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Abstract

Principal Investigators in research clusters find themselves in a Janus-faced situation: if
they want to achieve their common research goals, fulfil their overarching function of inte-
grative knowledge production and thus secure the continuity of their collaboration, they are
required to cooperate closely. At the same time, they compete with each other for scientific
recognition or third-party funding. Taking this as a background, the article explores the
effects and interrelationships of seven collaboration problems that arise in the context of
the tension between cooperation and competition. Based on the state of research, a club-
theoretical heuristic is developed that captures the effects and interrelationships of seven
collaboration problems. The specified hypothesis model is tested with the help of a struc-
tural equation model using data from a large-scale online survey of PIs and spokespeople
involved in research collaborations. The data analysis confirms the assumption that espe-
cially conflictual personal relationships between the partners in a research collaboration
(relationship problems) form a central node in the network of collaboration problems: A
lack of reciprocity of costs and benefits (fairness problems) as well as the self-interested
behaviour of the spokesperson of a research cluster (management problems) promote rela-
tionship problems between the partners in a research team. Likewise, relationship problems
in turn promote an erosion of communication between collaboration partners (communi-
cation problems), of goal progress evaluation (certainty problems), of cross-disciplinary
exchange (difference problems) and of partners’ commitment to the common goals of the
research collaboration (goal commitment problems). The structural equation model thus
supports the widely held, but by no means trivial view in cooperation research that trusting
and fair interaction between cooperating PIs in a research cluster is a necessary, if not suf-
ficient, condition for their joint success.
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Introduction, research gap and research question

Research collaboration has become a widespread and diverse mode of scientific practice in
recent decades (Chompalov & Shrum, 1999). In addition to numerous advantages that col-
laborative research potentially offers to different scientific actors (Olechnicka et al., 2019),
there are also recurring obstacles to successful collaborative research (Blanckenburg et al.,
2005; Cummings & Kiesler, 2005; Hackett, 2005). If, for example, a research cluster does
not succeed in efficiently organising work processes, nor in reaching an interdisciplinary
understanding and binding agreement on common goals, as well as generating social cohe-
sion and trust given divergent interests and benefit calculations, and if contributions are not
adequately rewarded or if individual collaborators feel unfairly treated, the collaboration
threatens to falter and its success can subsequently be jeopardised (Hall et al., 2019).

Although research collaboration is not a novel mode of scientific practice (Vinck, 2010),
its challenges and potential for conflict are well known (Bozeman & Youtie, 2017) and
the demand for empirically robust knowledge regarding the preconditions for success-
ful research collaboration is high (Konig et al., 2013), nevertheless, little evidence-based
knowledge is available on how central research collaboration problems are interrelated and
to what extent they influence the achievement of goals in research collaborations (John,
2019). Rather, the state of research is characterised by a wealth of anecdotal field reports
(e.g. Laudel, 1999) and by theory-driven case studies (e.g. Sacco, 2020). Due to the use of
statistically unrepresentative samples, the research results of the few quantitative studies
are often not robust and cannot be generalised (Shrum et al., 2007). This article addresses
this deficit: On the basis of data from the research project Determinants and effects of
cooperation in homogeneous and heterogeneous research clusters (DEKIF), a club-the-
oretical heuristic (Buchanan, 1965) and structural equation modelling (Kline, 2016) are
used to investigate the relationship between seven central research collaboration problems
and their influence on achieving the goals of research collaborations. The empirical refer-
ence point of the paper is the collaboration between principal investigators (PIs) in ongo-
ing and completed research collaborations funded by the German Research Foundation
(DFG) programmes Cluster of Excellence (EXC), Research Units (FOR), Research Centres
(FZT), Priority Programmes (SPP), Collaborative Research Centres (SFB) and Transregios
(TRR).!

The article starts with a basic definition of the term research collaboration, from which
two collaboration types are derived. This is followed by a brief presentation of the organi-
sational structures of DFG-funded research clusters and a description of research clusters
from a club theory perspective. The club perspective focuses on the tension between coop-
eration and competition that accompanies collaboration between PIs and shapes the context
in which seven problems arise. The characteristics and (inter)effects of these collaboration
problems are outlined as part of the construction of the hypothesis model. The description
of the data, methods and operationalisation is followed by the presentation of the results
of the verification of the hypothesis model by means of structural equation modelling. The
article concludes with a discussion of the central findings, theoretical contributions, practi-
cal implications and the identification of further research needs.

! In what follows, collaborations funded by any of these programmes will be referred to as research clus-
ters or RCs.
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What is a research collaboration?

Following Laudel (1999), research collaborations can be defined as an association of n> 1
personally interacting collaboration partners who relate their research activities to each
other in functional terms in order to achieve common research and/or collaboration goals.
Only if the individual research goals of all partners involved in a collaboration are identi-
cal in essential parts, do common research goals exist. If the individual research goals of
the collaborating researchers are not identical, the corresponding research activities of a
collaboration are only linked by a common collaboration goal. A common research goal
is therefore not a necessary prerequisite for research collaboration. Rather, researchers can
also cooperate because they pursue individual interests with the collaboration, e.g., creat-
ing favourable conditions for the achievement of other research goals, allocating third-party
funds, or observing social norms (Laudel, 2002). According to Laudel, a research collabo-
ration can therefore also come about if one of the collaboration partners only satisfies their
interests and acts as a kind of service provider or supplier (Hollaender, 2003).

Building on Laudel’s definition of a research collaboration (Laudel, 1999, 2002), two
different types of collaboration can be distinguished globally: collaborations involving
division of labour are (1) characterised by a research goal shared by all partners, which
the researchers achieve by making creative contributions within the framework of a joint
research process. Creative contributions are understood to be those scientific achievements
that arise from the tension between originality and scientific relevance, e.g. theoretical
innovations, the application of new research instruments, methods, research techniques or
special empirical discoveries (Heinze, 2012). Furthermore, collaborations involving divi-
sion of labour are characterised by a close interlocking and integration of the collaborating
PIs’ contributions, which is maintained over long phases of the collaborative research pro-
cess and is accompanied by corresponding coordination efforts (Laudel, 1999).

A supporting collaboration (Laudel, 2002), on the other hand, is characterised (2) by
the orientation of the collaborative contributions towards the external research goals pur-
sued by the collaboration partners. Collaboration partners can support each other’s research
goals by taking over part of the research work without making creative contributions. Usu-
ally, these are research services that have a routine character and can therefore be dele-
gated (Laudel, 1999). In addition, services offered within a supporting collaboration usu-
ally include granting access to material or immaterial resources. Examples of supporting
research collaborations include time-consuming measurements, developing instruments or
testing new methods. Similarly, a supporting collaboration can also consist of providing
access to research equipment or passing on already existing specialised knowledge on an
ad-hoc basis (Laudel, 1999).

