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Abstract: Based on the case of the biopharmaceutical industry, the aim of this paper is to challenge the core
conviction now widespread within the “spatial clustering theory”, which devotes a key (if not exclusive) role to
geographical proximity in explaining clustering dynamics of innovation activities within specific territories. Our
argument is threefold. First, mere geographical proximity is not enough; in many cases, cognitive, organisational
and strategic forms of proximity are often at least as crucial as the topological closeness among innovation
actors. Second, our idea is that clusters are fundamentally networking configurations and combinations of actors
pursuing common goals, each of these actors having a specific territorial and social embedding that allows him
or her (or not) to operate and interact at different spatial scales. Furthermore, contrary to what is suggested in
most approaches composing the “spatial clustering theory”, the causality relation between networking and
clustering dynamics is likely to operate in an inverted way as clusters appear to be primarily the territorialized
outcome of inter-organizational and social networks. Third, sector-driven dynamics — as is in the case of
biopharmaceuticals — may structurally frame the way the actors interact and collaborate in R&D projects and
innovation processes. In this perspective, clusters and networks appear to be intertwined phenomena,
consubstantial one to each other, and co-evolving organisational modes of biopharmaceutical innovation.
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1. Introduction

It has become evident over the last few years that the competitive advantage of companies and the
comparative advantage of states, regions and metropolises no longer exclusively depend on the
simple mobilization of the resources with which “Nature”, history (that is, path dependency),
geography, institutions or “contingency” have provided economic stakeholders. To survive in
(and even dominate) today’s global markets, it is necessary to develop pre-emptive strategies
relating to a wide range of resources (financial and cognitive in particular) and skills (especially
technological) that the stakeholders do not possess a priori or are incapable of managing alone.
Hence the emphasis put on greater proximity and closer coordination between the various
“holders” of resources and skills. In an environment characterized by a significant redistribution
of the spatial and sectoral “cards” between stakeholders, the competitive or comparative
advantage lies in the ability of rival yet complementary actors (from an organizational as much as
a spatial point of view) to manage increasingly close and structural interdependencies (including
extra-market interdependencies) within an extremely wide range of clusters' and networks’.

Noting the increasing clustering of economic activities, numerous empirical and theoretical
studies in a variety of disciplines (economics, sociology, geography and management) — forming
what Malmberg and Maskell (2002) call the “spatial clustering theory” — have stressed the
importance of proximity factors to explain the dynamics of competition and the structuring of
organizations and markets. Following this line of argument, the idea has emerged — now
widespread among decision-makers and academics — that clusters (in the broadest sense of the
term) are now key competitive tools within a context of sustained innovation dynamics and rapid
globalization of industries and markets, particularly in high-tech sectors (information and
communication technologies, life sciences, nanotechnologies, new materials, etc.).

However, despite the widespread exposure given to this issue, the questions raised by the
wealth of literature devoted to clusters (Hamdouch, 2010) remain open to discussion in four
key areas.

This relates, firstly, to the delimitation of the relevant geographic space (local, regional, national
and even global) to enable the mapping out of cluster boundaries. A large body of literature on
this subject emphasizes the decisive role played by geographical proximity’ and the effects of
spatial clustering on the development of the innovative capacities of innovation stakeholders
(Baptista and Swann, 1998). However, as many recent studies tend to show, it is important to put

" A cluster is a spatial mode for the organisation of innovation. A cluster “comprises an ensemble of various
organizations and institutions (a) that are defined by respective geographic localizations occurring at variable
spatial scales and within specific institutional environments, (b) that interact formally and/or informally through
inter-organizational and/or interpersonal regular or more occasional relationships and networks, (c) and that
contribute collectively to the achievement of all kind of innovations within a given industry or domain of
activity, i.e. within a domain defined by specific fields of knowledge, competences and technologies. This
definition is rather flexible, as it entails only that the three sets of conditions are being simultaneously verified. It
could then correspond to a large variety of spatial, institutional and organizational concrete configurations of
innovative dynamics. Moreover, it does not prejudge of the spatial topography of the interacting actors, nor does
it impose any constraint on the way they may interact (i.e. cooperate or compete)” (Hamdouch, 2010, p. 43).

* A network is a specific modality for the structuring/ coordination of inter-organisational relationships among
various (legally) independent actors (firms, institutions, etc.) aiming at achieving a common project in a specific
domain through the control, exchange or sharing of information, know-how, knowledge, as well as products
and/or capital (Hamdouch and Depret, 2001). The actors participating to a network may be co-located within the
same cluster or belong to different clusters. Hence, a cluster can be seen as a network (or a combination of
networks) of socially and territorially embedded actors that can operate at one or various spatial scales.

