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1. Introduction 
The aim of this chapter is to analyze the opportunities and limitations of programme funding for the 
transformation of science systems. In recent years, various societal drivers have increased the pres-
sure on the science system to legitimize the use of public funds. It is no longer sufficient to achieve 
goals intrinsic to research, such as contributing to the development of theory and methods or achiev-
ing knowledge gains. Furthermore, the contribution that research makes to solving problems matters, 
especially in the area of major societal challenges. This debate is strongly linked to keywords such 
as Sustainable Development Goals, Societal Impacts, the "New social contract of science", the mis-
sion and transformation orientation of research policy, the public value of research, next generation 
metrics as well as different policy frames that shape research and research funding (see also Ulnicane 
and Aleman Diaz in this handbook). All these keywords revolve around the questions of 1) what are 
legitimate expectations of science and its role in the innovation system, 2) how would internal struc-
tures and processes in the science sector need to change in order to meet external expectations, and 
3) what can public research funding concretely offer to foster change. In our chapter, we focus on the 
question, what public programme funding, in particular, can realistically contribute to initiating, shap-
ing, accompanying, or accelerating the change processes outlined above. 
The chapter is structured as follows: In the following section two, we critically review the existing 
literature on transformative research and corresponding research funding approaches, using sustain-
ability research as an example. The concept of (conflicting) policy frames (see also Ulnicane and 
Aleman Diaz in this handbook) offers a helpful lens through which these transformative changes can 
be described, namely the “republic of science” (Polanyi) versus "the societal function of research" 
(Bernal) (cited from Ulnicane, forthcoming). In the third section, we describe the role of research fund-
ing for enabling but also changing research processes, before we present the German funding frame-
work to promote sustainability research (FONA)  as an empirical illustration,  in section 4. The chapter 
ends with a critical assessment of gaps and future research directions. 
 

2. The science transformation debate 
In recent years, the concept of mission orientation has become increasingly important in research and 
innovation policy and funding. Missions, which can be understood as a goal-oriented operationaliza-
tion of the so-called "grand societal challenges," are characterized by their pronounced cross-cutting 
nature, cross-sectoral and interlocking interdependencies, broad time horizons, and high socio-eco-
nomic and socio-cultural depths of intervention. It is emphasized that there can be no optimal shape 
of mission, but that each challenge requires a tailored form (Mazzucato 2018). Characteristics of im-
pactful missions are considered to be appropriate granularity, ambitious and inspiring as well as at 
the same time realistic and measurable goals, as well as openness to different ways of solving prob-
lems (ibid.). Translating these elements into concrete research and innovation policy measures and 
governance presents numerous challenges. One of these is that the missions should not be seen as 
a continuation of conventional routines for setting research and innovation policy priorities and modi-
fying or further developing existing funding programmes. Rather, due to the transformative nature of 
missions, it will be necessary to embed the design of research, technology and innovation policy (RTI 
policy) much more strongly than in the past in processes of social change and to relate it to these 
processes (Kuhlmann/Rip 2018). Much mission-oriented innovation policy focuses on sustainability, 
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and the Sustainable Development Goals (SDG) inspire research agendas (Mazzucato and Semiuk 
2017; Kaldewey 2018). The  environmental externalities generated by sustainability challenges (Ren-
nings 2000) add an additional justification for publicly financed research for sustainability to the classic 
knowledge externality and market failure argument for knowledge production.  
In parallel, a debate has been emerging which links an increased focus on societal challenges with 
fundamental changes in research processes. There are various interrelated strands of argument, 
which point towards fundamental changes in the research process. The increasing complexity of so-
cietal problems and challenges has led to a debate about the necessity of new forms of knowledge 
production (Nowotny et al. 2003, Etzkowitz & Leydesdorff 2000). This has been taken up by the de-
bate about a transformative science in order to open up to society (Schneidewind et al. 2016; Scholz 
2017; Shelley-Egan 2020; Grunwald 2020). These authors see a scientific paradigm shift evolving: 
The "classical", "normal", "mode 1" science is characterized by research questions defined primarily 
in an academic context, disciplinary orientation, quality control exclusively on the basis of criteria 
inherent to science, and knowledge production without considering  the context of use. In contrast, 
the new "post-normal science", "Mode 2", is characterized by a much stronger need for interdiscipli-
narity, interaction between research system and society, and involves also stronger reflection pro-
cesses (see Nowotny et al. 2003, Frederichs 1999, Gibbons et al. 1994, Weingart 1997).  
Closely related to increasing demands of science are expectations that science should cooperate 
more with societal actors and implement more inter- and transdisciplinarity as well as problem- and 
application-orientation (see e.g. Renn 2019; Müller-Christ 2017)1.  A strengthened and improved re-
lationship between science and society is also at the core of the concept of "Responsible Research 
and Innovation" (RRI) which aims to embed responsibility as a core value in research and innovation 
processes and cultures (European Commission 2014, Lindner et al. 2016, Bogner et al. 2015). Gen-
erally speaking, RRI intends to create a new and improved relationship between science and society. 
The EU Commission defines RRI as “a process where all societal actors (researchers, citizens, policy 
makers, businesses) work together during the whole R&I process in order to align R&I outcomes to 
the values, needs and expectations of European society” (von Schomberg 2013). RRI has also been 
defined as "... a transparent, interactive process in which societal actors and innovators become mu-
tually responsive to each other with a view on the ethical acceptability, sustainability and societal 
desirability of the innovation process and its marketable products.“ (Call FP7-SiS-2012-1). Scholars 
like Stilgoe et al (2013) emphasize four integrated dimensions that characterize responsible research 
and innovation: anticipation, reflexivity, inclusion and responsiveness2. 
One of the most prominent examples of such a paradigm change is sustainability research. The emer-
gence of the new field of sustainability research dates back to the turn of the century, as indicated by 
landmark publications such as Kates et al. (2001), and high level conferences such as the World 
Congress "Challenges of the Earth 2001" (Komiyama and Takeuchi 2006; Gochin and Zaman 2010). 
The elements connecting sustainability research to the paradigm shift outlined above are twofold: first 
it is the alignment of scientific research production to societal problems in order to contribute to soci-
etal transformation processes. Secondly, it is the way that research is conducted (Komiyama and 
Takeuchi 2006; Gallopin et al. 2001). Research for sustainability aims at providing solutions for exist-
ing societal (grand) challenges such as mitigation of and adaptation to climate change, or the protec-
tion of natural resources. Hence the usability and transferability of research results into non-academic 
settings is a core component of sustainability research. This implies changes in the research pro-
cesses themselves: Sustainability science aims at transcending disciplinary boundaries by uniting 
different scientific disciplines around a problem (interdisciplinarity), and the results of Schoolman et 
al (2011) and Lam et al. (2014) indicate that it indeed is moving in this direction. There are several 
                                                 

1  Potential unintended consequences of such a shift towards application and impact-orientation is discussed 
in Coburn et al (2022) in this handbook.  

