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Abstract Organizations collaborate with external actors in order to acquire knowledge
resources they cannot develop internally for economic and/or technical reasons. Mode
2 and Triple Helix models have examined the role of different organizational types in
collaborative creation and knowledge use. This paper is an empirical investigation on
whether universities differ from business-oriented or industrial organization types with
regard to the extent of their knowledge collaborations. Using SEM methodology, it
demonstrates the role of universities in knowledge collaboration through a survey of
472 organizations in the 7th Framework Programme for Research and Technological
Development of the European Commission, Energy theme (FP7-Energy). In line
with the Triple Helix model, universities are found to exhibit more extensive
knowledge collaboration than businesses. Also, between-university collaborations
are found to be more extensive knowledge collaboration relationship types than
between-business relationships. The findings imply that (1) publically funded
consortia should be aware that universities are more conducive and hence more
effective in inter-organizational knowledge collaboration networks than other
organizational types, particularly compared to for-profit business organizations.
Universities should be included in these consortia. (2) Business organizations that
do not have an extensive relationship with universities need to reconsider their
partner portfolio and extend the knowledge collaboration of their network by
connecting to more universities.(3) Policymakers should not only involve academ-
ic organizations but also include groups of more than one university per consor-
tium to enable between-university knowledge collaboration to boost collaborative
knowledge exploration and exploitation of the consortia.
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Introduction

In the last two decades, the output performance of organizations has increasingly been
dominated by the production factor knowledge. Due to the increasing complexity of
technology and markets, organizations cannot develop all required knowledge inter-
nally and therefore aim to collaborate with external actors. In particular, knowledge
collaboration between universities and businesses has received considerable attention.
Since the 1990s, the mainstream understanding of knowledge collaboration has shifted
from a linear process (frequently termed as BMode 1^ or ivory tower) towards an
iterative inter-organizational collaboration process. Researchers such as Gibbons et al.
(1994) and Leydesdorff and Etzkowitz (1998) have proposed two knowledge collab-
oration models that explain the role of different organizational types in the collaborative
production and utilization of knowledge. These are the Mode 2 and Triple Helix models
respectively.

In Mode 2, knowledge production focuses solely on applicability. It is context-
driven and problem focused. Universities play a subordinate role in innovation systems
compared to business firms, and are hence said to be on the Bdemise^ path. Gibbons
et al. (1994) contested the ivory tower knowledge production for linear innovation
processes and concluded that production of new knowledge takes place outside the loci
and disciplines of universities. In the Triple Helix model1 (THm) (Leydesdorff and
Etzkowitz 1998), knowledge production focuses on the simultaneous interaction
of theoretical, practical, and legislative knowledge of several organizational
types. The university in THm plays the role of a Bsalient^ actor that is central
in innovation systems.

These opposing views call for evidence to further identify the role of universities in
knowledge development through collaboration. Should universities be allocated more
or fewer collaboration opportunities? Should collaboration consortia involving more
universities be valued more or valued less? This paper explores the differences of the
two models and empirically investigates their relevance to identify the role of univer-
sities in the context of the European Framework Programmes.

The role of universities in knowledge production and innovation systems (Edquist
2010) has been studied in the context of public-private research partnerships (Stiglitz
and Wallsten 1999), agents of national economic competitiveness (Greenaway and
Haynes 2000), patenting and licensing agents (Nelson 2001), and entrepreneurial
academe (Mavi 2014) and led to different views on the relevance of universities in
knowledge production and utilization. These different views are mainly based on
conceptual debates rather than empirical investigations. They impose profound political
implications (see, e.g., Carayannis and Campbell 2011; Schoonmaker and Carayannis
2013) on the role of universities in knowledge collaboration networks. BGenerally,
scientists are oriented towards the reputation-based reward system of open science,
while industry scientists face the commercial imperative to produce exploitable results^

1 Other research extended this model to four and five helices (Carayannis and Campbell 2011; Carayannis
et al. 2012).
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(Perkman and Walsh, 2007 p.273). Consequently, the authors called for further empir-
ical research on whether knowledge collaboration is affected by organizational types.
Furthermore, considerable research has been conducted on knowledge collaboration in
business alliances, B&B, (Hagedoorn et al. 2000) and in university-industry alliances,
U&B, (Florida and Cohen 1999). However, little attention has focused on university
and university (U&U) knowledge collaboration relationships. This can be attributed to
the financial and strategic aspects of these types of inter-organizational relationships.
U&B and B&B relationships are perceived as more financially substantive compared to
U&U relationships. U&B and B&B knowledge collaborations are also perceived to be
strategically more critical than U&U relationships, due to the possible unintended
spillover of strategic knowledge (e.g., trade secrets) to competitors. Examples of
U&U collaboration include co-authorship, co-patenting, academic mobility, collabora-
tive teaching (e.g., transnational student exchange programs), and transnational support
for innovation and technology transfer (e.g., international incubation). U&U collabo-
ration also occurs in development programs by national, regional, or supranational
authorities (Stiglitz and Wallsten 1999), for example, the Framework Programmes
(FPs) for Research and Technological Development of the European Union
(Caloghirou et al. 2001). Although there is ample literature on organizational
learning and knowledge management, the nature of knowledge collaboration
behavior between universities remains mostly unexplored and poorly understood
(Bock et al. 2005; Milne 2007).

We argue that various organizational-level factors have an effect on knowledge
collaboration and that these depend on organizational type, e.g., university, business,
and government. Therefore, organizational type may explain variations in the extent of
inter-organizational knowledge collaboration. Our main research question is: do uni-
versities differ from business-oriented2 organization types in the extent of their knowl-
edge collaboration? We measure the extent of knowledge collaboration by its manifes-
tations: (1) extent of involvement in group discussions; (2) extent of development of
new ideas/skills due to collaboration; and (3) extent of learning to exchange ideas/skills
(adopted from Davenport and Prusak 1998 and Muthusamy and White 2005). The
empirical examination of the two competing models assists evidence-based decision-
making by all organization types: universities and businesses in partner selection,
consortia in formation decisions, and governmental organizations in the resource
allocation and division of labor. We aim to answer the research question at two levels:

1. At an organizational level, do universities have more extensive knowledge collab-
oration than business organizations?