In the DFG-funded research clusters (RC), pure and mixed forms of both types of col-
laboration can in principle arise at different levels and between different status or project
groups. Depending on whether the research and/or collaborations goals of an RC require
monodisciplinary or cross-disciplinary collaboration, on the extent to which the sub-pro-
jects are interlinked in terms of content, on the social cohesion or on the subject-related
and personnel heterogeneity of a research cluster, the occurrence of division of labour and
supporting collaboration sequences within RCs can vary greatly (Laudel, 1999). In general,
the DFG requires that collaboration between the principal investigators (PIs) at the cluster
level (Fig. 1) must be oriented towards a common research goal, which the PIs usually
approach with a division of labour and by contributing interlocking, creative research con-
tributions (German Research Foundation, 2010, 2015, 2020, 2021). In this respect, it can
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Fig. 1 Cooperation between sta- research cluster
tus groups at the sub-project and
cluster level of a research cluster
according to Defila et al. (2006)

cluster level

sub-project 3 sub-project 4

S Spokesperson Post Postdoctoral researcher
PI Principal investigator Oe Other employees
PhD PhD student

Member of the cluster level

be assumed that the collaboration of PIs at the cluster level in particular is most strongly
characterised by the type of collaborations involving division of labour.

DFG research clusters: a special type of research collaboration

In order to effectively achieve the complex, overarching goals of the RC, which is the (usu-
ally interdisciplinary) cooperative production and integration of knowledge, RCs are mod-
ularised and simultaneously structured in a decentralised manner (John, 2019). This modu-
larisation and decentralisation manifests itself in a number of special, structural features of
RCs’ organisation:

1. RCs unite n> 1 sub-projects whose respective research activities are assigned to a com-
mon research goal (Fig. 1). In this respect, an RC with its sub-projects forms a team of
teams (Defila et al., 2008).

2. At the sub-project level, the PIs pursue their individual interests and research goals in the
sub-projects for which they are responsible. At the same time, the PIs cooperate on the
basis of the work produced by their sub-projects at the cluster level in order to achieve
the RC’s common research goal (Defila et al., 2008).

3. The collaboration between the PIs and their staff in their sub-projects is organised
hierarchically, whereas the collaboration between the PIs at the cluster level is not.
Accordingly, the responsibility for personnel, resource and content-related decisions
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in the sub-projects usually lies solely with that sub-project’s PI. Decisions concerning
staffing, resources and content that affect the entire RC are either the joint responsibility
of all PIs, elected committees and/or the spokesperson (Defila et al., 2008).

4. Depending on the extent of the integration, an RC’s sub-projects are more or less
strongly connected to each other and their research work is mutually (in)dependent.
Either way, the PIs’ sub-projects have their own standing: they each work on their own
research questions according to their own specifications and produce their own prod-
ucts in relative independence of the RC in terms of content and resources (Defila et al.,
2008).0n the one hand, the decentralised organisational structure of the RC forms the
basis for the PIs’ highly specialised research to be bundled, coordinated and directed
towards an overarching research goal (Bozeman & Lee, 2005). On the other hand,
the RC’s organisation, which is modularised, decentralised and based on a division of
labour, results in significant information asymmetries between the PIs: firstly, the PIs
can neither fully observe nor assess each other’s sub-project-internal research work, and
secondly, at the same time it remains uncertain “whether one’s own efforts will not be
opportunistically exploited by the other members of the network” (John, 2019, p. 33).2
The organisational structures of RCs thus open up considerable scope for opportunistic
behaviour, allowing PIs to withhold contributions from the RC while exploiting other
PIs in the use of collaborative resources.

The potential risk of opportunistic behaviour is increased by the fact that the PIs’ sub-pro-
jects compete with each other for scientific recognition or third-party funding (Defila et al.,
2006). At the same time, the PIs are required to cooperate closely if they want to achieve
their common research goals, fulfil their overarching function and thus secure the contin-
ued existence of their RC (Defila et al., 2006). Influenced by the resulting tension between
cooperation and competition, collaboration between PIs becomes coopetition (Olechnicka
et al., 2019), which makes Pls frenemies, i.e. competitive peers (Merton, 1949).

Theory and hypotheses

Buchanan’s (1965) club theory can be used to theorise the tension between cooperation and
competition that arises in the collective production and consumption of exclusive, com-
mon goods: Club theory describes the voluntary association of people who jointly pro-
vide a good at the cost of individual contributions. Due to their association, the average
costs incurred per person for the production of the good are lower than the costs that the
club members would have incurred individually for the production of the same good. If
this were not the case, there would be no reason for rational individuals to form a club,
nor would there be effective incentives to join it (Buchanan, 1965). However, in order to
maximise their utility, the members of a club may withhold services in the context of the
collective production of the club’s goods at the expense of others, or overreach them in the
use of the collective resources. As a result, the notorious social dilemma looms: the self-
interested behaviour of individual club members leads to a result that harms the common
interests of the entire club (Buchanan, 1965).

2 Translated by the author.
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Table 1 Type of goods

Rivalry
Low High
Exclusion Low Public goods Common goods
e.g. knowledge e.g. libraries
High Club goods Private goods

e.g. research clus-  e.g. sub-project funding
ter funding

Club theory, which was originally shaped by economics, has been expanded in vari-
ous ways: for example, in addition to the connection between club size and the optimal
cost—benefit structure for the members, the effects that various inter- and intrapersonal
factors associated with clubs exert on the internal production and allocation of the clubs’
goods have been increasingly analysed. The areas where club theory is applied are accord-
ingly diverse: for example, in addition to water supply systems (Rosen & Sexton, 1993), the
safety of cities (Craig & Heikkila, 1989) and pricing in ski resorts (Barro & Romer, 1987),
fashion influencer networks (Adams & McCormick, 1992), religious (Warner et al., 2015)
and state communities (Schemm Gregory, 2010) as well as research teams (Baurmann &
Vowe, 2014; MeiBner et al., 2022) have been analysed in the past using club theory.

Research clubs: research collaboration from a club-theoretical perspective

From the perspective of club theory (Buchanan, 1965), an RC can be viewed as a research
club that can only exist and be successful in the long term if the interests of all Pls as
well as those of the funding agency are satisfied to a sufficient degree. In this context, the
members of an RC must succeed in producing three different types of goods. These types
of goods can be differentiated from the perspective of the theory of goods on the basis of
the degree to which consumers can be excluded from their consumption and on the basis of
the rivalry that occurs between consumers in the context of their consumption (Buchanan,
1965; Musgrave, 1959; Ostrom & Ostrom, 1977; Samuelson, 1954) (Tablel).?

Club goods can be understood as those goods for which there is little or no rivalry in
consumption, but for which it is possible to exclude other people from using them (Ostrom
& Ostrom, 1977) (Table 1). Accordingly, in the context of research collaboration, club
goods can be classified as those resources that researchers jointly produce and provide on
the basis of shared effort costs (Baurmann & Vowe, 2014), e.g. through the expenditure of
temporal resources, scientific expertise, reputation or social network relationships (Preuf3,
2017). These are (1) the exclusive funding for staff and materials that an RC receives with
the successful acquisition of third-party funding, and which enables the employment of sci-
entific staff as well as the acquisition and/or use of scientific equipment and/or laboratories.
Furthermore, an RC (2) also provides its PIs with access to a unique pool of competencies
and expertise, which results from the accumulated scientific and technical human capital of
all participating researchers (Bozeman & Corley, 2004). The pooling of individual compe-
tencies and expertise enables the partners of an RC to use their professional competencies

3 In the author’s view, common goods do not play a central role in the context of research collaboration and
are accordingly excluded from further analysis.
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and technical skills synergistically and thus to carry out highly complex research work
that cannot be carried out on a stand-alone basis in a time- and resource-efficient manner
(Olechnicka et al., 2019).