2  A further important strand of the debate in this context revolves around the creation of public value, see 
among others Bozeman (2022). 

https://link.springer.com/article/10.1007/s11625-016-0363-7#ref-CR12
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reasons for the importance of interdisciplinary principles for sustainability research: Sustainability re-
search is about contributing to solving complex problems. Disciplinary boundaries, however, do not 
necessarily follow the structure of knowledge necessary for coming up with solutions. Cleveland and 
Kaufmann (1995) point towards the interdisciplinary nature of sustainability per se, linking natural, 
economic and social dimensions. According to Newell (2001), complexity is a key justification for an 
interdisciplinary approach. The different interwoven dimensions of sustainability increase the com-
plexity of the problem. The plurality of values and norms involved furthermore increase complexity, 
and call for a holistic view associated with transdisciplinarity and Mode 2 type of research (Hadorn et 
al. 2006; Newig et al. 2019, Lang 2012). Furthermore, sustainability also includes an international 
perspective and especially takes into consideration implications of the research in countries of the 
global South. It involves stakeholders in those countries with regard to development issues (Kates 
2011), but also with regard to being affected by global changes such as climate change (internation-
ality). In sum, sustainability research adopts a systemic perspective of the research object and takes 
into consideration the different impacts that research can have beyond the scientific community. This 
is supported by a survey by  Daedlow et al (2016) that underlines that sustainability research is seen 
to be increasingly more embedded, self-reflective and co-productive, and there is an acknowledged 
need for a more inter- and transdisciplinary focus, as well as problem- and application-orientation3.  
The nature of sustainability research has also led to calls for specially tailored research programmes. 
The rationale for this seems to be clear: sustainability research emphasizes the outcome of research 
for society, thus producing “public value”4, and pushes for research processes which run counter to 
the traditional, disciplinary oriented research programme. Thus, within traditional research pro-
grammes, which put emphasis on academic outcomes only, sustainability-oriented research is disad-
vantaged in comparison with more traditional forms of research.  
Increasingly, research  programmes  are put forward, which state impacts on sustainability as an 
explicit goal, such as the European Framework  Programme  (e.g. Horizon 2020, Horizon Europe), 
but also national  programme  for example the German Framework  Programme for Sustainability 
Research (FONA), the Finnish Strategic Research Funding Instrument (SRFI) or the research funded 
by the Swedish FORMAS5. The following table shows the main characteristics of the mentioned fund-
ing programme:  
  

                                                 

3  Methodological reflections have led to a set of eight criteria, which sustainability research in general should follow 
(Feretti et al. 2016; Helming et al. 2016), and which have been adopted by the German non-university research orga-
nizations (Fraunhofer Gesellschaft; Leibniz-Gemeinschaft; Helmholtz-Gemeinschaft 2016). 

4  A comprehensive analysis of the meaning of “public” in public research is delivered by Bozeman in this handbook.  

5  Further funding programmes and strategies like the German High-Tech-Strategy (HTS), the Swedish Challenge Driven 
Innovation Programme (CDI), the Swiss National Research Programme (NRPs) or the Dutch long-term, interdiscipli-
nary and transdisciplinary research along NWA routes by consortia (ORC) can be perceived as mission-orientated 
programmes but have a broader thematic scope and target groups than the three programmes shown in table 1. 
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Table 1. Overview on strategic research funding programmemes6 

 FONA (DE)7 SRFI (FI)8 FORMAS (SE)9 

Start date Since 2005 Since 2015 Since 2000 

Budget ca. 370 million  euros  per year 
(total expenses 2005-2018 = 5 
billion €) 

56  million  euros granted funding 
per year 

170 million  euros (1.8 billion Swe-
dish kronor) per year 

Funding in-
struments 

Project funding (single, coop-
eration junior research groups) 
& structural funding (infra-
structures, others like the IPCC 
secretariat) 

Provides funding to long-term 
multidisciplinary research that 
seeks solutions to the challenges 
facing Finnish society.  

Targeted calls (national research  
programme , 2/3 of the budget) and 
researcher initiated calls (1/3 of the 
budget) for research projects 

Interdisci-
plnariy 

Required as a so-called system 
characteristic 

Multidisciplinary research con-
sortia are required 

Stimulates activities aiming at cross-
sectoral and interdisciplinary ap-
proaches 

Transdisci-
plinarity 

Required as a so-called system 
characteristic in several spe-
cific  programme lines 

Emphasis on active interaction 
and engagement with users and 
beneficiaries of research 

Strengthening collaborations be-
tween those performing the re-
search, those funding the research 
and stakeholders in society 

Prioritised 
research 
problems 

Clear focus on promoting re-
search for sustainability and 
sustainable developments 

General focus on research that 
addresses the grand challenges, 
whereas sustainability-related 
topics are at the core, especially 
in the current  programmes  

Sustainable development, with a 
particular emphasis on environment, 
agricultural sciences and spatial 
planning  

User ori-
ented out-
puts 

Science and technology trans-
fer is again a so-called system 
characteristic and an important 
selection criteria for the collab-
orative projects 

See above, transdiciplinarity, 
SFRI requires active collabora-
tion between those who produce 
research knowledge and those 
who use it 

Particular emphasis is given to sci-
ence communication and strength-
ening collaboration between re-
searchers, research funders and so-
cietal actors.  

 
All three programmes have in common that the research they fund shall contribute to solving urgent 
societal challenges and that inter-, multi-, and / or transdisciplinary research is required. The three 
programmes pursue overarching strategic goals and are endowed with substantial funds. The funded 
research should also be clearly oriented towards the needs of future users, i.e. there is a clear re-
quirement to produce useful results outside the realm of science. However, the programmes also 
show several differences. In addition to obvious ones such as the start date of the programme and 
the available budgets, the three examples differ in terms of the content priorities they pursue. While 
FONA and FORMAS clearly focus on sustainability, SFRI is slightly broader in content and generally 
prioritizes the major challenges, with sustainability also playing a central role. Additionally, FORMAS 
places a special emphasis on science communication and policy analysis. FONA, on the other hand, 
shows the broadest policy mix, since it not only supports collaborative projects between science, 

                                                 

6  The rows follow the four characteristics for societal targeted research developed by Ramos-Vielba et al. (2022) but 
added information on the start date and average budget as well.  

7  See Bührer et al. 2020a 

8  https://www.aka.fi/en/research-funding/funding-opportunities-at-a-glance/funding-for-strategic-research/ 

9  https://www.formas.se/en/ 
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business and, in some cases, also other actors from civil society or municipalities, but also large-scale 
infrastructures, service activities and junior research groups. 
 

3. Main challenges in transforming research through public funding 
Since the 1990s, a reorientation in the relationship between the state and science has taken place in 
numerous (Western) European countries, which can be summarized by the catchword New Public 
Management (NPM). In essence, this means that the state reduces its (operational) control over public 
research institutions and grants them more autonomy in their decisions, but in return expects perfor-
mance to increase (Ferlie et al 1996). In the course of these changes in governance between scientific 
institutions and the state, various mechanisms were introduced, like global budgeting, performance-
oriented resource allocation and goal agreements. The introduction of New Public Management also 
led to an increasing relevance of competition and performance-oriented funding, either as part of 
institutional funding or through an increasing importance of competitive third-party funds (Hicks 2012, 
Geuna 2001, Jongbloed and Vossensteyn 2001, Jongbloed and Lepori 2015)10. 
Research institutions, like all other organizations, need a range of resources to carry out their mis-
sions. In addition to infrastructure and human resources, these are primarily financial resources. In 
essence, the funding modalities of research performing organizations can be traced back to two basic 
pillars: 1) institutional funding and 2) project funding11. It is worth noting, however, that institutional 
funding is as well (increasingly) based on performance criteria or at least dependent on different cri-
teria that serve the organizations' strategic goals. Thus the traditional distinction between competitive 
and institutional funding does not sufficiently reflect the current funding systems (Larrue et al. 2018)12. 
However, current practices of assessing the performance of research still almost exclusively rely on 
criteria inherent to science, and here in particular on peer-reviewed publications in high-ranked jour-
nals and subsequent citations. This happens despite a growing trend to question this approach, 
known under headings like the "metric tide", i.e. the increasingly critical voices from academia on the 
question of how excellence is measured (Wilsdon et al 2015, Hicks et al. 2015, DORA (Declaration 
on Research Assessment 2012).  
For the other strand of public research funding, project-based and in particular applied research fund-
ing, the following observation can be made: Between 1970 and mid-2000, the share of project fund-
ing steadily increased in the overall public research allocation (Lepori & Jongbloed 2018, Lepori et 
al. 2007, Larrue et al. 2018)13. In European countries, it constituted the second main channel of public 
funding for research funding (Lepori et al. 2007). However, there are significant differences between 
countries as regards the overall importance and share of performance-oriented funding (Jongbloed 
and Leopori 2015). The share of project funding varies highly, depending on the countries and can 
                                                 

10  It should be noted, however, that it is rather contested whether the introduction of NPM leads to an improved perfor-
mance (Auranen and Nieminen 2010, Jongbloed and Vossensteyn 2016, Jongbloed and Lepori 2015, Schubert 2009).   