2. At an inter-organizational level, does a university and university relationship type
have more extensive inter-organizational knowledge collaboration than a business
and business relationship type?

The next section describes the theoretical framework of inter-organizational knowl-
edge collaboration. We examine the differences in organizational logic of a university
versus a business-oriented organization and formulate our hypotheses. In the BMethod^

2 In this paper, Bbusiness-oriented^ and Bindustrial^ are treated as interchangeable terms and refer to for-profit
firms.
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section, we describe our method, data source, and operationalization. The BResults^
section reports the empirical results. The BLimitations and Implications^ section
concludes.

Knowledge Collaboration

Terminology and Rationale

Knowledge sharing between personnel is a key dimension of learning organizations
and can contribute to organizational learning and innovation (Brown and Duguid 2001;
Cohen and Levinthal 1990; Goh 1998). Previous research suggests a positive relation-
ship between intra-organizational knowledge sharing and organizational performance
(e.g., Harlow 2008; Srholec 2014). Furthermore, knowledge exploration and exploita-
tion can also take place at the overlap of many different kinds of organizations (e.g.,
businesses, universities, research institutes, and governments) giving knowledge-based
activities an inter-organizational dimension. To make inter-organizational knowledge
collaboration possible, concepts of knowledge transfer (i.e., from sender to receiver),
knowledge exchange (i.e., from sender to receiver and reciprocated), and knowledge
sharing (from sender to multiple receivers) need to be combined into knowledge
collaboration.

Inter-organizational knowledge collaboration networks are defined as formally
established arrangements spanning different organizations aimed at pooling knowledge
resources for new knowledge exploration and/or exploitation (Alter and Hage 1993;
Freeman 1991; Powell and Grodal 2005). Alliances with other organizations are often
recommended to acquire new knowledge, skills, and expertise to enhance the perfor-
mance of organizations (Hamel 1991). Knowledge collaboration is considered to
reduce the costs of attaining knowledge through risk sharing. It also reduces the cost
of recognizing and solving problems, i.e., exploration (Sher and Lee 2004), and
increases the knowledge utilization capacity of organizations. BKnowledge facilitates
the use of other knowledge^ (Powell et al. 1996, p.120). Existing, i.e., already
explored, knowledge can potentially be utilized in new areas via inter-organizational
knowledge collaboration, i.e., exploitation. The more heads and hands involved, the
more knowledge exploration and exploitation capacity.

Theory and Hypotheses

Florida and Cohen (1999) argue that a key role for universities in the knowledge
economy is to be a Bcollector of talent.^ Universities educate, develop, and produce
talent and consequently contribute to the quality of knowledge infrastructure in a country
or a region. In a knowledge-based economy, universities constitute a key element of the
national or regional innovation system, not only as a human capital provider/developer
but also as a seed-bed of new firms (Etzkowitz et al. 2000). However, Gibbons et al.
(1994, p.76) assert that Bthe tradition of university-based research is threatened by the
encroachment of industry and profit-making mentality and values.^

Variations in the extent of the knowledge collaboration based on organizational type
can be estimated to reflect on the role of the universities in inter-organizational
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collaborations. However, heterogeneity in the extent of knowledge collaboration can
also be attributed to variations in knowledge collaboration antecedents such as moti-
vation, opportunity, and ability (MOA) (Argote et al. 2003). The MOA framework,
originally developed at the individual level, is also known to be effective in explaining
behavior at the organizational level (Clark et al. 2005). We use the MOA framework to
disentangle the output variation due to organizational type and/or the MOA factors. By
extracting the MOA impact, we can estimate the exact effects of organizational types.

Motivation, Opportunity, and Ability Framework

Three major theories are available to understand collaborative behavior: (1) the theory
of reasoned action (TRA) (Fishbein 1967), and its improved version, the theory of
planned behavior (TPB) (Ajzen and Fishbein 1970), (2) the cognitive-affective pro-
cessing system (CAPS) (Mischel and Shoda 1995), and (3) the motivation, opportunity,
and ability framework (MOA) (Argote et al. 2003; Blumberg and Pringle 1982).

Knowledge collaboration is a behavior that can happen intra-organizationally at an
individual level or inter-organizationally at an organizational level. The TRA, the
improved version TPB, and the CAPS models focus on individual-level mechanisms
that shape behavior. These include attitudes, beliefs, subjective norms, perceived
controls, affective responses, emotions, feelings, and other effects accompanying
psychological reactions. As these mechanisms exclusively address the individual level,
we do not use them for our organizational-level study of inter-organizational knowl-
edge collaboration. The MOA framework constitutes a set of broad and distinct
categories of variables (Argote et al. 2003; Kelloway and Barling 2000) that also have
organizational-level conception (Clark et al. 2005). In MOA, motivation is the will-
ingness to conduct behavior, i.e., knowledge collaboration behavior. Ability represents
the skills, capabilities, and capacities related to the behavior. Opportunity embodies all
the situational mechanisms that enable or hamper behavior.

Differences of University and Business Relationships: Knowledge, a Public,
or a Private Good

Inter-organizational knowledge collaboration is more challenging than intra-
organizational collaborations especially when the collaborating organizations pursue
different and often opposing organizational rules and agendas. A number of factors can
shed some light on this statement.

