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Conceptualizing the Role of Geographical Proximity

in Project Based R&D Networks: A Literature Survey

Cilem Selin HAZIR, Corinne AUTANT-BERNARD

CNRS, GATE Lyon-St Etienne

Université de Lyon
Abstract

Empirical evidence shows that research is beingiedrout more in cooperation or in collaboration
with others, and the networks described by theelmwrative research activities are becoming more
and more complex. This phenomenon brings aboutst@ands of research questions and opens up a
different research context in the area of geograpmtiyinnovation. The recent set of literature
addressing these new issues shows a high degreariation in terms of focus, approaches and
methodology. Hence to elucidate the relationshipwben networks and geography it is crucial to
have a review of them.

In this regard, this study focuses on a particutgpe of networks, namely, project based R&D
networks and aims at describing the state-of-theharexplaining the specificity of geography in
formation and evolution of such networks. Towatus aim, we framed the discussion along four
lenses: the specificity of geography in partnericapin successful execution of the collaboration,
the resulting innovation performance both at thgagrzational and regional level, and the spatio-
temporal evolution of networks. The overview predidy the survey is suggestive regarding the
theorization of geography and network relationskipd informative regarding the issues demanding
further research effort, and promising extensions.

Keywords: Geographical proximity, R&D collaboration, projesetworks

1. Introduction

The globalization phenomena, changing market cmmdif and the greater complexity and
the associated uncertainty in science and techpdiage been posing new imperatives on the
way innovative activities are carried out. As itdsscribed by Chesbrough (2003) as a
paradigm shift from closed innovation to open inaoan, it has become hardly possible to
sustain and/or create competitive power by simelying on one’s own knowledge resources
and knowledge production capacity. An analysis feg second half of the last century
corroborates this as it reveals a sharp increateimumber of R&D partnerships starting in
the late 70’s and continuing during 1992-1996 (Hiagen, 2002). Analysis on scientific
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publications and patents also support that resdarbking carried out more in cooperation
or in collaboration with others (Wuchty, Jones dddzi, 2007). Hence, the networks

described by these collaborative research actvire becoming more and more complex.

It is already acknowledged in the literature thg phenomenon brings about new strands of
research questions and opens up a different réseamtext in the area of geography of
innovation. Breschi and Lissoni (2001) criticisé® tabuse of tacitness of knowledge and
proposes considering networks as part of the reSeagenda to understand how and why
geography matters. Autant-Bernard et. al. (200épiifly two main issues that considering
networks would bring forth. The first one refers tioe challenge in elucidating the
geographical dimension of externalities, whereasstiicond refers to scrutinizing the spatial
diffusion of knowledge through networks. In thigaed, Massard and Mehier (2009) propose

to change the lens from “knowledge externalities™accessibility to knowledge” through
networks to overcome the former’s limitations ista@iguishing and accounting for facilitated
externalities that result from the micro decisiofisictors and social networks. Boschma and
Frenken (2009), on the other hand, identify linkisigace, time, formation of networks,
network structure and network performance as futinalenges. Similarly, Autant-Bernard
et. al. (2010-a) point out to the link between gpatructure and network performance as one

of the crucial issues in terms of public policy.

A recent set of literature addresses these issyefodusing different dimensions. These
dimensions encompass the determinants of partr@ced) the determinants of success in
collaborations, as well as the effects of collabores on innovation performance at different
levels. Furthermore, these studies differ in teohthe approach they adopt. While some of
them address a phenomenon at the dyadic level, somply a network approach. In addition
to that, some studies aim at scrutinizing the aflggeography at a point in time, whereas
some consider the temporal changes. Accordinggy, #inow a great variation in terms of the
methodology they adopt. It is therefore importantdview them, to see what they can tell us
on the relationship between networks and geograpiig. need constitutes the motivation of

the paper.

? Roschelle and Teasley (1995) distinguish betweespetion and collaboration. They define coopeeativ
work as the work accomplished by the division of labor agparticipants, as an activity where each person is
responsible for a portion of the problem solVimgd collaboration ds the mutual engagement of participants in
a coordinated effort to solve the problem togethRegarding that such a differentiation does rdat a value to
this study regarding its scope and objectives,ethte® terms will be used interchangeably throughibwet
document.



To achieve that, however, one needs to distingdifierent types of networks as each
describes a specific context for the geographiaaledsion. As cited in Powell and Grodal
(2006), Grabher and Powell (2004) distinguish fiyres of networks that may overlap and
can be interwoven with one another: informal neksprregional networks, business
networks, and project networks. Informal networlesd on shared experience, whereas in
regional networks the common community is sustaimgdpatial proximity. While business
networks represent the strategic alliances of twgamizations; project networks refer to
short-term combinations to complete a particulassmin, where the objectives and deadlines

can be subject to renewal.

Therein, this survey focuses on a particular typaatworks, namely project based research
and development (R&D) networks, and explores theordtical and empirical studies to
contribute to comprehending the geographical dimoensf networks. Accordingly in Section
2, the role of geographical proximity in collabaoat choices is addressed. This section
incorporates theoretical and empirical studies fr@rious domains like network formation
theory, social network analysis, and organizatideatning. Section 3 extends the discussion
beyond creation of a link and explores the rolgedgraphy in maintaining the link, in other
words, successfully realizing the collaborationcti&a 4 provides a further extension such
that the specificity of geography is investigategjarding the changes in the innovation
performance that result from collaboration. Thist®® does not only address innovation

performance at the organizational level but alshategional level.

While these three sections consider the role ofggahy at a particular point in time, Section
5 introduces the temporal dimension. It providese@ew on rationales for assuming a
temporal change and addresses relevant empiricak. weinally, Section 6 presents

conclusions about the state-of-the-art, and higitdighe issues demanding further effort, and

promising extensions.
2. Collaboration Choices

The determinants of partner choice constitute drteeissues that received much interest in
the literature. Towards the aim to scrutinize tadipularity of geography in this process, one
can describe the choice on partners at a partiquoart in time as an evaluation of the

following points given the motivations to collabtgal. how easily a knowledge source is

identified and contacted, 2.how efficient it isdocess this source, 3. how risky is to access



that source, 4. how much one can benefit from thewkedge that could be obtained by

accession. In the sequel, these points will beditbunder scrutiny.
2.1. Ease of Identifying the Knowledge Sour ce and Contacting

A prerequisite of partner choice is to identify ttendidates whose profile comply with the
collaboration motivations. Without controversy,most of the real life cases only a subset of
all feasible candidates are identified and selastire made among them. Then, it is a matter
of fact that who is selected is dependent on who lma identified and contacted. In that

respect'ease of accesstonstitutes one dimension of the partner choice.

On the other hand, where one searches a parttematlively what makes an agent easily
accessible do not have a trivial answer. While paygproximity can argued to be playing a
role, it is not always or alone the physical proxynthat ease the accession; social relations
can substitute for or co-play with geographicalqomoty as well. The reason is that social ties
can play a role to convey information on candidates their attributes; and make it easier to

identify cooperation alternatives and get into eshtvith them.

The idea that agents can search for candidatesighrtheir social relations constitute the
distinguishing feature of the network formation rabduggested by Jackson and Rogers
(2007). In this model agents find some of theirtppens uniformly at random, and some by
searching locally among friends of friends. Theul&sg network structure complies with the
stylized facts about social networks and partidulaesults in high clustering, a smaller
diameter as compared to random graphs and a negatationship between clustering and

degree.

