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Abstract:

This paper aims to contribute to the empirical itifezation of clusters by proposing methodological
issues based on network analysis. We start witllé¢bection of a composite knowledge process rather
than a territorial onestricto sensuSuch a consideration allows us to avoid the atération of the
role played by geographical proximity between agemrind grasp its ambivalence in knowledge
relations. Networks and clusters correspond to ¢henplex aggregation process of bi or n-lateral
relations in which agents can play heterogeneougcsiral roles. Their empirical reconstitution
requires thus to gather located relational data,endas their structural properties analysis requites
compute a set of indexes developed in the fielth@fsocial network analysis. Our theoretical
considerations are tested in the technologicabfiel GNSS (Global Satellite Navigation Systems). We
propose a sample of knowledge relations based daborative R&D projects and discuss how this
sample is shaped and why we can assume its repagiseness. The network we obtain allows us to
show how the composite knowledge process givedariaestructure with a peculiar combination of
local and distant relations. Descriptive statistimsd structural properties show the influence o th
centrality of certain agents in the aggregate stiwe, and permit to discuss the complementarities
between their heterogeneous knowledge profilesnf@ative results are completed and confirmed by
an interpretative discussion based on a run of ssmictured interviews. Concluding remarks provide
theoretical feedbacks.
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GETTING INTO NETWORKS AND CLUSTERS
Evidence on the GNSS composite knowledge proce@nuhfrom) Midi-Pyrénées

Abstract:

This paper aims to contribute to the empirical itfécation of clusters by proposing methodologiécssues
based on network analysis. We start with the detecof a composite knowledge process rather than a
territorial one stricto sensuSuch a consideration allows us to avoid the cstéreation of the role played by
geographical proximity between agents, and graspainbivalence in knowledge relations. Networks and
clusters correspond to the complex aggregation @sscof bi or n-lateral relations in which agentsncalay
heterogeneous structural roles. Their empirical aestitution requires thus to gather located relatb data,
whereas their structural properties analysis re@sirto compute a set of indexes developed in thiedfethe
social network analysis. Our theoretical considaas are tested in the technological field of GN&®bal
Satellite Navigation Systems). We propose a saaifdsowledge relations based on collaborative R&Djgcts
and discuss how this sample is shaped and why weagsume its representativeness. The network vaénobt
allows us to show how the composite knowledge psogives rise to a structure with a peculiar comation of
local and distant relations. Descriptive statistmsd structural properties show the influence a tentrality of
certain agents in the aggregate structure, and perta discuss the complementarities between their
heterogeneous knowledge profiles. Quantitative Itesare completed and confirmed by an interpretativ

discussion based on a run of semi-structured img&rs. Concluding remarks provide theoretical feexisa

Key-words: Knowledge, Networks, Economic Geografiyster, GNSS
JEL classification: 032, R12

1. Introduction

Clusters and networks can be viewed as peculianresnacro structures coming from the complex
aggregation of bi or n-lateral relations betweem§ or institutions (Powell, Grodal, 2005; Cowan,
Jonard, Zimmermann, 2007). In the Economics of Kledge, clusters and networks are subject to a
growing attention due to the increasing observatibrollective (or at least interactive) knowledge
processes in many technological fields (Cooke, 20@&2veral theoretical justifications can be
provided to explain this trend. In this paper, wemose that knowledge networks and clusters come
from the complex aggregation of relational stragsdgbetween firms (and other institutions) embedded
in a composite knowledge processes. Knowledge pseseare nowadays composite ones, that is to
say that they combine many interacting pieces ofdtedge coming from different areas. Firms have
thus to combine internal and external knowledgefdayning partnerships in order to assure good

conditions of accessibility, or to integer theitamal knowledge in larger technological systems.



The second significant assumption of this workhit space matters in knowledge interactions. Fhis i
not an astounding assumption. Nevertheless, the tfet space matters does not signify that
geographical proximity between firms is thanaceaof their innovative and market performances; or
at least that local knowledge relation are exclgf/distant ones. Saying that, we follow an enmygi
literature which takes with caution the univocallgle of geographical proximity in collective
knowledge processes (Boschma, 2005), the excessigint associated to local knowledge spillovers
(Breschi, Lissoni, 2001), the local clusters indigbor life cycle (Vicente, Suire, 2007; Menzel,
Fornahl, 2007), the role of distant knowledge iattions (Bathelt, Malmberg, Maskell, 2004), and the
role of gatekeeper (Allen, 1977) firms play at theerface of local and global knowledge networks
(Zimmermann, Rychen, 2008; Graf, 2007). If firmsndmne internal and external knowledge, they
combine also local and distant interactions acogydd a set of critical parameters related to their
place in the knowledge value chain, their markeiggaphical scale, and the respective absorptive
capabilities of partners.

Network visualization and analysis tools (Borgé&ttalii, 2002) are well-suited to identify and study
clusters and networks in Regional Science (Giuli@ell, 2005; Boschma, Ter Wal, 2007; Graf,
2007), in particular when their structural featusgs coupled with nonstructural ones (Owen-Smith,
Powell, 2004). Indeed, geographical location amtirielogical features of the “players” (the nodes of
the aggregate structure) can have an influencéesttuctural form of the “web” of knowledge flows.
This paper aims to contribute to these developmevite a empirical focus on a peculiar composite
knowledge process: the GNSS (Global Navigationli@etSystems) technological field. In preference
to the major part of the literature on knowledgdwueks which reconstructs networks from the
aggregation of bi-lateral relations (R&D agreemejusit ventures, patent citations, co-patents, ...),
we use an emerging sampling methodology consistirgart by collaborative R&D projects, partly
public funded or sponsored, and which give a largsv of knowledge relations, in particular in
emerging technological fields (Autant Bernard &i,a®007). This data collecting process aiming to
identify how a local cluster could be embeddedn@t) in global networks, we consider and aggregate
only GNSS collaborative R&D projects including “p&s” from one on the major European region of
the GNSS industry: the Midi-Pyrénées Region. Ddreg, our empirical network analysis is based on
a peculiar GNSS network: the in (and from) Midi-yées GNSS network.

Section 2 summarizes the main questions on thea lrdtween composite knowledge processes and
economic geography. We put forward the idea thataberestimation of geographical proximity in

knowledge relations can be avoided if one starth wilocated composite knowledge process rather
than places in a strict sense. Network analysisnppgerto show how clusters could be embedded in
larger networks since their structural features @epled with geographical and technological ones.

Section 3 presents the technological field of GNtBS, relational data sample of the “in (and from)
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Midi-Pyrénées (IFM) GNSS network” with the variabl@ttributes of the nodes) and the routine of
knowledge relation selection (the ties betweennibges). Section 4 presents the visualization of the
IFM networks and of two relevant sub-networks, imey to have a first look on the structural
properties of the cluster and pipeline structusction 5 investigates a set of quantitative result
concerning some descriptive statistics of the IFéfworks and traditional (meso and micro) indexes
of networks analysis matched with the geographacal technological features of the network. Section
6 confronts the results to a monographic and maeditative approach of the IFM GNSS composite

process, while the conclusion suggests perspedivesheoretical backgrounds

2. Networks and clusters as the web of composite knogdge processes (CKP)

2.1.Starting from CKP rather than places stricto sensu

Since the development of the Porter’ ideas on etasseveral works have stressed the coexistence of
different types of clusters (Storper, Harrison, 19®larkusen, 1996; lammarino, McCann, 2006). This
means that an attentive observation, helped byllacton of monographic works, displays a variety
of clusters structural forms and evolutionary paifisy so that it would be illusive to draw an optima
and excludable form of cluster. Nevertheless, safusters succeed when others decline (Vicente,
Suire, 2007), so that this coexistence of struttfoans is at least conditional to a set of critica
parameters of stability and aggregate performasieeh as the historical contingencies, the collectiv
management of intended (and unintended) knowledujowers, the technology maturity, the
complexity degree of the knowledge value chain, dbepetitive pressure, or the links between the
knowledge generation and the market opportunit@sviously, the list is not exhaustive and the

correlations between these parameters could begstro

Considering this variety of structural forms of sflers and its critical parameters, we put forwduat t
clusters, as the aggregation of (more or lessydntag organizations in the same place, have to be
studied as in a larger network perspective, in ordatudy local clusters as meso-structures enduskdd
in a technological environment. Places and netwarksmeso-structures which do not match every
time. However, they can intersect when we suppbaethey are the “locus” of the dynamics of a
peculiar technological field (White & alii, 2004T.hat is why we suggest to analyze clusters by
starting by the composite knowledge process at vir& technological field. The intersection of a
place and a knowledge network could thus give tsex peculiar knowledge. This later is thus

particularly well-suited for the analysis of howogeaphy and knowledge play together.

