent Variable: Publications per Million Euro funding sum

Model no. (1) (2) (3) (4) (5) (6a) (6b)
Early_involvement −.25*
Practitioner_decision −.39*** −.30** −.31**
Practitioner_values −.29**
Practitioner_knowledge −.38*** −.25* −.33*
Knowledge_Integration .16 .33** .30**
Goal_applied −.22* −.24*
Practitioners_involved .14
Intercept 23.84*** 26.23*** 26.07** 28.74*** 18.55*** 33.06*** 31.97***
Observations 81 81 81 81 81 81 81
R2 .06 .15 .08 .14 .03 .34 .35
Adjusted R2 .05 .14 .07 .13 .01 .31 .31
F-value 5.11* 13.84*** 7.10** 13.29*** 2.15 9.91*** 8.09***
AIC 695.46 687.46 693.57 687.94 698.37 672.54 673.59

Note: Depicted are standardized regression coefficients (beta values). Statistical significance is depicted as * p < .05; **p < .01; *** p < .001.

Table 5
Effect of practitioner involvement variables on citations of academic publications (OLS regression).
Dependent Variable: Decadic logarithm of a project’s citations per Million Euro funding sum

Model no. (1) (2) (3) (4) (5) (6a) (6b)

Early_involvement −.28*
Practitioner_decision −.35** −.16 −.15
Practitioner_values −.45***
Practitioner_knowledge −.47*** −.30** −.22
Knowledge_Integration −.13 .02 .05
Goal_applied −.26* −.24*
Practitioners_involved −.12
Intercept 4.36*** 4.72*** 5.62*** 5.99*** 3.72*** 7.57*** 7.80***
Observations 81 81 81 81 81 81 81
R2 .08 .12 .20 .22 .02 .31 .31
Adjusted R2 .07 .11 .19 .21 .00 .27 .27
F-value 6.78* 11.27** 19.86*** 22.20*** 1.37 8.52*** 6.89***
AIC 473.41 469.27 461.92 460.02 478.69 456.08 457.47

Note: Depicted are standardized regression coefficients (beta values). Statistical significance is depicted as * p < .05; **p < .01; *** p < .001.
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further developed, also because parts of it were tested by the involved
researchers.

Ultimately, in the first five years after their completion, both pro-
jects had reached high citation rates. In the Interdisciplinary Project, no
evidence was found for a causal link between the transdisciplinary re-
search mode of the project and its academic impacts (hypothesis 3b).
Yet there is evidence to suggest that the involvement of practitioners in
the Transdisciplinary Project indeed produced several academic effects.
For instance, a follow-up project partially involved the same actors and
continued the transdisciplinary research on the topic. Also one of the
practitioners joined a collaboration to integrate the project’s findings
into academic teaching. Another practitioner with close ties to aca-
demia provided funding to conduct a second round of the survey de-
veloped in the project.

To sum up, the in-depth study demonstrates that strong academic
outputs and outcomes occur partly despite and partly precisely because
of involving practitioners. Additional factors proved to be conducive to
allow strong academic outcomes in transdisciplinary research projects,
i.e. a constant focus on producing academic results, an effective division
of tasks among the involved researchers, a purposeful combination of
disciplinary, inter- and transdisciplinary research phases, as well as
researchers with a strong individual research agenda.

4.4. Hypothesis 4: Funding context and goal achievement

The large-N study covers 58 projects funded in a mission-oriented
context by the BMBF, and 23 projects funded in a “bottom-up” context
by the DFG. In order to compare achievements across different funding
contexts, the variable Goal_achievement measures self-reported overall
project goal achievement. Moreover, we consider outcome variables as
introduced above. Within the broad funding contexts of DFG and BMBF,
respectively, we distinguish different DFG funding formats (individual
grants versus sub-projects in large collaborative research centers) and
different BMBF funding lines as displayed in Table 6.

We find, first of all, no significant3 differences in goal achievement
values between BMBF cases and DFG cases and no significant differ-
ences among the individual funding lines4, and hence no support for
hypothesis 4.

However, Table 6 shows substantial differences when it comes to

societal and academic outcomes: Projects from a mission-oriented
funding context (BMBF) score considerably higher on the depth of re-
ported societal impact than bottom-up funded projects (DFG), with
some notable differences within the two. Conversely, bottom-up funded
projects (DFG) on average score considerably higher on publications
and citations per unit of funding volume than mission-oriented projects
(BMBF). Here again, we find differences across the sub-categories, with
DFG individual grants showing higher publications and citations than
sub-projects in collaborative research centers, and, most notably,
among the different BMBF funding lines.

From these findings, we may conclude that while self-reported
achievements relative to stated goals are consistently high and show no
significant variation, we find a strong trade-off between societal and
academic outcomes across the different funding formats and lines.
Overall, the funding context appears to play a decisive role for
achieving societal and academic outcomes, respectively.

For the in-depth study, the academic and societal goals stated in the
project-related documents and by the various interview partners were
compared to the funding criteria of the DFG and the BMBF funding
lines. In addition, the goals were compared to the academic and societal
outcomes reported to us.

As the BMBF made it compulsory for the Interdisciplinary, the
Transdisciplinary and the Practitioner Project to pursue both academic
and societal outcomes, these funding criteria in part determined the
research design in the initiation phase of these projects, including the
research topic, the research mode and the team composition. For in-
stance, the Practitioner Project, which was originally conceptualized as a
purely practical project, included academic expertise following BMBF’s
recommendation.

By contrast, the DFG’s funding criteria generally focus on strong
scientific rigor. However, in the case of the two subprojects in a col-
laborative research center, the DFG also shaped the projects’ goals and
stipulated their research modes. Concretely, in the first two funding
periods, the DFG required strong interdisciplinary collaboration among
the sub-projects of the overall collaborative research center, including
the Disciplinary Hinge Project. For the third funding period, which is
when the Intervening Project joined the collaborative research center, the
DFG asked for a strong application and evaluation focus. In both cases,
the projects adapted their research modes and team compositions ac-
cordingly.

In summary, it can be said that the different funding contexts di-
rectly affected the goal setting and project conceptualization of at least
five projects in the in-depth study. More indirectly, it also affected the
subsequent research process, results and impacts. However, other fac-
tors, independent from the funding context, played a more direct role
with regard to reaching the project goals (see Hypotheses 1 to 3b).

Table 6
Achievements of projects in different funding contexts.
Funding program Reported overall

goal attainment
Depth of reported societal impact No. of publications

p. Mio. € funding sum
No. of citations
p. Mio. € funding sum

N ø sd. med. ø sd. med. ø sd. med. ø sd. med.