Jackson and Rogers (2007) also fit the processte fdom six different networks and show

that the relative role of random and network preessn partner selection differs for different
types of networks. For example, in the co-auth@rsietwork of economists, the role of
network processes is almost eight times less apamd to www network; on the other hand
for the network described by friendship among pré&ss and romance among high school
students partner selection is almost uniformly candWhile this study shows that some

portion of partners are identified and contactedugh local search, it is not possible to draw

3 Links among the web sites on Notre Dame www, divanship among economists publishing in journaeeti
by Econlit in 1990's, citations among researctckadi stemming from Milgram's 1960 paper, friendsdnipong
67 prison inmates in 1950s, ham radio calls duarapne month period, and romantic relationships antogh
school students.



conclusions for R&D project networks, which are rsitidied among the six types of
networks, due to the fact that the relative imparéaof these two processes vary significantly
for different types of networks.

Fafchamps et. al. (2010), base on the idea th@ldoes can facilitate access to information
about the candidates and reduce the matchingadingtiand investigate whether a negative
relationship exists between social distance ando@@dion probability. They conduct an
econometric study on the bibliography of JournaEobnomic Literature for the period 1970-
1999 to draw information on co-authorship netwofleconomists during 1980-1999. They
suggest that new collaborations are more likelgrt®rge if the agents are closer to each other
in the co-author network, where being close in ¢heauthor network is an indication of a
possibly much shorter social distance in the acdaace network. To illustrate, reducing the
geodesic distance between two agents from 3 tocases the probability of initiating
collaboration by 27%, from 6 to 5 by 18%.

The study by Fafchamps et. al. (2010) is promigngerms of assuming a more general role
for social proximity due to the fact that their dgucorroborates its role even in a context
where availability of public information on candida indicates a low level of matching
friction. On the other hand, they do not elaboratehe rationales for why the probability to
cooperate increases with decreasing social dist&inee costs associated with collaboration
lead agents to take also into account @éiciency of acce$gMassard and Mehier, 2009), it

is not possible to merely relate social proximitglaooperation choices viadse of access
2.2. Efficiency of Access

The term efficiency is used in general as an irtthoaof how well inputs are converted to
outputs. Inputs, in this context, could be con®desimply as the associated costs of
collaboration, which could be expressed based moe,tmonetary terms or effort. On the
other hand, outputs could be defined as the vahs tould be obtained through
collaboration, which is quite vague as the vagtrditure on motivations to collaborate (see
Oliver, 1990 and Hagedoorn, 1993 for a review) ab¥kat value might relate to knowledge

as well as risk and uncertainty sharing, cost slgategitimization/reputation, etc.

In this study, however we choose to focus on adaesknowledge due to two reasons. First,
the aim of this study is to explore the relatiopsbhietween geographical proximity and

knowledge creation and diffusion within project @@9R&D networks; which narrows down
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the scope. Second, scientific knowledge creatiod diffusion constitute one of the
characteristics of such networks that distinguisént from other kinds of networks like
informal or business networks; and hence requieeper look on the knowledge aspect. In
this regard, we will consider accessible knowledgg,not only in terms of knowledge barter
but also in terms of co-creation. As a resulteotfimensions like risks, uncertainty, cost, etc.
could only implicitly be addressed to the exterattthey are related with accessing new
knowledge.

In this framework, partner selection could be vidvees an evaluation of candidates on the
basis of the knowledge that could be accessedtimnrdor the associated costs. One can
distinguish two main perspectives used in theditge to address this phenomenon. While
the first approach considers the formation of adityéink by focusing on own properties of

both sides; the second approach consider the pgirepef the network they are embedded in
as well. Hence, the former represents an analgispgective on network formation, whereas

the latter represents a systems perspective.
2.2.1. Analytic Perspective

Indeed, the literature is quite rich in providingptanations on why and how geographical
proximity might affect the efficiency of access.€Be are largely bestowed by research on
localization of knowledge spillovers and indicatattgeographical proximity can play a part
in both increasing the knowledge that can be aedeasd decreasing the cost of accession.
The explanation the most called upon is that ggagcal proximity acts as a facilitator for
face-to-face interactions and promotes transmissidacit knowledge (Feldman and Florida,
1994; Anselin, Varga, and Acs, 2000; Balland, 20@®)d hence, increases the amount and
the scope of knowledge that can be accessed. Beldamd Florida (1994) suggest that
geographical proximity also facilitates cross-ieaéition of ideas, pointing out a higher
potential of knowledge that could be co-createdaddition to that, Feldman (1993) argues
that geographical proximity enables timely infloafsinformation, which can be associated
with the value of knowledge. Finally, Hoekman &t(2009) argue that geographical distance

affects the cost of collaboration and hence a detemt in collaboration choices.

However, as mentioned above, these explanatiorts alpartial light upon partner choice as
they address only the effect of one particulaitaite on efficiency of access. Other attributes

like other forms of proximity (Shaw and Gilly, 2008oschma, 2005) also offer some



explanations regarding the efficiency of accessiciwvimakes it necessary to consider to

elucidate to what extent geographical proximitytergtin the overall set of attributes.
a) Social Proximity

While discussing the relation betweesase of acce$sand social proximity, it has already
been raised that this relation can also be invatgdywell beyond to cover thefficiency of
access The reason is that social ties might be an iatdic of trust among agents; and trust
can affect both the amount of knowledge accessddtlaa cost of accession. For instance,
Zand (1972) argues that high trust enables theaggeh of ideas more openly; and Zaheer
et.al. (1998) suggest that the higher the levehtar-organizational trust the less the cost of
negotiations and conflicts. Furthermore, Uzzi (198&&ues that embedded ties transmit more
private and tacit knowledge as compared to thamm&tion exchanged at arm’s-length.

These explanations provide a rationale to condiderrole of social proximity along with
geographical proximity in explaining partner chaice a research collaboration context.
However, empirical studies addressing the roleoafad and geographical proximity provide
partial evidence in that they do not address colation choices but knowledge diffusion.

Among those studies, Singh (2005) address theafokocial ties in explaining knowledge
diffusion, by analyzing patent citations based cBPUC data. He employs a regression
analysis based on choice-based sampling and ssggfest introducing social distance
measures to the model reduces the marginal effdxetiog co-located in the same region or in
the same firm on the probability of citation. Thiscrease is small in magnitude; however,
when the interaction of social distance with coakian and firm boundaries is introduced to
the model the decrease is substantial. Hence,ttitly $mplies that for inventors with close
network ties, the additionality of being in the garegion or in the same firm on knowledge

flows through patent citations is low.

The study by Agrawal et. al. (2008) is similar be tone by Singh (2005) regarding that both
examine the influence of social and spatial proginon access to knowledge through an
analysis of citations to US patents. The majoredédhce lies in the way social distance is
defined and in the methodology. While Singh (20@efines the social distance with

4United States Patent and Trademark Office.



reference to existence of direct or indirect sotigs in former patenting activiti®sAgrawal

et. al. (2008) defines it on the basis of co-etityid&Estimating a knowledge flow production
function, Agrawal et. al. (2008) find out that teetsvo types of proximity are substitutes
rather than complements for each other. Hencanewith Singh (2005) they suggest that
“geographical proximity matters most in the abseoiceocial proximity that may otherwise

facilitate access to knowledge”.

