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Abstract
Universities and other public research organizations (PROs) are potentially valuable collaboration partners for firms in
developing new innovations, but most firms find it difficult to develop and sustain fruitful collaborations with PROs.
Numerous quantitative studies have shown that different proximity dimensions, such as geographical, cognitive,
organizational and social proximity, are important for the establishment and performance of inter-organizational
collaboration. Still, our understanding of how different proximity dimensions are related to each other and how they
evolve over time is limited. This paper reports from a longitudinal study of 16 successful innovation projects in
Norwegian firms involving PROSs as collaboration partners. We find that different proximity dimensions are important for
establishing new collaborations, depending on the firm characteristics. Engineering-based firms tend to rely on
geographical proximity and social relationships with PROs, while science-based firms have closer cognitive and
organizational proximity to PROs. Moreover, we observe how firms with initial social and geographical proximity to
PROs can sustain and expand this collaboration through developing cognitive and organizational proximity to PROs.
Our study contributes to a better understanding of how different proximity dimensions are related and their evolution
over time. We develop propositions for how different types of firms can develop and sustain fruitful collaborations with
PROs when developing new innovations.
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Abstract

Universities and other public research argations (PROs) are potentially valuable
collaboration partners for firms in developingw innovations, but most firms find it difficult

to develop and sustain fruitful collaborationshAPROs. Numerous quantitative studies have
shown that different proximity dimensions, such as geographical, cognitive, organizational
and social proximity, are important for ethestablishment and performance of inter-
organizational collaboration. Still, our understagdof how different proximity dimensions

are related to each other and how they evolhar time is limited. This paper reports from a
longitudinal study of 16 successiahovation projects in Norwegian firms involving PROs as
collaboration partners. We find that diffateproximity dimensions are important for
establishing new collaborationslepending on the firm chatadstics. Engineering-based
firms tend to rely on geogramal proximity and social relationships with PROs, while
science-based firms have closer cognitive and organizational proximity to PROs. Moreover,
we observe how firms with indl social and geographical praxty to PROs can sustain and
expand this collaboration through developinggnitive and organizational proximity to
PROs. Our study contributes to a better undedsta of how different proximity dimensions

are related and their evolution over time. Weealep propositions for how different types of
firms can develop and sustain fruitful cdlt@ations with PROs when developing new
innovations.

Key words: innovation, PRO collaboration, pnoy, science-based firms, engineering-
based firms.

1. Introduction

Although most firms know that they need to develop new or improved products,
services and processes to stay compet{fheece, 2007), they find the development of new
innovations to be a difficult task (Katila & Afa, 2002). Many firms struggle to come up
with incremental innovations #@h are significantly different from the firm’s existing
knowledge, technology and competence &8t Podolny, 1996). External knowledge
sources are an important sugplent to the firms’ internal knowledge base and are often
critical for the accomplishment of innovation @cis. A number of quantitative studies have
looked at the role of heterageous external knowledge souraelsen firms develop radical
innovations (Laursen & Salter, 2006). Diffetetypes of alliances, partnerships and
collaborations play a crucial role in impragi innovation performance (Nieto & Santamaria,
2007). However, our understanding of how camps can access, use and manage external
knowledge successfully in their inndian processes is less developed.

An important external source for knowledge during the development of new
innovations is universities and other publiceash institutions (henceforth PROs). PROs
play crucial role for R&D anthnovation across a @e range of industrs (Cohen, Nelson, &
Walsh, 2002) and the importance of direct intBoacto release the full potential of PROs as
sources of external knowdge is increasingly emphasizePROs possess technological
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expertise and knowledgeahcan be valuable input to thems’ innovation processes. PROs
can also be a partner that facilitategamizational learning and the creation of new
knowledge (Hardy, Phillips, & Lawrence, 2003jpwever, many firms find it difficult to
collaborate with PROs. Busis® organizations and PROs,rtgaularly universities, are
pursuing different goals and are therefore citmally different in many aspects such as
incentive structure and managamerhese differences oftengwent firms from using PROs
as a source of external infoaton in the innovation process.

The role of university-industry links immovation is extensely studied, but the
organizational dynamics underlying these relaghips is not well understood (Perkmann &
Walsh, 2007). In this paper waill look at how firms areable to develop and sustain
collaborations with PROs when developingwrianovations. Although PROs are a potentially
valuable source of new knowledgeis a challenge for firms to absorb this knowledge, as
evident by the many unsuccessful attempt&raiwledge transfer between universities and
firms (Santoro & Bierly, 2006). This challenggften relates to the role of trust and
understanding for the communication and iattion between firms and academics, which
can be facilitated through various types mbximity (Boschma, 2005; D'Este, Guy, &
lammarino, 2012).

Different dimensions of proximity is seengtay an important role in explaining inter-
organizational collaboratiorfkKnoben & Oerlemans, 2006), but how different types of
proximity emerges and evolve over timemians poorly understoodn particular, the
literature describes the dimensions of proxinthiat facilitate the formtion of collaborations,
whereas less attention has been given ® ititerplay between different dimensions of
proximity, the evolution of proximities over tenand the outcome of these collaborations.
This paper investigates thelecof proximity in collaboratie innovation performance. More
specifically, we pose the following research questiblow do different dimensions of
proximity facilitate the eablishment of successful cloration between firms and PROs
and how do these dimensions evolve over time?

The literature on inter-orgazational knowledge transfer @ominated by quantitative
studies and most studies focus on single rmémts from one partner of the alliance
relationship (Meier, 2011). Hence, we know aajrdeal about what alacterizes successful
collaborations, but how these @idorations were created in the first place and the underlying
mechanisms and processes of collaboratin iesriargely unexploredBalland, 2011). It is
likely that different firm chaacteristics influence the neddr different combinations of
proximities. We follow a categorization of science-based firms and engineering-based firms
(Autio, 1997b) to examine whether these groapdirms require different combinations of
proximities. This study builds on longitudinaltdabout 16 successful innovation projects in
firms of varying size and age. All innovatiornopacts in our study are successful in the sense
that they have produced an innovation that rssatered as profitabler potentially profitable
by the firm. Hence, our case material is weltesito better understand the determinants of
successful universityrdustry collaboration.

Our paper makes several contributions ® literature on how fims use PROs as an
external knowledge source for innovation. Aykeontribution relates to the in-depth
gualitative methodology. Most prisesearch on the role of proxity in inter-organizational
collaboration has been cross-sectional quantéagiudies looking at thfactors leading to the
establishment of collaborations. Our study loakssuccessful collabations longitudinally
and thereby reveals how sucbllaborations emerge and evel over time. Moreover, by
using the innovation proje@s unit of analysis, ratherah the more commonly used firm
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level, we get a more precise account of thkaboration. Firm level studies are not able to
account for both successful and unsuccesshdvation projects within the same firm.

Moreover, this study helps tdarify how internal and external knowledge sources
interplay over time. In particular, we erte research on proximity by pointing to the
important role of social and geographical proity in establishing collaborations with
external partners that arestiint on the cognitive and orgaational level. Moreover, we
show how firms actively build absorptive capgdiy becoming more proximate to PROs on
the cognitive and organizational dimensions.isTkontributes to amore fine grained
understanding of how different dimensions obmity are related and develop, as well as
under which conditions they facilitate collabiboas between firms and PROs to develop new
innovations.

