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ABSTRACT

his article is based on the evaluation of the German research
I funding programme “FONA - Forschung fiir Nachhaltigkeit”
(Research for Sustainability.) It reflects upon the methodologi-
cal challenges confronting the evaluation. These challenges result from
the specific abjectives and design of the FONA programme (a strategic
portfolio of heterogenious interventions). FONA's ambition is to fund
activities under the emerging field of ‘sustainability research’. The core
characteristics of sustainability research are: interdisciplinary and trans-
disciplinary research processes; orientation towards transferring the
research results (into society) and the interdependency with a wider
system and global perspective.

For illustration purposes, a selection of key evaluation results is pre-
sented. These results highlight the effects that the funding has had on
the research community, the development of sustainability research in
Germany, and the effects on non-scientific sectors (especially the econ-
omy and the public sector). The article concludes that the evaluation’s
design (multi-level and multi-method approach, theory-based evaluation)
was suitable for tracing the different effects in different impact domains.
It is especially suitable for analysing interventions that aim at institu-
tional changes in academia and societal transformation.

1 INTRODUCTION

Sustainability research is not a clearly defined scientific discipline,
nor can it be pinned down to specific topics'. There are two connecting
elements of sustainability research (Komiyama and Takeuchi 2006; Gal-
lopin et al. 2001): first, the alignment of scientific research to societal
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problems in order to contribute to societal transformation processes.
Second, how the research is conducted. Sustainability research aims at
providing solutions to existing societal (grand) challenges such as cli-
mate change or biodiversity conservation. Hence, the usability and trans-
ferability of research results into non-academic settings form a core com-
ponent of sustainability research. This implies changes to the research
process itself: Sustainability research aims at transcending disciplinary
boundaries by combining different scientific disciplines to address a
problem (for a definition of “interdisciplinarity”, see van den Besselaar
and Heimeriks (2001)). It involves non-scientific stakeholders both in the
definition of the research questions and in the execution of the research
work (definition of “transdisciplinarity” according to Pohl (2011)). It also
includes an international perspective, especially the implications of the
research for countries in the Global South (internationality). In sum, the
FONA funding approach reflects a systemic perspective of research and
considers the different impacts that research can have beyond the sci-
entific community.

Applying these characteristics to research, sustainability research
has been a fast growing field over the last 20 years?(Bihrer et al. 2020b)
and has gained importance and recognition both within and outside the
scientific community.

FONA - GERMAN FEDERAL RESEARCH FUNDING FOR
SUSTAINABILITY

In recent years, research funding organisations and research funding
have increasingly referred to global challenges and sustainability goals
in their strategies and research calls. Since 2015, most references have
been made to the sustainable development goals (SDG). The German
framewark programme for sustainability research FONA “Forschung fir

1 Indeed, there is not even a commonly agreed name for it. The expression “sustainability science “ is used when speaking about the scientific discipline (see
Koniyama et al. 2006), but the expression “sustainability research” is found when (transformative) research processes are investigated (see Wiek et al. 2016).
The BMBF named its funding programme “Research for Sustainability”. For simplification reasons, we use the term “sustainability research”.

2 The formation of a new research discipline can be measured in a) a high increase in the number of publications in the last years, b) the creation of new
academic journals focusing on the topic, c) institutional changes in research-performing organisations, e.g. the creation of research groups and research

institutes dedicated to the new research discipline.

3 The four phases of FONA are: FONA 1: Research for Sustainability (2005-2009), FONA 2: Research for Sustainable Development (2010-2014) and FONA 3:
Research for Sustainable Development (2015-2019), FONA 4: FONA Strategy (2020-2025).
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Nachhaltigkeit” is one of the early examples of this trend. The German
Federal Ministry of Education and Research (BMBF) established FONA in
2005. Since then, three programming phases have been implemented.
The fourth FONA phase was launched in 20203

FONA has been designed to emphasize the interactions along value
chains and between environmental, economic and societal processes.
With the FONA framework, the BMBF focused at a very early stage on
a type of research that did not only target pure knowledge generation
or the generation of innovations as such, but was explicitly oriented
towards global challenges and included the perspectives of diverse so-
cietal stakeholders. Furthermore, the FONA framework considers wider
policy discussions in Germany and on EU / global level with regard to
sustainable development.