Another study by Sorenson et. al. (2006) definesatedge assimilation as a search process,
where agents engage in search to fill in the mgssimincorrect parts of received knowledge.
The study makes use of different levels of knoweedgmplexity (simple, intermediate,
complex) in explaining the knowledge inequality ass social boundaries. Employing a
regression model based on case-control approachanalyzing data on citations to US
patents granted in May and June of 1990; it revibalsfor intermediate levels of knowledge
complexity the inequality across social boundaisesiaximum. The linkage to geographical
proximity in the study stems from the argument tkatial networks tend to localize
geographically and the communication can get affkbly differences across regions in terms
of language, assumptions, beliefs, background,CGosidering geography as a type of social

boundary corroborates the findings.

Finally, Gomes-Casseres et. al. (2006) conducgeession analysis on patent citations; but
they define the social relations by means of formaiances and investigate whether
alliances, regardless of the form, result in higlesels of knowledge flows through patent
citations. Unlike the above-mentioned studies dla¢éa set covers not only US but also
European countries, Japan, and others. This gelaigedpnformation is incorporated into the
regression analysis as a dummy variable indicatoypcation of citing and cited patents in
the same region. Since that such a measure isrquigh, the authors interpret the joint effect
of alliances and co-location on the citation praligbinstead of the effect of co-location
alone on the citation probability. They suggest thdirm allied with a co-located partner is
twice likely to cite its partner as compared toiranfallied with a partner that is not-co-
located. Nevertheless, as discussed by the authiwrsesult offers limited evidence in the
sense that whether alliances result in citationsitations lead to the formation of alliances is

vague.

® For example, a social distance of 1 is assumeat [east one of the inventors of two patents thérase
collaborated, and a social distance of 2 is assumedentors of two patents did not collaboratedhweach
other but collaborated with the same third inveti@viously, etc.
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To sum up, two major conclusions can be derivethftioe empirical studies reviewed above.
First, these studies point out to the role of dawgs as channels for diffusion of knowledge
and to the interplay between social and geograplpoaximity. However, this result is
derived from patent citation analysis, which reseghrtial information on the overall
knowledge diffusion that takes place. Second ardithst important regarding the context of
this study is that the first conclusion though tetiawith knowledge flows in collaborative
networks, cannot be extended to explain for thénparchoices. Hence, the effect of social
proximity on partner choice still remains to be m3dded, as well as the interplay between

social and geographical proximity in this process.
b) Technological proximity

Another candidate attribute that can affect thesmaission and co-creation of knowledge and
associated costs is technological proximity. TH®nale for expecting such an effect has its
roots in inter-organizational learning theoriesttigalarly with absorption capacitfCohen
and Levinthal, 1990) ancklative absorption capacity conceptisane and Lubatkin, 1998).
Since this research domain will be visited to s@xint in Section 2.4uffice it to say that
the idea is the following: “some degree of simthaiin knowledge bases is necessary for

partners to understand each other”.

Cantner and Meder (2007) provide some empiricadenge particularly on this issue. They
analyze the data on patent applications to GernaanP office to investigate the role of
technological proximity in collaboration choicesoint patent applications in 2003 are
considered as the collaborative ties and each dippatent applications for the period 1998-
2003 are used to measure the technological ovefldpe knowledge base of two potential
partners. The logistic regression model employedthi@ study reveals for the German
cooperation relations in 2003 that the higher duhmological overlap between two firms, the

higher their cooperation probability.

While Cantner and Meder (2007) consider only tlehrielogy as a proximity dimension in
investigating the partner choices; Paier and Sg®r{2008) and Scherngell and Barber
(2009) incorporate the geographical proximity asll.wikdeed, the interplay between
technological and geographical proximity has beajext to analysis much earlier but in
knowledge spillovers context (Jaffe, 1986, Autaetsiard, 2001; Moreno et. al., 2003).



In the context of collaborative research networ&svéver, the particularity of the study by
Paier and Scherngell (2008) is that they considematic proximity instead of technological
proximity. Their analysis bases on two sets of ddtta on projects funded by European
Union Fifth Framework Programme (FP5), and reafits survey (responses represent 3% of
participants and 12% of projects) on FP5 partidpaBxpecting that thematic specialization
of organizations within FP5 will affect the coop@ra decisions; they define thematic
specialization of each organisation as a unit vesftowing its project participations in seven
subprograms of FP5 and then measure the themaiiinpty as the Euclidean distance
between the specialisation vectors. On the othed hhey use two measures for geographical
proximity; one indicating the geographical distabetéween organizations and the other for to
control for the country border effect. Their bindogistic regression model reveals that
geographical proximity matters but similarity inrppeers’ thematic profile in FP has a higher

effect on collaboration decisions.

Similarly, Scherngell and Barber (2009) work on tfaa set on projects funded by FP5, yet
they address the role of technological proximitgtéad of thematic proximity, and cross-
regional collaboration at NUTS 2 level instead ofer-organizational collaboration. To
measure technological proximity they make use abpean Patent Office (EPO) database,
they define a vector indicating a region’s sharepatenting at each International Patent
Classification (IPC) at 3 digit-level; and make usfea Pearson correlation coefficient for
region pairs to measure their proximity in the tealbgical space. To measure geographical
proximity, however, they employ the same logic aseP and Scherngell (2008). Their
Poisson spatial interaction model confirms thatggaphical factors significantly affect EU
regional R&D collaboration; but also reveals tha¢de effects are less than the effects of

technological proximity.
c) Institutional Proximity

Institutional proximity constitutes another evalaat dimension in terms ofefficiency of
access The study by Ponds et. al. (2007) addressesghige together with its relations with
geographical proximity. They claim that geographipaoximity can help overcoming
problems resulting from differences among goalsesearch, institutional backgrounds and

constraints. To test this claim they analyze puatiiéms data for eightscience based

® Agriculture & food chemistry, biotechnology, organfine chemistry; analysis, measurement & control
technology; optics, information technology, semutactors, and telecommunication.
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technologies for the period 1988-2004 with at least address in the Netherlands, using both
a censored tobit regression and a gravity modedy Tefine geographical proximity in terms
of travel time between the regions in which coll@bmg organizations are located. For
institutional proximity, however, they use two @ifént set of measures: one based on
institutional homogeneity versus heterogeneity; #mel other distinguishing six different
combinations for three types of institutions (acade private, governmental). Their findings
for the Netherlands context suggest that homogenoollaborations take place over longer
distances than heterogeneous collaborations. Forthie, as compared to within academy
cooperation, geographical proximity is found oubtomore relevant for cooperation between
academia and other institutional types. Howevajioreaal level is not found out to be a proper
geographical scale for all types of heterogeneowdalmrations; particularly for
collaborations between private and academic orgéioizs national level is suggested to be

more relevant.
2.2.2. Systems Per spective

Unlike the preceding section, the approaches tlilabe reviewed here addressfficiency of
access via accounting for the network effects. In othveords, they extend the basis of the
candidate evaluation beyond its stock of knowleaige co-learning opportunities it offers on
its own in such a way that it encompasses tagpécity to knoWwthat could be accessed
through its ego-network. In that case, what maitersot only the value and cost of accessing
an agent, but also the value that could be seikeaugh its links per unit cost. Hence,
network structure and network position becomesvegle concepts in maximizing the

“efficiency of access
a) Connections Model

The connections model by Jackson and Wolinsky (J,99&ses on the idea that agents not
only benefit from those they are linked directlyt lalso from those they are linked indirectly.
The benefit they can obtain from others decreags#s distance; but direct links are costly
implying a trade-off between the benefits and costs direct link.