Knowledge, although occasionally subject to temporary monopolization or secrecy,
is essentially a public good. A public good is a shared resource from which every group
member can benefit regardless of their contribution to its provision. No one can be
prevented from benefiting from knowledge once it has been provided; i.e., non-
exclusivity. Moreover, the availability of knowledge resources does not diminish with
usage (Olson 1965). Knowledge can be used simultaneously by many without
diminishing its availability to any of the users, and it will not become depleted by
usage (Foray 2004), i.e., non-rivalry. Adding established knowledge of one field/
domain to a new field/domain enriches the existing knowledge base of both fields/
domains, i.e., cumulativeness. Combining and re-utilizing knowledge in new contexts
adds value to the original knowledge resource through validation and extension of its
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application scope. New knowledge solves problems of the recipient field/domain by
extending its knowledge base. To conclude, knowledge is a non-excludable, non-rival,
and cumulative resource that generates increasing returns through its systematic explo-
ration and exploitation.

Some organizational types prefer knowledge to be privatized as Bproprietary
knowledge^ to be able to reap its benefits. Others publicize knowledge to gain the
acknowledgement for both Bserving the public^ and Bpriority of discovery.^ BWhat
makes a knowledge-worker a ‘technologist’ rather than a ‘scientist’, in this usage, is not
the particular cognitive skills or the content of his or her expertise […] what matters is
the socio-economic rule structures under which the research takes place.^
(Partha and David 1994, p.495) Depending on the socio-economic rules of
organizations, knowledge can either be circulated as a public good or alterna-
tively safeguarded as a private good.

Universities have institutional rules to spread knowledge as a part of their public
mission (Partha and David 1994; Stern 2004). The university system is rooted in
Mertonian norms of science (Merton 1973). Universities perform based on collegiate
reputation-based institutional rules. For the academic system to work, publication or
presentation of knowledge is crucial to trigger reputation building via disseminating as
much knowledge as possible and to gain the priority of discovery. Mertonian
Bcommunality^ asserts complete and free disclosure (see Partha and David 1994 for
detailed dynamics of knowledge sharing of scientists and technologists).

Hypotheses

The Mode 2 outlines the end of the universities’ monopoly in knowledge exploration.
The conclusion of Mode 2 model follows as: Buniversities, in particular, will comprise
only a part, perhaps only a small part, of the knowledge producing sector.^ (Gibbons
et al. 1994, p.85). Although the linear innovation models (taking an ivory tower monop-
olistic role for universities) are correctly dismissed in Mode 2, the resultant conclusion does
not directly follow from the premises of wider knowledge exploration loci and disciplines.
Universities may still comprise the crucial organizational type in inter-organizational
knowledge collaborations andmay still play a salient role in knowledge production. Indeed,
universities in THm are viewed as important actors in the networks of knowledge-based
activities (Cooke et al. 2004; Etzkowitz 1998). The THm pictures universities as
Bentrepreneurial^ or Bgenerative^ institutions (Etzkowitz and Leydesdorff
2000; Etzkowitz and Zhou 2006; Gunasekara 2006). As scientific knowledge is important
for innovation and new business development (Mansfield and Lee 1996), universities have
a more prominent role as actors in regional and national economic development. Accord-
ingly, exploitation of university-generated knowledge has a stronger role in government
policies (Lambert 2003). Universities have a direct role in society by commercializing
research results, i.e., Bentrepreneurial science^ and Bthirdmission^ (Etzkowitz 1998;Martin
2003). Considering the extent of Bengagement in discussions,^ Bdevelopment of ideas or
skills,^ and Blearning due to collaboration^ as manifestations of the extent of inter-
organizational knowledge collaboration, we propose the following hypothesis:

Hypothesis 1: Universities collaborate more extensively in inter-organizational
knowledge networks than business organizational types.
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In business organizations, sharing valuable knowledge and admitting to require
knowledge may be perceived as risky (Borgatti and Cross 2003). From an economic
perspective, the cost to individuals may be in the effort and time spent in sharing
knowledge. However, by sharing knowledge, businesses may help advance competitors
at the cost of diminishing their own chances. Firms hesitate to enhance their rivals’
knowledge base as long as this knowledge hoarding is not costly to their own
knowledge base. Their primary concern is the appropriation of knowledge for creating
a sustained competitive position which contributes to shareholder value. Openness to
external actors is only used as a strategic mechanism to gain advantage (Chesbrough
2006). The business-oriented knowledge creating entities (e.g., commercial R&D) aim
at extracting rent from their available knowledge and keep their knowledge as a
proprietary commodity.

While universities in general aim tomake knowledge as public as possible, businesses
generally aim to keep their knowledge as private as possible. Even though universities
occasionally patent or businesses sometimes provide open access, the two worlds of
university and business have clear boundaries on their institutional rules and agendas that
govern knowledge. These boundaries are the main obstacle to inter-organizational
knowledge collaboration (Partha and David 1994). Universities make knowledge
Bleaky^ so that they become acknowledged as pioneering discoverers, whereas busi-
nesses make knowledge Bsticky^ so that they can control a resource that is not available
to their competitors (Brown and Duguid 2001). These leads to hypothesis 2.

Hypothesis 2: Knowledge collaboration between universities (U&U relationships)
is more extensive than knowledge collaboration between businesses (B&B
relationships)

Controlling the Confounding Effects

In the empirical part of this study, we use a multivariate regression analysis that relates
inter-organizational knowledge collaboration to the organizational types, the MOA
framework, and a number of control variables. First, we explain the context of the
knowledge collaborations used in this study.

Inter-organizational knowledge collaborations in this study take place in the project
consortia in the European Union 7th Framework Programme for Research and Tech-
nological Development Energy theme (FP7-Energy). FP7-Energy constitutes project
consortia each comprising numerous types of organizations: universities, businesses,
research institutes, and administrative organizations. The main project variables include
the duration of the collaborative project, the geographical distance between the collab-
orators, and the availability of information technology (IT) to the members of the
project consortium.