DFG 23 5.4 1.1 6.0 1.3 2.8 0.0 30.3 21.2 28.9 282.8 316.3 176.0
Individual grant 13 5.3 1.3 6.0 1.0 1.5 0.0 32.7 20.2 34.5 321.4 357.2 253.6
Project in Coll. Research Centre 10 5.6 0.8 6.0 1.6 4.1 0.0 28.4 22.5 26.2 232.5 263.6 148.1
BMBF 58 5.8 0.9 6.0 2.5 1.3 2.0 16.5 15.0 13.6 238.2 805.7 36.7
Climate protection/adaptation 4 5.5 1.0 6.0 2.3 2.1 2.5 9.9 7.6 9.7 29.0 54.6 2.6
Conservation of biodiversity 1 7.0 . 7.0 0.0 . 0.0 22.5 . 22.5 774.3 . 774.3
Economics for sustainability 11 5.5 1.2 6.0 1.4 1.6 1.0 26.9 21.0 21.2 868.6 1742.5 336.9
Resource efficiency technol. 1 6.0 . 6.0 3.0 . 3.0 10.0 . 10.0 64.0 . 64.0
Social-ecological Research 21 6.0 0.7 6.0 2.2 2.3 1.0 20.8 13.6 19.8 151.9 163.2 72.4
Sustainable land management 18 5.9 1.0 6.0 3.5 2.0 4.0 7.2 7.4 3.6 4.8 7.8 0.0
Sust. water management 1 6.0 . 6.0 6.0 . 6.0 12.9 . 12.9 25.8 . 25.8

Note: ø = arithmetic mean; sd= standard deviation; med. = median.

3 The performed t-test shows with a significance level of p = 0.06 no dif-
ferences in the mean of Goal_achievement between projects in the mission-or-
iented funding context (BMBF) and bottom-up funded projects (DFG).
4 The performed Bonferroni-test finds no significant differences in the

Goal_achievement values between the nine sub groups of the individual funding
lines, as the test hypothesis of the Bonferroni-test - that there are differences
between the subgroups - can be rejected at a significance level of p = 0.61.
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4.5. Hypothesis 5: Non-academic actor involvement and completed PhD
projects

From our sample of 81 projects, 42 provided reliable information on
PhD dissertations5 . These 42 projects were used to quantitatively test
the effect of involvement variables on the share of completed PhD
theses per project. This we measure by dividing the number of PhD
theses completed two years or later after project end (depending on the
time of survey) by the number of theses planned at project start. While
24 projects succeeded in producing the planned number of completed
PhDs, 18 projects did not. Across all 42 projects, in total 80 out of 106
planned PhD dissertations were finished successfully at the time of the
survey.

Regression results (Table 7) show that all practitioner involvement
variables display a negative relationship with the share of completed
PhD projects, while only the relationship with practitioner_decision is
statistically significant. Nevertheless, we can see a trend supporting
hypothesis 5.

In the in-depth study, three of six projects aimed for and success-
fully completed doctoral dissertations or habilitations: The Disciplinary
Hinge, the Interdisciplinary and the Intervening Project, with the latter two
involving practitioners as research partners. We observed two strategies
to successfully pursue academic qualifications within the projects’
funding periods. First, one doctoral dissertation in each project ex-
plicitly targeted the collaboration with practitioners. Second, re-
searchers were focusing their dissertations or habilitations on specific
sub-questions with interdisciplinary orientation. Like for hypothesis 3,
we found evidence for the Interdisciplinary Project that clear division of
tasks among the research team, as well as purposeful combination of
disciplinary, inter- and transdisciplinary project phases enabled the
young researchers to conduct their research but also to fulfil other
duties within the project, e.g. helping to prepare and implement
transdisciplinary workshops. Moreover, several of the successful PhD
and habilitation candidates in the Interdisciplinary Project gained new
positions in academia.

5. Overall discussion and conclusion

In the past two decades, “new” modes of research, as advocated in
the literature around ‘post-normal science’, ‘mode 2′ knowledge pro-
duction or ‘transdisciplinarity’ have made their way from postulation to
practice. This study has operationalized the core claims found in the
literature into five sets of hypotheses, aiming to test whether and to

what extent diverse research modes as actually employed in sustain-
ability-related research projects make a difference for both societal and
academic outcomes.

Our combined quantitative and qualitative analysis of sustain-
ability-related research projects finds supportive evidence for four of
the six hypotheses on the link between (transdisciplinary) research
mode and academic and societal outcomes. In particular, the trade-off
between both kinds of outcomes, which has repeatedly been claimed in
the literature (see Ruppert-Winkel et al. 2016), is materializing from
our findings: While the involvement of practitioners in early project
phases positively affects societal impacts (which confirms earlier find-
ings by De Jong et al., 2016), practitioner involvement was found to
negatively affect both academic publication output and citations. This
pattern is replicated in the effect of the funding context: Whereas
projects funded in mission-oriented contexts score higher on impacts
and lower on publications and citations, the reverse is true for projects
funded in bottom-up contexts. As well, PhD theses were found to be
more likely completed in projects with less practitioner involvement.

Yet, while these findings are largely supported by the qualitative
case examination, the in-depth study also allowed for insights into
projects that produced both societally relevant knowledge with high
societal impact and a strong publication and citation record. Hence,
while the general patterns observed across the 81 cases point to a clear
trade-off, the in-depth study demonstrates how such trade-offs can be
avoided through careful project design and committed project man-
agement. These insights as well as the findings related to the role of the
funding context suggest that a more nuanced perspective is needed for
understaning the relation of “research mode” and societal as well as
academic outcomes. More importantly, these insights suggest that im-
pactful research may to a certain rely on certain design principles, such
as the pointed involvement of non-academic actors (see e.g.Stauffacher
et al., 2008). Further research will have to home in on such design
choices and test to what extent they prove effective.

Two findings warrant closer inspection. First, we do not find a
generally positive influence of practitioner involvement on societal
outcomes but rather highly selective links. On the one hand, societal
outcomes could be explained by early involvement of practitioners, but
not by other aspects of involvement such as decision-making and value
or knowledge contributions; on the other hand, the effect is only on the
depth of impact and on media response, but not on impacts measured
through diversity of sectors and geographical scales. However, con-
sidering the necessarily limited ambitions of projects, it may seem little
surprising that projects which aim, for example, at local solutions, in-
volving local practitioners, do not exhibit global impacts.

The second concerns our finding that involving practitioner
knowledge not only does not foster societal outcomes, it also negatively
affects academic publication outputs and citations. This stands in stark
contrast with the finding that structured methods to integrate academic
and non-academic knowledge emerges as a significant predictor of
publication output. Two explanations come to our mind: On the one
hand it appears plausible that the structured methods of knowledge
integration employed in the studied projects also served to integrate
different kinds of academic knowledge (regardless of their function to
also integrate non-academic knowledge), hence the positive effect on
academic outcomes. On the other hand, one could also speculate that
researchers who employ structured knowledge integration methods
tend to place much emphasis on the systematic production of knowl-
edge and through this are more interested in strong academic outcomes.