Among the numerous studies, quoting this modetthdies by Carayol and Roux (2007) and
Johnson and Gilles (2000) reveal interesting residgarding the scope of this paper. The
reason is that they incorporate the geographicagdsion into the cost of maintaining a link

as an extension. Hence, they provide an understgndn “efficiency of access” and
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geographical proximity relation not through oneginconnection but through a portfolio of

connections.

As in the connections model, Johnson and Gille@2@efine a utility function as the
difference between the share of knowledge thatdcdnd transmitted through direct and
indirect connections and the cost of link formatioWhile the portion of effectively
transmitted knowledge decays with geodesic distatiee cost of link formation increases
with geographical distance. In incorporating gepbreal distance, they assume that the
individuals are uniformly distributed along the Irdene segment [0,1] and the cost of
maintaining a link is symmetric for both sides. &y, their theoretical model suggests that
when costs are low as compared to the potentia¢fiierof cooperation, among the stable
network types locally complete networks are thetrposminent ones.

The study by Carayol and Roux (2007) is very sintibathat of Johnson and Gilles (2000) in
terms of results despite some differences in dejfinhe geographical dimension and costs,
and including an empirical part. While Johnson @nltes (2000) assume that individuals are
uniformly distributed along a real line segment #melcost of maintaining a link is symmetric
for both sides; Carayol and Roux (2007) assumetkigabgents are ordered and located on a
circle with equal intervals, and the costs diffeledo agents’ heterogeneous abilities. They
suggest that for a wide range of intermediary \&loedecay in transmission of knowledge,
their theoretical model generates a particularlstabtwork structure called “small world”,
where the average path length is small and locesteting is high with scarce exceptions of
distant connections. They also provide some engbigeidence by fitting the model to actual
co-inventions that took place during 1977-2003 vatHeast one inventor located in France.
They found out that their theoretical model is d¢dpaof predicting most of the structural
properties of the actual network. While these tsspibint out to the joint effect of the rate of
decay in knowledge that could be seized from pestoépartners and the spatial aspect of the
cost of cooperation, the connections model fail@adoount for the fact that there exists a
budget or time constraint that limits the numbetie$ each agent can establish.

b) Preferential Attachment and the Cameo Principle

“Preferential attachment” is a mechanism in nelkwfmrmation proposed by Barabasi and
Albert (1999) where an agent prefers establishitiglawith the agent who has the largest
number of direct connections (i.e. degree). Theygseat this mechanism to explain for the
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property of large scale complex networks that thebability distribution of an agent's
number of direct links with other agents is indegent of the scale of the system and the
properties of its constituents. Indeed, they shbat this property holds for the network
defined by the World Wide Web or patent citations.

Preferential attachment, in other words degreenigffi stands as a strategy to increase the
“efficiency of access”. In this regard, the study Winciguerra et. al. (2010) provides an
interesting perspective in that it brings prefei@nattachment and geographical proximity
together in the context of infrastructure netwoMhile in the original model by Barabasi
and Albert (1999) the probability that an agensgeinnected to the second is defined as the
ratio of the second agent’'s degree to the netwafrak; Vinciguerra et. al. (2010)
incorporates the effect of geographical distana# @untry borders to the definition of this
probability. The model is simulated for differerdirpmeter values for the effect of spatial
variables and the resulting networks are comparegd the actual Internet infrastructure
network in 2001 in Europe. They show that withop&tgal extensions the properties of the
network generated by the Barabési-Albert modekdifsignificantly from those of the actual
network. On the other hand, it is possible to fandet of parameter values such that the
spatially extended model manages to reproduce tlegage path length and average

clustering coefficients of the actual network.

This study illustrates the simultaneous effect akfgrential attachment and ease of
overcoming geographical distance. As partner clsoweuld differ from those in the pure
Barabasi-Albert model, Boschma and Frenken (20f)eathat the degree distribution would
vary with the ease of overcoming the distance; wthese two effects are simultaneously
considered.

However, the interpretation of these findings ia tdontext of project based R&D networks is

not straightforward. One of the reasons is thatirggattached to the agent with the highest
degree might be incongruent in the context of mtojgased R&D networks, where the

cooperation is embodied in a project aiming atizesd some defined objectives. The effect
of this possible incongruence might be countertzaldnn some cases, where formation of
networks is facilitated by public support. For arste, in the case of direct funds granted to
collaborative research projects, the criteria setduto evaluate the applications might value

consortiums with members, which are actively endagea wide range of collaborations.
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Hence, the design of these support mechanisms edigdt the partner choice by favouring

the degree of applicants as a factor increasintjkbkhood of receiving a grant.

The other reason stems from the degree of awarehesaode on the entire network. For an
infrastructure network, where there is a singleigien-maker with the map of existing
investments at hand, it may be plausible to asstimaeinformation on the degree of each
node in the network is available. However, for podjbased R&D networks it is not
reasonable to expect that each organization hapletarinformation on others’ collaboration
activities. In fact, a study by Lhuillery and Pé&st(2011) provide empirical evidence for this

argument to some extent.

Using French data collected through a survey caeduimn 2003 on inter-firm relationships
(ERIE survey) and the R&D survey carried out in @0they investigate whether firms are
aware of the indirect relationships among theile¢hmost strategic partners. The results
reveal that firms are aware of less than half ef plotential indirect ties among their direct
partners and several factors affect the degreleenf &wareness. Due to the fact that the study
is confined with the indirect relationship of thrdigect partners and the type of the indirect
relationship is unknown; it provides a limited exphtion for the network awareness
phenomenon. However, it is suggestive for concgiwvhy agents might be far from a

decision making situation with complete informatmmthe entire network.

At this point, the study by Mossa et. al. (2002)ngeresting as it integrates “the limited

information-processing capability” of agents toeawork growth model based on preferential
attachment processes. They argue that since thesnmahnot process information on the
entire network but on a subset of it, they filteformation based on their interests. In this
respect, the study by Mossa et. al. (2002) inteveedhe discussion on two dimensions of
accessibility, namely the ease and the efficientgozess. Accordingly, in the model they
constrain the information processing either by kegpthe fraction or the number of

interesting nodes. Tested with WWW data, the modgkals that the in-coming degree
distribution, controlled by the network size anddes information processing capabilities,
decays as a power law with an exponential truncatldence, the degree of the most
connected node is smaller than that of a scale4fiete/ork, which affects the spread of

knowledge together with the exponential truncation.
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Blanchard and Krtger (2004) also depart from thue tlaat “knowledge about the degree of a
vertex is in real networks seldom available foreotivertices”, but they suggest Cameo
principle instead of preferential attachment med@rarto explain for the network formation
process. They argue that agents decide on thdmegvarby considering their attractiveness,
rareness or beauty. Hence, the probability tharaliclate is selected depends on the relative
frequency of his attracting or beautiful attribireethe population. Their model shows that a
scale-free degree distribution, which has also beeorted for the project based networks
supported by European Union through Framework Rragr(Barber et. al., 2006), can result

from not only preferential attachment mechanismaism from the Cameo principle.