11  There are numerous – and more sophisticated - approaches to illustrate differences in the funding modalities of the 
public research sector, see for example Lepori 2007, Auranen and Nieminen 2010, Jongbloed 2010, Lepori 2011), but 
this simplified understanding seems to be purposeful for this chapter. 

12  Larrue et al. (2018) therefore propose a new conceptual framework to classify research funding instruments that take 
the policy context into account and thus acknowledge the increasing relevance of the policy frame that emphasizes 
the social function of research 

13  A high proportion of third-party funding can have advantages and disadvantages, for example increased transparency 
and accountability, increased relevance to the research agency objectives, promotion of institutional diversity, better 
research outputs as well as research community profits on the one hand but also emphasis on short-term, low-risk 
research; negative career effects; disincentives for collaboration, bureaucracy, bias through peer review process, lack 
of long-term planning for staff / infrastructure as disadvantages (OECD 2018). Further criticism was articulated by 
several scholars, emphasized the risk of the “Matthew principle”, i.e. awarding only those who were already strong in 
the past (Viner (2004), by favoring a certain kind of short-term oriented mainstream research (Laudel 2006) and by 
weakening the strategic possibilities of the RPOs (Bleiklie et al 2001).  
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go from 5% to 92%; the majority of European countries seems to have levelled in the past years 
between 25% and 50% of project funding (OECD 2018; Jonkers und Zacharewicz 2016). Since mid-
2000 however the share of research funding channelled through projects is not any more increasing 
(Larrue et al. 2018).  
For project funding, often also labelled as competitive funding, it has always been clear that certain 
objectives are linked to it. Thus, competitive project funding is by nature targeted to specific pre-
defined objectives. While these objectives were in the past primarily linked to promoting scientific 
excellence (pushing knowledge frontiers further), qualifying junior researchers or strengthening the 
research system, the past years have seen a fanning out of goals to which research  programmes  
should contribute (see also Reale et al. 2022 in this handbook). As shown in a survey of 75 competi-
tive funding schemes conducted in 2018, research programmes have not any more a sole focus on 
scientific excellence, but are asked to provide results that go beyond the research system and gen-
erate profit to non-scientific stakeholders. Approximately one third of the analysed funding schemes 
state as objectives "Responding to societal challenges" and / or "economic competitiveness"14 
(OECD 2018).  
After the move towards performance based funding, we see a second wave of changes towards fund-
ing for societal goals gearing up,  so far visible only in project based funding. Clearly it is easier to 
redirect rather short-lived specific research projects towards new goals than to change existing insti-
tutions. Indeed we assume that under the conditions of New Public Management, i.e., a high degree 
of autonomy of research performing organizations with regard to their internal structures, processes 
and incentive systems, it is comparatively difficult for externally set incentives to have a sufficient 
impact on the organization. This is especially true when there are conflicting goals: As mentioned 
above, internal performance systems are still largely geared towards conventional bibliometric indi-
cators and take only limited account of the special features of transdisciplinary or interdisciplinary 
research (Wilsdon et al. 2015, Geuna and Piolatto 2016). 
The premise of our following reflections is that the higher the importance of institutional funding for 
the organization and the more strongly science-inherent performance-based funding elements are 
applied there, the more difficult it will be to induce institutional change towards a greater alignment of 
science with societal needs. This applies in particular to sustainability research, which is characterized 
by its strong transfer orientation as well as transdisciplinarity and interdisciplinarity. These are all 
important features for achieving the translation work called for in the sustainability debate, also known 
as "boundary work" (Cash et al 2003). There is a further aspect: careers in the science system are 
still often disciplinary and based on conventional scientific criteria. More recent requirements such as 
the exchange with society, the “third mission”, an extended impact orientation and interdisciplinarity 
are hardly defined as selection criteria for, as an example, the appointment to a professorship position. 
This is a further hindrance towards a transformative change of research systems (see Jaeger-Erben 
et al. 2018, Haider et al. 2018, Zucker 2012, Ruppert-Winkel et al. 2015, Pfirman & Martin 2017, 
Rhoten & Parker 2004). However, as Laudel points out in this handbook, no convincing theory yet 
exists about how to link the macro-level of the research funding landscape with the individual strate-
gies at the micro-level of individual researchers.  
The difficulty of initiating transformational changes within institutions support a strategy starting with 
programme based funding. Indeed the survey results mentioned above indicate that programme 
based funding increasingly addresses societal goals explicitly. However, we also argue that focusing 
on a societal research topic is not sufficient for the transformation of the science system - it has to be 
accompanied by changes in the research process as well. Thus, we see the following questions aris-
ing:  
                                                 

14  The particular role of programme managers at funding agencies and thus the grant making process in 
fostering change is analyzed by Arnott 2021. The author describes “these actors as potentially de factor 
makers of research policy” (page 8), thus underlying the important influence of programme funding in pro-
moting new types of research.  
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• Do we see indications that the change towards focusing research on societal challenges in project 
based research funding is also accompanied by a change in the research process? 

• How effective can research funding programmes that address societal challenges be in changing 
the research system as such? Are, for example, particular boundary organizations (Clark et al. 
2003) necessary or can the required change also be implemented in the existing research per-
forming organizations?  

• How are potential shifts in research processes fostered by programme-based funding perceived 
by the research performing organizations given the existing incentive framework they are subject 
to? 

Tackling these questions will be an important part of research on transforming future research sys-
tems. 
 

4. Empirical illustration – The German framework  programme for sustainability research 
FONA 

In the following, we examine the German framework programme for sustainability (FONA), of the 
German Federal Ministry for Education and Research (BMBF), established in 2005, as an empirical 
example of how public funding can – or cannot – promote a shift in research towards more sustaina-
bility. FONA has disbursed 5 billion euros as of 2018. This example provides a suitable illustration of 
the possibilities, but also the limitations, of  programme-based public research funding to transform a 
science system, for the following reasons: 1) The selected funding instrument has a comparatively 
long history (whereas such a long-lasting and comprehensive  programme approach is not yet known 
from other countries). This allows us to study long-term change. 2) Substantial funding is available. 
3) The funding instrument is ambitious and aims to contribute to fundamental change in science, 
business and society. 4) With the focus on sustainability research, a type of research is promoted that 
genuinely deals with system transformations. 5) The FONA programme has been thoroughly evalu-
ated, whereas other programmes have not. The Swedish FORMAS, for example, just launched a 
survey exploring whether FORMAS fulfils its missions and goals15 and the Finnish Strategic Research 
Funding Instrument (SRFI) announced the availability of evaluation results for summer 2021, the re-
spective report being only available in Finnish16.  
For a better understanding of what follows, it is worth mentioning that research funding in Germany 
is divided between the Federal government and the Federal states. The latter are primarily responsi-
ble for the basic funding of the Higher Education Institutions, whereas the Federal government mainly 
supports non-university research, research infrastructures and programme-oriented research. Due to 
this shared responsibility, the hurdles to reaching a common understanding of the policy frames to be 
pursued and the research funding priorities derived from them are particularly high (keyword: no dom-
inant actor) (Hinze 2015). If we look at Federal spending on research and development by funding 
type, the amount for project funding and departmental research was between 6.3 and 7.6 billion euros, 
and for institutional funding between 5.3 and 8 billion euros between 2010 and 201817. By way of 
comparison, FONA accounted for just under six billion euros in the period 2005-2018. The Federal 
government's spending on research and development by funding area in 2019 also shows the great 
importance of the thematic area of climate, environment and sustainability, which ranks fourth in terms 
of spending (ibid.). If we compare the FONA expenditures with the funding volume available to the 
German research foundation (DFG), the central funding body for basic research in Germany, almost 

                                                 

15  https://formas.se/en/start-page/archive/news/news/2021-07-22-focus-survey-on-formas.html, retrieved at 
10th January 2022.  