This article proceeds as follows. Sectiopr2sents our theoretical framework. Section
3 presents the methodological approach. Section 4 our findings are presented and
propositions derived. Finally,oaclusions and implications fdurther research and practice
are provided.

2. Theoretical Framework

In this section, the theoreticklamework of this paper Wiexamine the concepts of
absorptive capacity and different types of pnaity, in addition to a table of strengths and
weaknesses of proximities ant the interplaywaen them. At the end of this section, a
discussion of firm categorizath and proximity are presented.

2.1. Absorptive capacity

The ability to use external actors in thmovation process haseen linked to the
firm’s absorptive capacity, defined as “the apildf a firm to recogrde the value of new,
external information, assimilate it, and apjiyfto commercial ends(Cohen & Levinthal,
1990, p. 128). A key point of the absorptive catyaperspective is thatollaboration with
external actors is dependent on the level @irpelated knowledge between the firm and the
collaboration partner. Hence, the absorptiveacép would be higher when the partners are
similar and possess a similar knowledge bas® & Deng, 2009). Although firms are more
capable of collaborating if the partners are Emipartners that are too similar may not be
able to provide the type of heterogeneos®ueces and knowledge needed to develop radical
innovations (Nooteboom, Van HaverbekeyyBters, Gilsing, & van den Oord, 2007).

Firms that seek to engage externaloextin their innovation processes face the
paradox that the type of actdtsat are likely tgprovide the most complementary knowledge
also would be the most challenging actorsatiaborate with. Collaboration between firms
and PROs clearly illustrates this point. One time hand, PROs are valuable collaboration
partners and firms collaborating with PROs aruch more likely to develop new innovations
(Howells, Ramlogan, & Cheng, 2012). Several studhelécates that previous collaboration
facilitates successful #aboration (Petruzzelli, 2011). Oneétother hand, most firms find it
difficult to collaborate with PROs and firms general rate PROs very low as information
sources and potential partnerog€lls et al., 2012). It seems clear that there are a number of



both orientation and transaction related barrierrm-PRO collaboration (Bruneel, D’Este,
& Salter, 2010). In particulaestablishing new collaborationsesms to be a major barrier.

2.2. The proximity perspective

As a framework to better understand hdnms can overcome the barriers of
collaborating with PROs, we rely on the proximity perspective. The proximity literature has
developed a more fine-grained framewdde understanding different aspects of inter-
organizational collaboration Bchma, 2005; Knoben & Oerlemans, 2006). This literature
suggests that different types of proximitfacilitate successful inter-organizational
collaboration (Knoben & Oerlemans, 2006). Diéfet types of proximities contributes to
interaction, knowledge transfer and is ampartant condition for innovation (Boschma, 2005;
Gertler, 1995). In understanditige factors behind the procesisinteractionand knowledge
transfer, proximity is useful, as it promotegst and understanding when complex and high-
risk innovation activitiegre created (Menzel, 2008).

The proximity concept is useful because it allows for alternative ways to reach the
same outcome and it is well suited to studwlfative changes in érelationship between
collaboration partners overnie. Different dimensions oproximity may be important
depending on characteristics of the firm and thpe and phase of the innovation project.
Moreover, one dimension of proximity may be a substitute for another, while other
dimensions may complement each other. The literature has suggested many different
dimensions of proximity that may have iampact on collaboratioand innovation (Boschma,
2005). In the following we will review four kegimensions of proximity and how these are
likely to influence the creation, evolution apdrformance of collabations between firms
and PROs. Our focus is in line with Broekald Boschma (2012) who studied the role of
geographical, cognitive, socjand organizational proximity for innovation performance.

Geographical proximityis in the literature referred to as territorial, spatial, local or
physical proximity. Small geographical distandasilitates face-to-facenteractions, which
promotes transfer of knowledge and innomat{(Knoben & Oerlemans, 2006). It is easier to
interact when actors are co-located, and the need for this dimension of proximity may be
covered by temporary co-location like cerdnces and business meetings (André Torre,
2008). It is well established that firms terid collaborate with geographically close
universities and PROs (Slavtchev, 2010). This is, howevesngyr depending on the
characteristics of the firm. Firms with higher levels of absorptive capacity tends to collaborate
with partners, such as unmgtties and PROs, independgnof geographical distance
(Laursen, Reichstein, & Salter, 201@Feographical proximity is also related to better
performance of collaborations (Broekel & &tma, 2012; Petruzzelli, 2011). Because the
role of geographical proximity shows large aions depending on tleharacteristics of the
collaboration partners, it mighie reflecting the role of othaypes of proximity as well
(Boschma, 2005). For instanceegftiikeliness of social proximitipetween two actors increases
when they are geographically close, esgbciautside the most heavily populated urban
areas. A study of university-inding collaborations suggestsathgeographically proximate
linkages are more likely to facilitate innovatiand learning effects at the firm (Brostrém,
2010). Moreover, geographic proximate interactgrelated to successful R&D projects with
short time to market, while geogtap proximity is generally seen as a less critical factor for
long-term R&D projects (Brostrom, 2010).



Cognitive proximityrefers to the similarities in the way actors perceive, interpret,
understand and evaluate the world (Wuyts, @dilo, Dutta, & Nooteboom, 2005). To be able
to communicate and transfer knowledge effecyivelctors need to have similar frames of
references (Knoben & Oerlemans, 2006). Nooteboom et al. (2007) have found that cognitive
proximity is an important determinant f&&D collaboration. When people share the same
knowledge base and expertise they maynldam each other (Nooteboom, 2000). Cognitive
proximity between actorsatilitates understanding, effea@ivcommunication and absorption
of new information, but only a certain level; too much catecrease the level of learning
and innovation (Boschma, 2005). Dissimilar and complementary knowledge is important for
knowledge building. Hence, some level of cogmitdistance should be maintained as it often
enables new ideas and creativity (Cohendet &drlar 1997). It is important that firms have a
comparable knowledge basis to be able tmgeize opportunities creat by collaborations,
but fairly diverse specialized knowledge base in order to attain effective and creative
knowledge utilization (Colombo, 2003). Partnéeshnological relatedness has an inverted U-
shaped relationship with innovaiti value in the context of urevsity-industrycollaborations
(Petruzzelli, 2011).

Organizational proximityrefers to shared relations within or between organizations,
and are advantageous for innovation networks{ma, 2005). This dimension of proximity
is supported by common rules and routine®riganizations (Andr8orre & Rallet, 2005).
Arguably, there is a significant organization$étance between industrial firms and PROs.
Firms and PROs have different purposed amnperiences and tleemight be significant
tensions between academic and commercial inegvwithin universities (Ambos, Makel,
Birkinshaw, & D'Este, 2008). Organizationalogimity is known as closeness among firms
within the same corporate group (Boschr@@p5), and when the level of organizational
proximity are high, organizations are more likedyinteract (D Este et al., 2012). Because of
trust and relevant information organizationgfpr collaborating withorganizations of their
corporate group (Balland, 2011). People within an organization interact more easily with each
other than with units outside the organizatiombjch is explained as interaction facilitated
through shared language, norms and rout{@eglre Torre & Rallet, 2005). Organizational
proximity can be facilitated by prior collaboi@t experience, and such prior experience is
related to the creation abllaboration partnerships (D'Este et al., 2012).