To conclude, the context specific characteristiggroject based R&D networks require some
attention in considering degree affinity as a faetibecting collaboration choices. First of all,
the attributes of the candidate with the highegirele may not comply with the project
objectives; hence considering the degree of thelidate may not suffice or may not be
relevant to explain partner choices although mdsaas a strategy to increase the efficiency of
access. Nevertheless, existence of public suppaghtmbestow reasons to consider
preferential attachment as a relevant mechanismtaubke design features of the support
mechanism. Second, the fact that there are limiagents’ information about the others has
to be reckoned with whenever it is plausible tauass degree affinity. On the one hand, this
fact rejuvenates the question on the interplay betwgeographical proximity and preferential
attachment mechanisms under the constraint of tédninformation-processing capability”.
On the other hand, the possibility that a scale-ftegree distribution could also result from
partner choices based on Cameo principle, signalksea for further research to arrive at a
concrete conclusion on the specificity of cameo pederential attachment processes.

c¢) Closure and Structural Holes

Two concepts bestowed by the social network themaynely closure (Coleman, 1988) and
structural holes (Burt, 1992), broaden the undeditey from the point of view of “efficiency

of access” regarding that each implies a diffeashitecture for knowledge flows. Among
these concepts the former refers to the case whergartners of an agent form a link and
close the triad. On the other hand, the latterrsetie the case where two partners of an agent
are not connected; hence the agent’s ties areedumdant. The relationship of redundant and

non-redundant ties with efficiency is orthogonalhi& redundant ties enable higher rate of
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diffusion and increase the likelihood that an ageekives a particular piece of knowledge;

non-redundancy enables an agent to have accessgitieravariety of knowledge.

In their theoretical work Cowan and Jonard (2004det knowledge diffusion in networks
(i.e. no innovations, only diffusion at a singlenavation episode) investigate the effects of
cliquishness and average path length on knowledfiesidn in a setting, where the network
density is assumed to be constant. They arguehtbdevel of average knowledge, knowledge
disparity, and the rate and continuity of diffusiare higher when the spatial structure is a
small-world (i.e. only 5 to 10% of all the dired¢g are distant ties where the rest are local

ties, indicating that the average path length ialkamd local clustering is high).
2.3. Appropriability

In the preceding part, the emphasis is given taéasibility” in terms of identification of
relevant knowledge sources and efficiency. Howeaecession has some associated risks
about control on the knowledge. Massard and MgRBi@d9) argue that there exists a trade-off
in maximizing the knowledge acquired and minimizihg loss of appropriability. Hence,
appropriability refers to another dimension in partchoice.

The study by Cassiman and Veugelers (2002) addhessssue in Belgian context. The
effects of incoming spillovers and the level of agggiability on R&D collaboration decisions
constitute the main motivation of the study. It émon data on Belgian manufacturing
industry collected through the Community Innovatturvey (CIS) in 1993. The measure for
appropriability is constructed using the part af (IS questionnaire where respondents rate
the effectiveness of various mechanisms for pristgdnnovations through a 5-point Likert
scale. The protection types concerned in the studylegal protection through patents and
strategic protection through secrecy, complexityl d@ad times. They employ a probit
regression model by which vertical cooperation aadperation with research institutes are
estimated separately. The results show that thieapitity to cooperate is positively related
with the level of strategic protection. Distinguisty vertical cooperation and cooperation with
research institutes reveals further that appropitiabncreases the probability of vertical
cooperation and it is unrelated with cooperativaeaments with research institutes.
Effectiveness of appropriation, on the other hasdound out to be strongly related with the
R&D capabilities of a firm measured by permanent®&D activities. They also find out

some evidence for the effect of R&D cooperation appropriability such that vertical
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cooperation reduces the effectiveness of strafggiection measures; while cooperation with

research institutes increases it.

The above-mentioned appropriability concerns balsg trust into play in partner choices. As
Coleman (1988) suggests friends of friends aregdezd to be less reluctant to opportunistic
behaviour. This underlines the relevance of soc&htions which have already been
addressed two times in the previous sections thratsgole in ease of access and efficiency
of access. Here from the point of view of apprdufity, social ties become a matter of

concern through its role in breeding trust. Howewes Weterings and Boschma (2009)
suggest trust may also be bred by co-location tonesextent. Moreover, to the extent that
social ties are localized, closure facilitated byst may result in local clustering in

cooperation networks.

Regarding the role of trust in partner choices,stuely by Gulati and Singh (1998), provides
a different perspective on the issue as its resaliisupon a further investigation on the link
between geographical proximity, trust and govereasicucture. The study, indeed, aims at
explaining firms’ different choices on governanteisture in different alliances by European,
American, and Japanese firms. In this context b ahvestigates whether the governance
choice among joint ventures, minority alliances andtractual alliances, which represent the
degree of hierarchy in descending order, diffens léxal or cross-region alliances. The
empirical analysis bases mainly on CATdatabase and employs a multinomial logistic
regression model. The results provide limited ewtgeto support the expectation of choices
of less hierarchic alliances for local allianceg doi a higher degree of trust. Hence it remains
uncertain whether observing a geographical conagaotr in a project network results from
the fact that distant collaborations exist buthia form of more hierarchical alliances or not.
Indeed, reducing this uncertainty and elaboratiglink between geographical proximity and
governance structures, which define the formal obbnfor knowledge flow, might be

promising also in understanding the efficiency afess.
2.4. Absorption Capacity

While discussing accessibility and appropriabilitye focus has been more on the external
conditions i.e. given the partner or given the execonditions, the capacity and the abilities

of an organization that is willing to cooperate hefs almost untouched. A widely influential

" Cooperative Agreements and Technology Indica@rsT()
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concept to explain for the internal factors is edllthe absorption capacityCohen and
Levinthal, 1990).

Absorption capacity is defined as “the ability #cognize the value of new information,
assimilate it, and apply it to commercial ends”.isTimeans that determination of the
candidates, the amount of knowledge that couldelimed from a partner and the degree that
the results of the collaborative research processappropriated are all dependent on the
absorption capacity of an organization. Howevee, fict that this concept refers to equal
capacity to learn regardless of the partner, geseeto a dyad-level re-conceptualisation by

Lane and Lubatkin (1998) called theslative absorptive capacity”

“Relative absorption capacitgoncept bases on the idea that an organisataimlgy to learn

changes from partner to partner. This change medutim the degree of similarity in
knowledge bases, compensation practices and oggiemal structures, and organisational
problem set. In this regard, relative absorptiompacity concept gives a rationale for

considering technological proximity as a determtrafrpartner choice.