Technological fields are more or less cohesivectitines representing composite knowledge processes,

i.e processes in which dispersed and fragmentaasrgf knowledge are combined for the purpose of
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the production of knowledge outputs (Antonelli, BDOAt the microeconomic level, firms produce
new knowledge mixing internal and external knowkedg that they combine arm length and network
relations (Uzzi, 1997) in order to manage both rtheiowledge appropriability and accessibility
conditions. At the meso-economic level, the compggregation of thedei or n-lateral knowledge
relations gives rise to a network which is featubgda set of structural properties (Powell, Grodal,
2005), such as density, centrality, structural fi@ed so on... For instance, if a technological fisld
featured by a strong weight of arm length relatiamsl a strong competing pressure, the network
density will be weak, and if not, organizations @hiimprove their conditions of knowledge
accessibility multiplying knowledge partnershipdhappear more central than others in the network.
Starting from CKP is thus particularly appropriébebreak down the idea that knowledge spills only
over an “ether”. Knowledge spreads through netwarkg thus from the intended effort of agents to
connect fragmented knowledge. Knowledge does rffdisei at random, but through the peculiar
structure of the network and the place some pecatjants occupy in the structure (Breschi, Lissoni,
2001).

2.2.Structural/geographical/technological features oftworks and clusters: the related

variety assumption

Because the structural features of networks cap &acording to the very nature of the composite
knowledge process at work in the technologicaldfiet is not surprising that local clusters vary
likewise in their structural forms, if we suppose, we did, that local clusters are embedded irefarg
knowledge networks. But it is necessary moreovenrtderstand why networks can have a more or
less strong local dimension and how this local partstructurally connected with its outside

environment.

Literature on economic geography and economicanofsedge has produced interesting results. The
basic idea is that clustering processes occur whencomposite knowledge process requires the
combination of cognitively distant but related miscof knowledge (Nooteboom, 2005; Boschma,
2005). Related variety is thus one of the critipatameters of clusters’ cohesion and performance
(Frenken & alii, 2007; Boschma, lammarino, 2007)etMBen high specialization and high
diversification — the debate between MAR and Jabekigrnalities in growth theories — knowledge
variety is “related” when the fragmented pieceskabwledge can be interconnected around an
emerging technological window or standard (Vicer8ajre, 2007). Related variety refers thus to a
certain amount of cognitive distance between omgitins (Nooteboom, 2000), or at least between
their core knowledge activities. Since knowledg#l®gers can be intended (the intentional effort to
share knowledge) and unintended (through the Idahbr market for instance), geographical

proximity exhibits thus ambivalent effects on inatien. When cognitive distance is large enough and
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knowledge assets are complementary, geographioalmpity favours intended knowledge spillovers
as long as organizations are involved in a relatibne gap between their respective absorption
capabilities which can impede the accessibilityeduced by the potentiality of frequent meetings,
whereas their different respective core activitlederate the risk of under appropriation. At the
opposite, the co-location of firms endowed withseld&knowledge capabilities, even if they could have
a common interest to cooperate (in a risk reducgarpose for instance), can engender unintended
knowledge spillovers and a mistrust climate. Instbase, as Bathelt, Malmberg, Maskell (2004)

showed, pipeline structures are more suited.

How to introduce these questions in the classigctiral approach of networks? Following Owen
Smith and Powell (2004), we suggest to bridge #ye lgetween geographic and structural approaches
of networks bringing technological and knowledgeattees in the web (i.e the graph) of relations.
Such a methodological complement could be apprigptiacapture how related variety influences the
geography of knowledge relations in a peculiar tebtbgical field. Indeed, the introduction of
nonstructural dimensions permits to have a moreptei® view on (i) how the compositeness of the
knowledge process affects the structural propedfebe network, and (ii) how the knowledge flows
in the structure are conditional to the heterogaseand complementary roles and positions

organizations succeed to obtain by their relatictategies.

3. Context, data and methodology: the GNSS technologitfield

This section summarizes the context, the datalamdniethodology. Stressing the key role of the Midi-
Pyrénées Region in the composite dimension of iation in the GNSS technological field, we
present the relational dataset we use in ordent®rstand this knowledge dynamics. The sample is
constructed from an original aggregation of collectR&D projects which is particularly suitable for
the study of the structural properties of networksice an appropriate ties selection routine is
constructed. We discuss thus the representativeoiesse sample, present the variables and the
selection routine of knowledge relations. Finallye present the methodology of the empirical
analysis, based on the identification of the medsactural properties and the key role of the main

players of our GNSS network, using the standardNLIETI tools (Borgatti & alii, 2002).

3.1. The GNSS technological field: a composite kneslge process in (and from) Midi-

Pyrénées

Fig.1 here



GNSS (Global Navigation Satellite Systems) is anddéad term for the systems that provide

positioning and navigation solutions from signalansmitted from orbiting satellites. In the past

decades, these technologies were mainly used araloged in defense industry (missile guidance)
and aircraft industry (air fleet management). Thewledge dynamics was cumulative, based on
incremental innovations dedicated to the narrowkeiapf the aerospace industry. Nowadays, this
technological dynamics presents the characterisfiescomposite knowledge process. Indeed (Figure
1), in the technological and symbolic paradigm afbility (and sustainable development to a lesser
extent), GNSS are technologies which find compldaréiies and integration opportunities in many

other technological and socio-economic contexts.SGNs thus a technological field combining

satellite systems, integrated sensors, chipsetdjti@hl infrastructure technologies and some

advanced positioning techniques. It thus requirgsractions between at least four levels: The
infrastructure level, the hardware level, the saftevlevel, and all the applications and services
segment (see below).

The GNSS field is a world-wide technological fieldhich combines clusters and pipelines, gathers a
limited number of firms in the satellite and sphfiafrastructure segment, several actors in the
hardware and software segment, and a plethoraplfcafion-based firms. The Silicon Valley in the
US, the Bavarian cluster, the Roma cluster andMidi-Pyrénées cluster are the main identified
endowed with an high density of GNSS firms. In #tisdy, we focus only on the knowledge relations
starting from (and inside) Midi-Pyrénées Region,dirder to explain how composite knowledge
processes combine local and non local relations. Midi-Pyrénées case is not a random choice for at
least one reason. Indeed, The Midi-Pyrenees regpocentrates more than 12 000 jobs dedicated to
spatial activities and had been recently identifigd the French government as the world wide
“competitiveness cluster” in aerospace and on-baystiems (Zuliani, 2008). Midi Pyrenees is an
historical leader in Europe for the design and baization of space systems, mainly through the
structural role played since the 1980s by Matraddai Space Company (now EADS Astrium) and
the CNES (National Centre of Spatial Studies) (Bugilly, 1999), which has conducted local actors
to work on the two major GNSS European programsoEgmd Galileo, defined as priorities in the
European Framework Program dedicated to trans@atileo is a global navigation satellite system,
which aims to be an alternative and a complemerthéoAmerican GPS, providing more precise
measurements, better positioning services and,eataily an independent system, able to work even if
GPS does not. The first step to Galileo has alrdsbn realized, with the European Geostationary

Navigation Overlay Service (EGNOS).



3.2. The sample (1): an aggregative method of dodleative knowledge projects

Data for the construction of the knowledge netwmokne from a peculiar matching of several sources,

a sequential process of data aggregation, andtisgleoutine of knowledge relations:

- Data sources

Firstly, an intensivaleskworkhad permitted to list all the main regional firnmvélved in the GNSS
technological field, from space and ground infrastures to applications and related services, and
from big firms to SMEs and research units. In ddingt, we have thereby constructed a sample of 30
collective projects in which these firms are invadv(see table 1), which permitted by a “snow-ball
effect” to gather other firms which bring complertey pieces of knowledge in the composite
knowledge dynamics, inside and outside the redimmmugh these collaborative R&D projects. The
arborescence of data aggregation has started byniai sets of sources, regional ongbkrough the
review of websites dedicated to GNSS), and Europmees, focusing only on projects including
“navigation” or “positioning” and Galileo or EGNOSnce the collaborative projects have been
indentified, all the websites of the projects hden visited in order to have a look at their work
package organization, in order to remove non relewaowledge relations (see below). All these
projects are partly public funded, at the regionational and European level. The choice of (paitly
not) public funded or labeled collective projecss abviously convenient because information is
available for each project. The matching of thesgrees gives rise to the initial sample of relagion
data.

Secondly, we have completed this methodology byimgakemi-structured interviewgabout 15
interviews of entrepreneurs and policy makers)riteoto complete our information on the knowledge
dynamics at work, and to have a better understgnaliihe knowledge value chain of this composite
knowledge process. It is important to notice that eriginal network has not been constructed direct
from the interviews, but from the formal aggregatiof collective projects identified thanks to the
intensive deskwork. Nevertheless, these interviewes crucial and are particularly well-suited for
gualitative assessments. Indeed, the results wanobsing network analysis give us a first relevant
understanding of the structural properties of thetwork, and of the heterogeneity and
complementarities of “players” concerning theirwetk and knowledge strategies. Nevertheless, such
an “guantitative assessment” can exhibit small dsha zones” in the set of results that an

interpretative discussion based on semi-structimeviews can highlight.