Social proximityrefers to actors that belong same space of relations (Knoben &
Oerlemans, 2006). Relations between actors are social build when they involve trust,
friendship, kinship and commaxperiences (Boschma, 2005).c&b proximity is required
for firms capacity to learn and innovate, anciabrelationships awsisting of trust and
kinship facilitate effective communicatiqMaskell & Malmberg, 1999)This dimension of
proximity often refers to pastollaborations and repeatedntacts between partners, where
reputation and trust ameated (Balland, 2011), and increase phobability that firms engage
in innovative networks (Boschma005). It has been shown that high degree of feelings of
personal and emotional closeness is impofantreation and sharingf knowledge, and this
dimension of proximity are not depended spatial closenesgHuber, 2011). Social
interactions is a pre-condition to attain abs@gcapacity as it enables cooperative partners
to participate in a common context (Hothe&dRer-Ritterspach, & &a-Helmhout, 2011). In
the context of EU Framework ¢jects in micro- and nan@¢hnology, Autant-Bernard et al.
(2007) found that social proximity was morepaontant for the probability of collaboration
than geographical proximity, especially foms with a cental network position.



2.3. Strengths, weaknesses and the interplaydsn different dimensions of proximity

The mentioned dimensions of proximgiere known as drivers for learning and
innovation (Balland, 2011; Boschma, 2005) #wey emphasize advantages of being
geographical, cognitive, organizational andciab proximate to collaborative partners.
However, studies have examine weaknessesaxirpity in a sense that too much proximity
may be harmful for learning and innovatioro@hma, 2005; Cassi & Plunket, 2012a). Some
recent studies have also started to explorentieeplay between different types of proximity.
For instance, Huber (2011) foutitat lack of proximity in one dimension may be substituted
in at least one of the other dimensions. Mee¥, Menzel (2008) founthat if one proximity
changes, it leads to changeother dimensions of proximitie§able 1 summarizes strengths
and weaknesses of proximities, ant the interplay between them.



Tablel
Strengths, weaknesses and the interplay between different dimensions of proximity

Proximity Strengths Weaknesses Interplay

Geo- Brings people together and makes knowledge transfes  Proximate collabative partners can be a source of mistrust as  May play a role in building social,

graphical easier (Boschma, 2005). they may feel threatened limcal markets (Ben Lataifa & organizational, institutional and cognitive
Firms proximate to knowledge sources shows Rabeau, 2013). proximity (Boschma, 2005).
innovative performance (Audretsch & Feldman, 1996)e¢ Some firms see rather see local actors as competitors and| ¢  More important when firms lack social
Positive impact on establishment of collaboration thereby have lack of confidentethem (Lagendijk & Oinas, proximity (Cassi & Plunket, 2012b).
because frequent interaction enables to spend resources 2005). e Geographical proximity overlaps cognitivie
in more complex learningrocesses (Cassi & Plunket,| ¢ Plays a role for establishment of collaboration, but minor rgle  distance for young firms with low level of]
2012a). for consecutive collaborations (Cassi & Plunket, 2012a). technological knovedge (Broekel &

e Too much geographical proximity may be weakened Boschma, 2011).
innovative performance and lack of respondents to new
developments (Boschma, 2005).

Cognitive Facilitates effective communication (Boschma, 2005).e  Too much cognitive proximity may weak learning and e Cognitive proximity and geographical
People with shared knowledge base may learn innovation as interactive learning require complimentary proximity are complementary for smaller
effectively from each other (Nooteboom, 2000). knowledge (Boschma, 2005). firms (not younger) (Broekel & Boschma
Similar technical language is important for innovation ¢  High level of cognitive proximity may hinder firms to exploit 2011).

(Huber, 2011). new knowledge as they often are in the same paradigm
(Nooteboom, 2000).

Organi- Positive effect on establishing collaboration (Cassi & ¢ Too much geographical proximity may be harmful to learning  Often leverage with social proximity (Ben

zational Plunket, 2012a). and innovation as lack of flexibility (Boschma, 2005). Lataifa & Rabeau, 2013).

As firms are close connected to each other it fosters| e  Risk of being closed to specific relations which may hinder| e  Firms can compensate with organizatior]
collaboration and knowledge spill-over (Balland, 2011). access to other sources of uséffibrmation (Boschma, 2005). proximity when they lack cognitive or
Firms knowledge bases are more available for e Interactive learning is hard to find in bureaucratic systems social proximity (Cassi & Plunket, 2012b).
collaborative partners (Balland, 2011). (Boschma, 2005)

Social Socially embedded firms fosters interactive learning pmd Too much social proximity magad to deception because off ¢  Geographical and organizational proximity
innovation (Boschma, 2005). closed communities of people (Ben Lataifa & Rabeau, 2013). determine the establishment of
Facilitate trust needed for effective collaboration e Risk of opportunistic behavior as too close social relationships collaboration. Social proximity act as
(Boschma & Frenken, 2009). may have negative outputs for calculating actors (Boschma, substitute for these proximities for furthe
Social proximity makes communication and 2005). collaborations (Cassi & Plunket, 2012b).
collaboration easier as trust and mutual commitmentis May lock out other outsiders with new ideas from close sogial  Social proximity overlaps need for

build when people know each other (Ben Lataifa &
Rabeau, 2013).

networks (Boschma, 2005).

geographical proximity and organizationa

1]

proximity (Cassi & Plunket, 2012b).
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Our conceptual framework shows that different dimension of proximities enables
effective collaborations betweefirms and PROs. We suggest that firms need various
combinations of proximities to successfulbpllaborate with PROs depending of firm
characteristics.

2.4. Firm categorization and proximity

Different categorization of firms comes many forms and is much debated in the
literature. Beise and Stahl (1999) made stidiction between marffacturing firms, R&D
intensive firms and non R&D intensive firmand Pavitt (1984) suggested a distinction
between supplier dominated fismproduct intensive firmsnd science-based firms. The
present study follow a categorization of swe-based firms and engineering-based firms
(Autio, 1997b). When looking at motivation 6fms to develop new technologies, science-
based firms tend to be technological drivevhereas engineering-based firms is marked
driven (Chidamber, Shyam, & Henry, 1994). WHems exploit new opportunities, science-
based firms mostly exploit scientific breakthghs, whereas engineggibased firms exploit
marked opportunities (Autio, 1997b). Moreoyvehe science-based firms are more R&D
intensive than the engineering-based firms (Autio, 1997b), and have stronger R&D ties to
external knowledge sourcdgrrow, 1994). The location oéxternal knowledge sources
differs between these two group of firms, as sbrence-based firms tends to locate external
knowledge from academic research whilst thgieeering-based firms locate knowledge from
within the industy (Autio, 1997a).