In project-based inter-organizational knowledge collaborations, the allocated work-
load of the project is assumed to be proportional to the project’s duration. A longer
project means that more tasks need to be coordinated and performed, which might
distract the collaborators from focusing on an extensive collaboration. Longer projects
are also less likely to give the collaborators a sense of urgency that shorter projects do.
Project duration is expected to negatively affect the extent of knowledge collaboration.
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Geographical proximity and colocation are beneficial because such proximity in-
creases the likelihood of communication between actors (Zahn 1991) and facilitates
knowledge spillovers (e.g., Almeida and Kogut 1999; Malmberg and Maskell 2002).
Geographical proximity entails that working close to the potential source of knowledge
increases the probability and the extent of learning from that source. Borgatti and Cross
(2003) have shown that the likelihood of having effective and efficient knowledge
flows decreases as distance increases. Empirical studies on university spillovers have
found that knowledge spillovers from universities are localized and contribute to higher
rates of corporate patents or innovations in geographically bound areas (e.g., Anselin
et al. 1997; Feldman and Florida 1994; Fischer and Varga 2003; Van Der Panne and
Kleinknecht 2005). Knowledge spillovers are Bconfined largely to the region in which
the research takes place^ (Hewitt-Dundas 2013, p.94). Geographical distanceis expect-
ed to negatively affect the extent of knowledge collaboration.

Utilizing information technology systems in knowledge collaborations can support
organizations. IT removes communication barriers and offers access to even geograph-
ically distant collaborators. The availability of IT is expected to positively affect the
extent of knowledge collaboration.

In summary, the literature review is represented by a conceptual framework of
knowledge collaboration of different organizational types. The conceptual framework
has the extent of inter-organizational knowledge collaboration which is dependent on
the MOA concepts—comprising motivation, opportunity, and ability—the organization
types, and the control variables. The MOA concepts are used to represent the possible
variation due to organizational-level differences, whereas organizational type reflects
the type of organization, e.g., university, research institute, industry, or government.
The control variables include: the duration of the collaborative project, the geographical
distance between the collaborators, and the availability of information technology to the
members of the project consortium.

Method

Approaches and Operationalization

Central to our conceptual framework is the MOA framework of which the MOA
components are interrelated and distinct concepts. We apply a Structural Equation
Modeling (SEM) with reflective3 measurements to match the theoretical framework’s
interrelated explanatory variables. SEM is useful for disentangling the effects of the
theoretical constructs and/or confounding variables from the effects of the
organizational/relationship types, which all contribute to variations in the extent of
the inter-organizational knowledge collaboration. SEM tests a set of relationships
between explanatory variables, simultaneous with the effects of control variables,
exerting influence on the dependent variable. This is done by examining the
variance/covariance matrix of all variables simultaneously. Moreover, in confirmatory
factor analysis (CFA), as a measurement model for testing the reliability and validity of
latent constructs prior to SEM, each measurement item has to load on one and only one

3 As opposed to formative measurements
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construct. This expression of CFA, and the consecutive structural model in SEM, fits
another MOA framework assertion which mandates distinct conceptual constructs.
Furthermore, the distinctness of the constructs (representing each concept) becomes
testable by SEM methodology through the discriminant validity test.

Table 1 shows the operationalization of the conceptual framework that is used in the
empirical analysis. The list includes the dependent variable (i.e., inter-organizational
knowledge collaboration, IKC), a set of control variables (i.e., project duration, geo-
graphical distance, and IT availability), the MOA theoretical framework concepts (i.e.,
motivation, opportunity, and ability), and two sets of dummy variables (i.e., organiza-
tion type and inter-organizational relationship type). We adapted the dependent variable
to the inter-organizational context using Davenport and Prusak (1998) and Muthusamy
and White (2005). We adopted the control variables from Gertler and Levitte (2005),
Sher and Lee (2004), and Zaheer and McEvily (1999). The operationalization of the
three MOA constructs is guided by Jarvenpaa et al. (1998), Muthusamy and White
(2005), and Song and Parry (1993).

Dummy Variable Approach

Organizational/inter-organizational relationship types are included as exogenous ob-
served dummy variables. Dummy variables are useful for modeling variables that are
not conventionally measured on a numerical scale such as organizational type and inter-
organizational relationship type. Including all categories of a variable in a regression
equation introduces singularity in the moment matrix. The moment matrix singularity is

Table 1 Operationalization

Construct Items

IKC (dependent variable) IKC1—extent of involvement in group discussions
IKC2—development of new ideas/skills due to collaboration
IKC3—extent of learning to exchange ideas/skills

Controls zDuration—collaborative project’s duration
zDistance—geographical distance between the collaborators
zIT—extent of available IT systems relevant to knowledge collaboration

Motivation M1—availability of incentives to work on ideas
M2—existence of encouragement to keep trying
M3—formal promotion of knowledge collaboration

Opportunity O1—extent of additional (to contracted) spent time
O2—extent of additional (to contracted) spent effort

Ability A1—extent of organizational capability
A2—extent of specialized capability
A3—extent of success at execution of organizational plans

Organization type -Dummy variables for business (B), university (U), research institute (R),
and administrative (A)

Inter-organizational
relationship type

-Dummy variables for business and business (B&B), university and
university (U&U), research institute and research institute (R&R),
administrative and administrative (A&A), and six inter-type
relationships: B&R, U&B, U&R, A&B, A&U, and A&R
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due to the perfect linear multiple correlation among the categories.4 BConstraining the
constant to zero^ or Bomitting one category in regression equations as a baseline^ are
two alternative solutions to this issue (Suits 1957). Both solutions yield identical results
(Suits 1957). In this research, we omit one category as a baseline. However, the
outcome of tests of comparative effects is dependent on the choices made about which
group is omitted and used as the baseline (Hayes and Preacher 2014). Therefore, we
investigate three models, with three different baselines for each hypothesis, to provide a
more complete picture.