These rationales led to the development of FONA's core elements that
are still at the heart of FONA research projects today: interdisciplinarity,
transdisciplinarity, solution and transfer orientation, internationality and
systems thinking. The main concern in early FONA periods was setting
the stage, especially integrating the core elements of sustainability re-
search into the research funding procedures and research processes. The
following objectives guided the first two FONA periods:

e  Promote sustainability research (i.e. improve the knowledge
base) and strengthen sustainability research specifically in Ger-
many.

e The funded projects should produce results that are applicable
and useful in practice and help to address societal challenges.
In addition to technologies and marketable products, this ex-
plicitly included knowledge and recommendations that can be
used for political decision-making processes or public planning.

The overall ambition of FONA is to change the way individuals and or-
ganisations think and act with regard to sustainable development, both
in academia and wider society.

Between 2005 and 2019, a total funding volume of approximately
5 billion euros was disbursed. About 10,000 research projects received
funding. The activities supported by FONA were highly diverse: tradi-
tional research collaboration projects, but also junior research groups
and research infrastructures such as submarine robots and the research
vessel “"SONNE™. It also provided funds for secretariats and research
coordination bodies, such as the secretariat of ICPP Working Group Il
(2008-2015). Funding was not only channelled to applied research, but
also towards basic research.

The beneficiaries of FONA are also heterogeneous: 78% of funding is
assigned to research performing institutions, both universities and non-
university research institutes. 14% of the funding goes to companies,
both SMEs and large enterprises. Approximately 7% of the beneficiaries
are other societal stakeholders, either local / regional authorities or civil
society organizations. In terms of the topics funded, FONA covers a wide
range of environmental topics ranging from polar research to sustainable
materials, and biodiversity protection to social-ecological research.

The following contribution is based on an evaluation of the FONA
strategic framework, especially FONA 1 and FONA 2. Its aim is twofold:
First, it discusses the methodological challenges of the evaluation result-
ing from FONA's objectives that go beyond traditional research funding

4 https://www.deutsche-meeresforschung.de/en/sonne

rationales and from the framewark’s complex design. Second, selected
evaluation findings are presented to show how FONA has contributed to
change processes at the level of stakeholders and organisations and at
the (research) system’s level to some extent.

2 EVALUATION DESIGN AND
METHODOLOGICAL CHALLENGES

The evaluation of FONA 1 and 2 periods was designed as an ex-post
evaluation aimed at providing information about the following catego-
ries: goal achievement, effectiveness, efficiency and programme man-
agement. Its purpose was mainly accountability, but it also included ele-
ments of learning, especially with regard to the future development of
the FONA framework.

The evaluation faced the following specific challenges:

1. The FONA framework is versatile, complex and — in the Ger-
man funding landscape - unique: it incorporates a broad vari-
ety of research funding instruments, beneficiaries, topics and
research modes. The high number of individual programmes
and the variety of actors administrating the activities under the
umbrella of the FONA Strategy pose challenges for data collec-
tion as well as for the aggregation of data and an analysis at
framework level.

2. The (emergent) characteristics of sustainability research (inter-
and transdisciplinarity, a systemic and international perspective
when conducting research) are common elements of most re-
search activities. However, these core elements of sustainabil-
ity research are a new way of perceiving and doing scientific
research This new approach raises questions about the criteria
used to evaluate the quality of these new research collabora-
tions and their results.

3. FONA-funded research intends to have effects not only on the
science system, but on other societal spheres as well. Currently,
there is a broad discussion within STI communities of how to
measure the effects of research projects beyond the science
sector and relate the funding stimulus to wider impacts . How-
ever, so far there is no agreed methodology to qualify societal
impacts (Blhrer et al. 2021, pre-published) and further meth-
odological and conceptual efforts are needed to capture such
effects.

The evaluation addressed these challenges as follows: Challenge
number 1 was addressed by a multi-level analysis of the programme
implementation and by combining qualitative and quantitative, reactive
and non-reactive methods as shown below.


https://www.deutsche-meeresforschung.de/en/sonne
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Figure 1. Methodological approach of the FONA evaluation

Analysis of project data / classification of the overall portfolio

Publication analysis

Online survey of all project leaders of each participating
organisation

Case studies

(Interviews, documentary analysis, online survey results)

Expert interviews: Ministry staff involved in FONA
administration / National and international stakeholders

Focus group discussions with beneficiaries (researchers,
companies, public administrations)

Source: Fraunhofer IS/, own illustration

More specifically, the following methads were used: an anline survey
resulting in 3,843 valid records, 80 interviews, three focus groups with 26
participants in total, and 20 case studies involving desk research as well
as interviews. In addition, bibliometric analyses, document analyses and
the analysis of the German federal research funding database “profi”
were used.