Presumable, a science-based firm which is highly familiar with using external
knowledge sources in develogi innovations would rely on fiierent combinations of
proximities to successfully collaborate with PRtban an engineering-based firm which is
less familiar with R&D. The role of geographical proximity depends on whether the
organizations are similar on other dimensidf@:. instance, as sciesased firms are R&D
intensive they most likely have high level absorptive capacity which makes them more
independent of geographical proximity compat@ather firms (Laursen et al., 2010). Ponds
et al. (2007) found that geographical proximity was more important for collaborations
between academic and non-academic organizations compared to purely academic
collaborations. Moreover, the role of aggaphical proximity for university-industry
interaction is more important for less R&D intensive firms, while more R&D intensive firms
tend to collaborate with top-tier universitiesespectively of geograptal distance (Laursen
et al., 2010). Another study foundatithe more distinguished resehers had relatively more
distant connections and that collaboratitmetween researchers and large firms took place
over larger geographical distancesmpared to collaborationsith small firms (Slavtchev,
2010). It is assumable that tlseience-based firms also hasenilar frames of reference
(Knoben & Oerlemans, 2006) and social ttesPROs (Balland, 2011) and thereby are
cognitive and social proximate to PROs frtm foundation of the collaboration. Because of
their marked orientation and lower R&D intégs the engineering-based firms presumable
have more cognitive, organizational and socistances to PROsdm the foundation of
collaboration and thereby need to build othenbmations of proximity to succeed with PRO
collaboration over time. Our study explores whaombinations of proximities science-based
firms and engineering-based firms rely on toddé from collaboration with PROs over time.



3. Methodology
3.1. Research design

We use a sample of 16 top performing inrtava projects where firms collaborated
with PROs. By looking at the most successfulj@ets our aim was to veal the collaboration
patterns leading to the creati of successful innovations. langitudinal case-study design
was chosen to examine how firms were abde collaborate successfully with PROs
(Eisenhardt, 1989). This approach allowed fmwher contextual ingiht and an in-depth
understanding of a procefsat has been scarcalyestigated in priostudies. Multiple-cases
studies provide a stronger base for theorjding (Yin, 1989) as emergent findings can be
compared across cases and the findings bwygrounded in varied empirical evidence
(Eisenhardt & Graebner, 2007). Sugde of comparative caseidies is arguably appropriate
to promote insight into organizatiorghenomena over time (Eisenhardt, 1989).

3.2. Case selection

The research was conducted in Norway,clwhcan be seen as a typical Western
European context regarding the university eysand how firms collaborate with universities.
Firms in Norway face high costs and small domestic market but good access to
technological infrastructure and personnel with higher education degrees. The sample is
drawn from a public support scheme that supports high-potargetdriven innovation
projects in Norwegian industry (The ResdarCouncil of Norway’'s BIP-program). We
selected 16 user driven innovation projefitesm a population of 70%rojects that have
received public suppor the period 1996 to 2005. Each i was managed by a lead firm
and included PROs and sometimes other fiamigpartners. The 16 projects were among the
top-performing in the sense that the firmpared highest contribution to profit from the
project three years after the o was finished. Our sample represents a variety in context
by includes firms that vary in size from dinstart-ups to largenidustrial firms (Yin, 1989).
The firms varied in their R&D experience caconnections to PROs. Moreover, the firms
characterisation varied and is classified dersme-based firms omgineering-based (Autio,
1997Db) firms as illustrated in Table 2.



Table?2
Classification of firmsncluded in the study

Type of firm Exploitation of M otivation of R& D ties (Arrow, 1994) R& D orientation (Autio, 1997b)
technology (Autio, technology
1997b) (Chidamber et al.,
1994)
Science-based (2 Exploiting scientific Technology-driven Connections with several R&D key part of firm’s operation.
Projects) breakthrough universities and R&D Long experience with internal R&D
organizations
Science-based Exploiting scientific Technology-driven  Firm established by researcher R&D is the main activity of the firm.
breakthrough and several researchers in the Close relationships with academic
firm’s management research
Engineering-based Exploiting market Market-driven Several connections with Own R&D department. Long
opportunity national and international experience with R&D

universities and R&D
organizations

Engineering-based Market opportunity Market-driven Limited use of research Internal R&D. Good knowledge
organizations in this project about prior R&D projects
Engineering-based Market opportunity Market-driven Strong connection with researchOwn R&D department. Long
institute experience with R&D
Engineering-based Market opportunity Market-driven Strong connection with researchinternal R&D team. Long experience
institute and university with R&D
Network, several Implementing new Technology-driven Research institute play a key r@everal smaller projects conducted by
engineering-basedtechnology in planning and conducting the different partners. Project initiated by
firms project public research institute
Science-based Testing of a basic Technology-driven  Strong connection with researchR&D is the main activity of the firm.
scientific patent (lack of market institute Firm established by researcher
motivation)
Science-based Technological Technological-driven Establish a new relationship witlR&D Key part of firm’s operation.
opportunity another research institute as parfEirm spun-off fronresearch institute
of the project
Engineering-based Technological Technology-driven Several connections with Own R&D department. Experience
opportunity research organizations from similar projects
Science-based Spun-off basic researciechnology-driven Firm spun-off from university R&D is the main activity of the firm.
and maintains strong connectiorSlose relationships with academic
research
Engineering-based Technological Market-driven Firm spun-off from research  Internal R&D team. Ongoing R&D
opportunity institute and has a good activity
relationship with university
department
Engineering-based Market opportunity Market-driven Existing relationship to researchinternal R&D team. Low R&D
organization experience, but intention of
increasing the R&D activity
Engineering-based Market opportunity Market-driven Strong connection with researchR&D key part of firm’s operation.
institute R&D important building the firm
Engineering-based Market opportunity Market-driven Connections with several R&D team with internal and external
organizations members. R&D important building
the firm.

3.3. Data collection

Archival data regarding the pre start-apd start-up activities of innovation projects
are hard to find. Because all projects in our ytindd been part of a public support program,
we were able to obtain similar informatiabout all cases. Our data includes archival
material, such as the initigroject description, the final pert, and the assessment made by
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the R&D program, as well as survessponses from the firm atetlstart of the project period,
finish, and three years afteretiproject finished. In additiomelevant written documentation
was collected from sources suchpasss articles and web-pages.

Furthermore we have interviewed, in averabege key persons in each case to get an
in-depth understandg of how the innovation process alifed in each case, including the
role of public support and interactions between the project and firrh Tewe use of multiple
informants were used to increase the validitthe retrospective accounts (Miller, Cardinal,
& Glick, 1997). In total we conducted faceftxe interviews witt84 persons and telephone
interview with 10 persons in October and November 2010. The interwewesrecorded and
transcribed by the authors asrtpaf the data analysis process. To get an in-depth
understanding of how the innovation proces®lded in each case we followed a narrative
approach (Polkinghorne, 1988). The interviewekedghe informant to describe the process
from inception to present with a minimum of interruptions by the interviewers. As an overall
interview template, we aimed edvealing the history in chnological order starting with the
background for the initiation of ¢hinnovation project, then th@anning of the project, the
execution of the project and finally the results gdifrom the project. To gain more detailed
information concerning the critical events ahd actors involved throughout the process, we
used open follow-up questions such as: “Why yibu do that?” “Who wa involved in this
event?” “Did you consider alteative actions?” “When did thisappen?” We focused on facts
and concrete events to avoid cognitive biases and impression management (Miller et al.,
1997). To avoid biases, the theoretical concepad usthis paper were not explicitly referred
to by the interviewers. This type of ndiva interviewing was done to get a better
understanding of the actualents and to avoid the influem of personal views, theoretical
perspectives and recall besson the data collection.