Data

Empirical inter-organizational knowledge collaboration studies often use quantitative
datasets on patents, licensing, and co-authoring (e.g., Acs et al. 2002; Anselin et al.
1997; Coenen et al. 2004; Fischer and Varga 2003; Jaffe et al. 1992). Clearly, patent
data excludes forms of collaboration that do not result in patents or types of innovation
for which patents are not important. Although patents are a relevant measure of
application-oriented collaboration, not all of such collaborations lead to a patent (Acs
et al. 2002). The same holds for co-authorship and licensing. Transfer-based interac-
tions between universities and businesses (i.e., use of codified knowledge of research
papers, patents or prototypes) play a moderate role, providing a need for studying
Bbench-level^ interactions in inter-organizational knowledge collaboration networks
(Perkmann and Walsh 2007). Studies on knowledge collaboration between universities
mainly focus on co-authorship and citation counts of scientific papers or patents. This
paper complements these studies by investigating the university’s roles from an
application-oriented bench-level perspective (Godin and Gingras 2000, p.277).

An example of the Bbench-level^ knowledge collaboration of diverse organizational
types is the Framework Programmes for Research and Technological Development
(FPs). FPs are an example of global inter-organizational knowledge collaboration that
deal with the grand challenges of the society. More than €112 billion was spent on FP1
to FP7 until 2013 and an estimated additional €80 billion will be spent under the
Horizon 2020 scheme. The Community Research and Development Information Ser-
vice (CORDIS) website (available at http://cordis.europa.eu) provides detailed
information on publically funded projects under the FPs. CORDIS dataset is relevant
to this research since FPs represent collaborations of several organizational types and
diverse inter-organizational knowledge collaboration relationships, and allows us to
investigate these Bbench-level^ knowledge collaborations. Moreover, providing a
cross-border set of observations enhances the generalizability. Also, homogeneous
institutional norms of FPs across all project consortia, exerted by the EC and peer
researchers, facilitate the interpretations of empirical results by avoiding the impact of
outliers. We use the inter-organizational knowledge collaborations in FP7-Energy as a
random sub-sample.

The FP7-Energy consists of 367 project entries (retrieved from CORDIS website
before 12 March 2015). After refining the data using cloud computational BGoogle
Refine^ software, we identified 2262 organizations that collaborated in teams (i.e.,

4 For instance, an organization which is not a business, a university, nor a research institute is determinatively
an administrative organization according to this paper’s all-inclusive categorization of organization types.
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more than one participant per project). Each organization can participate in more than
one project consortium (i.e., multiple participations per participant). The number of
participations was 3910. The target group consists of key staff as these are directly
involved in the projects, are informed about the operational team’s performance, and
attend project steering committee meetings. Key staff can represent their organization
in various consortia.

We acquired the email addresses of 2050 key staff, and asked them to participate in
an online survey. After 2 weeks, we sent reminders to non-respondents. A total of 634
(31%) key staff started filling in the survey from which we obtained 479 completed
forms. We excluded five responses due to inconsistencies between their input and
CORDIS data. We analyzed a total of 474 responses related to the respondents’ own
organization, a singled-out anonymous partner organization, and their collaborative
project consortium. We used the respondents’ organization type to investigate organi-
zational type differences, and used the combination of the organizational type of the
respondents and their singled-out anonymous partner to investigate inter-organizational
relationship type differences.

To examine whether a response bias exists, we employed a two-independent sample
t test to test for differences between the respondents and an equally sized group of
randomly selected non-respondents regarding: (1) project duration, (2) project cost, and
(3) the amount of EU funding. We found no significant differences at the 90%
confidence interval.5

By design, our research is based on a single-informant survey, which means that the
variables are measured as self-reported items. In order to test whether this survey design
influences the variance, we performed four statistical tests to test common method bias
(CMB): Harman’s single-factor test, principal component analysis (PCA), CFA with a
constrained constant latent variable, and constraint-free CFA. The results6 of all these
tests suggest that common method variance is unlikely to confound the interpretations
of our research results.

Results

Table 2 lists data related to organization and inter-organizational relationship types.
Associations, government organizations, and not-for-profit organizations were pooled
together and labeled as administrative (A). Business organizations (B) are the most
frequent organizational type in this FP7-Energy survey. Administrative organizations
are the least frequent. Therefore, collaborative relationships involving administrative
organizations are also the least frequent relationship types. Business and research

5 The tests statistic values were t(861) = 0.21, p = 0.83 (project duration); t(872) = − 1.58, p = 0.12 (project
cost), t(872) = − 1.35, p = 0.18 (amount of EU funding).
6 The constrained single factor did not account for the majority of the variance (33% < 50%). Freeing the
single-factor constraint, 11 items (items in Table 2 excluding the controls) loaded on more than one factor.
Four factors emerged using the varimax rotation in the principal component analysis corresponding to the first
four factors. The CFA measurement model with a constrained constant latent variable determining all items
did not converge. Paths of constraint-free latent factor to the measurement items in CFAwere not significant at
a 90% confidence interval.
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institute (B&R), university and research institute (U&R), plus business and business
(B&B) relationships were the top three most frequent relationship types.7

We tested the constructs (i.e., operationalized concepts) for reliability. The results
show values greater than 0.75 on Cronbach’s αmeasure (see Table 3). Widely accepted
model-to-data fit indices for CFA are chi-squared per degrees of freedom (χ2/df), root
mean square error of approximation (RMSEA) and its corresponding p of close fit—p
value of one-sided test of the null hypothesis that the RMSEA equals 0.05—(p close),
Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI), and standardized root
mean square residual (SRMR). CFA confirmed the measurement model by meeting all
these fit criteria with conservative cutoff points: χ2/df below 3 (1.696, the lower the
better), RMSEA below 0.05 (0.038, the lower the better) with insignificant p close at
0.05 level (0.882, the higher the better), CFI and TLI above 0.95 (0.988 and 0.983,
respectively, the higher the better), and SRMR below 0.08 (0.032, the lower the better).
We also tested for convergent validity. All average variances extracted (AVE) were
above 0.5, assuring construct validity. The discriminant validity was established by
exhibiting that all correlations between the constructs were smaller than the squared
root of the corresponding AVEs. Thus, indicators of each latent construct share more
variance within themselves than they do with other variables.