An RC’s club goods form the constitutive basis for its overarching goal: the success-
ful production of the public good of innovative knowledge (German Research Foundation,
2010, 2015, 2020, 2021). However, the club goods are only granted to a research team by
the funding agency if the team can credibly demonstrate that it “wants to and is able to
jointly solve a relevant research problem within the framework of an overarching research
programme” (Baurmann & Vowe, 2014, p. 76).* In this respect, a research club can only be
founded and be successful if its members prove that they have a realistic research goal that
addresses a relevant research gap and that research collaboration is constitutive to achiev-
ing the goal in terms of content (Baurmann & Vowe, 2014).

Public goods can be defined as those goods for which there is no rivalry in consump-
tion (i.e. if one person uses the good, this use does not reduce the benefit for other people)
and that individuals cannot be excluded from using (Ostrom & Ostrom, 1977) (Table 1).
In the context of research collaboration, the knowledge jointly produced, published and
transferred by the PIs of an RC can be classified as a public good (Baurmann & Vowe,
2014; German Research Foundation, 2022). The production of the public good of innova-
tive knowledge does not happen on its own, but requires integration-oriented, long-term,
continuous and close cooperative relationships (Defila et al., 2006). If the PIs remain fixed
within the boundaries of their disciplines or sub-projects in the context of their collabora-
tive knowledge production, an RC does not add any value, i.e. the research could just as
well have been carried out by its individual projects (Defila et al., 2006). Since the Ger-
man Research Foundation considers not only the production of innovative knowledge but
also close and integration-oriented research collaboration in the context of collaborative
knowledge production to be a constitutive prerequisite for the establishment and continu-
ation of research collaborations (German Research Foundation, 2010, 2015, 2020, 2021),
collaboration involving division of labour (Laudel, 1999) is an essential prerequisite for the
survival of a research club: it ensures the collaborative and integration-oriented production
of innovative knowledge and thus the long-term safeguarding of the RC’s exclusive club
goods, which were first realised in the initialisation phase.

Finally, private goods are those goods that other people can be excluded from consum-
ing and for which rivalry for their consumption exists (i.e. if one person uses this good,
other people can no longer use it) (Ostrom & Ostrom, 1977) (Table 1). PIs have the oppor-
tunity to produce private goods with the sub-project’s own staff and materials—relatively
independently from the research cluster (see above). These can be, for example, enhanced
career opportunities or improved reputation values, which the PIs can realise through the
research work of the sub-projects for which they are responsible, by means of successful
publications and/or further acquisition of third-party funding (Baurmann & Vowe, 2014).

In order to ensure the collaborative production of innovative knowledge, an RC must
provide significant incentives for the long-term commitment of the PIs at the cluster level.
The time- and cost-intensive, collaborative knowledge production must therefore be linked
to the credible prospect that it will result in individual benefits that significantly exceed
those that the PIs can generate with their sub-projects alone (John, 2019). Especially for the
production of club goods and public goods in jointly responsibility, the Pls are dependent

4 Translated by the author.
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on close cooperative relationships. Accordingly, the PIs of an RC must be willing to invest
significant amounts of time and energy in collaborative knowledge production. Only if an
RC succeeds in balancing the competitive and collaborative dynamics between Pls result-
ing from disparate individual and common research goals, individual interests and com-
mon collaborative goals, can an RC generate optimal synergy effects and avoid friction and
process losses (Cooke & Hilton, 2015).

Effects and interrelations of seven collaboration problems

In this context, RCs are confronted with seven central collaboration problems. The iden-
tification of the seven problems is based on an extensive review of the research literature
as well as on the analysis of 18 semi-structured interviews with PIs and spokespeople
involved in RCs that were heterogeneous in terms of subject matter and personnel and were
either monodisciplinary or interdisciplinary (MeiBner et al., 2022). These seven collabo-
ration problems are of course not an exhaustive list of possible challenges and obstacles
that RCs may face. However, the review of the relevant literature suggests that these seven
research collaboration problems can have a great impact on the performance of a wide
variety of cluster constellations (small and large, interdisciplinary and cross-disciplinary,
virtual and co-present RCs in all disciplines). In what follows, the seven problem types are
defined and their interrelationships and effects on RCs’ goal achievement are described
based on the state of research. In this way, a theoretical model of the interrelationships and
effects of seven collaboration problems, supported by the club theory heuristic, is devel-
oped step by step, which can then be tested using structural equation modelling.

Fairness problems

Following Meifner et al. (2022), fairness problems (FP) can be defined as a lack of reci-
procity of effort and returns on the PIs’ collaboration (FP1) as well as an inadequate rec-
ognition of the contributions that the PIs make to collaboration at the cluster level (FP2).
From a club theory perspective, the fairness problem is central to the functionality of an
RC: PIs produce club goods and public goods cooperatively and at the expense of indi-
vidually varying costs. When distributing access rights to the jointly realised club goods
or allocating the private goods resulting from them, PIs are expected to strike a balance
between the costs incurred and the returns received (Pritchard, 1969). In the context of
collaboration between PIs, however, there are effective incentives for the participants to
engage in free-rider behaviour given the principle of competition for knowledge, which is
deeply rooted in science (van den Besselaar et al., 2012): PIs may withhold their contribu-
tions to the joint production of knowledge at the expense of their partners or take advantage
of them when using joint resources. The risk of free-rider behaviour is exacerbated in the
context of research for three reasons: (1) The disciplinary heterogeneity, modularisation
and simultaneous decentralisation of an RC result in significant information asymmetries
between the PIs (see above). As a consequence, the internal research work of a sub-project
is difficult for the PIs to mutually observe and/or assess (John, 2019). (2) The quality of
the contributions depends on the PIs’ intrinsic desire to produce the best possible result by
their own standards. (3) The PIs of an RC are used to great autonomy in the context of their
research and resist hierarchical controls (Defila et al., 2008).

If, from the point of view of the PIs, unjustified imbalances occur between the efforts
made and the benefits gained, if these are not appropriately corrected or (in the case of
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l:l observed variable

measurement variable

o latent variable

relationship goal commitment
problems problems

communication
l problems
fairness difference
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the goals

communicated
to the DFG

problems

Fig.2 Hypothesis model of the direct interrelations and effects of seven research collaboration problems

free-rider behaviour) not sanctioned, then trust between the partners in an RC is weakened
(Antoni, 2000) and reactions of unfair follow-up behaviour are evoked (Fehr & Gachter,
2000). In extreme cases, fairness problems can lead to a downward spiral of social mis-
behaviour, resulting in a climate of destructive competition or personal conflicts (Baur-
mann & Vowe, 2014). In this respect, it is to be expected that fairness problems favour
a climate of cooperation that is characterised by mistrust and unfair behaviour (relation-
ship problems) (H1) (Fig. 2). From a club theory perspective, it can also be assumed that
Jairness problems, and the relationship problems they foster, promote a club-wide sucker
effect (Cornes & Sandler, 1996): PIs who feel cheated also reduce their commitment and
contributions to collaboration at the cluster level and withdraw into their sub-projects (Def-
ila et al., 2008; Kerr, 1983). This has the consequence that an RC cannot fulfil its overall
objective, namely the integrative production of knowledge. As a result, the funding agency
does not approve extending the duration of the RC and the production of private, club
and public goods cannot be secured for another funding period. In this respect, it can be
assumed that fairness problems have an indirect, negative effect on the extent to which
goals are achieved (O’Donnell & Derry, 2005): In the first order, mediated by conflict-
ing social relationships (relationship problems), in the second order, mediated by a lack
of commitment on the part of the PIs regarding their cooperation at the cluster level (goal
commitment problems) (H2), in the context of cross-subproject communication (commu-
nication problems) (H3) and in the context of their monodisciplinary and interdisciplinary
cooperation (difference problems) (H4) (Table 2).