Challenge number 2 was addressed by including the core elements of
sustainability research as stand-alone evaluation criteria. These criteria
(interdisciplinarity, transdisciplinarity, transfer orientation, systemic per-
spective, internationality) can be seen as necessary features of research
processes without which impacts on society and changes at the level of
the science system cannot unfold.

Challenge number 3 was addressed by systematically covering both
impact levels (see Figure 2) and various impact dimensions. Specifically,
the evaluation approach reflected that FONA's objective is to reach the
different levels at which funding is intended to have effects (the micro-
level of individual beneficiaries / researchers, the meso-level of involved
organisations like universities, enterprises, municipal actors, and finally
the macro-level of the national economy and society). Furthermore, not
only typical scientific and economic impacts were considered, but also
environmental impacts, societal impacts as well as policy and systemic
impacts.

The following figure shows the different levels at which effects are
intended, as well as the different impact dimensions addressed by the
funded research. This logic model was developed at the beginning of the
evaluation and further refined during the evaluation. It has helped to
operationalise the intended effects in each “sector” and was used as the
basis for developing indicators and / or descriptors. For the micro-level,
we used primarily traditional scientometric indicators (e.g. publication

and citation rate, co-publication rate) as well as other well-known re-
search performance indicators of , including effects on research actors
(e.g. career development). The novelty of our evaluation was to define
descriptors for the meso level. For each type of organisation considered
at the meso level (science, business, public administration), an interven-
tion logic was outlined, focusing on the expected results on the research
landscape, the ecanomy, public policy and administration. These inter-
vention logics used either existing indicators, derived from numerous
evaluation studies focusing on science-industry-relations, or developed
descriptors qualifying the results for the four selected areas.

The impact model of FONA funding was also designed to observe and
record potential effects on the overall economy as well as on society and
political processes at the macro level. However, the aim was not a final
quantification of the program and its effects. This is not possible due to
the following specifics of the programme: Research for sustainability is
about generating new (action) knowledge. However, the studied phe-
nomena are embedded in a system in which different rationalities, stake-
holders and activities are interwoven and interdependent. An individual
impulse can have an effect, but it has to be considered in its ecosystem
and network of influencing factors.

The complexity of the programme would have required different ap-
proaches to data generation in order to quantify its effects on a macro
level. It would also have required a determination of the status quo be-
forehand and a definition of the relevant target values. As these were
not part of FONA's strategic framework, it was not possible to quantify
its contributions. For this reason, we used case studies to trace plau-
sible cause-effect relationships based on theary-based impact models.
Ultimately, these case studies often remain at the level of anecdotal
evidence.
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Figure 2: Qverview of expected impacts of FONA
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Source: Fraunhofer ISI, own illustration

Figure 3: Percentage of interdisciplinary research projects

3 SELECTED RESULTS TO
ILLUSTRATE THE MULTIPLE

EFFECTS OF FONA FUNDING 26%

In this chapter, we present selected findings of the evaluation and
focus especially on how the FONA funding has contributed to trigger
change processes among researchers, and research organisations, to
develop and strengthen a German community for sustainability research,
and has also reached out into society. n=2593

48%
SETTING THE BAR FOR INTERDISCIPLINARY RE- mono-disciplinary projects
SEARCH COOPERATION
weak interdisciplinary projects (collaboration within natural/ en-

Interdisciplinary collaboration was very high in FONA projects. In 75% gineering science of within SSH)
of the projects surveyed, more than two disciplines worked together.
In about a quarter of the projects, engineering and natural scientists [ strong interdisciplinary projects (collaboration between STEM &
worked together with researchers from the humanities, social and cul- Sacial Science and Humanities disciplines

tural scientists.

Source: Survey of project leaders 2018, calculation Fraunhofer 1S/
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The cooperation in interdisciplinary consortia was rated very positive-
ly by the project leaders interviewed. There were some obstacles such
as communication and internal team organisation praoblems, but these
were not dominant. Findings from the expert interviews, case studies
and the focus group on interdisciplinarity indicated that the interdisci-
plinarity functioned, but that clear potential for improvement remains,
especially with regard to the joint formulation of research questions. This
may also be due to the fact that interdisciplinarity is now required in
many FONA calls for proposals, but the criteria for assessing the intensity
of interdisciplinary exchange in the proposed research projects are not
sufficiently clear. The evaluation concluded that the BMBF, as the largest
German funding body for sustainability research, has contributed to fur-
ther advancing interdisciplinary research and to qualifying a community
of scientists for this type of research through the FONA programmes.