Table 3 shows the descriptive statistics. IKC and MOA constructs are centered, i.e.,
data points are linearly shifted to a mean of zero. Additionally, control variables (starting
with Bz^ in Tables 5 and 6) are standardized as z-scores, i.e., have zero mean and unit
variance. The average duration of FP7-Energy projects was 929.5 days (i.e., ~ 31months),
with 29 days as standard error. The average travel time between the respondents and their
partner organization was about four and half hours, with less than 6 minutes as standard
error. The average extent of availability of IT systems was 2.8, with 0.07 standard error.

In Table 4, the MOA constructs and the dependent variable IKC have different
means in each category of organizational type. Except for motivation, the mean
differences are significant (F-test in ANOVA). This justifies the inclusion of MOA to
explain the IKC variation. Thus, to estimate the exact impact of organizational type on
IKC, we disentangled the IKC variations due to MOA.

We estimated the impact of organizational type on the extent of knowledge collab-
oration using dummy variables. The baseline for comparison by a dummy variable can
be any of the major organizational types. The coefficients of the other organizational
types in each model are a measure of the impact of those types compared to the
baseline. We assigned three organizational types, i.e., business, university, and research
institutes, as the baselines in three models (Model1–Model3). As administrative orga-
nizations constitute the smallest group in the observations, they are not taken as the
baseline. We applied the same dummy variable approach to measure the comparative
impact of the remaining nine relationship types with B&B, U&U, and R&R as
baselines in three models (Model4–Model6).

Table 5 reports the results of comparative organizational type impacts on IKC in three
models: business, university, and research institute, respectively, in Model1, Model2, and
Model3. βs are the standardized regression coefficients which measure whether each

7 Sideridis et al. (2014), investigating the appropriate sample size of SEM methodology, found 50 to be a
satisfying sample size for a four-latent construct model. Our sample of 472 respondents complies with those
sample size considerations.
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organization type exhibits more or less IKC compared to the baseline. For example, a
significant negative β for business (β = − 0.26, p < 0.01) when university is the baseline
(Model2) means that businesses exhibit significantly 26% less IKC than universities.
Figure 1 is the path diagram of Model2.

Model1 portrays 23% more IKC for universities (β = 0.23, p < 0.01) compared to
businesses (i.e., the baseline). Based on the negative coefficients for business, research
institute, and administrative organization types in Model2, and the significantly positive
coefficient of university compared to business in Model1, we can conclude that
universities collaborate more extensively compared to the other organizational types.
Hypothesis 1 cannot be rejected. THm propositions hold while there is no evidence for
the assertions of the Mode 2 model.

Moreover, the MOA components have a significant positive impact on IKC in all
models. As expected, the more motivation, opportunity, and ability of an organization, the
higher the extent of knowledge collaboration. The control variables, project duration,
geographical distance, and IT systems relevant to knowledge collaboration all significant-
ly influence the extent of knowledge collaboration. As expected, project duration and
geographical distance have a negative impact, whereas IT has a positive role in facilitating

Table 2 Organizational and inter-organizational relationship types

Organizational type (respondent) Frequency Percent Inter-organizational
relationship

Frequency Percent

Business (B) 175 37.08 B&B 65 13.77

University (U) 111 23.52 U&U 46 9.75

Research institute (R) 132 27.97 R&R 57 12.08

Administrative (A) 54 11.44 A&A 13 2.75

B&R 108 22.88

(Singled-out partner) U&B 59 12.50

Business (B) 144 30.51 U&R 73 15.47

University (U) 132 27.97 A&B 22 4.66

Research institute (R) 173 36.65 A&U 18 3.81

Administrative (A) 23 4.87 A&R 11 2.33

Table 3 Descriptive statistics

N Cronbach’s α AVE Mean Std. error

Constructs: IKC 472 0.78 0.57 0.0026 0.0286

Motivation 472 0.85 0.67 0.0012 0.0528

Opportunity 472 0.91 0.83 0.0017 0.0471

Ability 472 0.80 0.59 0.0010 0.0296

Unstandardized
controls:

Duration (days) 472 928.7542 28.9955

Distance (7-point Likert scale 0–6) 472 2.8369a 0.0615

IT availability (7-point Likert scale 0–6) 472 2.8242 0.0722

a Corresponding to 4 h and 32 min travel using respondents’ usual media of transport
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IKC. The SEM structural model fits the data by meeting conservative cutoff points (as of
CFA fit criteria) on all fit indices. These indices are reported in the last row of Table 5.

Figure 1, the path diagram of Model2 in Table 5, reports additional results. Latent
constructs IKC, motivation, opportunity, and ability are presented by eclipses. Means of
observed endogenous variables (measurement items) are reportedat the bottom right
corner of each rectangle. By reflective measurement, the latent variables load on
measurement items. The loadings are presented by unidirectional straight arrows and
are reported next to each unidirectional arrow. Covariance of interrelated explanatory
variables are shown in curved bidirectional arrows and are reported next to each curved
arrow. Causal influence of the theoretical framework constructs, control variables, and
dummy variables are shown in straight directional arrows towards the latent endoge-
nous variable IKC. All errors of variance of endogenous variables are isolated as latent
exogenous variables in circles and are reported next to each circle.