3 Geographical (or spatial) proximity refers to the short topographic distance between two or more actors
interacting in a market or within the framework of an innovation process. The proximity is not systematically or
exclusively geographic; it can be also, and is very often, organisational or cognitive (see Section 4 below).



this purely “spatialised” (or territorialized or geocentric*) approach to the cluster issue into
perspective, while avoiding going too far in the opposite direction by adopting an excessively
network-based vision (den Hertog and Roelandt, 1999; Passiante and Secundo, 2002), in which
the spatial dimension is absent or subsumed within a general undifferentiated framework
(Hamdouch, 2010). In fact, although clustering factors do have a role to play in the dynamics of
the emergence, structuring and development of innovation activities within clusters, they are not
generally sufficient to explain the range of paths followed by many clusters. Formal and informal,
inter-organisational and interpersonal complementarities — in terms of skills, strategies,
organizational methods, behaviour, technology and resources, particularly in a basic research
context or upstream of the innovation process — between the various innovation stakeholders
often have a greater impact than their geographical proximity or their inclusion within a spatially
defined “territory”.

At the same time, most works devoted to clusters appear to explain their emergence and
structuring dynamics in relation to just two dichotomous and relatively conflicting approaches or
mechanisms (Bresnahan et al., 2004; Fromhold-Eisebith and Eisebith, 2005; Chiaroni and Chiesa,
20006). For the first group, clusters are initiated (or “decreed”) by a sort of strategic or political
deus ex machina (a top-down approach). According to the bottom-up approach taken by the
second group, on the other hand, they emerge — more or less “spontaneously” or “mysteriously”
— in an autonomous or self-organizing manner when certain ‘“space/time” conditions or
circumstances (Dicken et al., 2001; Bathelt and Taylor, 2002) are in place at a given moment or in
a determined place. In reality, there is nothing “fanciful” about clusters or, otherwise,
“miraculous” (Hamdouch, 2010). Clusters require a pronounced institutional and/or industrial
determinism and a fertile environment (scientific/technological, institutional/social, economic,
financial, etc.) - just as in gardening a “healthy rose” needs a “good fertilizer”, “good soil” and
“plenty of sunshine” (or a “microclimate”), regular watering, but also a “good gardener” (or
someone with “green fingers”).

In addition, the analysis of the “morphology” and “dynamics” of clusters is often insufficient and
limited (or even simplistic). This is because, on the one hand, it is based on a relatively static and
standardized conception of clusters. On the other hand, the analysis of a cluster’s members is
generally purely focused on “agents” who are fully and directly involved (individually) in a
process (territorialized, relatively static and competitive) of innovation or a process of
production/dissemination/accumulation of knowledge. In reality, it is important to consider the
cluster as a complex networked entity that is systemic, structured (around stakeholders with
highly varied organizational or institutional profiles), polymorphic, dynamic (that is, it evolves
over time and in space) and relatively open to the outside world (that is, “centrifugal”) or even
multiscalar (or polycentric).

Lastly, the inter-organisational and inter-individual relationships formed within clusters are
generally seen from a purely transactional or contractual (that is, market-oriented) perspective
(Cooke, 2005). Worse, they are often presented as fairly informal (Grabher, 2006), often de-
contextualized (Dicken and Malmberg, 2001) — that is, without any real social, informational or
cognitive considerations — and sometimes even seen from a static (timeless), or a-historical
(Bathelt and Taylor, 2002) viewpoint. In practice, however, this is not at all the case, as shown by

* Geocentric (or “autarkic”) approaches postulate a strong territorial anchorage of clusters (Depret and
Hamdouch, 2009). In this perspective, clusters are often seen as being rooted in a specific (local, metropolitan,
regional...) given territory. By contrast, polycentric or multiscalar approaches consider that a cluster can have
several territorial anchorages thanks to its connections with other clusters. In certain cases, a polycentric cluster
can even be multi-territorialised when its topographic boundaries transcend administrative or political borders
(cf. the cases of the Medicon Valley across the borders of Danemark and Sweeden, and of the Biovalley across
France, Germany and Switzerland).



numerous studies (based on a more “social” perspective in contrast with the traditional “market”
perspective [or “commercial” or “under-socialized” according to Granovetter’s expression
(1985)]. Recent research (in particular in the field of economic sociology) tends in fact to show
the importance of social networks, power relationships (i.e. domination, subordination, control,
coercion and discipline), trust, reputation, altruism, friendship, leniency, forbearance, kindliness,
integrity, social capital, habitus, culture, rules, conventions, routines, rites, symbols, taboos,
beliefs, myths, or, more broadly, “extra-market” relationships within clusters.