! http://www.navigation-satellites-toulouse.com/gjaan, http://www.aerospace-valley.com/en/
2 http://iwww.galileoju.com/, http://www.gsa.europal.e
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Table 1 here

- Ties selection routine

Our sample of collaborative R&D gathers projectsaltdiffer in size. The latter depends strongly on
the geographical scale of the funding, regional matibnal projects gathering less units than Eusape
Projects (from 3 to 14 partners in regional andama projects, from 18 to 57 partners in 4 of the
European projects of the sample). The interviewshdearly displayed the necessity not to seldct al
the possible ties between partners in Europeane&mjdue to the standard “work package
segmentation” of these large-scale projects. Thenirews have consequently moved us to set a
particular criteria of ties selection in order teoa the overestimation of distant interactionslacal
ones. The ties selection routine consists in clepnp the relational database by removing pair avise
relations between partners who are not involvedhiem same work packages of the whole of the
project, and maintaining pair wised relations beméhe project leader and all the partners. Morgove
when the leader of the project is outside the megiwe consider only the work packages in which
actors of Midi-Pyrénées are involved. As previoushid, interviews have lead us to apply this
selection routine over a certain threshold of themher of partners involved in the same projectadf
state this threshold at 15 partners, the ties Betecriteria is applied only for European integmet

projects.

- Comments on the sample

Such a methodology implies comments relating tdintitations and advantages. First, starting from
projects is certainly on one side a non exhaustiag to capture the relations between firms. More or
less formal bi-lateral relations can be forgotteut, the advantage is that our analysis rests theyela
clear definition of what a knowledge relation ingeavoids the vagueness of the nature of the oakti
we can perceive when we capture relations onlyuthinointerviews. In particular, the density of
relations can be approximated with objectivity g an index referring to the number of projeats i
which firms are pair wise involved, rather than ensity of relation captured by a “weak, medium,
strong” indicator in questionnaires which can bebject to caution due to the heterogeneous
perception and subjectivity of interviewed entreyaers on what a knowledge relation is. Moreover,
our sample pushes aside the partnerships of thensiefindustry which are difficult to capture.
Nevertheless, our sample can be perceived as smptegive of the knowledge dynamics of GNSS in
(and from) Midi-Pyrénées in the period 2005-2008 db least two reasons. On the one hand, the
GNSS are emerging technologies which concern emgrgpplications dedicated to public utilities
such as transport security, environment observat@ecommunications and so on. In that way, as for

many emerging technologies, GNSS are among theit#o of policy makers, whatever their
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geographical scale. On the other hand, considghag public funding or labels are conditional to
“calls for tender”, the firms and institutions ofirosample, and their relations, are the ones whe ha
succeeded to obtain the funding due to their legitly and experience in this technological fieldj an

s0, due to the experience from past relations.

Secondly, starting from projects is strongly depmrido the geographical scale of the public funding
which can be regional, national, European, and itmpéies a funding dependant geographical scale of
projects. Nevertheless, this limitation can be ¢farmed into a convenient advantage since all these
three scales of funding are present in our samippeajects in the GNSS industry. The aggregation of
these projects and their transformation into a iedifnetwork structure permit thus to have a
representative view of the embeddedness of regifimas into to the European GNSS knowledge

dynamics and avoids to over-focus on the regiomaédsion as in most clusters analysis. .

3.3. the sample (2): spatial attributes and knowgedfeatures

Our sample is consequently composed by 130 nodk8%® ties between them. In order to complete
the findings on the structural properties of thenmek by the technological and geographical feature

we give two sets of attributes at each node ohttevork.

- Spatial nodes attributes

First, each node of the sample is geographicalbgled in a very simple binary feature, “inside” or
“outside” the Midi-Pyrénées Region. A more complector approach could be used if the purpose
was to measure the geographical extent of knowlspggvers. But our purpose does not reach this
ambition, and settles for a clear distinction betwéocal and non local knowledge relations, in orde

to distinguish geographical clustering effects frpipelines effects.

- Knowledge attributes

Second, each node of the sample is labeled acgptdithe technological segment of the knowledge
value chain. This differentiation of nodes has doal to enrich the analysis by adding technological
features in the geographical organization of thevaek, and thus highlight the composite dimension
of the knowledge process at work. As said befdre,ibterviews of firms and institutions, and the

deskwork on projects, have permitted to classifshaaode according to four technological segments. :
() The infrastructure level with all the spatiaicaground infrastructures. (ii) The hardware level,

including all the materials, devices and chipsétscty receive, diffuse or improve the satellite sign

(iif) The software level, which concerns all thdta@re applications using navigation and positignin
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data and Geographical Information Systems (GIS], (&) all the applications and services segment,
which concerns many heterogeneous agents and sonimmic activities in which navigation and

positioning technologies are introduced.

This attribute-based classification calls furthemenents: Obviously, it would be more suitable to
construct this classification on scientific andnealogical characteristics such as patent codetheas

literature invites to do (Breschi, Lissoni, 2001), order to construct a robust index of cognitive
distance (Nooteboom, 2000). However, in our cabké task is difficult, and in some extent

inappropriate, because we ambition to take intmactall the knowledge value chain. Indeed, the
patent activities concerns essentially the nodeshef majors of the infrastructures segments and
hardware segments of the sample. Software segmertapplications and services” segments do not
patent, or in a marginal level. One of the reaserhat this knowledge process is in a phase of
emergence. Other reasons are specific to eacheotvib last segments. The nodes of software
segment are included in the copyright system, hachbdes of the last segment bring various kinds of

practical knowledge and specific professional etipemwhich are not patented.

Our classification is thus based both on the ralehenode plays in the collaborative projects ard th
standard classification of network industries (St§99). This classification is useful in the seties

it permits to have a clear distinction betweenkhewledge capabilities developed in each segmeént, a
least for the three first classes. It permits moeedo display the so-called “related variety” (Bbma,
lammarino, 2007) of the knowledge process, and aecds all the analytic, synthetic, symbolic
dimensions of the knowledge value chain (Asheintfl€e 2005).

All these attributes are summarized and crossethénfollowing table (Table 2), including the

distinction between firms and public research gaddardization institution
Table 2 here
3.4. Empirical methodology
We use UCINET 6 (Borgatti & alii, 2002) and Netdra&igualization tools in order to draw and study
our network and its structural properties. We pestén three steps. First, the weighted relations

matrix’ is used to draw the network including geograph@atl knowledge attributes. From this

matrix, we draw two other matrixes, the dichotordimeatrix and the matrix of relations between local

* The cells G are defined as follows:
- C=0ifiandjdo not collaborate in any GNSS projec
- GCy=lifiandjcollaborate in one GNSS project
- GCy=nifiand j collaborate im GNSS projects
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nodes. Second, we present a set of quantitativdtsesoncerning descriptive statistics and all the
relevant and interpretable meso properties of tleéwork and ego-network properties. These
characteristics describe mainly the cohesion armkssibility of the network, and the centrality,
efficiency and brokerage of its nodes. Third, wemptete these results with an interpretative

discussion based on interviews.

4. The visualisation of the GNSS network

The image of the “in and from Midi-Pyrénées GNS9\) network” (Figure 2) permits to have a first

highlight on its structural properties, while figuB et 4 focus on two distinctive zooms, the Midi-
Pyrénées GNSS cluster and the main “pipelines” betwthe insiders (triangles) and the outsiders
(circles). Moreover, these images display (i) tieestrengths, corresponding to how many times two
nodes are pair-wised connected, and (ii) the fagn®ents of the GNNS value chain, from the

infrastructure segment (black) to the applicatiand services segment (white).

4.1. In (and from) Midi-Pyrénées GNSS network

Figure 2 here

The IFM network (figure 2) represents all the noded ties resulting from the aggregation of all the
collaborative R&D projects of our sample. Obvioydlyis network appears as a denser web of ties
than other networks studied in the literature, Whimonsider only the aggregation of bi-lateral
relations. At first glance, the IFM network exhibiinteresting meso economic properties, such as
density hierarchy, cliques and core-periphery stngs, but also visible key actors which seem teha
a strong influence in the GNSS knowledge procebgsg& general observations will be improved by
formal and interpretative network analysis in tlidwing sections, with a peculiar attention to the
coupling between the traditional structural feasusénetworks and the geographical and technolbgica

features of our sample.

4.2. identification of the relevant sub-networks

Figure 3 here

Before doing that, and considering the size andstheng density of the IFM network, it would be

clarifying to extract relevant sub-networks in arée have a better view of the geographical feature
of the IFM network.
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Figure 3 shows the Midi-Pyrénées GNSS clustenvhen all the geographical outsiders are removed
from the sample. Density hierarchy, cliqueness @mé-periphery structure are as well observable in
this sub-network, and the centrality and the inflcee of some nodes are highlighted.. Once again,
these observations have to be improved by form&lltg in order to study with more precision the
role of these key actors in the knowledge procBss.at this stage, the apparent density of tiehén
local structure reveals the existence of a MididAgan GNSS cluster, with a peculiar structural form

and thus a peculiar web of knowledge flows.