16  https://www.aka.fi/globalassets/3-stn/1-strateginen-tutkimus/tiedon-kayttajalle/tietoaineistot/yhteiskunnal-
lisen-vaikuttavuuden-arviointi---strategisen-tutkimuksen-ohjelmat-2016-2019.pdf 

17  https://www.bundesbericht-forschung-innovation.de/de/Abbildungen-und-Tabellen-1713.html 
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three times as much funding is available for the period 2005-201818 (14 billion euros), but this is 
distributed across all disciplines. 
Within Germany, the debate about sustainability science was preceded by a debate about environ-
mental research from a systemic perspective (see for example Daschkeit and Schröder 1998), on 
which FONA could draw. Two important additional aspects played a key role for dedicating FONA to 
sustainability research. First, the framework research concept of the German BMBF called for direct-
ing the traditional environmental research programme of the BMBF much more strongly towards in-
novation and impact. Second, Germany had introduced a sustainability strategy in 2002, which further 
drove environmental research towards sustainability research. Thus, FONA's main goals are twofold: 
a) promote research for sustainability and strengthening research for sustainability in Germany and 
thus (implicitly) also induce a change in the research process towards more inter- and transdiscipli-
narity; b) produce research results that are relevant to society and that contribute to solving societal 
challenges. With the FONA framework, the BMBF focused on a type of research that was not only 
oriented towards pure knowledge generation or the generation of innovations as such, but that was 
explicitly oriented towards global challenges and included the perspectives of diverse societal stake-
holders. FONA funded research projects should be interdisciplinary, transdisciplinary and take up a 
systemic perspective. Research outputs should not only fulfil scientific excellence criteria but also be 
useful for non-scientific stakeholders. In short, FONA intends to promote changes which fit into a 
larger transformation perspective of the German science system. Its policy mix of instruments there-
fore not only focuses on funding collaborative projects, but also funds junior research groups, infra-
structure and international networks and other research coordinating activities19. FONA thus also 
fulfils the four criteria for research funding oriented toward societal goals identified by Ramos-Vielba 
et al. 2022 (see Table 1 and section 2). 
The main results of a programme evaluation conducted between 2018 and 2020 (Bührer et al. 2020a, 
Bührer et al. 2000b) were that FONA has been successful with regard to initiating first steps towards 
changes within the German science system by explicitly strengthening interdisciplinary and transdis-
ciplinary research approaches, by enriching the research landscape through funding the emergence 
of new departments and by integrating new elements into the training schemes for young researchers. 
For universities and non-university research institutions, FONA is first and foremost a relevant source 
of third-party funding which, due to the relatively long project durations, has a positive significance for 
the thematic development as well as the training and career prospects of young scientists. In several 
interviews, the funding was described as indispensable for the thematic orientation of the chair or 
institute, which made this type of research possible in the first place in terms of content and structure, 
especially at smaller chairs. FONA results are also used in teaching and make it possible to write 
theses that are relevant to practice, sometimes in cooperation with practitioners. In particular, the 
junior research groups offer young scientists the opportunity to establish their own networks early in 
their careers, which are not limited to their specialist communities.  
It was also emphasized in the interviews that FONA has increased the legitimacy of sustainability 
research in the research institutions. At the beginning of FONA, scientists conducting sustainability 
research would often have been seen as loners in a niche and not taken very seriously. The third-
party funding associated with FONA, but also the continuity of the programme, would have changed 
this thoroughly. Strategy development in universities and non-university research does not follow in-
dividual federal programmes, but is integrated into institute-specific or cross-institutional strategies 
(e.g. research areas of the Helmholtz Association of German Research Centers (HGF), performance 

                                                 

18  https://www.datenportal.bmbf.de/portal/de/Tabelle-1.1.7.html 
19  The majority of (over 70%) financed research projects or project related research groups (e.g. junior research groups), 

approx. 20% of funding financed research infrastructure. A third of the FONA funding went to universities while non-
university research organizations received approx. 44% of funding. 
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and target agreements of universities). Projects from the FONA programme often form a central ele-
ment of third-party funding here - in individual research areas or disciplines. In the HGF, these have 
a predominantly complementary function to the internal programme oriented funding; for university 
research, third-party funding per se is of greater importance. On the one hand, this is because it 
enables research on a larger scale, and on the other hand, because third-party funding, along with 
publications, continues to be the central currency for reputational gains. These reputational gains also 
allow the topic of sustainability research to gain broader recognition compared to traditional research 
areas. 
For scientific institutions, strategic effects often arise only downstream, since FONA is integrated into 
existing institute and university funding as a component of externally funded research. At the HGF, 
overarching strategy issues are developed within the framework of the internal overall strategy (pro-
gramme oriented research) and at the level of the research areas, explicitly incorporating concepts 
such as the Grand Challenges. Thus, objectives can partly overlap with topics, focal points and pro-
grammes of FONA, but a medium- and long-term orientation can only be based on budgetary funds 
and not on third-party funds to be acquired in the future. For universities as a whole, strategic effects 
of FONA participation can be seen primarily in the strengthening of interdisciplinary cooperation within 
the university and beyond institutional boundaries. At the same time, funded departments and partic-
ipating staff units gain opportunities to give the topic of sustainability greater visibility and relevance 
in the perception of university management, administration, other departments and teaching.  
For universities, FONA also stands alongside other funding as an important source of third-party fund-
ing. As the acquisition of third-party funding is becoming increasingly important for both the quality 
and the scope of research at universities, the programme fits into university strategies. As a renowned 
source of third-party funding, FONA can strengthen the relevance of sustainability-oriented chairs and 
research groups at the respective universities. Staff units benefit from additional funding and projects 
that increase the visibility and relevance of the topic of sustainability among university management. 
In some cases, research is also embedded in a larger context of activities, which includes, for exam-
ple, the preparation of sustainability reports. The longer project durations compared to other funding 
programmes make it possible to build up more constant networks within and outside the universities. 
These durations were also perceived as positive for the training of young researchers. Overall, there 
has been a considerable number of new research groups and chairs established at the university 
level. Non-university research institutions also considerably expanded their activities in the field of 
sustainability science, even to the extent of new institutes being founded that focus on sustainability 
research. The evaluation showed that these new organizational structures heavily relied on FONA 
funding. Thus, FONA has provided impetus for changes towards sustainability, in particular in making 
sustainability research an established scientific topic both within universities and non-university re-
search organizations. 
Additionally, interdisciplinary collaboration20 was very high in FONA projects. In 75% of the projects 
surveyed, more than two disciplines worked together. In about a quarter of the projects, engineering 
and natural scientists worked together with humanities, social and cultural scientists. The cooperation 
in the interdisciplinary consortia was rated very positively by the project leaders interviewed. Obsta-
cles such as communication and organizational problems within the project team were present, but 
not dominant. However, further findings indicated that the joint formulation and processing of research 
questions still has a clear potential for expansion. Additionally, especially in the case of interdiscipli-
nary collaborations between natural and engineering sciences and social scientists, the focus was 
still strongly on disciplinary scientific exploitation. Following the distinction between multi- and inter-
disciplinarity as defined by Goshin and Zaman (2010), one explanation of this evidence might be that 
perhaps many projects remained in a multidisciplinary stage of collaboration and were not moving 
                                                 