STRENGTHENING SUSTAINABLE RESEARCH

The overall aim of the Federal Ministry’s funding scheme is to finance
excellent research and to increase the visibility and reputation of German
research internationally. The analysis of the publications of the project
leaders involved in FONA showed that the FONA-funded researchers
published a lot and well across all the indicators traditionally consid-
ered relevant to measure research excellence, such as the number of
co-publications and citation rates. In addition, all the indicators showed
an increase between funding period 1 and funding period 2, as shown
in the next figure.

CHANGE PROCESSES IN COMPANIES

During the FONA funding periods, the benefitting companies report-
ed an increased awareness of sustainability issues, new activities (e.g.
resource-saving activities) and even organisational changes to company
structure (e.g. changes in business units or in the strategic orientation of
the company) (see Figure 5 for details). To a certain extent, these devel-
opments can be explained by the participation in collaborative research
projects and interaction with partners. However, external triggers, such

Figure 5: Structural effects on corporate strategies

Figure 4: Citation rate of FONA beneficiaries in comparison to other
countries in the field “sustainability”

GB
NL *EH
us
. ‘. ! |
0,0 05 10 15 2,0

= FONA 1/2006-11 FONA 2/2012-17

Source: Scopus data, calculation Fraunhofer IS/

Furthermore, the analysis of co-publications shows that the German
research community in the different disciplines related to sustainability
research has become well connected over time, particularly within Ger-
many, but increasingly also internationally.

as changes in the demand for mare sustainable products or processes,
increased consumer awareness and more legal requirements, (e.g. the
CRS reporting obligation), also have a strong influence on company be-
haviour with regard to sustainable development. Sustainability is now a
priority in many companies. FONA was able to benefit from these exter-
nal influencing factors.

] ] ] ] |
Increased sensibility and awarness of SD issues within the 1
Y ompany 34%i | | 42% | | | 25% =638
Strategic orientation of the company towards sustainability 24%, | 44%, | 32% n=616
Anchoring SD in the corporate culture 20% | 43% | 37% ! n=578
Organisational changes to reflect SD (eg. creation of new | | | | _
organisational units) 10% 2|2% | | | 68% | n=617
Changes in organisational practices |10% 37% | 53% n=585
Implementation of resource-saving efficient corporate N | N | | N | B
i 16% | % | _en n=592
Oyes Opartialy Ono

Source: Survey of project leaders 2018, calculation Fraunhofer IS/
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REACHING OUT TO NON-SCIENTIFIC STAKEHOLDERS

FONA's aim to reach out to societal stakeholders can be seen in
Figure 6, which shows the target groups of research projects.

Figure 6: Target groups of research results

0% 20% 40% 60% 80% 100 %
S 7 0%
Scientific community 78,44%
V8,25%
# 63,69%
Companies 62,08%
62,89%
—| 39,48%
Legislator 44.47%
44,47%
40,97%
Public administration 39,65%
45,00%
— 25,10%
Civil society 28,04%
1
32,589
— 21,03% n(FONA 1)=1008
y ’ n(FONA 2)= 1619
Citizens / consumers %
P 24,58% n(FONA 3)=1191
32,07%
I
mFONA1 wFONA2 «FONA 3

Source: Survey of project leaders 2018, calculation Fraunhofer IS/

As expected for a research programme with a long tradition in envi-
ronmental technologies, the largest target groups are scientists and R&l
performing companies. However, the evaluation showed that public and
sacietal stakeholders are also seen as direct users of research results.
The importance of these groups grew continuously and statistically sig-
nificantly between FONA 1and FONA 3. It is expected that this trend will
continue in the current FONA Strategy.

The evaluation found that about 40% of the funded FONA projects
were transdisciplinary cooperation projects in the narrower sense®, i.e.
cooperation that includes societal stakeholders and public administra-
tion in research projects. Over the course of the FONA periods, there was
an increase in such transdisciplinary alliances.

Figure 7: Type of stakeholders involved in transdisciplinary research pro-
jects

679; 24%

1.665; 58%

Science - companies collaborations
Science - Public or civil society organisation collaborations

Science - companies - public/ civil organisations collaborations

Source: Survey of project leaders 2018, calculation Fraunhofer 1S/

5 As R&! activities can also be performed in companies, the decision was to made to exclude collaboration between science and industry actors from the

evaluation, i.e.transdisciplinarity in a broader sense.
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Working in inter- and transdisciplinary projects made research mare
relevant to societal problems, but was also more innovative, at least from
the viewpoints of the survey respondents (see figure below).