Relationship problems

Following MeiBner et al. (2022), the relationship problem (RP) can be defined as unjust
behaviour (RP1) and lack of trust (RP2) between PIs in the context of their cooperation at
the cluster level. Relationship problems are of little importance for many forms of clubs:
for a tennis club, for example, it is irrelevant whether the five hundred members of the club
mutually like and trust each other. For the provision and consumption of the club good—
the opportunity to play tennis—it suffices if the members regularly pay their club fees and
find a playing partner for whom they can muster some sympathy for an hour once a week.
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In contrast, the members of an RC must maintain close working relationships over many
years, especially in the context of collaborations involving division of labour (Laudel,
2002). Successful collaboration in an RC is fundamentally dependent on the ability of its
members to informally coordinate among themselves, to communicate with each other pro-
fessionally and to agree on differences, rights and obligations in a trusting and fair manner
(Kerasidou, 2019). If this does not succeed, the functional openness (Blanckenburg et al.,
2005, p. 146) of an RC’s communication is compromised: PIs do not share relevant infor-
mation with their partners, or only partially, out of mistrust (Hollaender, 2003). This makes
goal progress evaluations, which are particularly important in the context of the dynamics
and openness of science, as well as the flexible handling of unpredictable situations, con-
siderably more difficult (Kozlowski & Bell, 2001). Likewise, relationship problems also
lead to an erosion of commitment to the common goals of an RC: the interconnectedness
of the PIs’ research work is partially or completely dissolved under the influence of a nega-
tive climate of cooperation: PIs increasingly withdraw into their sub-projects, reduce cross-
sub-project collaboration and their commitment in the context of disciplinary exchange
(Shrum et al., 2001). As a result, there are considerable process and synergy losses at the
cluster level due to coordination losses, motivation deficits, a lack of willingness to exert
effort and a diffusion of responsibility (Blanckenburg et al., 2005). The knowledge pro-
duced by the PIs can ultimately only be compiled rather than integrated due to a lack of
interconnection between the sub-projects and could just as well have been produced by
the PIs alone (Defila et al., 2008). Accordingly, it is assumed that relationship problems
increase problems occurring in the context of professional and disciplinary understanding
(difference problems) (H5), cluster-wide communication (communication problems) (H6),
commitment to common goals (goal commitment problems) (H7) as well as problems in
the context of preparing for unforeseen situations (certainty problems) (H8) (Fig. 2). It is
also to be expected that relationship problems, mediated by the aforementioned four prob-
lems, indirectly reduce the extent of goal achievement (H9-H12) (Table 2).

Difference problems

Following Meifner et al. (2022), difference problems (DP) can be defined as PIs’ unwill-
ingness to engage with unknown perspectives (DP1), to clarify their own perspectives with
collaboration partners (DP2) and to anticipate the ways of thinking and methodological
approaches of different disciplines (DP3). The difference problem is a symptom of the
functionally highly differentiated disciplinary structure of contemporary science (Stichweh,
2013) and thus a problem specific to research clubs (Baurmann & Vowe, 2014): On the one
hand, the heterogeneity of the competencies, scientific knowledge and perspectives con-
tributed by PIs enables the solution of broad and/or cross-disciplinary scientific problems
(Pacheco et al., 2017), and thus serves the overarching goal of a research club: the col-
laborative production of the public good of innovative knowledge. However, on the other
hand, due to heterogeneous disciplinary cultures, the disciplinary heterogeneity of an RC
also makes mutual understanding between the PIs considerably more difficult (O’Donnell
& Derry, 2005). For collaborative knowledge production, it is therefore indispensable that
the PIs of an RC are willing to devote sufficient time and energy to understanding dif-
ferent methods, ways of thinking and perspectives (Blanckenburg et al., 2005). It is also
important for the success of content-related communication processes that the PIs are able
to make their own discipline-specific boundaries, axioms, methods, ways of thinking and
perspectives understandable to their partners (O’Donnell & Derry, 2005). Only if the PIs
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succeed in communicating with each other on a content-related level can the early inter-
connection and integration of the sub-project-internal research work and thus the collabo-
rative and integration-oriented production of knowledge succeed (Defila et al., 2006). If,
on the other hand, the content-related understanding of the PIs does not succeed, research
work conducted in the sub-projects cannot be coordinated and their research results cannot
be integrated. As a result, it is not possible to overcome the perspectives specific to the sub-
projects and answer the common research questions of the RC in a discipline-independent
manner, which is why the achievement of the common goals becomes unrealistic (Defila
et al., 2006). As a consequence of low prospects of returns, PIs reduce their investments in
collaborative knowledge production in favour of their sub-projects, resulting in an erosion
of goal commitment at the cluster level. Accordingly, difference problems are expected to
negatively influence the extent of goal achievement (H13). Likewise, difference problems
are expected to reduce PIs’ commitment to cooperation at the cluster level (goal commit-
ment problems) (H14) (Fig. 2). Finally, it is expected that difference problems indirectly
reduce the extent of goal achievement, mediated by a lack of PIs’ commitment to the com-
mon goals of the RC (goal commitment problems) (H15) (Table 2).

Communication problems

Following MeiBner et al. (2022), communication problems (CP) can be defined as a lack
of active, transparent and exhaustive communication by the spokespeople (CP1) or PIs
(CP2, CP3) at the cluster level. Communication problems arise from the fact that an RC
places not only content-related demands on its members but also expects a specific work
organisation, resulting from the members’ dual role as producers and consumers of the
research club’s goods (Baurmann & Vowe, 2014): In a prosumer club, the contributions
to the production of the club good must be made by the club members themselves (Cornes
& Sandler, 1996). In this context, to fulfil the overarching purpose of a research club—the
collaborative production of knowledge—it is essential that PIs act as a team to the highest
degree: The development and updating of common goals and questions, the association-
wide organisation of work, the interconnection of the research work of the sub-projects,
the formation of syntheses and the development of common, scientific products do not take
place on their own, but require continuous coordination and organisation by the PIs (Beer
et al., 2020). If the PIs of an RC do not actively participate in organisational communica-
tion or if their communication at the cluster level is not comprehensive and transparent,
there is a risk of misunderstanding, and communication barriers and implementation prob-
lems may arise (Defila et al., 2006). As a result, cooperation between PIs across sub-pro-
jects is made considerably more difficult, leaving synergies, innovation and strength poten-
tials unused (Blanckenburg et al., 2005). Accordingly, it is assumed that communication
problems have a negative impact on the extent to which goals are achieved (H16) (Fig. 2).