Figure 4 displays the “cluster-pipelines” structofehe IFM network by removing ties between nodes
which are only once connected and focusing on thérmomponents. At first glance, this figure
suggests a strong cohesion of the local clusterthedstarts of global pipelines, which permit the
accessibility, are concentrated on few local nobliegice that insiders are on the right and outsiaar
the left of the figure, and all the segments of @SS value chain are present in this sub-netfvork

Figure 4 here
5. Results

5.1. Meso properties of the network

The IFM GNSS network we observe is characterizedhlmather low density of 10.7 percent: 898
undirected ties are activated out of the 8385 (=1129/2) non reflexive and undirected possible ties.
When we focus on the local network of nodes locatelidi-Pyrénées, the density is much higher
(21.1 percent), which suggest that local/localtiefs are more frequent than local/non 18cdhis
network is also highly clusterized since its unvaggl clustering coefficient is 0.844 while the
weighted coefficient remains high (0.490). Neightmds are thus markedly denser than the global
network. Moreover, the average geodesic distanteeiriull network is 2.39, and it is 2.22 on thedb
network. Thus, this network is globally sparse higtly clusterized and with a low average geodesic
distance. Watts (1999) showed that short globahrs¢ion and high local clustering define “small
world” networks. Nevertheless, our network is adrijte one in the sense of Newman et al. (2001)
because the nodes are associated in teams defirthd bollaborative projects we observed. Newman
et al. showed that these kinds of networks havpegial property: all members on the same team
(project) form a fully linked clique. It implies & the observation of a high clustering coefficiand a
low average geodesic distance in our network maesinterpreted cautiously: it is created partly

because the nodes share membership in project grang because some nodes belong to several

* The weak interrelatedness of outsiders is not Sigmit and is due to our sample construction whidtuses
only on projects including insiders.
% “non local/non local” relations are not relevanedo the sample construction
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projects. Since the small world issue is not theeoof the paper, we do not implement here the
methodology proposed by Newman and al. to corfeesed artifacts. All we can conclude here is that
knowledge might circulate quickly in this networledause it is highly clusterized and with short
average path length, even if these ‘small worldparties are mainly the result of collaborative

project membership.
- Preferential interactions

Since we want to understand the respective rolgg@fimity and distant knowledge interactions, it
may be useful to assess whether the meso-struofuoeir GNSS network reveals the presence of
preferential interactions between nearby partnersvell as favored meetings between actors sharing
common knowledge. That is why we compute the Edeinwhich was proposed by Krackhardt and
Stern (1988) to measure the group embedding oibdbis of a comparison between the numbers of
within-group ties and between-group ties. Thisigdlex is defined by the following formula:

Where :

.'1'1'1;_;. = E: .'1'1'1&:;, and.-"."._... = E;‘ .'1\'1._:;-

With N; the number of ties of groupmembers to outsiders anif, the number of ties of grouip

members to other groupnembers, andll is the total number of ties of the network.

We compute this index for two definitions of grougembership. The first one is the distinction
between local nodes (from the Midi-Pyrénées regamj non local ones. The resulting figures are
displayed below. In table 3 we can see that theriéx is -0.628, which results from the fact that
group-internal ties are much more numerous thampexternal ties. Furthermore, this E-l index
based on the observed distribution of ties is tedifferent from the one which is obtained usiihg t
maximum number of possible internal and externas t{(-0.004). Once the E-I index has been
computed it is necessary to assess whether gmgfisiantly different from what would be expectey b
random choice of their ties by group members. Thidone performing the Ucinet permutation test
which compares the actual distribution of ties witand between groups to a sampling distribution
where they are randomly distributed. The permutatést confirms that this difference is not random
since 100% of the E-I indexes obtained after rang@mmutations are bigger than the observed one.
We can thus conclude that, in our observed netvithete is a clear preference for within geograghica

group interactions (local/local and non local/nogdl) and that this deviation from randomness is
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significant. This result supports the idea that ggaphical proximity facilitates contacts and
knowledge relations, which imply that the GNSS rmtwis not a random structure but rather a
cohesive one typical of knowledge clusters. Newtes, we will also show below that despite this

characteristic, some organizations perform brokeragtworking between distant ones.

Table 3 here

The second category of within/between group inté&mas we want to study concerns the technological
layers and their related knowledge, that we labeldS (Knowledge Segment). We have distinguished
four technological segments: infrastructure, hamdwasoftware and applications/services. These
groups of activities are characterized by commoeces of knowledge, common know-how and

common technologies but, if there is a compositaKadge dynamic, we should observe interactions
between these different technological layers. Ifaxamine the E-I index of the whole GNSS network
we have constructed, this is not really obvioudekd, the observed E-I index is 0.413 which suggest
that there are more ties between KS groups thaninvKS groups. Nevertheless, this figure is not

significantly different from the average E-I indthat would be obtained from random draws (0.434),
meaning that the observed preference for intemastiwith other KS groups is simply due to the

number of groups and the density of the network.

Nevertheless, if we now restrict our attentiontte hetwork of local nod&swe see that organizations
and firms from the Midi-Pyrénées GNSS network havearked preference for composite interactions
between different segments of the knowledge valuainc(Table 4) and that this heterophily is
statistically significant. This result confirms thidea which has been stressed in section 2.2:erklat
variety implies a certain amount of cognitive d&t@ which is more easily managed in a dense
network of co-localized organizations. The two tamisectoral layers which have the highest
preference for outward interactions are the infragtire and hardware ones. Cross tables on these KS
interactions (not displayed here) show that infragtire nodes have relations with all the otheetay
and that the hardware group is frequently interactivith the infrastructure group. The composite
knowledge dynamic is thus a particular one in thdifgyrénées GNSS sector: it is mainly driven by
infrastructure firms involving themselves in collahtive projects with firms and labs coming either
from the hardware, the sofware or the applicati@nservices group. This confirms the idea of a
GNSS cluster based on related variety: the diffepantners in GNSS innovative projects are gathered
around infrastructure (satellite and telecommumices) firms seeking to foster their technological
standards by developing a wide range of applicatifim these standards. It is thus necessary to

interact frequently with geographically nearby pars in order to fill the cognitive gap.

® We should bear in mind that the local network isengince it is exhaustive
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Table 4 here

- Similarities and equivalences of actors

In the early stage of a technological dynamic sashhe GNSS one, the problem is to stabilize the
infrastructures’ standards and to find applicatitimest will ensure the diffusion of the standardisTh
might generate an intense competition between ibemtnfirms seeking to impose their standards, and
geographical proximity might be a problem in th&ése because of the risk of unintended knowledge
spillovers between rival firms. In the Midi-Pyrésé@&NSS network, we have two strong competitors
in the infrastructure sector (Thales Alenia Spand &ADS Astrium) and there is also a public
national research agency (CNES) which is a keyeaslag well in the domain of satellite building. The
way they position themselves in this context oémse competition is an important question for the
efficiency and stability of the GNSS cluster. DeyHrequently interact or do they, on the contrary,

to avoid any contact? To answer this questiors i@cessary to analyze the cliques or quasi-cliques
present in the network and to observe the way tthegyeorganizations position themselves in the

different cliques.

A clique is defined as a biggest ensemble of nbdesng all possible ties present among themselves.
It is also possible to define N-cliques, N-cland &aplexes, which are all clique-like measureshsf t
density of relations inside some groups of nodeasgu$ess restrictive definitions of the clique
membership. We have implemented all these measuresur GNSS network and they give very
convergent results. That is why we only displayehitie most restrictive one, that is to say the w&ens
of the cliques present in our GNSS network (TaBldfave set the minimum size of the clique to four

there are 50 cliques in our network, some of thentaining up to 15 fully connected actors.

Table 5 here

To assess the frequency of interactions of thedifft nodes, we used the clique overlap matrix lvhic
counts the number of times that pairs of nodegegeent in the same cliques. In table 5, we present
the five groups of nodes who are co-members aba8lcliques. We see that the most frequently co-
cliqued actors are Thales Alenia Space (TAS) aredGNES, which appear together in 14 cliques.
This means that the different completely connectetivorks they belong are the same 14 times.
Moreover, it is worth noticing that TAS appearsqguently in cligues made of local actors (CNES,
TESA, Rockwell Collins, M3 System and Skylab) whEADS Astrium has obviously chosen to
interact rather with non local actors (Infoterragttihgham sc. Ltd , etc.). We get there an answer t
our question about the networking strategies chbsetihese two rivals: in spite of their geographica
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proximity, they chose not to interact with the sapmols of actors. TAS has preferred a local
interaction strategy while EADS Astrium, probablgdause of its strong linkages with the German

GNSS cluster, has chosen an outward-oriented gtrate

5.2. Centrality, efficiency and brokerage

Both in the geographical and relational dimensi@msgefficient location is a critical parameter bét
modern innovative firm because it is the best wagdin access to new pieces of knowledge and to

ensure, at the same time, that knowledge spillemersoming in rather than coming out.