Whether defined relatively or not, the concept lodaption capacity sheds some light upon
the partner choice through “ability to learn” leriadeed, the characteristics of learning
process itself provides further insight, yet theatyic nature of learning led us to leave this

issue to the end to discuss as a time effect.
3. Successful Realization of Collaborations

While discussing the role of geographical proximibgether with other determinants of
partner choice, the effects that shape the expaasadf an organisation from collaboration,
are described. In that sense they can be consigerdtle ex-ante effects of geographical
proximity on collaborations. Indeed, following paet choice and formation of the tie,
geographical proximity could take part in the swsceof the collaboration as well.
Nevertheless, the word success is used in thatites in such a comprehensive manner that
sometimes it refers to successful realization efaliance, and sometimes to the additionality
of collaboration on the firm’s innovation perforntan This section will focus on the role of
geographical proximity in successful realizatiortted collaboration, leaving the second issue

to the next section.
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Among the limited number of studies focusing on #uecessful realization of the R&D
collaborations, the study by Mora-Valentin et.20@4) is interesting in that it also considers
geographical proximity as a potential factor. Hger the study focuses on a particular kind
of collaboration; i.e. cooperative agreements betwi&ms and research organizations. The
analysis bases on Spanish data representing aeammhtional collaborative projects run by
the Centre for Technological and Industrial Devatept (CSTI). They define success along
two dimensions: evolution of the relationship antbbgl satisfaction. Among these
dimensions, the former refers to the continuancteflink for five different cases described
by completion status of the project. On the othemd) the latter refers to satisfaction with
respect to five different criteria. Furthermoreg\ttdefine the determinants of success as two
sets of factors, called the contextual and orgaicizal factorS. Geographical proximity is
considered in the study as one of the organizdtifmetors. They employ a structural
equations model and find out that the factor stdctihg the success for the two types of
organizations have some commonalities and diffeagn@Vhile commitment and previous
links are observed to be a common factor; definitd objectives and conflict affect success
for firms; on the other hand, communication, traistl the partners’ reputation affect success
for research organisations. Hence, for none ofotiganization types geographical proximity

is found out to be a determinant of success.

Another study by Lhuillery and Pfister (2009) addrethe same issue, not through
determinants of success but through determinant®@peration failures. It bases on French
CIS data covering 1994-1996, which includes manufatwy enterprises with more than 19
employees in France. The study defines cooperdadares by making use of a set of
guestions on difficulties in cooperation projectsd aresulting effects. More specifically,
cooperation failure is defined by the cases wherptioject was stopped or seriously delayed.
Geographical proximity is incorporated into thedstwia distinguishing foreign partners from
domestic ones. Employing probit regression modbés study reveals that collaborating with
a foreign partner increases the risk of havingraose delay or abandoning the project when

the foreign partner is a competitor or a publieegsh organization.

8 Mora-Valentin et.al. (2004) describes the orgativrel factors as previous links, reputation, acleefinition
of objectives, institutionalization, and geograpthiproximity. On the other hand, they describe erntal
factors as commitment, communication, trust, coffind dependence.
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4. Collaborations and I nnovation Perfor mance

Extending the view to cover the changes in the wation performance resulting from
collaboration; this section tries to complement diseussion on the specificity of geography
in partner choice and successful realization ofabolrations with the resulting innovation
performance. In this regard, this section will ged distinguishing the performance at the
individual level from that at the regional level.

4.1. Organizational Level

The effects of collaboration on an organizatioresfprmance have been addressed through a
wide range of measures. For instance, based onh[paa of the CIS covering 1992, the
study by Brouwer and Kleinknecht (1999) considdrs éffect on innovation output. The
study reveals that the propensity to patent is idenably higher for R&D collaborations
despite some differences across sectors and fzm 8ecker and Dietz (2004), however,
investigates the effect of collaborations on bathovation inputs and output in their study
based on data on German manufacturing industry reayehe period 1990-1992. They
measure innovation input in terms of R&D intens@gd innovation output in terms or
realization of product innovations. The analysigegds that R&D collaboration affects both
of them positively and the probability of realizatiof product innovations increases with the
number of partners. On the other hand, Autant-Bedrnet. al. (2010-b) address the
relationship between cooperation and adoption nbwations through the analysis of CIS
data covering the period 1998-2000. They reved #imaong innovative firms, those who

cooperate are more likely to adopt innovation.

Another strand of work relates innovation perforeceno partner selection. Among those,
Belderbos et. al. (2004) employ two measures ofopmance (labour productivity and

productivity in innovative sales) and investigat@whthese measures behave for different
types of partners (competitors, suppliers, custspeand universities and research institutes).
The analysis bases on Dutch part of the CIS dadacansiders the effects of cooperation in
1996 on productivity growth in 1998. The resultggest that the rationales and goals of
cooperation vary across partners, and hence fterdift types of partners different impacts
are created on the innovation performance. Faemal.ef2005) also confirm that different

types of partners correspond to different typesnbvation outcomes based on an analysis
on CIS data for 1997 for Belgian manufacturing Brrigurthermore, they argue that the more
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the variety in an organization’s partners the highe proportion of turnover resulting from

new and improved products.

Pieters et. al. (2009), however, relate innovagpenformance to partner selection through
network position. They analyze the data on AppitcaSpecific Integrated Circuits Producers
covering the period 1987-2000 and measure innavatierformance in terms of patent
applications to US Patent Office. The study suggésat clique-membership has a positive
effect on a firm’s innovative performance. Howeuers not only the position in the network,

but also the position and embeddedness in the eclipat matters. Furthermore, clique
spanning ties affect the innovation performancevals Yet the highest effect is observed for

moderate numbers of ties, implying a U-shape @tatiip.

In addition to the studies mentioned above, managéstudies also address the link between
collaboration and innovation performance, but faogisnside the collaboration process and
considering the organization and conduct of colfathee work. While not fundamental for
the scope of this paper, it should be noted thahagement literature on collaboration
networks and R&D team performance is promisingefaniching the understanding the effects
of collaboration on innovation performance (as aanegple we refer readers to Cummings,
2004)

4.2. Regional Level

Having considered the relationship between collatimn and innovation performance at the
organizational level, zooming out to the regionavel provides some additional

understanding, which would contribute to formulataf regional policies. In this respect, two
recent studies, comparing intra-regional vs. inégional cooperative subsidies and intra-
regional agglomeration vs. inter-regional netwogkisuggest interesting findings.

Among those, the study by Broekel (2011) addressithmpact of subsidized knowledge
networks on regional innovation performance usirgadon 270 German labour market
regions covering four industriedor the 1999-2004. Regional innovation performaise
measured in terms of innovation efficiency, i.e. lslating innovation inputs (R&D

employees) to innovation outputs (patent applicesjcusing the robust version of the Data

°® The industries covered are the following: 1. Cheats, 2. Manufacturing of transport equipment, 3.
Manufacturing of electrical and electronic devicds,Manufacturing of precision instruments, measumat
devices, optics, and medical apparatus.
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Envelopment Analysis. Then, panel regression methaeimployed to test the relationship
between innovation efficiency, and subsidies andesgontrol variables. The results reveal
that in the German context cooperative subsidie® laagreater effect than non-cooperative
subsidies on regional innovation performance. Sgécsuabsidizing intra-regional cooperation
does not have a greater effect than subsidizingr-negional cooperation, indeed, there is
evidence supporting the reverse. Third, regardingeriregional collaboration, holding

brokerage positions is found out to be more préleréo maintaining a high number of ties.
Finally, the regions with a low innovation capadignefit from subsidized inter-regional ties
with partners having a wide variety of industrialckgrounds, yet those with a high capacity
benefit from related variety. While these resultevide interesting perspectives on the
relationship between inter-regional collaborationd aregional performance, there is an
important shortcoming of the study as raised byat#hor. This limitation results from the

fact that it is not possible to distinguish the tr@ause of an observed cooperation; i.e.

whether it results from the subsidy or not is ambigs.