3.4. Data analysis

The collected data provided both narrataecounts of the process (Pentland, 1999)
and factual descriptions of context, actoasd events from a large number of sources.
Although the extensive documentation of eachqmioprovided additional information to the
interviews, we fund that the trespective interviews gave accurate information about the
project histories (Miller etl., 1997). Based on the interviews and available documents we
wrote case descriptions of each case that werided by the project manager as a validity
check. The data analysis is based on triaigmaof data sources to analyze each case,
followed by cross-case comparison. From thisge¢ a comprehensive picture of how the
project and firm levels interacted with thexternal collaboration partners such as the
universities. To derive thedreal explanations for the pcesses observed, we identified
observations that matched thetical concepts (Orton,997). To avoid conflating the
multiple levels of analysis, the strategy of retroduction was used (Downward & Mearman,
2007). Thus, as the analysis proceeded, the mbreng logical frame shifted from exploring
data, to building theoretical models, and enagilly scrutinizing these models (Van de Ven &
Poole, 2002).

4. Results

The purpose of this study was to better ust@d how firms are able to develop
successful collaborations with PROs to improve their innovation activities. The findings are
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presented in two steps. First, we presest @lerall findings from the cases regarding the
creation, evolution and outcomf&sem the collaborations. Then, we present the key findings
from our study as an integration of the case figdiwith the scholarliterature on proximity
and inter-organizational innovation.

4.1. The creation, evolution and outcomé&she collaboréion with PROs

The rationale for collaborating with R was related to creating new product,
process of organizational innovations (see &a®). Typically, the external PRO partners
added new knowledge, as expressed by onegirojanager describing the PRO partnére”
would not be able to succeed without th&ve did not have enough knowledge in our R&D
department or in the companygacceed with this project”.

Overall, the firms were conscious of wilyey involved externapartners in their
innovation projects. The followinguote from a relatively small engineering firm illustrates
why and how they seek to integrate internal and external R&I®2: have had a key person at
[Research Institute] who has followed us since 199dink. He is still there and is often used
in new projects. He has been very good for [diven]. The reason fofthis collaboration] is
that we thought that if we [red a researcher in the Firm] [...he would fade as researcher.
Then it is better to have him sitedtand mingling in a research group.”

The cases selected for our study were all gte@snof successful collaboration projects
with PROs. The firms that manage these projamtseither medium to large firms with some
level of internal R&D activity or they are small research intensive firms, usually started by
people with an academic background. This seems to confirm the absorptive capacity thesis;
some level of internal R&D expertise is necegdm be able to successfully use external
information (Cohen & Levinthall 990). Although a minimum levef internal R&D seems to
be a prerequisite for achieving successfulatmlation with PROs, the case firms exhibit
great variation in the type amctent of prior R&D experience.

We observe a distinction between two growbsfirms; scientifc-based firms and
engineering-based firms (seebla 2). Although there is gredieterogeneity within these
groups, we will distinguish between these groupthe following to clarify some of our key
findings. The science oriented firms are highly familiar with academic research and consists
of 5 firms (see Table 3). They share sbdies, common language and technological
knowledge with PROs. These characteristics yprescertain combinations of proximity for
successful collaboration over #&nThe engineering-based fsntonsist of 9 engineering
firms, and one network of engineering firms.egk firms are less research intensive than the
first group; they have less social ties with@Rand do not have the same level of shared
common language and technological knowledge. Beazusdatively lower levels of internal
research activities, or absorptive capacityfedent types of proximity seems important for
successful collaboration with PR©Oser time for this group of firms compared to the science-
based firms.

The innovation types developed in the projects e main university R&D partners in each
case are shown in Table 3.
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Table3
Type of innovation and relationships with the main R&D partners

Typeof firm Innovation type Quotesabout the type of innovation

developed in the R& D project

Main R&D partners

Examples of relationships between firm
and PROs

Science-based Product (New
(2 Projects)  technology)

“We managed to transform a high techHospital and several
research tool to be applicable on a university research
lower level groups

Science-based Product (New  “This project was the first of its kind in Public research

technology) Norway...in retrospect it turns out that institute
we were the first in the world on this, but
we chose not to publish it”
Engineering- Process “Unfortunately we had to close down th&everal universities,
based (Technical plant where this technology was (national and
improvement)  implemented, but in the time period fromternational) and
implementation to plant closure it had gublic research
substantial effett institutes
Engineering- Product (New  “We developed new technology for a Technology
based technology) conservative industry and needed a  developed in prior
reference installation to convince
[Coustomer group] to go for our research institutes
technology
Engineering- Process “...we developed a radically new tool- Public research
based (Improved technology which improved the duratiomstitute
technology) of tools by 400-500 percént
Engineering- Process “To be competitive we had to improve Public research
based (Improved our concept, which we succeed in”
energy
efficiency)
Network, Organizational “There has been a laggincrease in the Public research
several (Improved use of [Technology X] in Norway...this institute
engineering-  knowledge in project has contributed to this increase
based firms  new business  both through building knowledge and

area) diffusion of interest’

Public research
institute

Science-based Product (New “Developed a new method that was
technology) cheaper and easier to use than
competing technologies”

Science-based Process (Methdthcreased value by developing a morePublic research

improvement)  predictable method” institutes
Engineering- Process “This technology has led to a quadrupléJniversities
based (Technology efficiency, which has given a noticeable
improvement)  sale-effect”

Science-based Product (New “Diagnostic and treatment methods thaUniversities, both
technology) can detect disease at an early stage, andtional and
slow or stop a disease process” international

Engineering- Process “Fundamental technological changes tdJniversity, public
based (Technology secure marked position” research institute
improvement)
Engineering- Organizational “It was about building a brand,; Public research
based (Innovation integrated product development, institute
process and innovative solution-methods and
marketing) differentiation through industry-design”
Engineering- Product (New  “First product in the marked” Publicresearch
based technology) institute
Engineering- Process “That improvement was worth a lot;  Public research
based (Technology over a 100 million NOK per year” institute, consultants,
improvement) and supplier

The Firm had a high level of internal
R&D and were able to collaborate with
several university partners.

The Firm had a high level of internal
R&D and the company founder were a
prior employee at the collaborating
research institute.

The Firm had significant internal R&D
effort and knew the research partners from
prior collaborations.

The Firm were development oriented, but
the Project manager had followed the

research projects withtechnology development over 10 years

(with different employers).

Long standing close relationship between
the Firm and the Research institute.

The Firm were development oriented, but

institutes, universities Project leader at the research institute

were former employee of firm.

The project was development oriented,
but based on prior working relationships
among several of the project partners.

The firm’s founder and the PRO
researcher had studied together and
worked together on a previous project.

TheFirm founders were prior employees
at another PRO. The relationship with the
PRO in this project was new.

Priorelationshp with both universities.

The firm’s founders were university
scientists. New university collaboration
based on scientist’s network.