Management problems

Following Meifner et al. (2022), the management problem (MP) can be defined as the
self-promotion of an RC’s spokesperson at the expense of their PIs (MP1) and the lack
of alignment between a spokesperson’s management behaviour and the concerns of the
cluster (MP2). RCs cannot organise their collaboration efficiently when a management
problem occurs (Salazar et al., 2019). This applies to coordination tasks in the context of
work planning and sharing, but also to solving challenges typical of the production and use
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of club goods (Cornes & Sandler, 1996). In the interest of achieving common goals, an
RC’s spokesperson must show motivational capacity for cross-subproject cooperation and
interdisciplinary exchange (Defila et al., 2006). In addition, they must support the cluster
members in resolving conflicts (Blanckenburg et al., 2005), create an open and participa-
tory environment for collaboration between PIs at the cluster level (Zaccaro et al., 2001),
address the varying information needs of the PIs and project groups and anticipate the need
for strategic steering processes in a timely manner, stimulate them, moderate their imple-
mentation and accompany them (Defila et al., 2006). However, if the spokesperson acts out
of self-interest and without sufficient reference to the needs of the PIs, there is a risk that
the collaboration problems and obstacles that arise will not be addressed appropriately, will
expand and thus lead to significant process losses.

In a research collaboration, management competence is especially important in the case
of conflict management, as the club members are hierarchically on the same level (Defila
et al., 2008), place great value on their autonomy and can only be controlled to a limited
extent (John, 2019). This requires that the leadership is able to mediate in an appreciative,
discreet and inclusive manner when content-related and personal conflicts arise between
PIs (Salazar et al., 2019). Accordingly, it is assumed that, as a result of management prob-
lems, serious personal and content-related conflicts remain unresolved, thus directly pro-
moting unfair behaviour and a lack of trust between Pls (relationship problems) (H17)
(Fig. 2). It can also be assumed that management problems have an indirect, negative effect
on the extent to which goals are achieved: In the first order, this is mediated by a negative
climate for cooperation (relationship problem), in the second order by a lack of commit-
ment by the PIs to cooperation at the cluster level (goal commitment problems) (H18), their
content-related and disciplinary understanding (difference problems) (H19), their cross-
subproject communication (communication problems) (H20) and in the third order by PIs’
preparation for unforeseen situations (certainty problems) (H21) (Table 2).

Certainty problems

Following MeiBner et al. (2022), the certainty problem (CP) can be defined as a lack of
regular progress evaluations (CP1), as well as insufficient preparation for delays or unfore-
seen situations in the context of collaboration between Pls at the cluster level (CP2). The
certainty problem is rooted in the fact that the non-routine research processes of collabora-
tions involving division of labour (Laudel, 2002) in particular are in principle open-ended
and thus can only be formally planned and controlled to a limited extent (John, 2019).
Because the medium-term survival of an RC can only be ensured if the goals communi-
cated to the funding agency are achieved (see above), a pragmatic approach to obstacles,
unforeseen situations and the resulting situational challenges is of existential importance
for a research club (Knorr-Cetina, 1984): Delays or unforeseen situations—e.g. due to the
impracticability of individual research activities, staff turnover or defective research equip-
ment—must be anticipated in a timely, flexible and pragmatic manner (Choi & Pak, 2007;
Klein, 2005). On the one hand, this requires regular monitoring of the progress towards
goals during which feedback is obtained from the PIs on whether the set (sub-)goals of
their sub-projects can be achieved. On the other hand, regular evaluation of work progress
allows PIs to react to unforeseen situations and problems in an agile manner, i.e. to update
their project plans and work processes coherently according to changing circumstances
(Blanckenburg et al., 2005). If PIs fail to regularly review the progress of their sub-projects
and if impending delays and challenges to individual research projects are not anticipated
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and addressed at the cluster level, subsequent research risks being delayed or even blocked
as a result. This, in turn, contributes to the fact that joint knowledge production at the clus-
ter level is so far behind schedule that the joint achievement of goals seems increasingly
impossible. As a result, PIs’ commitment to the common goals threatens to erode succes-
sively (John, 2019). In this sense, certainty problems are expected to promote a lack of
commitment among PIs regarding their collaboration at the cluster level (goal commitment
problems) (H22) (Fig. 2).

Goal commitment problems

Following MeiBner et al. (2022), the goal commitment problem (GCP) can be defined as a
lack of engagement among the PIs to their cooperation at the cluster level (GCP1), a lack
of cooperation across sub-projects (GCP2) and low commitment among PIs to the com-
mon goals of the RC (GCP3). The goal commitment problem can in principle occur in all
clubs in which the production of the club good is provided by the club members them-
selves (Cornes & Sandler, 1996). However, the goal commitment problem is particularly
pronounced in the science-specific context of research clubs: In an RC, continuous team-
work with regular contributions must be ensured for joint success (Olechnicka et al., 2019).
This requires considerable upfront efforts on the part of the PIs, while at the same time
the prospects of success are difficult to calculate. Especially at the beginning of the imple-
mentation phase of a collaborative research project, it is difficult to foresee how much time
and energy the PIs will have to devote in order to achieve the goals communicated to the
funder (Blanckenburg et al., 2005). Likewise, it is unclear how great the return will be that
can be gained from the achievement of goals by the individual PIs. It may therefore seem
wiser for PIs to withhold investments until there is a sufficient likelihood of success. This
may result in not investing early and intensively enough in collaborative knowledge pro-
duction (MeiBner et al., 2022). Similarly, it is conceivable that the PIs of top-down initiated
RCs, in particular, develop little or no commitment to the overarching goals of their RC
because they can exert little influence on the design and definition of the common research
questions compared to the PIs of bottom-up initiated RCs (Twyman & Contractor, 2019).
Finally, due to unforeseen problems and obstacles, the goals of an RC may only turn out to
be unrealistic during the lifetime of an RC. As a result, PIs are at risk of the notorious loss
of motivation and thus a comprehensive erosion of commitment to the common goals of
the cluster (John, 2019).

Under the influence of goal commitment problems, the sub-projects of an RC gradually
drift apart (Defila et al., 2006): The PIs increasingly withdraw into their sub-projects, focus
on their own interests and benefit calculations, while the common goals of the RC are only
pursued with low priority. As a result, the cross-sub-project collaboration necessary to
achieve the goals comes to a standstill and it becomes increasingly difficult to control the
research activities of the sub-projects (Defila et al., 2006). In extreme cases, the PIs’ with-
drawal into their sub-projects develops into free-rider behaviour (Bikard et al., 2015): PIs
focus exclusively on the interests of their sub-projects at the expense of the RC and with-
hold all further investment of contributions and resources for collaboration at the cluster
level. Free-rider behaviour subsequently undermines the reciprocity of effort and return,
which all those PIs who remain committed to the cluster’s common research goals presup-
pose. In this sense, goal commitment problems are expected to influence fairness problems
positively (H23) and the extent of goal achievement negatively (H24) (Fig. 2).
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Data

The hypothesis model (Fig. 2, Table 2) framed by the club-theoretical heuristic and derived
from the state of research is tested with cross-sectional data obtained from a large-scale
web survey conducted in 2020 as part of the collaborative project Determinants and effects
of cooperation in homogeneous and heterogeneous research clusters (DEKIiF). The survey
focused on the internal collaboration processes of RCs, collaboration problems that arise in
the course of collaborative work, and possible solutions to internal collaboration problems.
The population targeted by the survey was n = 15.595 PIs and spokespeople who since
2015 are or have been involved in RCs funded by the German Research Foundation in the
programmes Cluster of Excellence (EXC), Research Units (FOR), Research Centres (FZT),
Priority Programmes (SPP), Collaborative Research Centres (SFB) and Transregios (TRR)
(German Research Foundation, 2010, 2015, 2020, 2021). The targeted population included
disciplinary and interdisciplinary, large and small (in terms of staff), disciplinary homo-
and heterogeneous and multilocal RCs (Figs. 6, 7, 8, 9, 10 in Appendix).