Since the GNSS technological context is charaetdrizy related variety (see section 2), the chofce o
relational and geographical localizations is deteed by a twofold challenge: there is a need for
variety meaning that actors endowed with differsmtts of knowledge must interact but, at the same
time, these actors need to design their innovatiammaind a common technological window or

standard. This implies that some central actor$ delvelop a special kind of absorptive capacity
allowing them to detect complementary bricks of Wiemige and to integrate them in the common
technological standard. It also means that the GN&®ork should be structured in a way that

ensures (i) a good circulation of knowledge betwhkdi-Pyrénées and the other key regions of the
GNSS sector; (i) a good circulation of knowledgetvizeen the different KS of the GNSS sector
(Infrastructure, hardware, software, applicatiomsl aervices); (iii) a central role for some actors

endowed with a knowledge integration capacity.

- Centrality and power: which actors influence thewtedge dynamics and where are they ?

Many empirical analyses of clusters stressed the some central firms play in local knowledge
dynamics. Good examples are the structuring roldeflett-Packard in the Silicon Valley (Saxenian,
1994), the existence of hubs in technological dist{Markusen, 1996), or the role played by “fashi

leaders” in clusters (Vicente, Suire, 2007).

Network analysis proposes three main methods toucaphe centrality of nodes in an aggregate
network structure: degree centrality, closenesdrakty and betweenness centrality. For the sake of

clarity, we only present for each method the twanst central nodes of our GNSS network.

The left part of Table 6 presents the results conog the closeness centrality index based on path
distances, that is to say the index that measuwesdinse an agent is to others in terms of average
geodesic distance. The higher is the index, theteshis the average geodesic distance of the node t

all the other nodes. A central agent here is avame has knowledge accessibility because he istable
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reach other agents at shorter path lengths. Withoutsurprise, TAS (Thales Alenia Space) displays
the stronger index of closeness centrality. Thituémtial position is due to the fact that TAS is
involved in many collective projects of the samplesa and the CNES, two research institutes, are
also very central, followed by a set of GNSS SMéaated in Toulouse. Another major world-wide
company of the space and satellite industry locaietioulouse, EADS Astrium, presents a weaker

closeness centrality index.

In the middle part of Table 6, the figures conctdra degree centrality index (normalized). While
closeness centrality allowed us to measure the latge accessibility of an actor by his average
(geodesic) distance to other actors’ knowledge,retegcentrality gives us another concept of
knowledge accessibility based on the number of dppities of access to external knowledge. Indeed,
the degree centrality index is just a count of eactori's number of ties with the other actors. The
results are close to the previous ones for the mastral actors but it is worth signaling the risiof

EADS Astrium which is now seven steps higher inrdmgking.

Table 6 here

In the last part of Table 6, we compute the betwess centrality index. In this case, the relational
influence and the capacity to absorb new knowledgdrawn from the position of a node as an
intermediary between the other nodes, allowing torbe influential by broking knowledge diffusion
between other nodes or by establishing himself aeading” intermediary of the composite
knowledge process. In this vision of influence apdtrality, TAS keeps its “leader” place but ona ca
observe the increasing influence of its direct lobampetitor, EADS Astrium, compared to the

closeness and degree approaches.

Finally, some actors (TAS and the CNES) seek tesexternal knowledge both by shortening the
distance to other actors, by multiplying the oppnities of contacts and by positioning themselhges a
intermediaries. Others (EADS, Actia, France Tele®®&D) seem to have more specific networking
strategies focused on the search for betweennessaliy. Moreover, it is worth noticing that,
whatever the centrality measure is, 20-25% of tpettventy most central actors is made up of non
local nodes, which means that some external orghoirs are well positioned in the IFM GNSS

network.

Nonetheless, it is difficult to evaluate thesetsigaes without an indicator of their efficiency: athis
the return of the relational investment in termspofver, control and access to knowledge? Burt's
concept of structural hole (Burt, 1992) is partasly useful to tackle this problem. A structuraldas
a missing tie in a triad giving more power to orfetlee considered ties because the others are
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constrained to go through the central node to stagontact. In big networks, they are many missing
ties and the uneven repartition of these holessghgver to some actors while it raises constrdorts
some others. One method for capturing structurééshof an ego network consists in counting the
number of redundant ties. If A is linked to B ancd@ B is linked to C, then the direct tie betwéen
and C is redundant since A can go through B targebntact with C. The more an ego has redundant
ties, the less he benefits from structural holesl, the less is networking strategy is efficientsime
invests a lot in relationships while he could obt#ie same effective network (but with longer
geodesic distance nonetheless) with a smaller ahafurlational investment. Table 7 gives a ranking
of the most powerful GNSS actors in terms of the#eria of network efficiency.

Table 7 here

The effective size of an ego’s network is the nundfelters he has, minus the average number of tie
that each alter has to other alters. The efficiandyjcator is the ratio of the effective size te thctual

size of ego’s network. It consequently measuresahen on relational investment. The most effitien
nodes are roughly the same as the most centralideesfied in table 7. To some extent, it confirms
the rationality of network positioning strategi@gen a firm invests a lot in relational effort,ailso

seeks to render this investment as efficient asiblesand the choice of ties is strictly controlled

avoid random connections. Nevertheless it is warierpinning that some firms are more efficient
than there are central (EADS Astrium and Francedah R&D for example) and, furthermore, that
some firms that did not score in the top twenti@sthe centrality indexes now appear in the top
twenties in terms of efficiency of their ego netwdISP System, Intuilab, Rockwell Collins France,
Novacom and Sofca). These firms clearly preferuoich redundant ties that would imply a loss of

their control over the flow of circulating knowleelg

- Brokerage

The above results have given a first view on thenggy playing a critical role in the composite
knowledge process of the Midi-Pyrénées GNSS netwmrkwithout any consideration for the nodes’
attributes. Nevertheless, the basic spatial andvladge attributes of the nodes can help us to
understand the so-called “broker” role some aggmty in the network. The different brokering
strategies we can analyze (Coordination, Gatekge@onsultance and Liaison) are particularly well
suited to study the consequences of the tradeeatffiden knowledge accessibility and appropriation.
Firms or research units develop strategies of nétwembeddedness in accordance with their
knowledge management strategies. These strategiceshdepend on several factors: 1) their place in
the knowledge value chain; 2) the main segmenthichvthey operate; 3) their location and 4) their

absorptive capabilities. All of these critical paxeters determine the way agents position themselves
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in networks in order to increase their accessipild external knowledge while maintaining at the
same time proper conditions of internal knowledg@rapriation. These knowledge management
strategies can be captured by identifying the ajémbkerage strategies. Gould and Fernandez (1989)
provided a set of measures of these brokering lpsofifo implement these measures, a first step is t
group agents according to their attributes. Herewikeimplement a first analysis distinguishing the
group of local and the group of non local nodes anskcond analysis differentiating the four KS
groups already introduced above. According to thén@tions of Gould and Fernandez (1989), nodes
exhibit a high “coordination” score when they imtexdiate relations between members of their own
group. They obtain a high “gatekeeping/represergascore when they allow members of their group
to get in contact with members of another groupeylbbtain a high “consultant” score when they
broker relations between the members of a samepdvatiare not themselves members of that group.
And finally, they exhibit a high “liaison” score wh they broker relations between different groups
and are not part of any of them. The scores camvdighted to account for the fact that a given
brokerage role may be played by several actorghis case, two nodes gatekeeping the relation
between A and B would not receive a gatekeepingesabl but of %2. Nevertheless, this weighting is
not relevant when one desires to compare the bagkescores of egos because it gives too much
weight to actors that do not broker a lot of relat but are the sole to broker these relationst iBha
why we chose not to weight the brokerage scoreseitigeless we had to do another type of bias
correction: the normalization of the scores. Indemchode endowed with more relations than the
others will automatically obtain higher scores &ory of the brokerage types. Moreover, depending on
the number and size of the attributes group, soypest of brokerage will automatically be more
frequent than others even if they are chosen atlam@n It is thus necessary to compare actual
brokerage ties to the expected ones obtained fraimndom sampling. The normalized brokerage

scores are then defined as the ratios of actuaks¢o expected scorfes

Table 8 here

Table 8 displays a census of the highest (raw amnalized) brokerage scores concerning the
relations between local and non local nodes. Weatserve that even if the two main worldwide
companies TAS and EADS Astrium exhibit logicallghigatekeeper scores when the un-normalized
measure is used, the normalized measures indidwte they have a stronger preference for
“consultant” roles leading them to broker relatidretween non local organizations. On the contiary,
group of innovative SMEs (M3 System, Pole Star, d¢ap) seem to play an important coordination

role among local organizations, in parallel to #mall local research center TESA. The important

" We only computed the raw and normalized scoreefmain brokers having a total brokerage scorat dibt
150. This is justified by the fact that random séngpmay not converge towards the true distributairties
when the node has too few of them.
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space research unit “CNES” exhibits a high leveho§ type of brokerage because it is involved in
many collaborative projects, but it seems to prefeyhtly the gatekeeper role, chiefly becauset®f i

historical involvement in the Space European reteaetwork.