20  Interdisciplinary collaborative projects are defined as those that bring together people from different scientific disci-
plines around a research question, according to the definition of van den Besselaar and Heimericks, who see interdis-
ciplinarity as a deviation from the normal state of a discipline by using new theories, concepts and methods to answer 
a research question (van den Besselaar und Heimeriks 2001). 
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towards a more intensive interdisciplinarity. A second explanation might be that many journals still 
reflect a disciplinary pattern. Researchers from FONA might react by publishing their results in a 
distinctly disciplinary manner in order to adapt to that pressure. A third reason might be that an aca-
demic career quite often requires publishing predominantly in journals which are highly ranked in 
disciplinary journal lists. Clearly the disciplinary structure of academia was particularly inhibiting for 
young researchers who strive for a scientific qualification (doctorate) or establishment in the science 
system (post-doctoral thesis / professorial chair). A classic disciplinary profile is still assumed for this. 
The additional qualifications that result from interdisciplinary cooperation are still not (sufficiently) val-
ued for a career in the German research system, especially the appointment to a professorship. 
The strong involvement of practice partners in projects has proved the transdisciplinary character of 
FONA21 . The evaluation found that about 40% of the funded FONA projects had been transdiscipli-
nary cooperation in the narrower sense22 i.e. cooperation that include societal stakeholders and public 
administration in addition to science and/or business. With the FONA funding transdisciplinary re-
search could be funded in its infancy and it is to the BMBF's credit to have been one of the first to 
fund this type of research in Germany. However, it also became clear that not all of the three phases 
of transdisciplinary research we referred to above (see Lang et al. 2012) were equally taken up.  
Summing up the evidence, the following conclusions for FONA emerge:  

• We see clear indications that the change towards focusing research on sustainability in FONA is 
also accompanied by a change in the research process towards inter- and transdisciplinarity. 

• At the same time, the existing traditional excellence criteria set was also successful: the scientists 
funded by FONA meet the classical requirements for publication output (measured as the number 
of publications and citations). This can be interpreted in such a way that FONA was able to in-
crease the acceptance of sustainability science not only because of welcome additional research 
funding, but also because it is committed to and partially fulfilled the existing criteria for success 
(in publications). In this respect, sustainability science is incorporated into the established science 
system as an incremental innovation. This  suggests that any future funding strategy must take 
into account that research that addresses grand challenges in particular must be excellent in its 
own right and fulfill the traditional criteria for scientific excellence, too. 

The potential shifts in research processes fostered by project-based funding were perceived by the 
research performing organizations according to the existing incentive framework they are subject to: 
sustainability research had been able to acquire substantial research funds and come up with peer 
reviewed publications. Thus, it is a growing niche, which has gained some acceptance within the 
dominant science regime. However, it has not been able to transform the science system as such. 
Thus, there is still the need to foster additional structural change within the research system. This 
need is also addressed by FONA. With the FONA-funded initiative "Sustainability in Science" (SISI)23, 
an exchange platform has been created to foster the dialogue on sustainability with and between 
researchers, administrative staff in research organizations, students and stakeholders outside re-

                                                 

21  The BMBF has opted for a definition of transdisciplinary research that is especially used in the German -speaking 
sustainability research community. It builds on the following three characteristics: a) research on socially relevant top-
ics; b) use of paradigms that are cross-disciplinary, c) the inclusion of non-scientific actors (participatory research) 
(Pohl 2010) 

22  As R&I activities can also be performed in companies, the FONA evaluation decided to exclude collaboration between 
scientific and industry actors in the analysis of transdisciplinary activities. 

23  https://www.fona.de/de/ueber-fona/nachhaltigkeit-in-der-wissenschaft-sisi.php 
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search and development projects that aim at a sustainable transformation of research organiza-
tions24. Finally, this is also one of the central characteristics of FONA in comparison with other Euro-
pean research programmes, which also aim to strengthen inter- and transdisciplinary sustainability 
research, but only offer project funding and no funding instruments that support additional structural 
change. 
 

5. Critical assessment of gaps and future research direction 
In view of the prevailing paradigm of science, according to which research is most efficient when 
conducted primarily according to rules developed by science itself(following the policy frame of the 
“Republic of Science”), it is unrealistic to assume that programme or project funding, as extensive and 
attractive as it may be, can bring about change within a few years. Our case study from Germany has 
also shown that even a long-term and ambitious funding programme can at best provide an impetus 
in the direction of a system change.  
In particular, the evaluation of FONA has identified an area of tension between sustainability research 
as a symbol for new modes of doing research, which demands impact-orientation, inter- and trans-
disciplinarity, and the conditions for establishing young scientists in the science system. This is where 
the influence of programme-based research funding to transform research systems reaches its limits. 
On the other hand, with an explicit strategic orientation and ambitious objectives to stimulate trans-
formation, even programmes can trigger a debate on another level, in our example the emphasis on 
"sustainability in science" with strong implications for the design of research processes in research 
performing organizations outside the higher education sector. Insofar as FONA establishes a niche 
within the science system, and this changes the political economy and the levels of discourse: socie-
ty's claim on science, which is not shared by all scientific stakeholders, becomes a claim by society 
together with parts of the science sector. 
Furthermore, a Swedish study on the quality and impact of research in political science in Sweden 
has recently shown that there is a strong link between high scientific quality and impact (Swedish 
Research Council 2021). Further evidence of that kind is needed to build bridges between the different 
policy frames and to demonstrate that there is more convergence than contradiction between the 
“Republic of Science” and the societal function of research. However, there is a lack of systematic 
empirical studies that investigate on an empirical level whether, and to what extent, trade-offs occur 
between traditional scientific output and more effectiveness-oriented, inter- and transdisciplinary re-
search. Thus, further research is needed to answer questions like: What are the building blocks for 
adapting science-inherent strategies and processes to allow more openness for sustainable and re-
sponsible research? How can the coupling of excellence and relevance be empirically investigated 
(control group comparisons in the direction of scientific and societal impacts)? 
Project funding should continue these activities and also expand them in a targeted manner to include 
aspects of reflection on the effects of one's own research and on the establishment of a quality stand-
ard for good interdisciplinary and transdisciplinary research. The application of a framework for re-
flection, as developed in the FONA-funded LENA project (cf. Helming et al. 2016; Ferretti et al. 2016; 
Fraunhofer-Gesellschaft et al. 2016), could also lead to greater attention being paid to the effective-
ness of one's own research already during the research process, and the achievement of impact not 
being projected solely onto a transfer phase that takes place after the actual research. 

                                                 

24  In particular three projects are explicitly directed towards a structural change within the science system and aim at 
involving different actors of the German research landscape: 1) LeNa (Sustainability Management in non-university 
research  organizations); 2) “Hoch-N (Sustainability at Universities), a network of eleven German universities exploring 
the topic of sustainability management and reporting for university; 3) "LeNa Shape" aims at exploring whether societal 
responsible research changes research processes with regards to its quality and impacts and effects on researchers 
and raises the question what the need for a transformation of research means for the definitions of the quality of 
research 
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The criteria used to assess the quality of research are of particular importance to solve the tension 
between disciplinary and interdisciplinary research, as described at the beginning. If interdisciplinarity 
and transdisciplinarity were regarded as important components of high-quality research, this would 
also have an impact on career opportunities and evaluation criteria in science. This argument is in 
line with the ongoing discussions on research quality, as mentioned above. But even if the question 
of the "impact of science" and its measurability is meanwhile very high on the agenda, further research 
is needed on how evaluation research and practice could contribute to overcome the hindrances to-
wards transformative change within the research system by strengthening, for example, the perspec-
tive on the social outcomes of research. 
However, some lessons learned can be derived from FONA’s overall programme design to become 
effective towards sustainability: 1) the embedding of funding in an overarching strategic framework 
that is compatible with existing policy strategies, 2) the long-term orientation combined with substan-
tial funds, 3) the policy mix with its variety of funding instruments, 4) the involvement of various actors 
from the quadruple helix in the programme design but also the implementation of the research. 
 