The second study (Varga et. al., 2010), on therdtbhad, covers 189 European regions and
investigates the effects of intra-regional agglaatien and interregional networking on their

R&D productivity. To do that they distinguish twgpes of research, called Edison-type and
the Pasteur-type. The former refers to researclrdsvan economic application; whereas the
latter refers to the science-oriented researcholiegly, patent applications are used as a
proxy for the Edison-type and scientific publicasandexed by ISI for Pasteur-type research.

In the study, intra-regional agglomeration is meadiwby size adjusted location quotient of
employment in technology and knowledge intensiv@#as. On the other hand, inter-regional
network effects are measured on the basis of R&) expenditures in partner regions for
each region. Estimating knowledge production fuordj the study reveals that there is a strict
distinction between Edison and Pasteur-type rekearcterms of determinants of R&D
productivity. While for Edison-type research integgional agglomeration is an important
determinant; for Pasteur-type it is inter-regionatworking. The authors conclude that these
factors ‘are neither substitutes nor complements but opeaateistinct parts of knowledge

production process
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5. Temporal Dimension

While exploring the specificity of geographical pimity in collaborative networks in the
previous sections, temporal dimension been denetcah purpose and reserved for this
section. In the sequel, the rationales for assuraisgatio-temporal change will be discussed

and empirical findings will be reviewed.
5.1. Why time might matter

The mechanisms through which time creates a cheoglel be considered under four main
headings: partner specific learning, change in sbepe of knowledge, accumulation of
absorption capacity, and industry life-cycles.

a) Partner Specific Learning

When two organizations collaborate they do not dedyn from each other but also they learn
about each other (Inkpen and Currall, 2004). Thm$ormation can facilitate better
management of the collaboration through developmért common language and result in
developing some skills to handle differences inugal perspectives and organizational
constraints. Hence, in the subsequent partner ekoic may offer a reason to favour
candidates that are old partners. Then, with tipetition of ties partner specific learning

would further be reinforced.

On the other hand, partner specific learning resmtevolution of trust in the relationship
(Mayer et. al., 1995; Inkpen and Currall, 2004)nkks past collaborations can affect partner
choices through reinforcing or diminishing trustul&@&i (1995) provides some evidence

indicating that partner choices are dependentust that results from repeated ties.
b) Change in the Scope of Knowledge

Apart from partner specific learning, time alsoilitates changes in the scope of knowledge
an organization possesses. These changes noframlg the future needs to collaborate and
hence frame what makes an organization a candibatealso affect efficiency of access
through their affects on absorption capacity. Legwhe link with absorption capacity to the
next section, this section will address the cemagstion on how changes in the scope of

knowledge may affect the role of geographical proty.
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The literature already offers some answers toghestion. For instance Cowan, Jonard, and
Zimmermann (2006) argue that learning togetherlt®sn similar knowledge profiles and
reduces partners’ attractiveness to each othefuftrer collaboration. Autant-Bernard et. al.
(2010-a) suggest that in that case geographicalimpity can substitute for technological

proximity, as it may create confidence in the relahip.

On the other hand, the literature on learning potae challenges to the argument that states
learning together results in similarity in knowledpgrofiles, along two dimensions. The first
dimension refers to the characteristics of learnimiile the second refers to distinguishing

learning at different levels.

Theories and models on individual and organizatitesning describe learning as a process
of construction and reorganization of knowledgedtires that takes place uniquely for each
learning agent (Packer and Goicoechea, 2000; Jema$891; Nonaka, 1994). As Jonassen
(1991) suggests for the individual context, the mregis determined by the understander and
dependent upon understanding. Furthermore, Powelbhle (1996) argues that learning
through collaborations does not take place indepethylfor each tie. In contrast, in a project
network setting, an organization simultaneouslyrisdrom different partners of the project
and from other projects as well. Hence, derivingatasions on the degree of similarity of

knowledge bases after cooperation is not straightad.

Besides, it is necessary to distinguish individledrning from organizational learning
although it is an important constituent of the migational learning process (Kim, 1993;
Nonaka 1994; Crossan, Lane and White, 1999). Tasoreis that, the knowledge possessed
by the organizations is not the bare sum of thenkedge of individuals but it is embedded in
systems, structures, procedures and strategy tisttiedependently of any individual, and at
the same time it affects and gets affected by iddals (Crossan, Lane and White, 1999).
Furthermore, the change in the scope of knowletitfeeaemployee level (collaboration team)
cannot be amplified to the organizational levetha same way and to the same extent (Kim,
1993% Nonaka, 199%; Crossan, Lane and White, 1999 Therefore, again it is not

19 Kim (1993) links individual learning to organizaiial learning through development of shared mantalels
based on individual mental models developed througlividual learning. He argues that the organaas
view of the world (Weltanschauung) changes slowlgdver the current thinking of the individuals,iletsound
individual routines become standard operating ptooes. He suggests two concepts called “individigaible-
loop learning” and “organizational double-loop leag” implying that former individual learning caaffect the
individual and organizational actions provided ttiaty become integrated to the individual and shamental
models, respectively.
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straightforward to figure out the contribution afllaboration to the similarity in knowledge

profiles.

Another issue related with distinguishing differégdirning levels is that learning within and
between organizations differ not only from the indual level, but also they differ from
learning by the network as a whole (Knight and RA@03; Capello, 1999). This challenges
the view that confines the effects of learning tigio collaboration to the knowledge profiles
of the organizations. Despite a limited literatiaddressing the relationship between learning
by a network and geographical proximity might enribe understanding on the spatio-

temporal evolution of research networks.

Returning back to the central question of thisisacthe main conclusion is that further work
seems to be necessary for understanding the clapgetners’ scope of knowledge, which is
a prerequisite for discussing its effects on tHe o geographical proximity. In this regard,
better exploitation of research on characterisifdearning and different learning levels could

be promising.
c) Accumulation of Absorption Capacity

Earlier, the relevance of absorption capacity apant in time to partner choice and
appropriability concerns has been raised. The tfaait the absorption capacity at a point in
time bases on prior knowledge as it enables ahearpt new knowledge requires revisiting
this concept to elaborate the temporal dimension.

Cohen and Levinthal (1990) argue that dependenceprar knowledge brings in two
properties to absorption capacity: cumulativeness ié&s effect on expectation formation.
Cumulativeness refers to the property that somerphge capacity accumulated earlier
enables more efficient accumulation of absorpti@pacity in the succeeding periods.
Cumulativeness property affects the organizatiobtitya to recognize and evaluate the

technological opportunities in a field better, dr@hce contributes to expectation formation.

' Nonaka (1994) argues that whenever a new conseptdgrated to the organizational knowledge btie,
knowledge base is “re-organized through a mutualircing process of interaction between the esthéd
organizational vision and the newly-created coricept

12 Crossan, Lane and White (1999) define a 41 framkytbat consists of four related processes caitedting,
interpreting, integrating, and institutionalizirtgking place at three levels (i.e. individual, ggpand learning).
While intuiting and interpreting take place at thdividual level, interpreting and integrating ocai the group
level and at the organizational level integratingd ainstitutionalization take place. They argue that
institutionalization is the distinguishing featuoé organizational learning when compared to otlesels of
learning and describe institutionalization as “flecess of embedding learning that has occurreddiyiduals
and groups into the organization, and it includestesns, structures, procedures, and strategy”.
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The dynamic and path-dependent nature of absorm@macity implies that in time the
relative roles played by geography and absorptapacity can change. Moreover, the effect
of cumulativeness of absorption capacity on anmpgdions ability to identify technological
opportunities means a change in the definition cdradidate. Hence, at each time interval, the
set of available candidates and the space defipabdir locations might change. At the one
extreme an agent may not find available candidatés close neighbourhood regarding the
technological opportunities that wants to investand, at the other extreme it might find

them all in the same location.