While arguably one of the most comprehensive comparative ana-
lyses of research modes and their outcomes, this study is limited in
various ways. It is restricted to sustainability-oriented projects in
Germany. Funding structures and actual employment of research modes
will differ in other national or international contexts. Many key vari-
ables rely on self-reported assessments. While this may introduce a bias
towards ‘success’, it should not distort the dataset. For reasons of con-
fidentiality, our research also does not allow to assess or compare

Table 7
Effect of practitioner involvement on completed PhD projects (OLS regression).
Dependent variable: Quota of completed PhD projects

Model no. (1) (2) (3) (4)

Early involvement −.15
Practitioner decision −.34*
Practitioner values −.07
Practitioner knowledge −.05
Funding sum .06* .12 .09 .07
Intercept .74*** .76*** .71*** .72***
Observations 42 42 42 42
R2 .03 .12 .01 .01
Adjusted R2 −.02 .07 −.04 −.04
F-value 0.57 2.59+ 0.17 0.13
AIC 38.27 34.23 39.11 39.19

Note: Depicted are standardized regression coefficients (beta values). Statistical
significance is depicted as + p < .10; * p < .05; **p < .01; *** p < .001.

5 22 interviewees skipped this relatively complex part of the questionnaire or
did not fully respond. From the remaining 59 projects, 17 did not involve PhD
researchers.
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individual projects. Our aim was to find general patterns and me-
chanisms at work across cases.

Three lines of inquiry appear relevant for further research. On a
conceptual level, we found it difficult to clearly distinguish between
applied research that involves practitioners and transdisciplinary re-
search. Similarly, the notion of “empowering” participants by involving
them into research, as found in much of the literature (e.g.Brandt et al.,
2013), appeared ill suited to contexts where practitioners collaborated
with researchers in an equal manner or where projects were even led by
practitioners.

On an empirical level, we would encourage fellow researchers to
continue on the path of comparative analysis, with particular emphasis
to the “trade-off hypothesis”: Under which conditions is research likely
to produce both strong societally and academically relevant outcomes?

Finally, our study was restricted to study research projects, typically
lasting a few years only. However, the building of trustful academic-
practitioner relationships and networks, which is so often advocated
with regards to transdisciplinary research, is likely to need more time.
Future research should look at more long-lasting academic-practitioner
interactions and at the outcomes this produces over time.
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A B S T R A C T

Facing ever more pressing global environmental problems, applied sciences like forest research are expected to
benefit society beyond the mere production of new knowledge. However, newly gained scientific knowledge is
often not brought into practical application. While scholarly conceptualizations on how to design the science-
society interface accordingly have been widely discussed in academia, little attention has been paid to the
stakeholders’ views thereof.
Hence, this paper systematically compares the core assumptions of "normal science“, political use of scientific

knowledge and transdisciplinary research with statements from interviews with 21 forest management stake-
holders about their experiences and views on knowledge production and exchange in German forest research
along the lines of problem definition, knowledge production and research utilization.
Our analysis finds that the assumptions of the conceptualization of political use of scientific knowledge have

the most support through aligning stakeholder statements from the interviews, as stakeholders opt for a clear
separation of science and practice in the phase of knowledge production. Furthermore, interviewees raised
concerns about biased knowledge and strategic knowledge use in other actors on the one hand, while at the same
time describing their own opportunistic use of knowledge. Fewer stakeholder statements aligned with the as-
sumptions of transdisciplinary research, highlighting exchanges with other actor groups and mutual learning.
But one key aspect of transdisciplinary research, the involvement of stakeholders in the problem definition,
found a strong correspondence in the interviewees’ statements.
Our explorative but systematic results demonstrate that no scholarly conceptualization is a panacea to

maximize the effectiveness of the science-society interface. Rather, it illustrates how the clarification of scholarly
and stakeholder conceptualizations can deliver levers to shape a more productive science-society interface in
forest research.

1. Introduction

By acknowledging the pressing problems of global environmental
change, applied sciences – such as forest research – are expected to
benefit society beyond the mere production of new scientific knowledge
(Beland Lindahl and Westholm, 2014; Maasen and Weingart, 2005).
While many scholars fail to apply their societally relevant knowledge
(Krott and Suda, 2007), many precious findings remain unnoticed by
stakeholders (Krott and Suda, 2007; Böcher and Krott, 2014). On the
contrary, stakeholders do not always acquire the scientific knowledge
they need to solve their forest management problems (Salomaa et al.,
2016). This mismatch between producers and users of scientific

knowledge constrains the solution of urgent sustainability problems of
our time.

In trying to bridge this research-implementation gap and re-
structuring the science-society interface, new forms of research have
been established in forest research in recent years, exploring new
pathways of knowledge exchange, and involving stakeholders in the
research processes (Enengel et al., 2012; Brandt et al., 2013; Böcher and
Krott, 2014; Klenk and Wyatt, 2015). While there is a substantial body
of literature that conceptualizes these research approaches from the
scholarly perspective (Van Kerkhoff and Lebel, 2006; Lang et al., 2012;
Pregernig, 2014), little is known about the views of stakeholders on
knowledge production and use at the science-society interface
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(Zscheischler and Rogga, 2015).
Earlier research investigating stakeholders at the science-society

interface identified a couple of influencing factors for research utiliza-
tion, like the practical salience of scientific results (Clark et al. 2016),
the notion that research may be biased in support of another stake-
holder group´s agenda or strategic use of knowledge (Grundmann,
2009; Steffek, 2009; Giessen et al., 2009; Posner et al., 2015) and
heterogeneous capacities and engagement of stakeholders in the search
and use of scientific information (Salomaa et al., 2016). Nevertheless,
no study so far has systematically compared stakeholders’ experiences,
impressions and opinions against scholarly conceptualizations of the
science-society interface so as to identify agreements or mismatches
between science and society that hinder the effectiveness of the science-
society interface.

To integrate both and thereby deliver a holistic perspective, we
isolated the underlying assumptions of three different scholarly con-
ceptualizations of the science-society interface (normal science, political
use of scientific knowledge and transdisciplinary research) advocated in
forest research and compared them systematically with interview ma-
terial on the experiences, impressions and opinions of forest manage-
ment stakeholders involved in integrative research settings.

Specifically, we examined three questions1:

1) How do the scholarly conceptualizations of normal science, political
use of scientific knowledge and transdisciplinary research describe the
science-society interface?

2) What experiences, impressions and opinions do forest management
stakeholders have with regard to the science-society interface of
forest research, and specifically concerning the agency of problem
definition, the agency of knowledge production and research utili-
zation?