This being the case, our understanding of the mechanisms at work within the dynamics of the
emergence, structuring, coordination and development of the phenomena of the clustering of
innovation processes remains incomplete, dispersed and (let’s admit it) fairly flimsy (Hamdouch,
2010). To analyse clusters from a new perspective, it is then necessary to open “the ‘black box’ of
the cluster approach” (Benneworth and Henry, 2004, p. 1012). In order to do this, we need to
adopt a conception of clusters that is less “geocentric” (by rejecting the idea that “there is no hope
outside the cluster”), less dichotomous and determinist (by avoiding a “top down” versus “bottom
up” conflict), less narrow (by taking into consideration all innovation stakeholders), less
“centripetal” (by avoiding thinking of them as cut off from the outside world or as autarkic), less
“market-based” (by taking into account the social and cognitive dimension of the relationships
between the stakeholders) and less “static” (by performing a serious space/time analysis of
clustering processes). From a more evolutionist perspective, we will therefore attempt, in this
paper, to argue the following idea:

Although clusters are one of the permissive conditions for the innovation production and
dissemination process, they neither constitute a sufficient condition in themselves (in
contrast to the “naturalist” hypothesis — to use Torre’s expression (2006) — argued within
the framework of a traditional or “geocentric” vision of clusters), nor necessarily the
organizational form best suited to this end, in particular within an increasingly globalized
and uncertain environment.

Our idea is that the “spatial clustering theory” can be firmly challenged for at least three reasons.
First, because mere geographical proximity is not enough, or even not the most decisive
dimension for producing and sustaining valuable connections among the actors; in many cases,
cognitive, organisational and strategic forms of proximity (or alignment or convergence) may
prove to be at least as crucial than topological closeness. Second, because clusters are
fundamentally networking configurations and combinations of actors pursuing some common
goals, may they be co-located or not; what is important here is not that the actors belong
necessarily to the same “place”, but that each of them has a specific territorial and social
embedding that allows him (or not) to operate and interact at different spatial scales. Furthermore,
contrary to what is suggested in most approaches composing the “spatial clustering theory”, it is
the inter-organizational and social networks that are the foundational building blocks of clusters.
Hence, clusters are not at the root of networking phenomena — even if they can reinforce them
over time. The causality relation between networking and clustering dynamics is likely to operate
in an inverted way as clusters appear to be are primarily the territorialized outcome of networks
(see, among others: Dicken et al., 2001; Grabher, 2006; Gliickler, 2007; Phlippen and van der
Knaap, 2007; Depret and Hamdouch, 2009). Third, because sector-driven dynamics — as is in the
case of biopharmaceuticals, with strong complementarities among actors located in many
countries and places on the surface of the globe; see below — may structurally frame the way the
actors interact and collaborate in R&D projects and innovation processes. In this perspective,
clusters and networks appear to be intertwined phenomena, consubstantial one to each other, and
co-evolving organisational modes of biopharmaceutical innovation’.

> The articulation of TIS and networks vary however, depending on the authors. A minima, clusters can be
considered as simple networks of actors, more or less co-localised in one territory (and sometimes several



Our focus on the biopharmaceutical industry case is based on two rationales. First, the analysis of
bioclusters has given rise to a great deal of empirical research, some of which tends towards a
renewed vision of clusters. Second, in recent years we have seen the emergence of a new form of
industrial organization in which clustering strategies play a structuring role and fundamentally
redefine the foundations and forms of competition that exist between a wide range of highly
interdependent actors. These new forces at work within this industry are, in fact, at the basis of a
gradual reappraisal of market structures, a rationalization of the organizational methods used by
drugs manufacturers, and a restructuring (cognitive and spatial) of their scientific and
technological activities. This being the case, the transformation of this industry’s basic
“contextual” parameters (following the sudden emergence and dissemination of scientific
principles and research methods arising from the “Life Revolution) has generated new network-
based forms of proximity and interfirm coordination.

Taking this as our framework, and drawing from a vast review of the empirical literature, the
paper will follow a two-step approach. Firstly, we will provide a brief overview of the decisive
role — as most of the empirical studies forming part of the traditional “geocentric” vision of
clusters reveal — generally played by proximity factors and the effects of clustering in relation to
the innovation dynamics at work within the biopharmaceutical industry (Section 2). In the second
step, we will explain, however, why any analysis of clusters and local networks cannot be solely
based on a purely “dichotomous”, “geocentric”, “narrow” and “centripetal” (or ‘“autarkic”™)
approach (Sections 3 to 6). From this perspective, we will first of all attempt to show that clusters
are not all — including within the same sector and/or country — and at all times favourable to
innovation (Section 3). We will stress, in particular, the key role played by History, the “context”
(economic, financial, social, political, cultural, etc.), the institutional system and the
interdependencies between stakeholders in the innovation process and, as a consequence, their
impact on the origins, development and evolution of clusters. We will therefore show that the
emergence, structuring and development dynamics of clusters result from the combination of both
“top down” and “bottom up” mechanisms. We will go on to demonstrate that co-location and
geographical proximity (between the different members of a cluster or an innovation network) is
not generally adequate to generate innovation dynamics that are both effective (or, a minima,
viable) and sustainable (Section 4). We will therefore look in greater detail at the very foundations
of the classic “geocentric” approach to clusters as outlined in the “spatial clustering theory”. We
will also highlight the fact that other forms of (less “centripetal”) coordination, which extend
beyond traditional cluster boundaries, are often necessary to trigger virtuous (’centrifugal’)
innovation dynamics (Section 5). Within this context, we will show that clusters and innovation
networks cover multiple forms and involve a large number of stakeholders. Lastly, we will
endeavour to show that they often tend to be transformed over time, to co-evolve with each other,
and are gradually deployed over spatial levels other than the narrow regional or local ones. This
being the case, we will show that clusters and innovation networks are often more open to the
“outside world” than that the ”geocentric” literature generally allows for, and that they are thereby