These results clearly show that it would be irralgvnowadays to analyze clusters independently of
the technological and organizational environmeport, &t least two main reasons. Firstly, firms
embedded in local networks are also involved igdarones: knowledge flows rely on these two
connected dimensions. Secondly, non local firmsxgorknowledge from outside and capture
knowledge from inside, using “gatekeepers” to do lsat they also exchange knowledge between
themselves thanks to local “consultants”. Consetiyieeven if we have identified a GNSS cluster in
the Midi-Pyrénées Region, the aggregate efficiesfayis local structure does not depend only on the
internal relations, but also on the way the clustennects itself through a subset of nodes to

geographically larger pipelines.

Table 9 brings supplementary information on why sivgular cluster-pipeline structure is typical of
the current GNSS composite knowledge dynamics. Wk here the same Gould and Fernandez
indexes, but this time on groupings defined byKBemembership. There is now a “liaison” role since
we have more than two groups. We also preciseitieeo$ the nodes in terms of number of employees

and we indicate whether the agents are local olloxal ones.

Table 9 here

If we firstly focus our attention on the raw (unrrmmalized) scores, we can observe that the biggest
actors belong to the infrastructure layer and thay naturally have high raw brokerage scores. TAS,
Telespazio, the CNES and EADS Astrium are big cmattdrs inside the infrastructure layer, but they
also intermediate many relations between nodesgilg to the different technological layers of the
GNSS industry. There is no coordination brokeragthe hardware group, which means that outward
relations are the priority for these firms. It is@ interesting to notice that the main brokerdhsf

applications & services layer are non local firms.

If we now focus on the relative (normalized) scoeefirst striking result is that all the actorsin the
hardware and software segments have a marked gnefeifor ‘consulting’ or ‘liaison’ roles. This
means that they prefer to work with partners fraimeo KS and this is easy to understand if we bear i
mind the related variety and composite knowledggument. Gatekeeping strategies are more
frequently chosen (in comparison to a random asség) in the infrastructure segment, which
confirms that the GNSS technological dynamic iemted towards related variety: to build up the

technological standard requires coordination betwedrastructure firms in projects which are also
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involving innovators from the hardware, softwared applications segments. We can thus conclude
that the technological standardization in the GNi8#istry is conducted by firms and labs from the
infrastructure segment rather than from the haréveard software segmefhtsloreover, we see that
the composite knowledge dynamic is sustained bytweimportant research centers of the Midi-
Pyrénées GNSS cluster, TESA and the CNES: evergkhthey are members of the infrastructure
group, they have a preference for ‘consultant’ diailson’ roles over ‘gatekeeping’. This may be
explained by their neutrality in the knowledge appiation conflict and also by their special
absorptive capacity allowing them to manage refatioetween cognitively distant partners, as clearly
displayed by Owen Smith and Powell (2004) in tiBziston Biotech Cluster.

6. Interpretative discussion

The previous part furnishes as representative & wig possible both on the structural properties and
the strategic knowledge profiles of central orgatians of our in (and from) Midi-Pyrénées GNSS
cluster. This section aims to complete this emalribethodology by explaining some coordination
mechanisms at work in the morphogenesis of the ortWCohendet, Kirman and Zimmermann
2003), and by highlighting by a qualitative assem#nsome oF the main results of the previous
guantitative analysis. Semi-structured interviews thus particularly well-suited for that purpose,
since they permit to capture peculiar aspects of\k@dge relations which are not directly apparent i
the R&D projects sample. This qualitative approdmings supplementary explanations of the
structure of the Midi-Pyrénées GNSS cluster, bateaver allows to understand why the pipelines of
the cluster are directed towards certain counbredusters rather than others. Furthermore, imters
highlight the fact that research units are at tharhof the composite knowledge process, by engurin
the fluidness of knowledge flows and exchangesaliinit also reveals the reasons of the existarice
a clique of SMEs, and the way these latter manageisk of local knowledge spillovers, but also the

reasons why TAS is a geographical gatekeeper i#AIBS is an external star.

6.1.The structure of the Midi-Pyrénées GNSS cluster

The previous results on relation densities havarbjedisplayed the existence of the Midi-Pyrénées
GNSS cluster. The cluster is made up of the twopean majors firms of the satellite construction,
EADS Astrium and Thales Alenia Space. EADS Astrigna unit of the European group BADS,a
worldwide leader in aerospace, defence and relawdices, including for example the aircraft
manufacturer Airbus and the world's largest helieomanufacturer, Eurocopter (Dupuy, Gilly, 1999)

Thales Alenia Space is the European leader oflisatelanufacturing and a major player in the fiefd

8 TAS seems to be a weaker gatekeeper than EADSusstbut this observation must be moderated since
Telespazio, a TAS subsidiary, has a marked gatékgsgrategy.

22



orbital infrastructure. TAS was born in 2006 whehales (ex Thomson) acquired Alcatel Alenia
Space, and is held by Thales for the two-thirdstanthe Italian company Finmeccanica for one-third.
These two companies are competing ones and ardtiwetynclose in their core knowledge activities.
The French spatial agencies (CNES) and a collalberetsearch unit (Tesa), are the two key players
of research in the cluster, connecting universitygineering schools, institutions and firms. Fipall
we can observe a clique of eight local SMEs, rdgdrtrn, which develop GNSS applications and are

organized around complementary competencies.

In order to realize an efficient knowledge matchifigns must have access to information about the
other sources of knowledge, firm's strategies o fgrojects they are engaged on. This kind of
information seems to flow easily between organarati thanks to the efficiency of the Toulousian
social network. The service manager of EADS séitk very easy to make R&D cooperation in
Toulouse, everyone knows everyan€his local social network is composed of formalimformal
meetings, animated by some “networks men” we hdentified. Exhibition and business meetings are
usually organized by local development agenciesdiNHyrénées Expansion), the agglomeration
community (Grand Touloudg or policy makers of the regional council (Régibtidi Pyrénées).
Conferences are more under the initiative of reseaenters (CNES, Tes$8)Moreover, informal
meetings are also an important part of the Toubbusocial network, and a relevant source of
information flows where firms signal their knowlegipases and the external knowledge sources they
are looking for. The efficiency of these commonoimfial meetings can be found in the professional
background of the GNSS actors. A large part of theswe had previous experience in GNSS
toulousian large companies like Thales, AlcateltrislaAstrium, or the CNES and are coming from
the same engineering schools, which is very helfgiuthe building of lasting professional relatipns
as shown by Grossetti (2005) and Zuliani (2008).

6.2.The pipelines

Even if we can notice a stronger density of intkoss between local organizations, the clustetse a
opened on its technological worldwide environmémtpugh the building of global pipelines (Maskell
et alii 2004). These pipelines are directed to mather European organizations, located in France
(Navteq), Spain (GMV), Portugal (Edisoft), Italygl€spazio), UK (Nottingham scientific limited) and
Germany (EADS Astrium GmblDeutsche Zentrunfiir Luft- und Raumfahrt). However, the two

biggest pipelines we can observe are oriented tsviaaly and Germany. A said before, TAS belongs

° An agglomeration community is a metropolitan goweemt structure created to increase economic
development of an urban area.

0 The last event of this nature was the Toulouse&&how, the biggest GNSS meeting in Europe, hpstio
major conferences, “the European Navigation Comfeeeon Global Navigation Satellite Systems” and the
“European Frequency and Time Forum”, and a busimessting covering all application domains.
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for a big part to the Italian group Finmeccanicace Telespazio is held for the one-third by the
Thalés French parent company. These financial larksa strong determinant of the links with ltaly,
because many ltalian firms are already linked tte§mazio, or Finmeccanica. We receive strong
incentives to collaborate with our Italian colleaggiof Telespazio"TAS public contact of LIAISON
European project). In the same time, relationshef Midi Pyrénées cluster with Germany can be
explained by the strong implantation of the EADSuyr in this country, but also by the strong links
between CNES, the French spatial agency, an®éuwusche Zentrurfiir Luft- und Raumfahrt (DLR),
the German one. In 2005, CNES and DLR have dedidexbordinate their R&D efforts and create
together a GNSS Competence Center, located in Mumigulouse, and Paris.

6.3.Research institutions as “leaky” intermediaries

The particular broker roles of Tesa and CNES diggdain the previous part have been confirmed by
the run of semi-structured interviews. Local conadors could be seen as organizations which play
the tricky role of linking the different segmentlstbe GNSS knowledge value chain, but also ensuring
an efficient knowledge matching between more os lesgnitively distant partners. Our interviews

confirm that TESA and CNES play partly similar gratttly complementary roles.

- Tesais a very local, and central, research streditinging together several academic research
laboratories, industry and institutions working dne development of hybrid systems
combining telecommunications and GNSS. Tesa wamtbet the“missing link between
research and the development of services and agtjglits for users®. Tesa appears thus as a
“leaky” (Owen Smith, Powell 2004) interface, diffng knowledge between the different
segments, at a Midi-Pyrenean level. That is whybitskerage score of liaison between

knowledge segments is high, while its geographicakerage score of gatekeeper is zero.

- The CNES is the government agency responsible iapiag French space research and
policy. CNES is also a critical player in Europsfgace program, and holds with the European
Space Agency the role of European coordinatorsifyirsy thus its high brokerage score of

geographical gatekeeper.