3) How does the empirical data from our interviews align with the
assumptions of the three different scholarly conceptualizations of
the science-society interface?

2. Background: German forest research

A look at the history of German forest research illustrates some
additional dynamics behind this research-implementation gap:
Germany has a pioneering role in the development of forest science and
silviculture (Fernow, 1911). Forestry science is an interdisciplinary,
well-established scientific research discipline in Germany, uniting re-
searchers with different types of expertise (Goodwin, 2011), such as
inventory, hydrology, soil sciences, botany, zoology, business man-
agement, policy or law.

Traditionally, forest researchers, forest practitioners, and forest
policy makers constituted a closed actor network. The close relationship
between forest researchers and policy makers allowed long-term co-
operation and informal knowledge transfer between research and de-
cision makers (Morisse-Schilbach and Werland, 2009). Until the 1980s,
German forest policy making was dominated by forestry lobby orga-
nizations that shared the perspective of forest practitioners and forest
policy makers on the production function of forests (Juerges and Newig,
2015). Close relations existed also between forest administrations and
forestry research organizations (Goodwin, 2011). This closed knowl-
edge system was characterized by a widely shared normative under-
standing of what the forest is, what its functions are, and how it should
be treated (Morisse-Schilbach and Werland, 2009).

Scientific support of forest policy making and forestry practice was
always an important aspect of forestry sciences (Krott and Suda, 2007;

Goodwin, 2011). However, a trade-off between close cooperation with
practitioners, on the one hand, and a high reputation within the sci-
entific community on the other, has been diagnosed. This is because of
limited resources, which make it impossible to do both at a high level
(Wagner, 2007). Goodwin (2011) examined how German forestry re-
searchers communicate their findings to the media, citizens, policy
makers and forestry practitioners. He showed that most researchers
target their communication at other scientists, but do not completely
neglect activities that target other groups. In the study, German forestry
researchers argued that other researchers could be more proactive in
the communication of new scientific knowledge to non-scientists.
However, they also stated that sufficient resources would be not
available for public relations and other knowledge transfer activities
(Goodwin, 2011).

Motivated by strong incentives from universities and research or-
ganizations for faculty and individual researchers, in recent years many
German forest scientists have focused increasingly on publishing in
international peer-reviewed journals, instead of publishing in applied
journals in German language, which forest stakeholders also read. This
development has resulted in the closing down of some applied forest
journals in the German language (e.g. Forstarchiv in 2017).
Additionally, the increasing share of third party funding, combined
with less public funding for permanent researcher positions, is con-
tributing to stronger fluctuations of personnel within research organi-
zations and a large share of short-term projects, making long-term re-
lations with stakeholder more difficult to maintain.

International policy processes, such as biodiversity and climate
change, have increasingly influenced forestry research. In this context,
a dichotomy has developed between stakeholders and researchers in-
terested mainly in ecological forest functions versus actors whose main
interest are economic forest functions. As a result of the Rio Earth
Summit in 1992, non-governmental organizations (NGOs) became in-
creasingly important in forest policy. NGOs that focused on ecological
forest concerns became ever more involved in German forest policy
making (Juerges and Newig, 2015). These new stakeholders were also
influencing forest research. Furthermore, new research institutes were
funded that explicitly focused on environmental research (e.g. the
Ökoinstitut or the Helmholtz Centre for Environmental Research).
These new research institutes also conducted forest-related research
and competed against established forest research institutes for third-
party funding related to forest ecosystems. Thus, a divide between
forestry research and forest-related nature and environmental research
developed in the last decades, and no closed knowledge community
exists anymore (Morisse-Schilbach and Werland, 2009). The opening up
of this formerly closed knowledge community made communication
with the forestry sector harder but contributed to the enhancement of
communication with other important stakeholders. High quality re-
search requires attention to the range of issues and interests in forests,
not only to the needs and to the interests of the forestry sector.
Therefore, the opening up of the formerly closed knowledge community
is a positive development, though it requires new strategies for co-
operation between science and practice.

3. Theoretical conceptualizations of the science-society interface

In order to systematically analyze scholarly perceptions of the sci-
ence-society interface, we chose three conceptualizations – normal sci-
ence, political use of scientific knowledge and transdisciplinary research –
because of their active application and continuous discussion in in the
fields of environmental and forest research (e.g. Pregernig, 2000;
Kleinschmit et al., 2009; Moll and Zander, 2013; Beland Lindahl and
Westholm, 2014; Böcher and Krott, 2014; Winkel et al., 2015; Salomaa
et al., 2016; Reed and Meagher, 2019.) The differences and the inter-
sections between these three offer potential for systematic juxtaposition
with the stakeholders views. The boundaries between the three con-
ceptualizations are not as sharp in the literature as outlined in this

1 In this paper, we define stakeholder broadly, referring to those actors and
organizations that have an interest in forests, either directly or indirectly
(Freeman, 2010). We refer to agency as the authority of actors to prescribe
actions (Biermann et al., 2012).
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paper and there certainly are overlaps and hybrid forms. We do not
claim our compilation to be comprehensive, but the description of the
three conceptualizations follows a thorough narrative literature review
based on data base search and reverse snowballing (Green et al., 2006).

3.1. Normal science

The concept of normal science describes a linear model of knowledge
transfer that is often used as an antitype of new modes of knowledge
production to illustrate the features of new visions of the ways in which
science and society can interact more productively (e.g. Funtowicz and
Ravetz, 1993; Gibbons, 1999; Pregernig, 2014).

The linear model of knowledge transfer assumes a direct flow of
information from science to other societal subsystems – especially the
policy sector – where scholarly knowledge is applied or leads to action:
“(…) the interaction between science and politics is conceived of as
one-dimensional, linear, and one-way: from science to policy (“truth
speaks to power”). (…) It can be characterized by the position that
knowledge is a necessary (if not sufficient) basis for decision-making”
(Beck, 2011, p. 298). Thus, scholarly advice is assumed to lead to “ef-
ficiency and effectiveness” of “practical decisions” and “increased ef-
fectiveness and rationalization of political action“ (Pregernig, 2014, p.
3643).

A further underlying assumption of normal science is that knowledge
production is performed exclusively within academia and that scientific
research leads to clear and unambiguous information (Beck, 2011;
Grundmann, 2009). Moreover, it assumes that the receiving actors from
outside academia are capable and willing to process scientific knowl-
edge and are capable and willing to use this knowledge to find the best
solutions possible (Böcher and Krott, 2014).