The determination of the population size as well as the collection of contact information
was based on the database GEPRIS (German Research Foundation, 2019), which contains
information about projects (and project members) funded by the German Research Foun-
dation, was used to determine the population size as well as to collect contact information.
The target population was invited to take part in the survey by email. Due to out-of-date
email addresses, contact could not be initiated to 4% of the population. The collected sam-
ple consisted of n =5312 participants from n = 948 RC, of which n = 4972 were PIs, and
n = 340 were spokespersons. This translates to a response rate of 34 per cent. The sample
consisted of 26% female and 74% male participants. As only .001% of respondents were
of diverse gender, these were excluded from the analyses due to the small group size. The
average age of respondents was X = 52.67 years with a standard deviation of SD = 9.52.

Total survey error analyses (Weisberg, 2009) showed that the quality of the obtained
sample is comparatively good: using GEPRIS (German Research Foundation, 2019), the
author was able to create a complete list with the address data of all target persons in the
population, which formed the basis for generating a statistically robust sample. The avail-
ability of data on the whole target population eliminated the difference between the infer-
ential population and the target population (Weisberg, 2009). Therefore, significant bias
in the representation of the sample could have only occurred through the failed contact
attempts and unit non-response. Finally, non-response analyses (Groves et al., 2001) of the
obtained sample revealed that the non-response error was low with regard to (1) the PIs’
disciplinary affiliation, (2) their gender, (3) their affiliation to ongoing or terminated col-
laborations, and (4) different funding lines (Figs. 4, 5, Appendix). The relative frequencies
of the characteristics of the aforementioned variables in the sample deviated by no more
than 5% from those of the population. It can therefore be assumed that the following analy-
ses are based on a statistically robust sample.
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Methods

In what follows, the specified hypothesis model is tested with structural equation modelling
(SEM).% In addition to the simultaneous, inferential statistical testing of all direct effects
postulated by the hypothesis model, SEM also reveals indirect effects between collabora-
tion problems on the one hand, and between collaboration problems and goal achievement
on the other. In contrast to classical regression methods, SEM thus allows a comprehensive
mediation analysis which reveals the complex correlation structures of the specified model
variables (Hayes, 2009).

Since the structural model of the SEM contains dichotomous and ordered endogenous
variables in addition to latent ones, the WLSMYV model estimator (“weighted least squares
estimator with standard errors and mean and variance adjusted chi-square test statistic”
(Urban & Mayerl, 2014, p. 71)) is specified. The WLSMYV estimator has the advantage that
the estimates produced by multivariate probit regression procedures are robust to non-nor-
mally distributed, endogenous model variables (Kline, 2016). In contrast, the disadvantage
is that the standardised probit coefficients produced by WLSMYV estimators are difficult to
interpret (Urban & Mayerl, 2014, p. 74) and can only be transformed into more intuitively
interpretable conditional probabilities through laborious, manual conversion (Muthén &
Muthén, 2017, p. 552). Moreover, since the model estimation is based on cross-sectional
data, only the direction and significance of an effect can be interpreted. Statements about
effect sizes and causal relationships between exogenous and endogenous variables cannot
be made on the basis of cross-sectional data and the WLSMYV estimator (Urban & Mayerl,
2014, pp. 14, 74).

Item non-response failures are addressed in the context of SEM by the Full Informa-
tion Maximum Likelihood (FIML) (Cham et al., 2017) procedure. In contrast to listwise
case exclusion, where a case is already excluded from the analysis if it has a missing value
on only one model variable, the FIML procedure uses all available information from all
cases in the sample for the model estimation. The FIML procedure has the advantage that
in combination with the WLSMYV estimator it produces particularly robust and consistent
estimated values (Asparouhov & Muthen, 2010). Finally, due to the hierarchical data struc-
ture,® a correction for the standard errors and the chi-square test is applied within the SEM
(Muthén & Muthén, 2017, p. 659). In order to avoid biased parameter estimates due to unit
non-response, appropriate post-stratification weights are considered in the model estima-
tion (Lumley, 2010).

Operationalisation

Five of the seven collaboration problems enter the model analysis as latent constructs. The
internal consistency of the latent constructs can be classified as acceptable with Cronbach’s
alpha values between a = .79 and o = .86 (Cronbach, 1951) (Table 6, Appendix). The indi-
cators for the latent constructs fairness, communication, relationship, goal commitment and
difference problems were recorded using a five-point scale (1=not at all, 5=fully) with

5 Data preparation and analysis was conducted with Mplus (Muthén and Muthén, 2017), R (R Core Team,
2020) and the R-Packages Tidyverse (Wickham et al., 2019), Psych (Revelle, 2020) and MplusAutomation
(Hallquist and Wiley, 2018).

® The n = 5312 PIs and Spokespeople are clustered into n = 948 RCs and are thus not statistically inde-
pendent.
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which the respondents scaled their assessments of the extent to which the respective state-
ments applied to cooperation at the cluster level (Table 6, Appendix). All numerical values
of the indicators are inverted before analysis. Thus, increases in the inverted scale represent
greater rejection of the specified indicators. As a result of the inversion, an increase in
the values of the latent constructs can be interpreted as an increase in the strength of the
respective problem dimension.

In addition to the five latent constructs, two further dummy variables for the remain-
ing management problems and certainty problems are included in the model estimation for
lack of internal consistency. The scale value 1 indicates the presence of a problem indica-
tor (Likert scale point 3, 4 and 5), whereas the scale value O indicates its absence (Lik-
ert scale point 1, 2) (Table 6, Appendix). Finally, the central endogenous variable is the
extent to which the research collaboration has achieved the goals it communicated to the
DFG before the start of the project. This is also measured using the above-mentioned five-
level scale and is included in the model analysis without further transformation (Table 6,
Appendix).

Results
Fairness problems

Consistent with hypothesis H1, the structural model of the SEM (Fig. 3) shows that an
increase in fairness problems is significantly associated with an increase in relationship
problems (f = .57, p < 0.001). Moreover, the mediation analysis of structural equation
modelling shows that fairness problems indirectly negatively affect the extent of goal
attainment: In the first order mediated by conflicting social relationships (relationship
problems), in the second order mediated by a lack of commitment among PIs to cluster-
level collaboration (goal commitment problems) (H2) (f = — 1.40, p < 0.001), and by a
lack of content-related and disciplinary understanding among Pls (difference problems)
(H4) ( = — 1.80, p < 0.001). Finally, in contrast to hypothesis H3, communication prob-
lems do not prove to be a significant mediator of a negative effect of fairness problems on
the extent of goal achievement (f = — .01, p < 0.05) (Table 3).