Table 6 reports the results of SEM analysis with a dummy variable approach for
different inter-organizational relationship types. Depicted by significant positive coef-
ficients of Model4 in Table 6, the B&B relationship shows a significantly less extensive
knowledge collaboration compared to U&U (β = 0.23, p < 0.01), R&R (β = 0.11,
p < 0.10), and U&R (β = 0.14, p < 0.05) relationship types. Depicted by significant
negative coefficients of Model5 in Table 6, the U&U relationship shows a significantly
more extensive knowledge collaboration compared to B&B (β = − 0.26, p < 0.01),
R&R (β = − 0.14, p < 0.05), A&A (β = − 0.16, p < 0.01), B&R (β = − 0.28, p < 0.01),
U&B (β = − 0.18, p < 0.01), U&R (β = − 0.14, p < 0.05), and A&B (β = − 0.10,
p < 0.10) relationship types. Taking into account the theoretical constructs and contex-
tual confounding variables simultaneously, the U&U inter-organizational relationship
type shows a significantly more extensive knowledge collaboration compared to the
B&B relationship type. Contrary to the claims of the Mode 2 model, all evidence is in
line with the propositions of the Triple Helix model in inter-organizational knowledge
collaborations. Hypothesis 2 cannot be rejected.

The impacts of motivation, opportunity, ability, project duration, geographical
distance, and the availability of IT systems kept their significance and sign in all six
models. Based on all models, conform to our expectations, we can conclude that the
higher the MOA, the higher the IKC. The longer the duration of a project, the less the

Table 4 Constructs’ means as per organizational type

Business
Mean
(standard error)

University
Mean
(standard error)

Research institute
Mean
(standard error)

Administrative
Mean
(standard error)

ANOVA
Fp value

IKC − 0.15
(0.05)

0.21
(0.06)

0.05
(0.05)

− 0.06
(0.08)

8.32***

Motivation − 0.04
(0.08)

0.06
(0.13)

0.07
(0.09)

− 0.12
(0.16)

0.500.69

Opportunity − 0.17
(0.08)

0.10
(0.10)

0.14
(0.08)

− 0.03
(0.13)

2.84**

Ability − 0.13
(0.05)

0.14
(0.06)

0.13
(0.05)

− 0.18
(0.09)

7.37***

p ≤ 0.10; **p ≤ 0.05; ***p ≤ 0.01
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extent of the knowledge collaboration, which can be attributed to coordination issues in
longer projects. This can also be caused by the lack of a sense of urgency in longer
projects. Geographical distance between the collaborators has a significant negative
impact on the extent of the knowledge collaboration. The availability of the IT systems
has a significant positive impact on the extent of the knowledge collaboration. Fit
indices of Model4–Model6 can be found in the last row of Table 6.

Limitations and Implications

The focus of this paper was on EU level FP funding. National programs or non-EU
funding schemes may have different dynamics, and would also be worth studying. FP

Table 5 Results of SEM regressions of organizational types

Model SEM dummy-var.
Org. type
Baseline business
Model1

SEM dummy-var.
Org. type
Baseline university
Model2

SEM dummy-var.
Org. type
Baseline research ins.
Model3

Explanatory variable β
(S.E.)

β
(S.E.)

β
(S.E.)

Controls: zDuration − 0.10**
(0.05)

− 0.10**
(0.05)

− 0.10**
(0.05)

zDistance − 0.10**
(0.05)

− 0.10**
(0.05)

− 0.10**
(0.05)

zIT 0.22***
(0.05)

0.22***
(0.05)

0.22***
(0.05)

Theoretical framework: Motivation 0.12**
(0.05)

0.12**
(0.05)

0.12**
(0.05)

Opportunity 0.10*
(0.05)

0.10*
(0.05)

0.10*
(0.05)

Ability 0.27***
(0.06)

0.27***
(0.06)

0.27***
(0.06)

Organizational type: Business Baseline − 0.26***
(0.06)

− 0.09
(0.06)

University 0.23***
(0.05)

Baseline 0.15***
(0.05)

Research Ins. 0.09
(0.05)

− 0.16***
(0.06)

Baseline

Administrative 0.06
(0.05)

− 0.11**
(0.05)

0.00
(0.05)

SRMR 0.057 0.060 0.059

Dependent variable: extent of the inter-organizational knowledge collaboration (IKC)

βs are standardized coefficients. (S.E.) is standard error

N= 472

Model fit indices: Log likelihood = − 9493.997; χ2 /df = 1.88; RMSEA [p close] = 0.043 [0.875]; CFI = 0.964;
TLI = 0.955

*p ≤ 0.10; **p ≤ 0.05; ***p ≤ 0.01
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projects are funded after being peer-reviewed in accordance with a common review
protocol; thus, all projects showed above-standard performance. Since rejected pro-
posals and not-applied proposals are omitted by this selection method, the input data
might exhibit pre-selection sample-bias. Consequently, the implications of the results
specially hold for above-standard performing organizations. For generalization, future
work could address these concerns by including a priori rejected or a posteriori failed
inter-organizational knowledge collaboration project. Moreover, universities and busi-
nesses were categorized uniformly. A more comprehensive categorization of, e.g.,
technical/non-technical university or public/private business, may enhance the level
of detail.

The findings nevertheless conform to the Horizon 2020 context and imply that
universities’ salient role can be strengthened in order to facilitate inter-organizational
knowledge collaboration networks. More specifically, publically funded consortia can
be composed taking into account that universities are more conducive and hence more
effective in inter-organizational knowledge collaboration networks than other organi-
zational types, specifically compared to for-profit business organizations. Replacing
universities with businesses in a consortium is likely to reduce the extent of knowledge
collaboration in the consortium.