Firm and research partners had
collaborated before.

Project manager in Firm had previously
worked at the resech institute.

Contact and collaboration with one key
person at the research institute since the
Firm was founded.

Prior collaboration with consultants, but
new relationship with the research
institute.
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4.2. PRO collaboration and ¢érole of proximity

All firms have achieved successful collakaa with PROs. However, we observed a
variety of proximity relationships behind thellaboration and how the ability to collaborate
developed over time. Differemtombinations of proximity seems necessary for establishing
collaborations, than for developing successhilaboration over time. Our findings clearly
indicate that different combitians of proximity types contribatto successful collaboration
over time between firms and PROs and theliebyease the firms’ innovativeness and inter-
organizational learning. Table 4idfty describes the relationship between the firm and the
PRO in terms of cognitive, organizatidnsocial and geographical proximity.

Table4
Different dimensions of proximity between firms and collaborating PROs

Firm Cognitive proximity Organizational proximity  Social proximity Geographical proximity

Science-based High level of R&D experience High (very integrated teams High level of acquaintance tdJsing different PROs that

(2 Projects) (including PhD). Technologicalof academics and company the first PROs, and low leveltypically were located with
similarity employees) to the consecutive partners geographical distance

Science-based High level of R&D experience High (integrated teams of  Low (lack of acquaintance toLow level (national and
(common understanding and academics and company  all of the PROs) international located PROS)
technological similarity) employees)

Engineering- Moderate level of R&D High (integrated teams of Moderate; all PROs, except Low level (national and

based experience. Technological academics and company the international were knowninternational located)
differences employees partners

Engineering- Low level of R&D experience Low (lack of integrated High level of acquaintance taHigh (PROs located in same

based (lack communication and teams of academics and PROs area)
technological similarity) company employees)

Engineering-  High level of R&D experience High (very integrated teams High level (long standing  Low (none of PROs located

based (common understanding and of academics and company close relationship with in same area)
technological similarity) employees) PROs)

Engineering- High level of R&D experience High (integrated teams of  High level of acquaintance td=irst PROs located in same

based (common understanding and academics and company PROs area, Long distance to
technological similarity) employees) consecutive partners

(international)

Network, Medium level (technological Low (organizational linkagesMedium level (priori Low (national distance

several similarity and common between project partners)  working relations among between project partners)

engineering- language between some project several of the project

based firms partners) partners)

Science-based High level (common High (very integrated teams High level (company founderHigh level to the first PROs,
understanding and of academics and company and researcher was previoudow level to the consecutive
technological similarity) employees) classmates and colleagues) partners

Science-based High level of R&D experiencéow (but R&D are main High level of acquaintance tcHigh level to all PROs
(technological similarity) activity in firm) the first PRO, low level to  (located in same area)
the consecutive partners

Engineering- Medium R&D experience Medium (teams of academic#/edium level (some prior  Firm and PROs located in
based (technological similarity) and company employees) relations to all of the PROs) same area
Science-based High level of R&D experiencéow (but R&D are main High level of acquaintance td=irst PRO located in same
(technological similarity) activity in firm) PROs area. Long distance to
consecutive partners
Engineering- Medium level of R&D Medium (teams of academic&ome level of acquaintance Firm and PROs located in
based experience (including PhD), and company employees) to all the PROs same area
and technology similarity
Engineering- Low R&D experience (developLow Some level (contact with oneFirm and PROs located in
based common understanding during key person for years) same area
collaboration)
Engineering- Medium level of R&D Medium (team of academicsHigh (acquaintance trough Firm and PRO located in
based experience and company employees) earlier employments) same area
Engineering- Low level of R&D experience Low (lack of integrated Low (lack of acquaintance toSignificant geographical
based (lack of technological teams of academics and PROs) distance to all PROs
similarity) company employees)
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4.3. Proximity and the estidhment of collaboration

Our findings indicate that fathe science-based firms, aggaphical proximity is not
necessary for successful atlbration with PROs. These firms collaborate with PROs
regardless of geographical diste as long as the collabdvat partners possess relevant
expertise and knowledge thatnedit the firm’s innovation duwity. As stated by one PRO
researcher:The physical contact between the projeptsticipants are very good despite that
all work in different locations. | had more cawt with those | worked with in this project,
than with many of my colleagues here [at the research institute]”.

For the engineering-based firms, geographpralkimity to the PROs is a clear advantage
because it facilitates fade face interaction and helps ovem® challenges related to lack of
common understanding. The emgeéring-based firms often expance different focus from
PROs, such as one firm representative stétecollaboration with research organizations
we often experience that the focus liestleir manner. They want to obtain further
commissioned research, whereas we as & fare interested in commercializing the
technology”.

Social proximity and geographical proximire important for both groups of firms
when it comes to establishing the colladd@mn with PROs. Almost all firms had prior
relationships to research gamizations before they started collaborating. However, the
science-based firms are more conscious atimutalue of using external R&D and thereby
chose collaborative researchrip@rs based on relevancether than based on social and
geographical proximity. To quote ondarmant from a R&D intensive firmf\We collaborate
with research groups and universities inteinagtlly, which have the tevant [technological
knowledge] for further development of the technology”.

Collaboration with PROs is typically a lefsniliar activity for the engineering-based
firms, which requires both social proximignd geographical proximity for establishing
collaboration. The level of org&ational proximity influencethe science-based firms when
establishing collaboration with PROs. Becatisese firms often have integrated teams of
academics and company employees, they have joint R&D expengthctheir partners and
do not require the same level of proximity ohestdimensions compared to the engineering-
based firms. It appears thaktkcience-based firms are depehdé different dimensions of
proximity when establishing collaboration witbPROs compared to the engineering-based
firms. Thus, we propose that:

Proposition la: Engineering-based firms arere dependent on social proximity to
establish R&D collaborations with PR than science-based firms.

Proposition 1b: Engineering-based fgmare more dependent on geographical
proximity to establish R&D collaboratiomgth PROs than science-based firms.

Proposition 1c: Science-based firms are niikely to have organizational proximity
with PROs which makes them less depehda social proximity and geographical
proximity to establish R&D collaborations thiPROs than engineering-based firms.

Proposition 1d: Science-based firms are mbkely to search for technological
relevance rather than social proximity and geographical proximity when establishing
collaboration with PROs thagngineering-based firms.
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To sum up, these propositions claim thdfedent types of proximity are substitutes
when firms seek to establish collaboratiomsh PROs. Furthermore, science-based firms
have developed a general organizational proxitoityards PROs that gives them a flexibility
to choose a technologically more relevantCGP#r the collaboration than the engineering-
based firms that rely more on social ageographical proximity. Table 5 summarize the
relevance of proximity for each group of firmedated to the establishment of collaborations.