6.4.Knowledge accessibility and appropriation betwediEs

The figures 3 and 4 givs a good representation obr@ group of local SMEs which are more

connected than others, as also confirmed by tlg@es analysis (see table 5). This core group wisfir

1 journal of Tesa, n°2, feb 2008.
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is composed by eight toulousian SMEs of the hardvead software GNSS segment. Interviews show
that strong geographical proximity between thesmdiincreases their accessibility to knowledge.
Composite knowledge in this technological dynamigpmoses relations aiming to solve
interoperability and compatibility constraints, lvinany face to face contacts, all the more thaaxlis
interactions costs are often more difficult to mgmdor SMEs than for large firms (Torre, 2008).
Nevertheless, the GNSS downstream business, witiwlage, software applications and value added
services is a growing market, with high risks ofriended knowledge spillovers. These firms always
start claiming that they are complementary. Buthat same time, they have not enough cognitive
distance to avoid the risk of unintended knowledg#lovers. In order to avoid this risk, they have
decided to create an association: the Cecile gremo, recently a GIE (TAMS), based on a
competency matrix. This tool delimitates cognitifields for each firms on the basis of their
capabilities. The control of the respect of thistiimais made by another firm, which makes audit
control. An actor said“Cecile is an open collaborative structure, nevembers can arrive, but they

have to improve the knowledge base of the groupigirg new competencies.”

6.5. Why big similar firms became geographical get¢epers or external stars?

One of the particularity of the Midi-Pyrénées GNSHister, as previously said, is that it gathara i
same place two competing big companies. Neverthefesmal results on cliquishness have shown
that these latter differentiate themselves by thelmtional strategies. A geographical gatekeeagr
previously defined, have strong links with locahis and also strong links with external firms, joon
global and local organizations. So, we could tddkw geographical gatekeeper when an organization
has an active role on bringing knowledge insidedlnster and sharing knowledge outside the cluster.
Visual inspection of the overall network (Fig 2)feus to identify Thales Alenia Space (TAS) as the
major geographical gatekeeper of the cluster, enuh-normalized approach. Strong external relations
can be explained by European based big projekisHgnos yesterday, or Galileo today. This project
aims to be an alternative and a complement of theerican GPS. Geo-political issues, but also
technological changes provided by this Europeafeptoengage all big European actors of the GNSS
infrastructure segment. EADS Astrium, which haseaywimilar knowledge base, size and financial
capacities than TAS, has got quite strong extdmias, but at the opposite very weak local relasion
We have seen that EADS Astrium and TAS developeckisategies of network positioning, but in
different cliques and in a different geographicakeat. In fact, our analysis shows that EADS Astriu

is not a geographical gatekeeper but an “extetadl Allen 1977). Cluster immersion and interviews
help us to explain why TAS combines local and distalations while EADS Astrium focuses mainly

on distant ones, so that their structural profiféecs.

12 A GIE (Groupement d'intérét économique) is a foromnsortium with legal status.
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Strong local relations of TAS can be explained tsylocal partnership development strategy. TAS
aims to make the Midi Pyrenean cluster a biggerraate competitive one. This strategy was revealed
by many interviews and its formal recognition st of the local GNSS clusteNavigation Valley
Navigation Valleyaims to structure the GNSS cluster in Toulouse,béo able to support the
competition with BavAlRia, the GNSS cluster of Mcimj in which EADS Astrium is involved
through the organizational matrix or the parent pany EADS.Navigation Valleywas a big project
which aims to set up a platform for development amtbvation in order to promote and enhance
coordination between Toulousian organizations hgitignto each segment of the knowledge process.
This knowledge platform in which TAS is more inveti/than EADS is the illustration of the will of
TAS to improve the conditions of the collective trpam knowledge phase and improve thus the
conditions of integration and interoperability ofora or less distant but complementary pieces of
knowledge locally developed. EADS Astrium seem®bdaoless involved in this project, displaying a
wider relational strategy with worldwide satellimmpanies. In spite of their proximity in their
knowledge bases and the risks of uncontrolled kadgé spillovers (and a mistrust climate perceived
during the interviews), these two competing comesusiucceed to co-exist in the same place thanks to

a strategic differentiation on the geographicakaekfand the nature of their knowledge relations.

7. Concluding remarks

The starting point of this contribution was to daies that local clusters are cohesive structureghvh
are embedded in technological fields and placed, taos argue in favour of a coupling between
structural and nonstructural features of knowledgéworks. This methodological contribution to
cluster empirical identification does not providenarmative approach of the analysis of cluster
aggregate efficiency. Nevertheless, by focusingmoowledge processes rather than on platesto
sensu,and by stressing on the knowledge profiles andsthgctural roles of clustered agents, this
approach leads to perceive the complex geographivdltechnological organization of a particular
cluster. These empirical results strengthen retiembretical researches on clusters which take with
caution the overestimation of the role played bygyaphical proximity in collective innovation
(Breschi, Lissoni, 2001; Boschma, 2005; among nahgrs). These empirical results concerning our
particular case confirm that:

- The knowledge dynamics is organized according tmraplex matching of local/non local
relations and inter/intra technological segmentiat®ens The methodology consisting in the
aggregation of partly publicly supported or spoesocollective projects gives in that way
some interesting empirical perspectives. Firstparmits to gather relational data with a
representative share of local and non local refaticSecond, by knowing the role of each

organization in the projects, it gives a more @sleomplete view of the role of each of them
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in the composite knowledge process. Third, by cogpknowledge features and structural
ones, it offers an interactions-based approachusters related variety.

The cluster aggregates heterogeneous and complargemiowledge profilesBy knowledge
profiles, we mean not only the cognitive bases dachnological segment of each
organizations, but either their strategic positignin knowledge networks. Obviously, the
respective position of each organization, and migaar their centrality, depends on their size
and market power, but also on their particular leraloles in the composite and geographical
knowledge dynamics. By indexing these broker roles,find out an interesting result for
further theoretical and empirical researches. Idddke literature has stressed that the co-
location of firms which are cognitively and techogically close can be collectively under
efficient (Boschma, 2005; Nooteboom, Woolthuis, 208Buire, Vicente, 2008). Our results do
not infirm this outcome, but show that their commpémtary broker roles differentiate their
network and knowledge strategies, and render tieelocation not so risky. More generally,
these results confirm, with other works in thiddi¢Guiliani, Bell, 2005; Boschma, Ter Wal,
2007), the relevance of empirical methodologiesetlasn social network analysis, in
particular when the study of the network structymaperties are matched with knowledge and
geographical nonstructural ones.

Lastly, external firms of the local GNSS clusten gqalay a key role in the composite
knowledge dynamics as well as in the structurirfighe local relationsThe “outsiders” found
out in our top twenty central organizations andatiess extent, their geographical gatekeeper
roles, give a clear illustration of this findingn€e again, both the sample methodology and
the network analysis, in spite of their intrinsimits, appear as promising routines for

capturing clusters and pipelines structures.

Obviously, the results we obtain must be confrontethe future with (i) theoretical researches on

knowledge clusters and networks aggregate effigierand (i) to more systematic empirical

researches on various composite knowledge processes
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Fig.1: the composite knowledge process in GNSS
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Table 1: GNSS collective projects of the sample

Number | Geographic
of scale
Project name partners Content of the project
SITEEG 14 MP Collect real-time information on traffic and polloi.
SSA-CAPYTOL 9 MP The applications ground / board for aeronautics
TRANSCONSTROL | 4 MP Control the transport of dangerous materials.
TELEMED-AERO 9 MP Telemedicine in air transport
TSARS 2 MP Application of satellite transmission technologyisk management.
9 F Development of the ICT in rural and mountainous atgesetting up new satellite
OURSES technologies.
FILONAS SDIS 31 |10 MP Location system & communication for fire-fighters
Géo Marathon 3 MP GNSS application to track runners
SPSA 3 F Supervision and GPS positioning for watering system
LIAISON 32 (17) EU Localization solutions using A-GPS technology corelimvith Telecom networks
8 F Provide traffic information in real time for motorsstprofessionals and managers of
Sinergit the road
CityNav 7 MP In car Navigation solutions
WI AERO 3 MP Tracking and management of mobile equipment used inrnmajostrial centres.
AIR NET 4 EU Location system, identification and management rpicat vehicles
CIVITAS MOBILIS |9 MP Using satellite navigation for reducing pollutionpublic transport
AVANTAGE 4 MP Guider disabled people to a specific destinatiaih &n optimal way.
BINAUR 5 MP Facilitate the mobility of visually impaired perswith satellite navigation systems
Egnos bus 2 MP modelling multipath GPS in urban areas
Terranoos 2 MP Geo-referencing of the flora in the Pyrenees ugliegGPS and Egnos signal
TONICité 3 MP Digital guide for tourism in the city
Fil Vert 2006 4 MP Location of bike in a bike-cycling
21 EU Using telecommunications, Earth observation andlgateavigation for rescue
Astro + missions.
ACRUSS 4 MP Analyse the behaviour of drivers with GNSS signal.
Geo-urgences 4 MP Optimize supervision in real time Hospital Mobileitsn
CTS-SAT 4 MP Develop a new automatic transport module for pergaited by satellite
Safespot (WP2) 57 (11) EU Communication between vehicles and road infrastredr road safety
10 EU Humanitarian Aid, Emergency Management and Law enifoece Support
Harmless Applications
M-Trade 10 EU Multimodal Transportation supported by EGNOS
Agile (WP 4,5, 6,7) | 18 (13) EU Application of Galileo in the LBS Environment
GIROADS 13 EU GNSS introduction in the road sector
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Table 2 : basic characteristics of the sample

public research or
standardization
firms total institutions total | total
non- non

local local local local
Infrastructure (satellite,
telecommunications) 12 15 2 9 11 26
Hardware (material, semi-conductorg,
chipsets, sensors, ...) 10 7 17 0 0 0 17
Software (GIS, maps and all natigatipn
and positionning software) 17 16 33 38
Applications and services 20 22 42 4 7 49
total 50 57 107 8 15 23 130
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Table 3 : E-I Index for groups defined by geograghimembership
Groupe 1 : entities from the Midi-Pyrénées regigmupe 2 : entities external to the Midi-Pyrénéégion