We need to take into account the fact that business organizations are not conducive
to inter-organizational knowledge collaboration. These organizations benefit from
keeping knowledge private and proprietary. We cannot expect businesses to broadcast
knowledge to their rivals. Business organizations that do not have an extensive
relationship with universities need to reconsider their partner portfolio and
extend the knowledge collaboration of their network by connecting to more
universities. Stereotyping university knowledge as Bknowledge in books^ can
change to a recognition of academic knowledge as a Bpractical^ potential source
of sustained competitive advantage.

Fig. 1 Path diagram of Model2
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Table 6 Results of SEM regressions of inter-organizational relationship types

Model SEM dummy-var.
Relationship type
Baseline B&B
Model4

SEM dummy-var.
Relationship type
Baseline U&U
Model5

SEM dummy-var.
Relationship type
Baseline R&R
Model6

Explanatory variable β
(S.E.)

β
(S.E.)

β
(S.E.)

Controls: zProject duration − 0.09**
(0.05)

− 0.09**
(0.05)

− 0.09**
(0.05)

zDistance − 0.10**
(0.05)

− 0.10**
(0.05)

− 0.10**
(0.05)

zIT availability 0.20***
(0.05)

0.20***
(0.05)

0.20***
(0.05)

Theoretical framework: Motivation 0.12**
(0.05)

0.12**
(0.05)

0.12**
(0.05)

Opportunity 0.09*
(0.05)

0.09*
(0.05)

0.09*
(0.05)

Ability 0.27***
(0.06)

0.27***
(0.06)

0.27***
(0.06)

Relationship type: B&B Baseline − 0.26***
(0.07)

− 0.12*
(0.06)

U&U 0.23***
(0.06)

Baseline 0.13**
(0.06)

R&R 0.11*
(0.06)

− 0.14**
(0.06)

Baseline

A&A − 0.03
(0.05)

− 0.16***
(0.05)

− 0.09*
(0.05)

B&R 0.04
(0.07)

− 0.28***
(0.07)

− 0.11
(0.07)

U&B 0.07
(0.06)

− 0.18***
(0.06)

− 0.04
(0.06)

U&R 0.14**
(0.06)

− 0.14**
(0.07)

0.01
(0.06)

A&B 0.06
(0.05)

− 0.10*
(0.05)

− 0.01
(0.05)

A&U 0.07
(0.05)

− 0.07
(0.05)

0.01
(0.05)

A&R 0.08
(0.05)

− 0.03
(0.05)

0.03
(0.05)

SRMR 0.045 0.046 0.046

Dependent variable: extent of the inter-organizational knowledge collaboration (IKC)

βs are standardized coefficients. (S.E.) is standard error

N= 472

Model fit indices: Log likelihood = − 8863.2597; χ2 /df = 1.51; RMSEA [p close] = 0.033 [1.000]; CFI =
0.966; TLI = 0.960

*p ≤ 0.10; **p ≤ 0.05; ***p ≤ 0.01
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Universities have the main responsibility and power in shaping regional economic
capability and competitiveness in the knowledge-based economy. Academia can be-
come aware of this power and use it to conduct and extend inter-organizational
knowledge collaborations. Stereotyping academics who collaborate with businesses
as turncoats can change to a recognition of business-oriented collaboration as a source
of insight for theory development and/or the validation of research results as well as an
accomplishment of the public mission.

Administrative structures, specifically the European Commission, can use these
findings in their perspective on diverse organization types in inter-organizational
knowledge collaboration for resource allocation and division of labor. Administrative
structures might instill the findings of this research in their new policies on the structure
of the to-be-funded consortia, for instance, in Horizon 2020. The message to the
policymakers is to involve academic organizations in groups of more than one per
consortia to enable between-university knowledge collaboration.

Finally, collaborating organizations can address the need for shorter, more easily
manageable projects powered by direct contacts by decreasing the distance between
their sites/partners and by providing collaboration-related IT systems to their opera-
tional team.

Conclusion

By studying the collaborative knowledge exploration and exploitation in inter-
organizational knowledge networks of FP7-Energy, we empirically examined the
impact of organization type on the extent of inter-organizational knowledge collabora-
tion at the organizational and at the inter-organizational levels. Empirical evidence
depicted the central role of universities in innovation systems by studying bench-level
knowledge interactions rather than examining scientific papers or patent count/cita-
tions. The results provide empirical support for the predictions of the Triple Helix
model (Leydesdorff and Etzkowitz 1998) and show no evidence for the claims of the
Mode 2 model (Gibbons et al. 1994). At the organizational level, our findings show that
universities are the organizational type with the most extensive knowledge collabora-
tion with regard to the extent of their involvement in group discussions, in the
development of new ideas/skills, and in the extent of learning to exchange ideas/
skills (as manifestations in a reflective construction).

At an inter-organizational relationship level, our results show that a U&U knowl-
edge collaboration relationship is the most extensive compared to other major relation-
ship types. B&B relationships are less extensive than U&U. In this paper, being open or
closed to external organizations is ascribed to the stance of an organization with regard
to the public or private dimension of knowledge: whether an organization aims to
Bsafeguard^ its knowledge and keep it proprietary and private, or aims to publically
Bdisseminate^ as much knowledge as possible. The differing extents of inter-
organizational knowledge collaborations can be attributed to the different and often
opposing organizational agendas of businesses and universities. These findings are
most relevant for resource allocation of publically funded projects (e.g., Horizon 2020)
in which underinvestment in and exclusion of the role of universities can likely
negatively impact the extent of inter-organizational knowledge collaboration.
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Policymakers might not only involve academic organizations, but also include groups
of more than one university per consortium to enable between-university knowledge
collaboration to boost collaborative knowledge exploration and exploitation of the
consortia.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and repro-
duction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were made.
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