Tableb

Proximity and the establishment of collaborations

Proximity Science-based firms Engineering-based firms

Geographical Not necessary as long as the Clear advantage as it facilitates face-to-face
collaborative partners possess relevaninteraction and helps overcome challenges
knowledge related to lack of common understanding

Social Prior relationships to PROs Prior relationships to PROs before
Choose partners based on relevance, collaboration. Helps ercome communication
rather than social relations challenges

Cognitive Cognitive proximity to R&D partners Compensate lack of cognitive proximity with

geographical and social proximity

Organizational Influence these firms because of joint Compensate lack of organizational proximity
R&D experience with their partners  with geographical ahsocial proximity

4.4. The evolution of proximity over time

Geographical proximityfacilitates trust by facilitatinfpce-to-face interaction. As one
informant from an engineering-based firm stdWe have had projects with them ever since
we started developing this [technology] armkfore that too. That has built mutual
relationships of trust”.Being located in geographical proximity can be an important door
opener for firms to start colbarating with PROs, as itflaences common understanding and
trust. The collaboration with a proximate PRO taen be used to build the firm’s ability to
establish collaborations with ggraphically more distant PRO®nce contacts with local
PROs are established, the firm can enteriafaeeing circle by further developing new
external research contacts.

Social proximityis a necessary dimension forceassful collaboration over time.
Technological heterogeneity combined witltiabproximity fosters good communication and
trust between the collaboratiy®rtners, both the sciencesed and the engineering-based
firms. Some of the science-based firms weng/ w®nscious that social proximity is crucial
for effective collaboration. Hence, they investedources in achieving social proximity by
visiting PROs and getting to know potential eblbrative research partners before they
committed to collaborate. As one representative stat&fe travelled around
[internationally] and visited relevant research partners who we committed collaboration
with”. Some of these firms also build longstarglirelations to individuals in PROs who
function as a network other PROs.

Cognitive proximityis another important dimensidor collaboration with PROs. For
successful collaboration over time it is imgot with shared understanding and common
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goals. Like one representative from a PRO statBased on general experience, it is
important that we academics are aware ttia [industry] work on dter conditions than us.
Opposite, that the [industry] have understamgl of our way of working. [Firm/PRO
collaboration] must be perforndeon both sets of premisesAnother firm representative
state:“It is extremely importanthat the industry and the [PRQ@Jearly express our targets;
where we want to go, and simultaneously gipace to the involved [PROs] to create
something new”.Cognitive proximity also includes dknological similarity which is
important for both types of firms for successtollaboration with PROs over time, but only
at a certain level. The firms need to add nspecialized technological knowledge when they
have become too proximate with the collabomrartners, and scienbased firms are likely
to search for partners whvan add this new knowledge.

Organizational proximityhas a similar influence on howollaborations evolve over
time as for the establishment of collabavat. The engineering-based firms may lack
organizational proximity and one of the PRQtpars highlighted thehallenges when firms
lack internal R&D activity:“It is important for us researchers to have directly contact with
someone connected to an R&D department of a firm, someone who is in between us [PRO]
and the commercial actor. That functions very well. It have been happenings were i "we been
in contact with typical sales people, that hast been easy. You dbrcommunicate very
well”.

The interplay between different types of proximity

In all cases we see that cognitive proixyms important forsuccessful collaboration
over time between firms and PROs, but thigxpnity were achieved in different ways. Our
findings show that the science-based firms hesgnitive proximity toPROs as the firm’s
internal research experience createsimon understanding argbod communication from
the beginning. For the engineering-based firomgnitive proximity is often missing in the
beginning of the collaboration with PROs. Témgineering-based firms and the collaborative
research partners have often different urtdeding and motivationegarding the technology
they are developing, as one repgmstive from a firm quote’My experience with the
academic community is that they have a lokmdwledge, but the things we work with are
relative easy technology thaamnot be transferred to the “last vogue” within research”.

We further see that from being close tadahave social proximity to the research
partners some of the firms build cognitive proximity with the first collaborative partners, and
the level of cognitive proximity increase aweme; the firms achieve common understanding
with the PROs and they learn how to effectively communicate with them as they have learned
the research “language”. Therfis increasingly see the valoeR&D collaboration and may
search for research collaborations indepetigeari geographical distance the next time they
need new technological knowledge. One representative from an engineering-based firm
illustrates the learning curve when working with a PRIOis not easy in the daily life to
read heavy scientific articles you don't undenstabut when working together with someone
a few years you really understand moréience, a firm can have social proximity to one
actor, but cognitive proximity is a more gerigraximity that relates to a group of actors.

The engineering-based firms build cognitive proximity trough geographical and social
proximate partners which gives them needederstanding to collabate with consecutive
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PRO partners. Some of the larger firms sgii@ly build cognitive proximity to PROs, as
described by a PRO research®¥hen the firm has decided tese us over such a long period

of time it is also becausedh see it as an investment onr competency. When we then
comprise the competence that is buié become very useful for the firnThis quote from a

firm project manager is also illustrativ&rhis fits into a kind oftradition in this department

that we have used to have at least one relatively long term basic project running with the
Research Council and different PROs in Norway anohternationally on selected topics.”

The engineering-based firms have to cemgate the lack of organizational and
cognitive proximity with geographical and soqmbximity to establish a relationship with the
first collaborative partners. When buildinggnitive proximity trough social and geographical
proximity to PROs, it overlaps the need foganizational proximity over time. Whereas, for
the science-based firms this is a valuablmetision of proximity as they have knowledge
about R&D and can search for the right PR@snediately, without having to build other
proximities first.

In sum, social proximity is important for both group of firms, but the science-based
firms are more likely to build this proxitg before they enter a PRO collaboration.
Geographical proximity is an important doopener for the engineéeg-based firms to
achieve successful collaborati over time with other PROs. The dimension of organizational
proximity is useful for the science-based firms, but can be substituted by cognitive proximity
for the engineering-based firms. This leads to the following propositions:

Proposition 2a: Firms can leverage sociaxmity to one specific PRO partner into
cognitive proximity to many PROs by invegjim internal R&D incollaboration with
the socially proximate PRO partner.

Proposition 2b: Firms can leverage geogrephproximity to one specific PRO into
cognitive proximity to many PROs by aaly engaging in R&D collaboration with
the geographicallproximate PRO.

Table 6 sums up relevance of proximityr each group of firms related to the
evolution of proximity over time.
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Table6

The evolution of proximity over time

Proximity Science-based firms Engineering-based firms

Geographical  Not necessary; search for PRO partners Door opener for firms to start collaborating with
based on relevance and technological PROs. Collaboration with a proximate PRO can
heterogeneity be used to build the firm’s ability to establish

collaborations with geographically more distant
PROs.

Social Necessary as it fosters good communicatidfecessary as it fosters good communication and
and trust. Some of them build social trust. Collaboration with known partner can be
proximity to PROs before entering used to build the firm’s ability to collaborate
collaboration, and some also build with other unknown PROs.
longstanding relations to individuals in
PROs who function as a network to other
PROs.

Cognitive Important. Shared understanding and Important, but often missing in the beginning.