Relationship problems

According to hypotheses H5, H6, H7, and HS, relationship problems are significantly
positively associated with difference problems (f = .68, p < 0.001), communication
problems (f = .92, p <0.001), goal commitment problems (f = .77, p <0.001) and
the two dummy-coded indicators of certainty problems (f = .38, p <0.001, g = .37,
p < 0.001). Furthermore, according to hypotheses H9 and H11, relationship problems sig-
nificantly reduce the extent of goal achievement, mediated by goal commitment problems
(fp =—-1.60,p > 0.05) on the one hand and difference problems (f = —.18,p > 0.05) on
the other hand. However, contrary to hypotheses H10 and H12, neither communication
problems (f = —0.01,p > 0.05) nor the dummy-coded indicators of certainty problems
B =-0.17, p>0.05, f = —0.8, p > 0.05) proved to be significant mediators of a nega-
tive, indirect effect of relationship problems on the extent of goal achievement.
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Fig.3 Structural model of the direct interrelations and effects of seven research collaboration problems.
Estimator: WLSMYV, CFI=.97, TLI=.96, RMSEA =.05, SRMR=.04, p<.05 *, p<.01**, p<.001%%%*,
standardised coefficients

Difference problems

The hypothesis H14, which was established in the context of difference problems, can also
be confirmed: thus, on the one hand, the specified structural equation model shows, with
a beta coefficient of f§ = .12 and a probability of error of p < 0.001, that difference prob-
lems increase goal commitment problems significantly. In comparison, the specified struc-
tural equation model does not support the assumptions of hypothesis H13 that difference
problems (f = —.03, p > 0.05) directly negatively affect the extent of goal attainment.
However, hypothesis H15 can be accepted: difference problems exert an indirect negative
influence on the extent of goal achievement (f = —2.20, p < 0.001), mediated by goal
commitment problems.

Communication problems

The analysis does not support the assumption that communication problems have a nega-
tive impact on the extent of goal achievement (§ = —.01, p > 0.05). Accordingly, hypoth-
esis H16 must be rejected.

Management problems

According to H17, both dummy-coded management problem indicators are significantly
positively associated with relationship problems (f = .37,p < 0.001; g = .73, p < 0.001)
and negatively affect the extent of goal achievement (H18, H19), mediated by relation-
ship problems, goal commitment problems (f = —.93, p < 0.001; g = —1.85, p < 0.001),
and difference problems (f =-1.11, p <0.001; g =-.30, p<0.001). In contrast to
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Table 4 Configural invariance CFI TLI RMSEA SRMR
of the structural model by mode,

disciplinary affiliation, status

Mode of cooperation of the RC

and size
Monodisciplinary* 98 98 .05 .04
Multidisciplinary .98 97 .06 .05
Cross-disciplinary .95 94 .06 .05
Interdisciplinary 97 97 .05 .04
Transdisciplinary .99 99 .03 .04
Disciplinary affiliation of the PIs
Humanities* 97 .96 .05 .05
Engineering .98 98 .04 .05
Life sciences 97 .96 .05 .04
Natural sciences 97 97 .05 .04
Status of the RC
Ongoing 97 97 .05 .04
Terminated* 97 .96 .05 .04
Size of the RC
1-15 Sub-projects 97 97 .05 .04
16-30 Sub-projects 97 .96 .05 .04
> 30 Sub-projects 98 97 .04 .04

*Model without effect of CP1 on GCP (goal commitment problems)

hypotheses H20 and H21, neither communication problems (f = —0.01, p > 0.05;
p =-0.02, p > 0.05) nor certainty problems (f = —0.01, p > 0.05; g = —0.01, p > 0.05;
f =-0.01, p > 0.05; p = —0.02, p > 0.05) proved to be significant mediators of a negative
effect of management problems on the extent of goal achievement.

Certainty problems

The specified structural model of SEM also does not support hypothesis H22: Certainty
problems exert a partially negative effect on goal commitment problems, but this effect can-
not be generalised beyond the sample (f = .01, p > 0.05; g = .02, p > 0.05).

Goal commitment problems

Finally, the SEM structural model confirms both hypothesis H23 and hypothesis H24: goal
commitment problems, on the one hand, have a significant positive effect on fairness prob-
lems with a beta coefficient of § = .84 and a probability of error of p<0.001. Simultane-
ously, goal commitment problems reduce the extent of goal achievement significantly with
a beta coefficient of # = —.62 and a probability of error of p < 0.001.

The key fit indices (West et al., 2012) show that the specified hypothesis model has a
good fit to the input data (CFI = .97, TLI = .96, RMSEA = .05, SRMR = .04).” Overall, the

7 The 2-test as well as the 2/df ratio are largely unusable for SEM models based on larger samples (n>300)
(Bentler & Bonett, 1980; West et al., 2012). They are therefore not considered in evaluating the model fit.
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structural model of the SEM thus supports the hypothesis model to a sufficient degree. The
examination of configural invariance also shows that the specified model fits the survey
data on research collaborations with different modes of cooperation just as well as it fits
ongoing and completed research collaborations, research collaborations of different sizes
and research collaborations from all scientific disciplines (Table 4).

Discussion
Summary of the findings

The testing of the hypothesis model based on the club-theoretical heuristic showed the
interrelations and effects of seven central collaboration problems. Overall, seven of the
twelve hypotheses relating to indirect effects were confirmed. Likewise, nine of the twelve
hypotheses relating to direct effects were confirmed. Thus, the hypothesis model of the
seven collaboration problems can be grosso modo confirmed by the SEM. Despite its com-
paratively low complexity, the structural equation model showed a good fit with the survey
data of n = 4972 PIs cooperating in interdisciplinary and cross-disciplinary RCs of various
sizes as well as in ongoing and completed RCs in all disciplines. The paper’s stated aim—
the theoretically guided and empirically grounded examination of the interrelationships
and effects of seven central collaboration problems—was thus met.

The specified structural model of SEM confirmed the assumption of the hypothesis
model that relationship problems in particular form a central node in the network of col-
laboration problems: They are exacerbated by fairness and management problems (H1,
H17), in turn they foster certainty, difference, communication and goal commitment prob-
lems (H5-HS8) and (indirectly) negatively affect the extent of goal achievement (H9, H11).
The structural model thus supported the widespread (John, 2019, p. 36)—but by no means
trivial (De Jong & Dirks, 2012; Shrum et al., 2001)—assessment of science collaboration
research that trusting and fair interaction between collaborating PIs is a necessary, if not
sufficient, condition for achieving the goals of research collaborations. Furthermore, the
structural model of SEM confirmed the central importance of successful goal commitment
(Hollaender, 2003; Loibl, 2005): on the one hand, the structural model showed that RCs
achieve their goals less completely when they are affected by goal commitment problems
(H24), on the other hand, it showed that failed goal commitment is associated with an
increase in fairness problems (H23). In addition, both relationship problems (H2, H4, H9,
H11, H18, H19) and goal commitment problems (H2, H9, H15, H18) emerged as signifi-
cant mediators of negative effects that various collaboration problems exert on the extent to
which an RC achieves its goals.