3.2. Political use of scientific knowledge

Political decision-making based on scientific knowledge is perceived
as a necessity in modern societies (Sanderson, 2002; Kleinschmit et al.,
2009). Policy makers increasingly rely on scientific expert advice
(Maasen and Weingart, 2005; Boaz et al., 2019) to find solutions and to
legitimize policies (Sanderson, 2002; Giessen et al., 2009). Questions
concerning environmental sustainability problems, like those in forest
management, are said to particularly profit from scientific expertise
(Van Kerkhoff and Lebel, 2006; Böcher, 2008). The scientific con-
ceptualizations behind this knowledge utilization process at the sci-
ence-society interface can be subsumed under the label political use of
scientific knowledge. Like in normal science, political use of scientific
knowledge is based on an understanding of science and politics as two
distinct societal subsystems with different codes and aims. However,
the relationship between those subsystems is described as being cou-
pled (Maasen and Weingart, 2005). Mechanisms exist that link the in-
dependent subsystems in order to use scientific knowledge in the po-
litical sphere: Linked by a unidirectional information flow from science
to users, scientific insight needs to be transferred and translated so as to
be used in practice (Van Kerkhoff and Lebel, 2006). To make sense of
science in policy and politics, intermediary actors (Jasanoff, 2009), like
knowledge brokers (Pielke Jr, 2007) or intermediary institutions
(Lentsch and Weingart, 2011), are promoted. Although more in-
tegrative interactions around the concept of the political use of
knowledge have been developed (Van Kerkhoff and Lebel, 2006; Reed
and Meagher, 2019), the agency of science as single provider of
knowledge remains unquestioned. In turn, the agency of problem de-
finition is assumed to lie on the side of scholars if political stakeholders
utilize scientific results that have already been generated/produced by
independent research (Van Kerkhoff and Lebel, 2006; Giessen et al.,
2009). On the other hand, science is societally embedded and research
is also performed on behalf of specific questions by political institu-
tions. In this case, the agency defining the research questions is closer to
the side of the research utilizers (Van Kerkhoff and Lebel, 2006).

When it comes to assumptions about the actual use of scientific
knowledge, various dangers are discussed: Giessen et al., 2009 mention
the possibility of technocratic decisions made without deliberation and
without legitimization by public discourse. Further concerns have been
raised about an interest-led utilization of knowledge (Grundmann,
2009; Lund et al., 2009; Lövbrand, 2009). Furthermore, it has been
observed that weaker societal groups have fewer resources to access
scientific information. The political use of knowledge of stronger in-
terest groups therefore confers privileges, creates power asymmetries,
and the exclusion of weak actors (Steffek, 2009; Lövbrand, 2009; Ojha
et al., 2009).

3.3. Transdisciplinary research

Challenging normal science and concepts of political use of scientific
knowledge, transdisciplinary research has formed a strong research com-
munity within academia and is a serious attempt to open up science for
society, aiming to tackle problems that range from the local to the
global (Lang et al., 2012; Brandt et al., 2013; Zscheischler and Rogga,
2015). This new vision to advance the exchange processes at the sci-
ence-society interface came to life in the mid-90s under the labels
“mode 2” (Gibbons et al., 1995; Nowotny et al., 2001), “post normal
science” (Funtowicz and Ravetz, 1993) and “transdisciplinarity”
(Scholz et al., 2006)2.

The expectation behind these new forms of research is that ex-
tensive involvement of actors from outside academia (for instance
practitioners, politicians, business, civil society or NGOs) in research
processes will lead to better or “more socially robust” knowledge
(Nowotny, 1999). Therefore, this knowledge will be more likely to be
applied and will eventually be more successful in solving societal pro-
blems (Funtowicz and Ravetz, 1993; Scholz et al., 2006; Lang et al.,
2012; Miller et al., 2014).

The core argument of transdisciplinary research goes back to
Weinberg, who observed that real-world problems transcend dis-
ciplinary and even academic boundaries. Therefore, diverse types of
knowledge need to be taken into account to solve them (Weinberg,
1972), not only scholarly expertise. Consequently, transdisciplinary re-
search calls for scientists and stakeholders to produce societally robust
knowledge jointly (Gibbons, 1999; Kates et al., 2001; Nowotny et al.,
2001) by actively involving stakeholders from outside academia into
research processes at various stages (Stauffacher et al., 2008). Multiple
concepts describe the involvement of stakeholders in research processes
in the realm of transdisciplinarity: knowledge exchange (Fazey et al.,
2013), knowledge integration (Bergmann et al., 2012; Defila and Di
Giulio, 2015), co-production (Pohl et al., 2010; Polk, 2015), co-creation
(Polk, 2015), mutual learning (Scholz et al., 2000), (different degrees
of) collaboration (Stauffacher et al., 2008).

Unlike in normal science – where research problems are defined
while enclosed inside the scholarly community – transdisciplinary re-
search focuses on “real-world problems” from the very start of the re-
search process: In the ideal case these societal problems are explored
and described by scientists and stakeholders jointly (Jahn et al., 2012).
Moreover, the aim of transdisciplinary research is not only to produce
analytical knowledge, but to “go beyond problem analysis” (Lang et al.,
2012), initiate practical action and find applicable solutions to real
world problems (Miller et al., 2014). Therefore, transdisciplinarity has
a strong functional component (Nowotny, 1999; Miller et al., 2014), but
it also entails a democratic one (Enengel et al., 2012; Polk, 2014; Klenk
and Wyatt, 2015) that emphasizes that actors from outside academia
have the right to participate in solving sustainability problems or even
that they should be empowered to solve these (Stauffacher et al., 2008).

2 Other related concepts not discussed in this article are action research
(Lewin, 1946) and participatory research (e.g. Suda et al., 2003).
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3.4. Commonalities and differences between the approaches

We identified within these approaches three major conceptual dif-
ferences in their views of the science-society interface: (1) agency of
problem definition, (2) agency of knowledge production, (3) the po-
tentials of research utilization by stakeholders (Table 1).

4. Data and methods

The empirical data to compare the scholarly conceptualizations
described above were collected in the context of the European Union
(EU) funded project “ALTERFOR- Alternative models for future forest
management”. ALTERFOR is a large-scale, collaborative research pro-
ject that involves twenty organizations from nine countries. Forest
management concepts were evaluated for ten local case study areas
representing di! erent prevailing forest management practices and
socio-ecological conditions in Europe. One of the German case studies
was located in the state of Bavaria in the district of Augsburg. The in-
terviews were conducted at the beginning of the project in July-August
2016. The interviews aimed to identify the interests that stakeholders
have in ecosystem services provided by forest landscapes, prior ex-
perience stakeholders had with research, and what wishes and interests
they had concerning the ALTERFOR project. We designed the inter-
views to fit the aims of the ALTERFOR project, thus, this paper is based
on the “by-products”, i.e. information that came up in that interviews.