Organizational

motivation between these firms and PROs Build over time through geographical and social
proximity. When they have learned the research
“language” it becomes gradually easier to
collaborate successfully with new PROs

Valuable as they have knowledge about When cognitive proximity is built it overlaps the
R&D and can search for the right PROs  need for organizational proximity over time.
immediately, without having to build other
proximities first

5. Discussion and I mplications

By focusing on the role of proximity for ¢hability of firms to collaborate with
universities, we offer novel insights into tmechanisms that make such collaborations
successful. In particular, we shdtat different forms of proxiity can substitute each other
and that the types of proximities that facilitam@laboration depend on the characteristics of
the firm. For analytical purposes we sepatdietween science-basadd engineering-based
firms in our analysis. Figure 1 shows the camlions of proximities needed for successful
collaboration between the firms when it comesh® establishment of collaboration and the

evolution of

proximity over time. We illustra the importance of each proximity trough

different sizes of the boxes in the figure.
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Establishment of collaboration Evolution of proximity over time

Socizl proximity Socizl proximity
Engineering-
hased firms - —
Geographical proximity ik
* Cognitive proximity
— Organizationzl
Drg;ngancnal proximity
Proximity
Social proximity
Science-based
firms
Cognitive proximity
Cognitive proximity

Figure 1. Establishment and evolution of proximities

We find that different proximity dimensns are important foestablishing new
collaborations, depending on the firm charast®s. Engineering-based firms with limited
internal R&D tend to rely on geographicallyogimate PROs and social relationships, while
more R&D intensive science-based firms haeseloped closer cognie relationships and
organizational proximity to PROs. Moreover, wbserve that firms with initial social and
geographical proximity to PROs can sustaid arpand this collaboration over time through
developing cognitive proximity to PROs.

Geographical proximity and social proximigye important for the engineering-based
firms when establishing collaborations, becatlms lack the necessary research experience.
Gradually when these firms learn to collaberatith PROs they build cognitive proximity
which substitutes the need for geographical jpndy in subsequent research collaborations.
The firms often use their first PRO collabtioa partner to access networks for further
research collaboration, and thigyebuild social proximity to dter research organizations via
their first geographicallproximate collaborator.

Geographical proximity and social proximity less important for the science-based
firms when establishing research collaboratidiese firms have the research experience and
the cognitive proximity to PROs that makbem able to collaborate effective with
geographical distant remeh organizations.

Common for both groups ofrfins is the need for some level of new knowledge and
absorptive capacity; the collaborative PROsstrhave valuable knowledge for the firms and
ability to communicate effectely with the firms for achieving successful collaboration over
time. A striking observation is that many oftlirms, independent of type, are conscious
about the need of good communication skiligl ebuild up these skills before they start
collaborating.
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Different types of proximity have often beeompared at the same level of analysis.
Our longitudinal case approach show that ghpetof proximity considred as important will
be influenced by the level of analysis adodigdhe study. For instance, social proximity is a
key enabler for collaboration at individual level while it seems that cognitive proximity is
more important to maintain long term collabiaya at organizational level. This means that
firms can develop their ability toollaborate with uniersities by collaboratg with social and
geographical proximate partneictive engagement with suchitial partners can make the
firms more cognitively and thnologically proximate to other PROs. In other words, the
firms can leverage social and geographicgypximate relationships to increase their
absorptive capacity in terms of closer cdiyei and organizational proximity towards PROSs.

6. Limitations and Implicationsfor Further Research

Our findings clearly illustrate that collatations between firms and PROs are path
dependent and often change in character ove. titence, longitudinal studies are needed to
capture the dynamic relationshijpssuch collaborations.

Since R&D collaborations frequently fail, i& important to distinguish between the
process of establishing any collaborationd aestablishing successful collaborations. A
strength of our approach compared to mangliss of firm-PRO collaorations is that the
outcome of all collaborations ithe study is reported to seiccessful. The inclusion of only
successful cases, however, makes it difficuitdaclude whether some of the characteristics
of successful cases also applyttsuccessful cases. Futurasdgs should therefore use long
term outcome measures and include both suadessfl unsuccessful collaborations to better
understand the effects of diffetgproximity dimensions.

We believe there is potential for more conceptual development of the different
proximity dimensions and the relationships bedw them. For instance, dimensions such as
social and cognitive proximity seems to be linked to the individual level of analysis, while
dimensions such as geographical and teduichl proximity is more related to the
organizational level. Understang these differences may help firms to develop and maintain
fruitful collaborations with PROs that aless vulnerable to the relationships of single
individuals. A better conceptuatmework is necessary to dgsiempirical studies that study
the role of proximity at diffeent levels of analysis.

This study focused on the role of differgmtoximity dimensions in collaborations
between firms and PROs. For some of the lafigeis in our sample we observed that having
a dedicated internal R&D activity made comnuation with PROs easier because of closer
cognitive and organizational proximity. Still, there could be challenges related to lack of
proximity between the R&D unit and more operatidesaels within the firm. In other words,
a good collaboration between the firm’s R&D unit and PROs may not succeed in developing
new innovations if there is weak collaboration wother more operativenits within the firm.
While inter-organizational and intra-orgaational collaborationusually are studied
separately, the interplay between different dinerss of proximity towads external partners
and different units within the firms warrants more research.

21



7. Managerial Implications

Most firms are not in a position to takelvantage of the knowledge residing within
universities and other PROs because they thekabsorptive capacity needed. The literature
seems to agree that the more firms inveshiernal R&D and the Igiher level of proximity
towards relevant collaboration partners, therenthey are able tonake use of external
knowledge in innovation. Although it seems likenfs can compensate for lack of proximity
to alliance partners by stronger resource allongiSimonin, 1999), this may be a very costly
strategy without further guidance about how teedep the ability to work with universities.
This study has identified some pathways fom& in how to successfully collaborate with
universities in developing new innovations. Gtwdy shows that firms can rely on different
dimensions of proximity to PROs to \ddop such collaborations depending on the
characterisitics of the firm.

For engineering-based firms it would bedatively cheaper and faster strategy to
develop new collaborations with PROs on the aéisocial and geogrhjzal proximity than
making heavy investments in internal R&DHtecome more cognitive proximate. However,
this strategy is less flexible because the possible collaboration partners will be limited to the
PROs where the firm has social relations arel geographically close. Hence, the firm may
use social and geographical proximity as a fitep to develop collaborations with PROs and
later bring in new PROs as collaboration patnghen the firm has increased its absorptive
capacity.

Our study also provides implications fpolicy makers. All cases had received a
government grant to support the firms’ innowatiproject in collaboration with PROs. This
grant provided an opportunitio leverage the firms’ absorptive capacity by investing in
collaborations with PROs. When designing o schemes, policy makers should be aware
that firms do such investments differentdgpending on their characteristics. Engineering-
based firms with lower levels of absorptive aeity tend to build on swal and geographical
proximity when selecting their PRO partnelore experienced scieadased firms tend to
use the government grant as a tool to bsiial proximity and further strengthen their
cognitive and organizational prawity with leading PROs in their field. Hence, different
policies for increased collabdian between firms and PROsay be adopted depending on
whether the aim is to increase the numbefirofis collaborating with PROs or expand the
extent of each collaboration.

8. Conclusions

The literature has frequently explored the conditions for the creation of collaboration between
firms and PROs and the characteristics of dhtors involved, particularly the factors that
shape the propensity of firms tbraw from PROs in theimnhovative activities. This study
extends this research by exploring the ulyiley mechanisms that promote successful
innovation projects. By examining how differéatms of proximity between firms and PROs
influence collaborative relationships, we conttéto a better understding of how firms can
develop their absorptive capacity.
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