6. Conclusions 
Even a huge research programme in terms of funding projects remains only a part of research policy. 
Transformation cannot be expected from individual project-based programmes, but they change the 
conditions for further policies. Further steps will be taken to enlarge the specific mode of research 
processes towards other public research instruments such as institutional funding.  
Here, the funding bodies would have to communicate their expectations even more clearly and trans-
parently. Above all, they also have to make sufficient funds available to support the respective pro-
cesses of change. Bottom-up buy-in supports the acceptance of change, as well as top-management 
commitment. Furthermore, participation and inclusion of the scientific staff raises awareness for the 
benefits associated with transformation, gains more acceptance and increases the motivation to join, 
while decreasing resistance.  
An adaptation of the science system on all levels is needed, which involves a shift in mind set and 
also in the practices of individual researchers, the commitment of the research performing organiza-
tions including an altered orientation towards the impact of science, the need to overcome the still 
existing disincentives to interdisciplinary and transdisciplinary work and finally a new “Leitbild” for 
excellent research, which accounts for the need to direct research towards global challenges without 
compromising academic rigour.  
 
References 
Aleman-Diaz, A. (2022).  Motivations guiding public research funding in science, technology and in-
novation (STI) policy: a synthesis, in: Lepori B., Jongbloed B., Hicks D., Handbook of Public Re-
search Funding, Edward Elgar, forthcoming in 2023. 
Arnott, J. C. (2021). Pens and purse strings: Exploring the opportunities and limits to funding action-
able sustainability science. Research Policy, 50, 104362. 
Auranen, O.; Nieminen M. (2010). University research funding and publication performance - An in-
ternational comparison. Research Policy, 39, 822–834. 
Bernal, J.D. (1939). The Social Function of Science. Cambridge, MA: The MIT Press. 
Bleiklie, I.; Enders, J.; Lepori, B.; Musselin, C. (2011). New Public Management, Network Govern-
ance and the University as a Changing Professional Organization. In: Christensen, T.; Laegreid, P. 
(Eds.): The Ashgate Research Companion to New Public Management, pp.161-176. Aldershot: 
Ashgate. 



13 

Bogner, A.; Decker, M.; Sotoudeh, M. (Eds.) (2015). Responsible Innovation. Neue Impulse für die 
Technikfolgenabschätzung? Baden-Baden. 
Bozeman, B. (2022). What is public about public research? The case of Covid-19 R&D, in: Lepori 
B., Jongbloed B., Hicks D., Handbook of Public Research Funding, Edward Elgar, forthcoming in 
2023. 
Bührer, S.; Walz, R.; Seus, S.; Astor, M.; Stehnken, T.; Malik, F. (2020a). Evaluation der BMBF-
Rahmenprogramme Forschung für die Nachhaltigkeit FONA 1 (2005-2009) & Forschung für Nach-
haltige Entwicklungen FONA 2 (2010-2014). Abschlussbericht. Karlsruhe / Berlin.  
Bührer, S.; Sarah S.; Walz, R.; Neumann, M.; Astor, M.; Malik, F: (2020b). Ergebnisse aus der Dis-
kursfortsetzung zum zukünftigen FONA. Karlsruhe / Berlin. 
Call FP7-SiS-2012-1, Topic SiS.2012.1.1.1-1: Governance frameworks for Responsible Research 
and Innovation (RRI).  
Cash, D. W.; Clark, W.C.; Alcock, F.; Dickson, N. M.; Eckley, N.; Guston, D. H.; Jäger, J. and Mitchell, 
R.B. (2003): Knowledge systems for sustainable development. Proceedings of the national academy 
of sciences, 100 (14), 8086-8091 
Coburn, J.; Yaqub, O.; Chataway, J. (2022).  Funding biomedical research for specific social out-
comes: What can we learn from neglected diseases? in: Lepori B., Jongbloed B., Hicks D., Hand-
book of Public Research Funding, Edward Elgar, forthcoming in 2023. 
Daedlow, K.; Podhora, A.; Winkelmann, M.; Kopfmüller, J.; Walz, R.; Helming, K. (2016). Socially 
responsible research for sustainable transformation: An integrated assessment framework. Current 
Opinion in Environmental Sustainability, 23, 1–11. 
Daschkeit, A.; Schröder, W. (eds.) (1998): Umweltforschung quergedacht. Perspektiven integrativer 
Umweltforschung und -lehre. Berlin: Springer. 
Etzkowitz, H.; Leydesdorff, L. (2000): The dynamics of innovation: from National Systems and 
‘‘Mode 2’’ to a Triple Helix of university–industry–government relations. Research Policy, 29, 109-
123. 
European Commission (2014). Responsible Research and Innovation – Europe’s ability to respond 
to societal challenges. Brussels. 
Ferlie, E.; Ashburner, L.; Fitzgerald L., Pettigrew, A. (1996). The New Public Management in Action. 
Oxford: Oxford University Press.  
Ferretti, J., Daedlow K., Kopfmüller, J., Winkelmann, M., Podhora, A., Walz, R., Bert- 
ling, J., Helming, K. (2016). Reflexionsrahmen für Forschen in gesellschaftlicher Verantwortung. 
BMBF-Projekt „LeNa – Nachhaltigkeitsmanagement in außeruniversitären Forschungsorganisatio-
nen“, Berlin.  
Fraunhofer-Gesellschaft; Helmholtz-Gemeinschaft; Leibniz-Gemeinschaft (2016): Nachhaltigkeits-
management in außeruniversitären Forschungsorganisationen. Handreichung. https://www.nachhal-
tig-forschen.de/fileadmin/user_upload/LeNa-Handreichung_final.pdf 
Frederichs, G. (1999). Der Wandel der Wissenschaft. TATuP – Zeitschrift für Technikfolgenabschät-
zung in Theorie und Praxis, 8 (3/4), 16-25. 
Gallopin, G.C., Funtowicz, S., O’Connor M., Ravetz, J. (2001). Science for the twenty-first century: 
from social contract to the scientific core. International Social Sciences Journal, 53, 219–229. 
Geuna, A.; Piolatto, M. (2016). Research assessment in the UK and Italy: Costly and difficult, but 
probably worth it (at least for a while). Research Policy, 45, 260-271. 
Geuna, A. (2001). The changing rationale for European university research funding: are there nega-
tive unintended consequences? Journal of Economic Issues, 35, 607-632. 

https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccp/2020/BMBF_FONA_Evaluation_Abschlussbericht_2020.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccp/2020/BMBF_FONA_Evaluation_Abschlussbericht_2020.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccp/2020/BMBF_FONA_Evaluation_Abschlussbericht_2020.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccp/2020/BMBF_FONA_Evaluation_Abschlussbericht_2020.pdf
https://de.wikipedia.org/w/index.php?title=Loet_Leydesdorff&action=edit&redlink=1
https://www.nachhaltig-forschen.de/fileadmin/user_upload/LeNa-Handreichung_final.pdf
https://www.nachhaltig-forschen.de/fileadmin/user_upload/LeNa-Handreichung_final.pdf