First, a stakeholder analysis was conducted to identify stakeholders
with an interest in forests at a national level, at the state level in the
state of Bavaria, and in the district of Augsburg. The interviewee se-
lection was guided by the goal of including stakeholders with di! erent
interests in forest ecosystems. The interviewee selection had the aim of
ensuring that the perspectives of stakeholders from three di! erent po-
litical-administrative levels were included, and that governmental ac-
tors, civil society and stakeholders with economic interests were re-
presented. Most governmental actors were interviewed at the local level
because the local public foresters and the local administration have far

reaching competences for forest management in the area. In contrast,
governmental actors at the state level are focusing on developing more
general forest management guidelines in their work. Since forestry is in
the political-administrative responsibility of the states in Germany, no
national forest administration exists. In contrast, nature conservation is
much more regulated at a national level and a national level environ-
mental administration exists. In total, 21 interviewees participated in
the interviews (Table 2).

The interviews were supported by an interview guide, which was
developed by two researchers, based on the knowledge demand of the
ALTERFOR project. Research documents from previous research pro-
jects and scientific literature were used to develop the interview guide.
It included an initial section of questions related to forest ecosystem
services, and a second part had questions related to experience with and
impressions from research. Only the questions in the second part were
used for this study. Specifically, the interviewees were asked the

Table 2
Interview participants.
Actor types Actor a" liation Number of interviewees

National level, Germany Forestry NGO
Civil society actor representing economic interests

2

Environmental NGO
Civil society actor representing ecological interests

3

Environmental administration
Governmental actor with ecological interests

1

Outdoor Recreation NGO
Civil society actor representing social and economic interests

1

Timber industry representative
Market actor with economic interests

1

Employee NGO
Civil society actor representing social and economic interests

1

State level, Bavaria Forestry NGO
Civil society actor representing economic interests

2

Environmental protection NGOs
Civil society actors representing ecological interests

2

Local/regional level, Augsburg Town forester
Governmental actor with interest in balancing ecological, social, and economic interests

1

Small-scale forest owner cooperative
Market actor

1

State forest service members
Governmental actor with mainly economic interests

2

Forest administration
Governmental actor interest in balancing ecological, social, and economic interests

1

Touristic organization
Civil society actor representing economic interests

1

Environmental NGO
Civil society actor representing ecological interests

1

Interview participants in total 21

Table 3
Types of experiences with forest research.
Types of experience with forest
research

Experiences described by interview
participants

Research utilization Visiting the presentation of research projects
Reading project summaries, project reports or
publications

Passive involvement Taking part in a survey
Participation in an interview
Participation in a stakeholder workshop
Reviewing a research proposal

Active participation Being an o" cial partner within a research
project (including financial participation)
Providing infrastructure for a research project
Implementation of own research project
Having research experience based on
possessing a Bachelor or Master's degree
Previous employment as a researcher
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following questions:

¥Have you been involved in any kind of research project in the past?

¥Could you explain to me what impressions and experiences you had
during this or these research process(es)?

¥How do you evaluate the beneÞt (German: Nutzen) of this process
for the transfer of scientiÞc Þndings into practice?

¥Do you think knowledge transfer from science into practice could be
somehow improved?

¥How and with what measures could the transfer of scientiÞc Þndings
to practice be further improved?

The interview guide was pre-tested with the head of the stakeholder
organization participating as a project partner in the ALTERFOR pro-
ject. After this pre-test some questions were slightly modiÞed to make
the questions more clear. Questions were adjusted according to the
experience of the interviewees. The interviews were fully recorded. The
interviews lasted between 30 min and 2 h, with an average of 60 min.
The interviews were transcribed in bullet points, relevant statement
were transcribed verbatim.

Based on the contrasting conceptual assumptions about the science-
society interface that we identiÞed within our literature analysis, we
developed a category system by deduction. The identiÞed di! erences of
the concepts presented inSection 2 served as analytical framework for
our data analysis. Four main categories served to structure the data
initially: (1) Prior experience with research, (2) views, experiences, and
opinions about problem deÞnition, (3) views, experience, and opinions
on knowledge production, and (4) views, experience, and opinions on
research utilization. The interview data has been coded thematically
according to these categories in a qualitative content analysis (Glesne,
2006).

5. Stakeholder views on problem deÞnition, knowledge
production and research utilization

The interview participants had several di ! erent types of experience
with research (Table 3).

Some interviewees said they did not have the time to participate in
research. Instead, they were only utilizers of new knowledge, by vis-
iting presentations of research projects or reading project summaries or
reports.

Many interviewees stated that their main motivation to participate
in di ! erent types of research was their personal interests in science, and
not their believing that the participation would bring any direct ad-
vantages for their work. Participation in surveys, interviews or stake-
holder workshops were described as being interesting and providing
some variety in their jobs, in comparison to their usual tasks . In con-
trast, some interviewees also argued that participation in research can
have direct advantages for their work and that results are sometimes
directly applicable to their work.

Participation in workshops, surveys, or in qualitative interviews as
an interviewee was often not considered to be participation in research.
Instead, several interviewees only described those activities and situa-
tions in which they had a more active role in research (e.g. data col-
lection as graduate students or previous employment in research or-
ganizations). Furthermore, several interviewees explained how their
organization implemented an applied research project (e.g. grazing
projects within forests). A spectrum of participation within research
was identiÞed in the descriptions of the interview participants, ranging
from no participation in research at all to the implementation of an own
research project.

5.1. The view on problem deÞnition

In the following section we display the positions of the interviewees
on problem deÞnition in forest research. In this area, some interviewees

criticized that research topics would often be too theoretical, without
any direct use for them:

ÒSometimes I wish that other questions were examined, questions
that have greater practical relevance. Ò

(Town forester)

Some of the interviewees argued that research topics should be
more applied and that researchers should have more interaction with
stakeholders to learn about the most pressing problems and challenges
in practice:

ÒUniversity employees become more and more distanced from
practice the longer they work there; they should seek more actively
to stay in touch with practical problems.Ò

(Employee of Environmental NGO, local level)

However, the stakeholders interviewed also argued that the deÞni-
tion of research aims and research questions were often driven by
vested interests:

ÒResearch should examine issues more holistically; often a lot of
factors are ignored, for example in carbon dioxide accounting, often
only the vested interests of certain lobby groups are considered.Ò

(Employee of an environmental NGO, national level)

However, there were also a few stakeholders who did not criticize
processes of problem deÞnition in former research.