Finally, recalling from the previous section thaardning can take place at different levels,
including the network level, considering the change absorption capacity at the network
level provides an interesting extension. Unsal dmylor (2010) address this issue by
simulating the absorption capacity of a projectwoek and investigating the effects of

innovation type and relational stability of the wetk. While, the assumptions made to

execute the simulation display a high degree odlidation, the phenomenon addressed by
the study is inspiring.

In the study, innovation types refer to incrementalodular, architectural and radical
innovations. On the other hand, relational stabihidicates the extent that the same group of
firms keeps working together. The variation in tielaal stability is defined as 1 firm per role
to 5 firms per role; corresponding to the case$ tha group collaborates in each project
without a change in members, and each of the Ssfinas 20% probability to be selected,
respectively. The simulation runs suggest a pasitalationship between relational stability
and absorption capacity and a larger effect ofticalal stability on absorption capacity for

architectural innovations as compared to modulaowations.
d) Industry Life-Cycles

Another rationale for assuming a spatio-temporange bases on the industrial life-cycle
perspective as suggested by Boschma and Frenké®)(2Bsheim and Coenen (2005)
address this issue by distinguishing between twedyof knowledge bases, ‘analytical’ and
‘synthetic’ and argue that the characteristicshef innovation process are contingent on the
knowledge base that a firm or industry draws updmey define the analytical knowledge
base as the one “where scientific knowledge is lpigmportant, and where knowledge

creation is often based on cognitive and ratiomac@sses, or on formal models” and the
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synthetic knowledge as the one “where the innomatiskes place mainly through the
application of existing knowledge or through newntinations of knowledge”. They propose
that the analytical knowledge base is dominatedcbgified knowledge and research
collaborations between R&D departments of firms amdearch organisations are more
common. In the synthetic knowledge base, on therdihnd, tacit knowledge dominates and
interactive learning takes place with clients angpdiers. Hence, in the case of R&D project
networks, geographical proximity as an enablerarigmission of tacit knowledge might have

different importance across sectors and throughdurstrial life-cycle.
5.2. Empirical Evidence

Empirical evidence on spatio-temporal evolutionnetworks constitutes one of the least
developed domains of the relevant literature. Aem¢cstudy by Hoekman et.al. (2010)
addresses this need by analyzing co-publicationvarét across 313 European regions
covering the period 2000-2007. They define geogcabhproximity in various ways to
investigate how spatial patterns of the networkhey time. On the one hand they include a
continuous variable indicating the distance betwiencentres of two regions. On the other
hand, they define a set of binary variables indgicato-location in a region, in a country and
in a linguistic area. They employ a gravity modekestimate the importance of distance and
borders on co-publication activity in $ixscience fields. The results reveal that the efééct
territorial borders on co-publishing decreases diee for all fields, whereas the effect of
distance either remains almost the same or incr@aseportance. The authors explain this
phenomenon through increasing collaboration witiselterritories, which is facilitated by the
decreasing importance of territorial borders. Tpeynt out that diminishing importance of
territorial borders does not mean randomness itn@aselection, indeed the importance of

physical distance increases for some regions aedaefields.

While Hoekman et.al. (2010) consider the changeénspatial configuration at the network
level, an earlier study by Cowan and Jonard (2@0@sider the effect the level of maturity of

an industry on partner choice. They show that tiedéepence in redundant or non-redundant
ties depends on the level of maturity of an industrterms of the degree of availability of

knowledge. In their model they investigate the affef clustering, path length and degree
distribution on knowledge diffusion through dirdats. Yet, they distinguish the agents as
traders and givers and the amount of knowledge@ses and abundant. In this setting, they

13 physical sciences, life sciences, medicine, erging, social sciences, and humanities.
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argue that at the early development stages of daosiry where knowledge is scarce,
structural holes are preferable; but as the inglustatures and the knowledge becomes
abundant, non-redundant ties lose their attractisenand clustered networks become

preferable.
6. Conclusions

In this study, we focused on project based R&D oekw and tried to describe the state-of-
the-art in explaining the specificity of geography formation and evolution of such
networks. Towards this aim, we framed the discussiong four dimensions: the specificity
of geography in partner choice, in successful eti@cwof the collaboration, in the resulting
innovation performance both at the organizatiomal egional level, and the spatio-temporal

evolution of networks.

The review is suggestive regarding the theorizatiogeography and network relationship for
several reasons. First of all, as emphasized bythenization of the paper, existing studies
show that the relationship between geography ahaank is not confined to partner choice;
in contrast, it encompasses realization of collabons and the resulting innovation

performance as well.

Second, the section on partner choice, which tapipegroximity and network perspectives
into accessibility-appropriability-absorption cappadramework, reveals that it is not possible
to describe a one-for-all role for geography; itndeed contingent on other determinants.
Furthermore, this section points out to the faat tonceiving the role of geography in terms
of efficiency of access requires alternating systeand analytic perspectives. While the
analytic perspective; i.e. the study of the dyawyvgles some insight on the interplay with
different proximity dimensions; the study of netwoenriches this understanding by

incorporating the ego-network of candidates intodiscussion on efficiency of access.

Third, accounting for the temporal dimension brinfsrth further complexity to
conceptualizing the dynamics of partner choice. Téaeson is that time facilitates partner
specific learning, change in the scope of partnérsdwledge, their ability to absorb
knowledge, and maturity of industries; and hencange the context for subsequent partner

choices.
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Beside these conclusions that are informative diggrthe conceptualization of the role of
geographical proximity in project based R&D netwsyrthe review also identifies some issues
demanding further research effort. The role of gaplical proximity in successful
realization of collaborations constitutes one absen issues. It can be observed from the
literature that the possible roles that could lsy@dl by geography after the formation of ties
has received relatively less attention as comparyatie immediate link between geography
and network formation. The two studies reviewethm paper address this issue through two
angles, namely determinants of collaboration failuand determinants of successful
collaborations, and reveal different results. Hersteedding more light upon this difference
together with elaborating definition of succes<ollaborations comes to forth as important
challenges in casting ex-post roles of geograplpicatimity following the formation of ties.

Another point that requires further research s ititerplay between social proximity and
geographical proximity. As mentioned before, avddaempirical evidence focuses on
knowledge diffusion but not on partner choice. Hertcremains undiscovered how partner

choice is affected by geographical proximity in #isence and presence of social proximity.

Finally, it appears that the temporal dimensiostit far from being exhausted. On the one
hand, spatio-temporal evolution of networks reaimore empirical evidence. Whether
spatial constraints loose or gain importance iretand implications regarding regional policy
lack further research effort. On the other handrélseems to be some ambiguity that has to
be resolved regarding our understanding on thectsffef time. Change in the scope of
knowledge constitutes one of the issues to befigdrilncorporating the advancements in two
research topics would be promising for a betterceptualization of this change. These are
characteristics of learning by organizations withinetwork, and learning by a network as a
whole. As the study by Unsal and Taylor (201Q)sifates, considering the project network
itself as a learning entity, can provide extensitmstudying the role of absorption capacity
and possibly to other factors that cannot be faesere.
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