Figure 8: Assessment of innovativeness and relevance of research re-
sults in collaborative projects

0% 20% 40% 60% 80% 100%
@ _ Scdientific Partners I 68% I I | I 329,
% é Non-scientific partners 88% | 12% [’m
g § g Sdientific Partners 88% | | | 12% [ n=1916_]
%~ £ Non-scientific partners 89% | 11% [n=1112]
@fully / rather applicable Orather not /notapplicable

Source: Survey of project leaders 2018, calculation Fraunhofer IS/

Transdisciplinary research projects can provide the initial spark for
changes in economic and public organisations. However, such projects
are embedded in contexts that heavily influence the conditions for suc-
cessful transfer and sustainable use of the research results. Figure 6
shows the importance of the framework conditions for transfer success.
While a transdisciplinary research project cannot influence the legal con-
ditions, political priorities or organisational structure, it can influence the
views and acceptance of the involved project partners on issues related
to sustainable development.

Figure 9: Relevance of context for the effectiveness of the funding

0% 20% 40% 60% 80% 100%

e T o e B[ o
|

Legal conditions supported further exploitation of results 29% n=3413
|

Political priorities facilitated the use of results 24% n=3380
|

Organisational structures facilitated the uptake of results 30% | n=3375

mapplicable drather not /not applicable onot relevant

Source: Survey of project leaders 2018, calculation Fraunhofer IS/
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CONCLUSIONS

FONA achieves results on different levels, reaches out to different so-
cietal domains and thus has effects beyond those of conventional fund-
ing schemes. This is a result of the strategic framework with its overarch-
ing aims to produce scientific knowledge that is relevant and usable for
society and its focus on including new elements of sustainable research
(inter- and transdisciplinarity, internationality and a systemic perspective
in the research projects and processes). At the same time, FONA has
provided a considerable amount of funding over a long period. Good use
has been made of the different funding instruments, funding purposes,
topics and stakeholder constellations and these have been constantly
adapted over the funding periods. FONA can thus be seen as a “learning
programme”.

Some general lessons learned were derived from conducting this
evaluation for future evaluations of research programmes aiming at the
transformative change of society, including the science system.

First, context sensitivity is crucial (Bihrer et al. 2020a): not only the
measure itself, but also its context is decisive for its impact and this is
especially true for programmes with the very broad target of institutional
change and transformation. For FONA, with its main objectives to direct
scientific research towards societal needs and provide the knowledge
and solutions required for societal problems, this means that the current
logic of research-internal rewards and incentive systems works against
changes in the current science system. National programmes can (only)
provide impulses here. They send an important signal to other research
funding organisations.

Second, given the very slow pace of structural change, the most inap-
propriate assumptions regarding (complex) policy interventions is that
their impacts can and should be observable within a short period and
that their success is directly measurable. As the changes in target groups
between the three funding periods show, restricting a programme’s
evaluation to a few years after the programme's or project’s completion
would miss many valuable effects (for the challenges associated with
impact assessments, see, e.g. European Court of Auditors 2008, Reale et
al. 2015, Feller 2007).

Third, there is increasing consensus within the evaluation community
that interventions only ‘contribute’ to the outcomes and impacts together
with other contextual factors influencing the intervention’s outcome (De-
lahais & Toulemond 2012, Vanessen & Raimondo 2012 and Mayne 2012).

From a methodological perspective, a pluralism of methods is a quality
criterion for evaluations. However, a qualitative approach focusing on ex-
planatory factors rather than indicators is particularly suitable for complex
evaluation objects like FONA. In addition, the long-term perspective that
the evaluation was able to adopt (2005-2019) made it possible to qualify
(and to some extent quantify) effects that only emerge after years.

The design phase of the evaluation benefitted from laying out and de-
scribing the different levels at which the intervention is intended to have
effects (in our example, the differentiation into micro-meso-macro levels
fitted very well) and differentiating the various impact domains. What
was lacking, however, was more intensive stakeholder involvement in
all the evaluation phases including the design phase, as required by
evaluation scholars (Molas-Gallart et al. 2020). This should be taken into
account in the future. However, we also acknowledge the limitations of
contract research (typically used for ex-post evaluations), both financial
and in terms of the available time.
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