14 

Gibbons, M.; Limoges, C.; Nowotny, H.; Schwartzman, S.; Scott, P.; Trow, M. (1994). The New Pro-
duction of Knowledge: The Dynamics of Science and Research in Contemporary Societies. London. 
Goschin, Z.; Zaman, G. (2010). Multidisciplinarity, Interdisciplinarity and Transdisciplinarity: Theoret-
ical Approaches and Implications for the Strategy of Post-Crisis Sustainable Development. Theoreti-
cal and Applied Economics, 17(12), 5-20. 
Grunwald, A.; Schäfer, M.; Bergmann, M. (2020). Neue Formate transdisziplinärer Forschung. Aus-
differenzierte Brücken zwischen Wissenschaft und Praxis. Gaia, 29 (2), 106–114. 
Haider, L. J. et al. (2018). The undisciplinary journey: Early-career perspectives in sustainability sci-
ence. Sustainability Science 13(1), 191–204. 
Helming, K.; Ferretti, J.; Daedlow, K.; Podhora, A.; Kopfmüller, J.; Winkelmann, M.; Bertling, J.; 
Walz, R. (2016). Forschen für nachhaltige Entwicklung. Kriterien für gesellschaftlich verantwortliche 
Forschungsprozesse. GAIA 25(3), 161-165. 
Hicks, D. (2012): Performance-based university research funding systems. Research Policy 41, 
251–261. 
Hicks, D.; Wouters, P.; Waltman, L.; de Rijcke, S.; Rafols, I. (2015). Bibliometrics: The Leiden Mani-
festo for research metrics. Nature Comment, 520, 429-431. 
Hinze S. (2015). Forschungsförderung und ihre Finanzierung. In: Simon D., Knie A., Hornbostel S. 
(Eds.) Handbuch Wissenschaftspolitik. Springer NachschlageWissen. Springer VS, Wiesbaden, pp. 
413-428.  
Hirsch, H.G.; Bradley, D.; Pohl, C.; Rist, S.; Wiesmann, U. (2006). Implications of transdisciplinarity 
for sustainability research. Ecological Economics, 60(1), 119-128.  
Jaeger-Erben, M.; Kramm, J.; Sonnberger, M.; Völker, C.; Albert, C.; Graf, A.; Hermans, K.; Lange, 
S.; Santarius, T.; Schröter, B.; Sievers-Glotzbach, S.; Winzer; J: (2018). Building Capacities for 
Transdisciplinary Research. Challenges and Recommendations for Early-Career Researchers. 
GAIA 27(4), 379-386. 
Jongbloed, B.; Lepori B. (2015). The Funding of Research in Higher Education: Mixed Models and 
Mixed Results. In: Huisman J., de Boer H., Dill D.D., Souto-Otero M. (Eds.): The Palgrave Interna-
tional Handbook of Higher Education Policy and Governance. Palgrave Macmillan, London 
Jongbloed, B.; Vossensteyn, H. (2001). Keeping up performances: an international survey of perfor-
mance-based funding in higher education. Journal of Higher Education Policy and Management, 
23(2), 1.  
Jonkers, K.; Zacharewicz, T. (2016). Research Performance Based Funding Systems: a Compara-
tive Assessment. European Commission. Publications Office of the European Union, Luxembourg. 
Kaldewey, D. (2018). The Grand Challenges Discourse. Transforming Identity Work in Science and 
Science Policy. Minerva, 56(2), 161-182. 
Kates, R.W.; Clark, W.C; Corell, R.; Hall, J.M.; Jaeger, C.C.; Lowe, I.; McCarthy, J.J; Schellnhuber, 
H.-J.; Bolin, B.; Dickson, N.M.; Faucheux, S.; Gallopin, G.C.; Grübler, A.; Huntley, B.; Jaeger, J.; Jo-
dha, N.S.; Kasperson, R.E.; Mabogunje, A.; Matson, P.; Mooney, H.; Moore B, III.; O’Riordan, T.; 
Svedin, U. (2001). Sustainability Science. Science 292 (5517), 641–642. 
Kates, R.W. (2011). What kind of a science is sustainability science? PNAS, 108(49), 19449-19450. 
Komiyama H.; Takeuchi K. (2006). Sustainability science: building a new discipline. Sustain Sci-
ence, 1, 1-6. 
Kuhlmann, S.; Rip, A. (2018). Next Generation Innovation Policy and Grand Challenges. Science 
and Public Policy, 45, 448-454. 

https://publikationen.bibliothek.kit.edu/1000123737
https://publikationen.bibliothek.kit.edu/1000123737
https://www.nature.com/news/bibliometrics-the-leiden-manifesto-for-research-metrics-1.17351#auth-1
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=12786679500&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=12786679500&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=16200062700&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6603584728&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7102561367&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-33749994347&origin=resultslist&sort=plf-f&src=s&st1=Hadorn&st2=Gertrude&nlo=1&nlr=20&nls=afprfnm-t&sid=698cb19afdf384c455f3f88e9092b161&sot=anl&sdt=aut&sl=92&s=AU-ID%28%22Hadorn%2c+Gertrude+Hirsch%22+55664904700%29+OR+AU-ID%28%22Hirsch+Hadorn%2c+Gertrude%22+12786679500%29&relpos=31&citeCnt=367&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-33749994347&origin=resultslist&sort=plf-f&src=s&st1=Hadorn&st2=Gertrude&nlo=1&nlr=20&nls=afprfnm-t&sid=698cb19afdf384c455f3f88e9092b161&sot=anl&sdt=aut&sl=92&s=AU-ID%28%22Hadorn%2c+Gertrude+Hirsch%22+55664904700%29+OR+AU-ID%28%22Hirsch+Hadorn%2c+Gertrude%22+12786679500%29&relpos=31&citeCnt=367&searchTerm=
https://www.scopus.com/sourceid/20290?origin=resultslist


15 

Lam, J.C.K.; Walker, R.M.; Hills, P. (2014). Interdisciplinarity in sustainability studies: A Review. 
Sustainable Development, 22(3), 158-176.  
Lang, D.J., Wiek, A., Bergmann, M., Swilling, M., Thomas, C.J. (2012): Transdisciplinary research in 
sustainability science: Practice, principles, and challenges. Sustainability Science, 7, 25-43.  
Larrue, P.; Guellec, D.; Sgard, F. (2018). New trends in public research funding. In: OECD (Eds.): 
OECD science, technology and innovation outlook 2018. Adapting to technological and societal dis-
ruption. 12th ed. Paris: OECD (OECD Science, Technology and Innovation Outlook), pp. 185–204. 
Laudel, G. (2006). The art of getting funded: how scientists adapt to their funding conditions. Sci-
ence and Public Policy, 33(7), 489–504. 
Laudel, G. (2022). Researchers' responses to their funding situation, in: Lepori B., Jongbloed B., 
Hicks D., Handbook of Public Research Funding, Edward Elgar, forthcoming in 2023.  
Lepori, B.; van den Besselaar, P.; Dinges, M.; Potì, B.; Reale, E.; Slipersæter, S.; Thèves, J.; van 
der Meulen, B. (2007). Comparing the evolution of national research policies: what patterns of 
change? Science and Public Policy, 34(6), 372–388. 
Lepori, B. (2011). Coordination modes in public funding systems. Research Policy 40, 355–367. 
Lepori, B., Jongbloed, B. (2018). National resource allocation decisions in higher education: objec-
tives and dilemmas, in Cantwell, B., Coates, H., King, R. (Eds.), Handbook on the Politics of Higher 
Education. Edward Elgar, Cheltenam, pp. 211-228. 
Lindner, R.; Goos, K.; Güth, S.; Som, O.; Schröder, T. (2016): „Responsible Research and Innova-
tion“ als Ansatz für die Forschungs-, Technologie- und Innovationspolitik – Hintergründe und Ent-
wicklungen. TAB Hintergrund Papier Nr. 22. Berlin. 
Mazzucato, M. (2018). Mission-oriented innovation policies: challenges and opportunities. Industrial 
and Corporate Change, 27(5), 803-815.  
Mazzucato, M.; Semieniuk, G. (2017).  Public financing of innovation: new questions. Oxford Re-
view of Economic Policy, 33(1), 24-48 
Müller-Christ, G. (2017). Nachhaltigkeitsforschung in einer transzendenten Entwicklung des Hoch-
schulsystems – ein Ordnungsangebot für Innovation. Innovation in der Nachhaltigkeitsforschung. 
Theorie und Praxis der Nachhaltigkeit, 161-180. 
Newell (2001). A Theory of Interdisciplinary Studies. Issues in Integrative Studies, 19, 1-25.  
Newig, J.; Jahn, S.; Lang, D.J.; Kahle, J.; Bergmann, M. (2019). Linking modes of research to their 
scientific and societal outcomes. Evidence from 81 sustainability-oriented research projects. Envi-
ronmental Science & Policy, 101, 147-155. 
Nowotny, H.; Scott, P.; Gibbons, M. (2003). Mode 2 revisited: The New Production of Knowledge. 
Minerva, 41, 179–194. 
OECD (2018). Effective Operation of Competitive Research Funding Systems (OECD Science, 
Technology and Industry Policy Papers, 57. 
Pfirman, S., P. J. S. Martin (2017). Facilitating interdisciplinary scholars. In: The Oxford Handbook 
of Interdisciplinarity. Edited by R. Frodeman, J. Thompson Klein, R. C. Pacheco. 2nd edition. Ox-
ford, UK: Oxford University Press. pp. 387– 403. 
Pohl, Christian (2010): From Transdisciplinarity to Transdisciplinary Research. Transdisciplinary 
Journal of Engineering & Science, 1, 65-73. 
Polanyi, Michael (1962). The Republic of Science. Its Political and Economic Theory. Minerva 1(1), 
54-73. 