Contrary to the assumption of the hypothesis model, certainty problems had no sig-
nificant effect on goal commitment problems (H22), nor did they prove to be a significant
mediator of negative effects on the extent of goal achievement of other problems (H12,
H21). This lack of effects can be attributed to the strong trust that the PIs (have to) place
in each other’s internal sub-project research work, because the “highly specific task bun-
dles of scientific work [of all other Pls] are often not very comprehensible and therefore
hardly controllable” (John, 2019, p. 2). In particular, certainty problems that occur within
the sub-projects can only be recognised with difficulty by PIs external to the sub-project
and consequently cannot be synchronised with personal expectations for success of the RC.
As a result, PIs’ goal commitment remains largely unaffected by certainty problems. The
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structural model also showed that difference problems (H14) had no (direct) effect on the
extent of goal achievement. However, the effect of difference problems on the extent of
goal attainment was completely mediated by goal commitment problems (H15), and there-
fore lost its significance in the direct relationship to the extent of goal attainment. Finally,
the fact that communication problems neither appeared as a significant mediator (H3, H10,
H20) nor had a significant impact on the extent of goal achievement (H16) suggests that
RCs are successful even when communication at the cluster level is not simultaneously
exhaustive, transparent and active. This shows that communication at the cluster level can
certainly also be selective and take place according to situational requirements. In this way,
a paralysis of communication can be avoided (Misra et al., 2011) and efficient cooperation
between the PIs can be fostered (Anderson et al., 2000).

Theoretical and practical contributions

Even though the seven collaboration problems have already been addressed implicitly or
explicitly by other researchers, to the author’s knowledge no study has yet presented a simi-
lar systematisation of central collaboration problems and examined their interrelations and
effects on the success of RCs on the basis of representative survey data. With the help
of the systematisation of the seven collaboration problems and on the basis of the statis-
tical modelling of their interrelations and effects, the paper was able to differentiate the
understanding of how collaboration problems are interrelated and which direct and indirect
effects they exert on the performance of RCs. As a theoretical framework, the club perspec-
tive proved to be a useful micro-sociological heuristic: with club theory, it was possible to
clarify the role that private goods, club goods and public goods play in the context of col-
laboration between researchers in RCs and to disentangle the strands of action, challenges
and conflicts associated with their production (Baurmann & Vowe, 2014). The club per-
spective also enabled a differentiated view on the tension between collaboration and com-
petition, which the members of an RC must continually balance over the years for long-
term, solitary and collaborative success. From the perspective of club theory, collaboration
and competition did not appear as antagonistic forms of scientific interaction, but rather
as indissolubly intertwined, especially in the context of collaborative knowledge produc-
tion: The PIs of an RC thus appeared as frenemies who must cooperate closely in the sense
of the overarching purpose of collaborative knowledge production, but at the same time
compete to maximise individual scientific distinction opportunities (Defila et al., 2008;
Nickelsen & Kridmer, 2016). In this context, club theory underlined the notorious social
dilemma that can potentially affect all RCs: The self-interested behaviour of individual col-
laboration partners threatens to lead to an outcome that harms the common interests of all
participants in an RC.

This raises issues for science policy, which can set specific incentives to prevent
or solve research collaboration problems through funding and evaluation measures.
Despite the unprecedented increase in scientific collaboration, the governance of col-
laborations is often not yet sufficiently developed to support the success of collabo-
rative research to an adequate degree (Kleimann et al., 2019). One certainly impor-
tant reason for this is that the development of functional governance requires multiple
areas of expertise and is often given too little space in the process of initiating an RC
by both applicants and research funding organisations (Defila et al., 2006). Moreo-
ver, for capacity reasons, it is difficult for the PIs concerned to develop and effectively
implement preventive measures and solutions for collaboration problems that arise in
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parallel with their research activities. Rather, it must be the responsibility of science
policy to sustainably promote the systematisation of suitable governance mechanisms.
In this respect, it is essential that existing knowledge about already tested approaches
to cooperation governance be made accessible (Kleimann et al., 2019).

What contribution can this paper make to the development of effective collabora-
tive governance? It has been shown grosso modo that RCs can only be successful if the
PIs have an intrinsic interest in joint success: On the one hand, all PIs must therefore
be better off (e.g. in the form of reputational gains, access to third-party funding or to
exclusive resources) as a result of collaborative knowledge production. On the other
hand, even if success is uncertain, PIs must be willing to invest significant time and
energy in collaborative knowledge production in order to fulfil the overarching purpose
of the RC. It is central to the success of an RC that the PIs can communicate with each
other in the context of collaborative knowledge production, create social cohesion at
the cluster level, balance personal and content-related tensions between the partici-
pants, and organise collaborative knowledge production efficiently through functional
communication and goal-oriented research network management (Hall et al., 2019). It
goes without saying that there can be no one-size-fits-all governance for RCs. Instead,
the research management of an RC should pursue tentative governance (Kuhlmann
et al., 2019), i.e. governance that adapts agilely to the needs of an RC and its institu-
tional or disciplinary environment.

Limitations and gaps for future research

What are the limitations of the results? A first limitation is the fact that the extent of
goal achievement was measured by subjective assessments based on the perceptions of
the PIs responsible for the sub-projects. The extent to which the central, endogenous
variable of the degree of goal achievement was influenced by desirability effects must
remain an open question. In particular, bibliometric measures of success or produc-
tivity would more validly reflect the performance of an RC—even if not fully. Since
the modelled SEM is based on survey data collected from PIs and deals exclusively
with their collaboration at the cluster level, it was only possible to derive statements
from the SEM on the interrelationship and effect structure of collaboration problems
for the collaboration of PIs at the cluster level. Survey data on the experiences and
assessments of staff in RCs that cooperate within the sub-projects and are hierarchi-
cally located below the PIs and the spokespeople would provide further insights into
the interrelations and effects of research collaboration problems.

The characteristics of the different RCs (cooperation mode, duration status, size and
disciplinary composition) were only taken into account with regard to configural invar-
iance within the framework of the SEM. It remains an open question whether the spec-
ified structural models of the respective subgroups are completely invariant and, if not,
which substantively significant differences exist between the subgroups with regard to
the interrelations and effects of research collaboration problems.

Finally, the analysed data were collected in a survey of researchers who are or were
associated with at least one DFG-funded research collaboration as PIs. The extent to
which the findings derived from the specified structural model can also be transferred
to research collaborations of other nations and funding systems must remain open.
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Appendix

See Figs. 4,5, 6,7, 8,9, 10, Tables 5, 6.
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Fig.4 Relative frequencies of the disciplinary affiliation of the PIs and spokespeople in the population and

the sample. Source: DEKiF-Survey
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Fig.5 Relative frequency of researcher’s gender and roles, RC status and their funding line in the popula-
tion and in the sample. Source: DEKiF-Survey
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Table 5 Correlation matrix of the seven collaboration problems

Commu- Goal com- Differ- Rela- Fairness Certainty
nication mitment ence tionship problem  problem
problem problem problem  problem _—
CPl CP2
Communication problem 1
Goal commitment problem .56 1
Difference problem .66 .64 1
Relationship problem .62 .64 72 1
Fairness problem .63 .64 .70 .61 1
Certainty problem CPI .36 .38 28 .38 36 1
cpP2 33 .33 .26 .36 .33 S11

Information: since correlations between exogenous observed variables and latent factors are not calculated
by Mplus (Muthén & Muthén, 2017), the correlations between the two indicators of the management prob-
lem and the remaining model variables cannot be listed
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