Frequence  Percentage Possible Density

Internal...ccccnencecierencecnes 1288 0.814 8418 0.153

EXternal.....ccncneniieceneees 294 0.186 8352 0.035

Bl -994 -0.628 -66 -0.004

E-1 INAEX: couiiirciireciret e -0.628

Expected value for E-l index -0.004

Re-scaled E-l index: .....ccccoeveveveneereninecencnnns -0.628

Permutation Test :

Number of iterations:........cccoceeveevevcrrencneen. 5000
Min Avg Max SD P >=0b P <=0b
0.448 0.502 0.583 0.018 0.000 1.000
0.417 0.498 0.552 0.018 1.000 0.000
-0.166 -0.003 0.105 0.035 1.000 0.000

E-I Index is significant (p<0.05)

Table 4 : E-I Index for groups defined by KS me rsihier
Network of local nodes

Frequence Percentage Possible Density
Internal.....ccceeceveevireeesireeeas 122 0.225 996 0.122
External.....coceeee e 420 0.775 2310 0.182
Bl 298 0.550 1314 0.397

E-1 INdEX: wevvevverieereiinenne . 0.550 Infrastructure..... 0.736
0.397 Hardware 0.692

Expected value for E-l index

Re-scaled E-1 iNdeX: ..cvwvrvereereereennereeseereennas 0.550 Group level E-lIndex:  Software.............. 0.404
Permutation Test : A. & services.............. 0.485
Number of iterations:........c.ceeueeverreennencns 5000

Obs Min Avg Max SD P>=0b P<=0b
INterNal..c e 0.225 0.196 0.302 0.446 0.031 0.998 0.003
EXEErnal.....ocveeeneeiene s 0.775 0.554 0.698 0.804 0.031 0.003 0.998
Bl et s 0.550 0.107 0.397 0.609 0.062 0.003 0.998

E-I Index is significant (p<0.05)
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Table 5: Cliques and clique -membershi

Actors (nodes Number of times the actors are c-members of the same cliues

TAS 14

CNES 6

TESA

Rockwell Colling

M3 systen

Skylak

Landmateriet Metri

Deutscht Zentrul

Eur. Union Satellite Cent

Ac. Royale Mil. de Belgiqt

EADS UK

EADS DE

EADS Astrium

Infoterre 5

Nottingham scientific It

Telespazi

Indra espaci 5

Skysof

Ergospac

Pole Sta

Navocaj

Magelliun

Method Localizatio

Geoconcef

Logica CMC

Geospac

France Telecom R&

Institute of Informatics Teleco
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Table 6 : the 20 most central nodes

Normalized Closeness Centrality

TAS

CNES

Tesa

M3 System
Sodit

Pole Star
Navocap
Telespazio
Skylab
Magellium
Ergospace
Metod Localisation
LCPC
CETE/ZELT
Samu

EADS Astrium
GMV

Alpha Mos
Cap Gemini Tlse
Hitec

Indra Espacio

75.439
58.371
56.332
55.128
54.894
53.750
53.306
53.086
52.016
52.016
51.807
51.600
51.600
51.394
51.190
50.988
50.588
50.391
50.391
49.049
48.864

Normalized Degree Centrality

TAS

CNES

Sodit
Telespazio
M3 System
Pole Star
Navocap

Tesa

EADS Astrium
Magellium
Ergospace
GMV

Metod Localisation
Skylab

LCPC

Skysoft

Indra Espacio
Hitec
GeoConcept

Nottingham Scientific Limited

Infoterra Ltd

17.829 TAS

9.302 CNES

7.287 LCPC

6.977 Sodit

6.977 Pole Star

6.667 M3 System

6.047 Navocap

5.581 EADS Astrium

5.581 Tesa

4.961 Actia

4.806 Magellium

4.651 Telespazio

4.496 EADS Secure networks
4.186 Samu

4.186 GMV

4.186 France Telecom R&D
4.186 Skylab

4.186 Nottingham Scientific Limited
4.031 Infoterra Ltd

3.566 GeoConcept

3.566 Hitec

Normalized Betweenness Centrality

46.129
11.778
7.402
7.376
7.241
6.921
6.637
4.981
4.852
4.585
3.289
3.240
2.395
2.120
1.572
0.992
0.792
0.708
0.689
0.669
0.661

Table 7 : Structural Hole Measures: the twenty nedicient ego networks

M3 System...
Pole Star....
Navocap......coevenene

France Telecom R&D....
EADS Secure networks.
ISP SYSTeM ..ottt
INEUIIAD. et s

Effective Size

Efficiency
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geographical brokerage scores of main brokers
un-normalized brokerage relative (normalized) brokerage
Table 8:Egonet analydis
Coordinator|Gatekeeper|Consultant|Coordinator|Gatekeeper|Consultant
Nottingham Scientific Ltd 120 20 4 2.893 0.490 0.098
Skysoft 238 10 0 3.647 0.156 0
Infoterra Ltd 106 20 4 2.794 0.535 0.107
” Indra Espacio 232 18 0 3.422 0.270 0
é Hitec 214 0 0 3.953 0 0
E Telespazio 850 22 0 3.759 0.099 0
é LCPC 162 72 10 2.027 0.915 0.127
France Telecom R&D 86 40 0 2.048 0.968 0
GeoConcept 218 10 0 3.621 0.169 0
GMV 210 25 0 3.193 0.386 0
M3 System 130 26 0 2.824 0.574 0
Pole Star 130 48 0 2.274 0.853 0
CNES 340 521 376 0.765 1.190 0.859
% Tesa 468 0 0 3.953 0 0
TE TAS 476 1071 1564 0.450 1.028 1.502
= Navocap 156 13 0 3.389 0.287 0
Sodit 36 108 80 0.429 1.306 0.968
EADS Astrium 12 135 236 0.092 1.047 1.830

Table 9: Eg-netwok analysis: knowledge segments brokerage sconesif broker

Knowledge Nodes (number of un-normalized brokerage relative brokerage
segments employees;L{ocal)/NL(ocal)) | Coord | Gatekeep | Consult | Liaison | Coord | Gatekeep | Consult | Liaison
TAS (2200,L) 196 781 982 1442 | 0.537 0.954 1.199 1.060
Telespazio (1700,NL) 78 218 138 242 1.001 1.245 0.788 0.832
g CNES (1896,L) 42 314 400 688 0.274 0.912 1.162 1.203
g Infoterra Ltd (70,NL) 20 45 16 24 1.529 1.532 0.545 0.492
% Indra Espacio (210,NL) 0 79 46 64 0 1.505 0.877 0.734
“!_LE Tesa (25,L) 0 20 154 274 0 0.218 1.681 1.799
EADS Astrium (1788,L)[ 44 130 78 136 0.974 1.282 0.769 0.807
France Telecom R&D (80,NL) 8 37 28 56 0.553 1.138 0.861 1.037
5o Pole Star (9,L) 0 14 68 130 0 0.316 1.537 1.768
:rE’E g Navocap (30.L) 0 11 58 102 0 0.309 1.628 1.722
GMV (600,NL) 0 13 80 154 0 0.255 1.571 1.820
o Skvsoft (70,NL) 6 42 52 116 0.267 0.831 1.029 1.382
§ GeoConcept (90,NL) 22 50 62 54 1.060 1.073 1.330 0.697
% M3 System (22,L) 6 30 34 82 0.378 0.842 0.954 1.385
7 Sodit (8,L) 18 59 94 102 0.622 0.908 1.446 0.944
TR LCPC (550,NL) 40 77 34 88 1.452 1.244 0.549 0.856
E é § Nottingham Sc. Ltd (210,NL) 2 18 42 84 0.140 0.561 1.308 1.574
«Te Hitec (100,NL) 62 56 12 28 3.323 1.336 0.286 0.402
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