https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57197799258&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7404929478&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=15135723100&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84903173815&origin=resultslist&sort=plf-f&src=s&st1=Lam&st2=Jacqueline&nlo=1&nlr=20&nls=afprfnm-t&sid=0cebce256fa92d51c9a5220b965d7816&sot=anl&sdt=aut&sl=84&s=AU-ID%28%22Lam%2c+Jacqueline+Chi+Kei%22+57197799258%29+OR+AU-ID%28%22Lam%2c+Jacqueline%22+57208131024%29&relpos=41&citeCnt=35&searchTerm=
https://www.scopus.com/sourceid/25874?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57205105770&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=8583970000&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=54935679300&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=26541595000&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7404413547&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84857046502&origin=resultslist&sort=plf-f&src=s&st1=Lang&st2=Daniel&nlo=1&nlr=20&nls=afprfnm-t&sid=72b02b18e9f122b676b51d4d0068e014&sot=anl&sdt=aut&sl=36&s=AU-ID%28%22Lang%2c+Daniel+J.%22+57205105770%29&relpos=77&citeCnt=1116&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84857046502&origin=resultslist&sort=plf-f&src=s&st1=Lang&st2=Daniel&nlo=1&nlr=20&nls=afprfnm-t&sid=72b02b18e9f122b676b51d4d0068e014&sot=anl&sdt=aut&sl=36&s=AU-ID%28%22Lang%2c+Daniel+J.%22+57205105770%29&relpos=77&citeCnt=1116&searchTerm=
https://www.scopus.com/sourceid/5400152621?origin=resultslist
javascript:;
javascript:;


16 

Ramos-Vielba, I.; Thomas, D. A.; Aagaard, K. (2022): Societal targeting in researcher funding: An 
exploratory approach. Research Evaluation. 
Reale, E.; Gulbrandsen, M.; Scherngell, T. (2022): R&D Programs as Instruments for Governmental 
R&D Funding Policy, in: Lepori B., Jongbloed B., Hicks D., Handbook of Public Research Funding, 
Edward Elgar, forthcoming in 2023. 
Renn, O. (2019). Die Rolle(n) transdisziplinärer Wissenschaft bei konfliktgeladenen Transformati-
onsprozessen. GAIA, 28(1), 44-51. 
Rhoten, D., A. Parker (2004). Education: Risks and rewards of an interdisciplinary research path. 
Science, 306 (5704), 2046. 
Ruppert-Winkel, C. et al. (2015). Characteristics, emerging needs, and challenges of transdiscipli-
nary sustainability science: Experiences from the German social-ecological research program. Ecol-
ogy and Society, 20 (3) Art. 13. 
Schneidewind, U.; Singer-Brodowski, M.; Augenstein, K. (2016). Transformative Science for Sustain-
ability Transitions. In: Brauch et al. /eds.): Handbook on Sustainability Transition and Sustainable 
Peace, Heidelberg: Springer, 123-136. 
Scholz, R. (2017). The Normative Dimension in Transdisciplinarity, Transition Management, and 
Transformation Sciences: New Roles of Science and Universities in Sustainable Transitioning. Sus-
tainability, 9(6), 991. 
Schoolman, E.D., Guest, J.S., Bush, K.F., Bell, A.R. (2012). How interdisciplinary is sustainability 
research? Analyzing the structure of an emerging scientific field. Sustainability Science, 7(1), 67-80. 
Schubert, T. (2009). Empirical observations on New Public Management to increase efficiency in 
public research—Boon or bane? Research Policy, 38, 1225–1234.  
Shelley-Egan, C.; Gjefsen, M.D.; Nydal, R. (2020).  Consolidating RRI and Open Science: under-
standing the potential for transformative change Life Sciences, Society and Policy, 16(7).  
Stilgoe, J.; Owen, R.; Macnagthen, P. (2013). Developing a framework for responsible innovation. 
Research Policy, 42, 1568-1580.  
Swedish Research Council (2021). Quality and impact of research in political science in Sweden. A 
pilot evaluation.  
Ulnicane, I. (2022). Public research funding beyond the nation state: the case of the European Un-
ion, in: Lepori B., Jongbloed B., Hicks D., Handbook of Public Research Funding, Edward Elgar, 
forthcoming in 2023. 
van den Besselaar, P.; Heimeriks, G. (2001). Disciplinary, Multidisciplinary, Interdisciplinary -Con-
cepts and Indicators. 8th Conference on Scientometrics and Informetrics, Sydney, Australia. 
von Schomberg, R. (2013). A vision of responsible innovation, in: Owen, R., Bessant, J. Heintz, M. 
(Eds), Responsible Innovation: Opening up Dialogue and Debate. Wiley, London. 
Weingart, P. (1997). Neue Formen der Wissensproduktion: Fakt, Fiktion und Mode. Institut für Wis-
senschafts- und Technikforschung, Univ. Bielefeld, IWT Paper 15. Bielefeld. 
Wilsdon, J., et al. (2015). The Metric Tide: Report of the Independent Review of the Role of Metrics 
in Research Assessment and Management.  
Zucker, D. (2012). Developing your career in an age of team science. Journal of Investigative Medi-
cine, 60(5), 779–784. 
 
 

https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=36731589800&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=24171237900&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=39961064900&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=18533255100&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-83055187988&origin=resultslist&sort=plf-f&src=s&st1=Schoolman&st2=Ethan&nlo=1&nlr=20&nls=afprfnm-t&sid=75710db977a0c368b6e01be809a25243&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Schoolman%2c+Ethan+D.%22+36731589800%29&relpos=10&citeCnt=113&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-83055187988&origin=resultslist&sort=plf-f&src=s&st1=Schoolman&st2=Ethan&nlo=1&nlr=20&nls=afprfnm-t&sid=75710db977a0c368b6e01be809a25243&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Schoolman%2c+Ethan+D.%22+36731589800%29&relpos=10&citeCnt=113&searchTerm=
https://www.scopus.com/sourceid/5400152621?origin=resultslist
https://link.springer.com/journal/40504