5.2. The view on the production of scientiÞc knowledge

We analyzed how the interviewees perceived the relationship of
scientists and stakeholders in the production of scientiÞc knowledge.
Interviewees preferred a clear di! erentiation between the tasks of re-
searchers and stakeholders. Academia should be the producer of
knowledge and carry out research projects. Stakeholders can help to
identify relevant research questions, integrate new knowledge into
practice, and implement new approaches:

ÒI think that the role of practitioners in research projects is to
identify problems and to help to implement solutionsÒ

(Employee of a forestry NGO, national level)

Some interviewees had experience with participation in transdisci-
plinary research projects. Positive and negative arguments about this
experience were described in the interviews. An interview participant
liked the participatory research process that she experienced because
di! erent interests were considered by the researchers, based on the
stakeholder involvement:

ÒMy experiences with the participation of practitioners in research
projects are all positive; this is always rewarding. Practitioners can
put things in perspectiveÒ

(Environmental administration, national level)

Another interviewee criticized that the stakeholder involvement
processes that he experienced was too time-consuming, in relation to
the output of the whole project. Furthermore, he argued that the out-
come of the project was a mixture of all di ! erent positions, without any
real use for anyone:

ÒThe participation processes that I participated in were usually ra-
ther abstract; usually things are discussed on a rather general level
É the results are usually a mixture of all opinions and not very
speciÞcÒ

(Timber industry representative, national level)

Most stakeholders argued that they would not have su" cient time
resources to participate in research projects:

ÒA general problem is that we and other practitioners do not have
su" cient time and resources to get more involvedÒ
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(Environmental administration, national level)

Several interviewees called for a clear di! erentiation between re-
search and practice by arguing that only independent researchers could
come to conclusions that are not heavily inßuenced by the vested in-
terests of enterprises or lobby groups. Several interviewees were critical
of the involvement of market actors in research because this involve-
ment would change the goals of research towards interest maximization
for speciÞc actors instead of welfare maximization of the whole of so-
ciety. In this context, stakeholders criticized that forest research would
often not be independent from vested interests:

ÒI think it is a problem that projects are usually not neutral, instead
there is an expected result that is pre-set; forestry research is often
very normative.Ò

(Employee of an environmental NGO, national level)

5.3. The view on research utilization

The stakeholder views on the impact of new information reßect
their experiences and opinions about how research insights are pro-
cessed and how they lead to action Ð or not. For instance, interviewees
from di ! erent lobby groups reported that they would take new research
into account that supports the interests and arguments of their group.
The lobby group members argued that their positions would have
greater legitimacy and credibility if they were supported by new sci-
entiÞc literature. Thus, they refer to scientiÞc studies and reports in
their own publications and websites:

ÒWe refer often to scientiÞc Þndings to increase our credibility, we
try to support our arguments with scientiÞc factsÒ

(Employee of an environmental NGO, national level)

Some of the stakeholders interviewed argued that research that did
not support their own arguments was incorrect and driven by the
ideologies of other stakeholders. Other stakeholders did not question
the reliability of unfavorable new scientiÞc knowledge but argued that
they would not refer to research Þndings that would question their own
interests and positions. Furthermore, stakeholders argued that new in-
formation often has no impact on practice because of a lack of long-
term communication strategies of new knowledge in practice:

ÒResearch projects often have no direct use for practitioners.... After
the end of the research project the practical implications are not
followed up; researchers are sometimes not even available anymore
because they do no longer work at the research organizationÒ

(Employee of a forestry NGO, national level)

A forest owner representative argued that science would not o! er
any solutions to practical problems in forest management:

ÒBased on my past experiences with research projects, they usually
o! er no beneÞt for practitioners. The results are too general and
recommendations do not take the speciÞc site conditions su" ciently
into account; the knowledge of the local forest owner is not con-
sidered su" cientlyÒ

(Forest owner representative, state of Bavaria)

In contrast, a forester of the state forest service argued that new,
scientiÞc information and monitoring could help to create awareness
within forest management:

ÒPast studies had positive e! ects on forest use because we know
much better which species occur in the area due to ecological re-
search. Research makes it possible to raise awareness for certain
topics, speciÞcally in privately owned forestsÒ

(State forest service)

However, the interviewees saw major deÞcits in the integration of
new knowledge into practice. They argued that more resources should

be invested in the communication of new knowledge to stakeholders
and that communication channels should be used that are easily ac-
cessible for stakeholders. Furthermore, methods of communication
should be adapted more to the needs and abilities of stakeholders:

ÒMuch more time and money should be invested in the commu-
nication of research results to non-scientiÞc actorsÉmore simpliÞ-
cations should be possibleÉyou need translators to transfer scien-
tiÞc Þnding into practiceÉ You need guidelines, simple messages, a
nice layout, checklists, a selection of the right media, tailored to the
target group. And researchers should travel much more to the
practitioners and present their Þndings there, locallyÒ

(Employee of a forestry NGO, national level)

The implementation of new knowledge by stakeholders has been
described by the interviewees as being quite limited, for di ! erent rea-
sons: unwillingness of some stakeholders to solve problems, lack of
applicable problem-solving strategies, or the existence of powerful
stakeholders with contradicting interests. For example, an interviewee
argued:

ÒNew knowledge is always useful for practice but much is not im-
plemented in practice because it is not feasible due to di! erent in-
terests and demandsÒ

(Town forester)

A state forester argued that sometimes the solutions suggested by
researchers would be not realizable because they would require
changes too substantial in structure and process, and which are there-
fore not possible to make. Several interviewees argued that new sci-
entiÞc knowledge has only an impact if it Þts the existing preferences
and goals of stakeholders. For example, an interviewee stated:

ÒOften, decisions are based more on interests than on knowledge;
issues and new knowledge are only transferred if they Þt into a
certain worldview, if new knowledge questions their own interests
these Þndings are ignoredÓ
(Employee of a nature conservation organization, state of Bavaria)

Stakeholders argued that new strategies that promise higher Þ-
nancial returns or other advantages would be very likely implemented
by practitioners:

ÒFor knowledge transfer it is important that projects have a practical
relevance and that the results can be commercially used; something
that has a Þnancial proÞt is taken up by practitioners automaticallyÒ

(Employee of a forestry NGO, national level)

6. Discussion

Overall, our interviewees expressed a great interest and a need to be
asked by scientists what should be investigated. While transdisciplinary
researchhighlights this, by involving stakeholders in the early phase of
problem deÞnition ( Jahn et al., 2012), some initiatives that also follow
the concept of political use of knowledgeare guided by practical problems
(Van Kerkho! and Lebel, 2006; Giessen et al., 2009). In contrast to their
strong interest in being involved in the deÞnition of the problem, none
of our interviewees explicitly articulated an interest in participating in
knowledge production. Alingning most strongly with the normal science
and political use of scientiÞc knowledge, many expressed a preference for
a clear separation between science and practice in knowledge produc-
tion. These statments reßect the speciÞc concept of Òconsulting trans-
disciplinarityÓ as introduced by Mobjšrk (2010) . Consulting transdis-
ciplinarity is described as an approach where stakeholders Òhave the
role of responding and reacting to the research conducted and re-
searchers bear their thoughts and perspectives in mind during researchÓ
(Mobjšrk, 2010 : 870), but the degree to which they are involved into
the knowledge production process remains limited.

Moreover, all stakeholders interviewed highlight the topic of terms
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and language: They argue for a clear and comprehensible language to
help understanding at the science-society interface. This aspect has also
been empirically observed earlier by Salomaa et al. (2016). While un-
derstandability is strongly problematized in the discourse on political
use of scientiÞc knowledge(Lentsch and Weingart, 2011; Jasano! , 2009;
Pielke Jr, 2007), in transdisciplinary researchthis issue is hidden in the
claim for high-quality integration processes ( Jahn et al., 2012; Lang
et al., 2012).

On the one hand, many interviewees were very sensitive towards
power structures and worried that research with stakeholder involve-
ment could serve vested interests too much. They articulated assump-
tions of biased research that was conducted in favor of competing actor
groups. Di! erent stakeholder types, including governmental actors,
civil society, and actors representing economic interests shared this
concern. On the other hand, when it came to actual research utilization,
some of the stakeholders interviewed displayed a strategic use of
knowledge themselves. Pursuing their targets, interviewees saw science
as a provider of arguments they could use selectively, in a goal-oriented
way. If new scientiÞc knowledge did not support their interests, they
tended to ignore it. We observed this strategy mainly in interviewees
who were representing interest groups, both with economic and eco-
logical interests. Both of these aspects were also observed by earlier
research (Clark et al., 2016; Posner et al., 2015; Grundmann, 2009;
Lund et al., 2009 and Lšvbrand, 2009; Green and Lund, 2015). Power
issues have been discussed intensively in conceptualizations of thepo-
litical use of scientiÞc knowledge(Giessen et al., 2009), whereas in con-
ceptualizations of transdisciplinary research, power dynamics seem to be
neglected, as transdisciplinarity is assumed to be a process where actors
from science and practice work together on equal footing (Nowotny,
1999; Pohl et al., 2010, Lang et al., 2012).

Aside from the more tactical stakeholders (mainly NGO members),
other interviewees were less strategic (mainly governmental actors
from forestry and environmental administrations). Instead, they were
interested in mutual learning and exchange with other actor groups in
the Þeld, something that transdisciplinary researchaddress strongly.
Generally, it is important to highlight that experiences, impressions and
opinions stated by our interviewees show a great heterogeneity. Like
Salomaa et al., 2016, we observed di! erences in the stakeholders past
experiences, openness versus pragmatism, knowledge level, their de-
gree of engagement, time resources, and aims. These di! erences were
based partially on their professional role, depending on whether sta-
keholders were NGO members, foresters, or part of the administration.
Some interviewees mentioned time constraints as an important limita-
tion for engaging in research. Thus, they want to get as much as pos-
sible for as little input as possible.

For the interpretation of the Þndings of this study, the context of our
data collection needs to be taken into account. The qualitative inter-
views that we conducted to collect data, were designed for the purpose
to Þt the aims of the ALTERFOR project. The interview participants
might have answered di! erently, if they would have been asked ques-
tions that explicitly probed the issues addressed in the research ques-
tions of this study and if the interviews had been announced as a study
about stakeholder perception at the science-society interface instead of
interviews at the beginning of a large-scale research project with sta-
keholder involvement. However, the context of the interviews might
also have been an advantage, because interview participants were not
asked to answer questions only theoretically. Instead, they were in the
situation to articulate their expectations and wishes regarding knowl-
edge exchange for an upcoming research project.

7. Conclusions

Although scholarly conceptualizations of the science-society inter-
face are discussed widely in the scientiÞc literature (Van Kerkho! and
Lebel, 2006; Lang et al., 2012; Pregernig, 2014), still little is known
about the view of stakeholders on knowledge production and use at the

science-society interface (Zscheischler and Rogga, 2015). Using normal
scienceas a default setting, the concept of political use of scientiÞc
knowledgeis centered on the translation, transfer and implementation of
scientiÞc research (Pielke Jr, 2007; Jasano! , 2009; Bšcher and Krott,
2014), while transdisciplinary researchhighlights the integrative, colla-
borative work of scholars and stakeholders (Lang et al., 2012). Our
systematic comparison of these three scholarly conceptualizations re-
vealed substantial di! erences in these approaches concerning the
agency of problem deÞnition, the agency of knowledge production and
the potentials of research utilization by societal stakeholders. The
concerns about strategic use of knowledge and resulting power asym-
metries raised in literature about political use of scientiÞc knowledge
(Grundmann, 2009; Lšvbrand, 2009; Lund et al., 2009; Ojha et al.,
2009; Ste! ek, 2009) Þnd many correspondents in the stakeholder
statements. While stakeholders formulated no desire in being actively
involved in knowledge production (as promoted in transdisciplinary re-
search), they had a high interest in being involved in deÞning research
problems. While transdisciplinary researchtakes this into account, con-
ceptualizations about political use of scientiÞc knowledgepartly reject this
claim and warn against the politicization of science ( Maasen and
Weingart, 2005). Stakeholders who are NGO members, and who engage
daily in political struggles, have a conception of the science-society
interface that is close to the concept of political use of scientiÞc knowl-
edge. In contrast, stakeholders who are less in involved in political
processes are more interested in mutual learning, have a conception of
the science-society interface that is more similar to the conceptual as-
sumptions deÞning transdisciplinary research. The heterogeneity of sta-
keholders' cognitive, motivational and Þnancial capacities to engage at
the science-society interface is hardly discussed in all scholarly con-
ceptualizations and this reßects the need to investigate stakeholder
typologies more systematically.

Our empirical insights are illustrative, but they are derived from 21
stakeholder interviews only. This study does not present a re-
presentative typology of stakeholder experiences. Instead, we present
the diversity of stakeholder views at the science-society interface.
Accordingly, there is a need to investigate stakeholders' views of the
science-society interface further and more intensively, in both depth
and range. A quantitative follow-up study could help to develop a more
detailed and generalizable typology of stakeholders. Moreover, German
forest research has several characteristics that are di! erent from other
research Þelds. Forest-related stakeholders often have a high level of
trust in forest researchers and a tradition of close cooperation between
science and practice exists (Morisse-Schilbach and Werland, 2009;
Goodwin, 2011). This allows for an easy establishment of stakeholder
involvement in research projects. Therefore, it would be valuable to
study whether our results are transferable to other research Þelds
without an applied research tradition. However, the Þndings might also
be transferable to other applied Þelds of life science, for example,
agriculture research.

Bridging the knowledge-application gap remains a mayor challenge
Ð not only the Þeld in forest research. In regard to our Þndings, we
propose for application-oriented scholars to clarify their own con-
ceptualization of the science-society interface and to conduct stake-
holder analyses (Reed et al., 2009; Leventon et al., 2016) in an early
phase of the research process, so as to better address the stakeholders'
capacities, interests and power resources and to create a more e" cient
science-society interface.
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