territories). By contrast, other research (in particular in the field of economic sociology) tends to show that
clusters must be considered as webs of social networks comprising a potentially large variety of innovation
stakeholders who interact (or co-evolve) within the framework of occasional or regular relationships, both inter-
organisational and intra-organisational, and who contribute to the performance of activities in a particular area.
For some, however, clusters are no longer (only) considered as geographically anchored networks, within which
actors are grouped together more or less on a co-localisation basis. They appear more as combinations of “multi-
scaled networks”, both in terms of location and the variety of actors’ modes of interaction. From this viewpoint,
TIS and networks are intimately connected (Amin and Thrift, 1992; Dicken et al., 2001; Nachum and Keeble,
2003; Coe et al, 2004; Gertler and Levitte, 2005; Gliickler, 2007; Phlippen and van der Knaap, 2007; Ter Wal
and Boschma, 2009a, 2009b). Networks of actors are therefore sometimes anchored in several clusters, which
are characterised by strategies, policies and specific territorial factors, and which co-evolve (in time and in
space) together and with these networks of actors.



subject to complex “space/time” dynamics (Section 6). Section 7 concludes the paper by outlining
the underlying theoretical and methodological challenges facing future research in this field, in
particular in order to more effectively take into account the spatial, organizational and
interpersonal (or cognitive) dimensions of the coordination modes among the various innovation
stakeholders.

2. The “geocentric” conception of (bio)clusters and its limits

Historically, innovation in the pharmaceutical field has always tended to be located close to
major public and private research centres (Achilladelis and Antonakis, 2001). The major
pharmaceutical R&D centres are, in fact, almost all located within large “centres of
excellence” (for example, the Research Triangle Park in North Carolina, the Boston region,
California, etc., in the US; in the regions around Paris, Lyon and Toulouse in France;
Leverkusen, Heidelberg and Bavaria in Germany; Zurich in Switzerland; etc.) where most of
the sector’s innovation stakeholders are clustered around universities and university hospitals:
university research centres, pharmaceutical and biotechnology companies, service providers,
specialist suppliers, institutional structures, business incubators, foundations, investors,
venture capitalists, law firms, consulting firms, head hunters, training institutes, public
relations companies, etc.

Organized into clusters, these local highly specialized innovation systems (or networks)
represent, in fact, contact points where various innovation stakeholders can access (or have
priority access) to a large range of knowledge, skills, resources and technologies. These
“inputs” have a significant tacit, idiosyncratic, interactive and cumulative dimension, which
makes their production, acquisition and/or their pre-emption random, difficult and relatively
expensive’, particularly outside one-on-one relationships and neighbouring situations. Hence,
there is a push for better coordination and, therefore, for greater proximity between the
various “holders” of knowledge, skills, resources and/or technologies.

Within this framework, the geographic concentration of activities, the physical linking of
stakeholders and the organization of local innovation networks generally enable stakeholders
to benefit from the technological externalities of agglomeration (access to strategic
information via the trickle down effect or through dissemination, a drop in transaction and/or
interaction costs, lower marginal costs, etc.) and proximity effects (pre-emptive access to
knowledge, skills [technical, legal, organizational], resources [human and financial] and
strategic technologies; localized collective learning effects; access to new outlets, etc.) that
such a spatial organization of activities generally provides — consequently and on condition
that, however, they have what Cohen and Levinthal (1990) call a good “absorptive capacity”.

% In recent years, there has been a massive increase in spending on R&D and marketing in the pharmaceutical
industry: you now need around $800 million to launch a new innovative therapeutic product onto the market
(DiMasi et al., 2003); the same amount or so is also necessary for the marketing and commercial launch of the
product. The reasons for this are, on the one hand, the growing demands made by health authorities responsible
for authorizing the commercialization of drugs and the decreasing yields of the traditional (pharmacochemical)
paradigm and, on the other hand, the increasing interdependence between the various “skill holders” throughout
the pharmaceutical value chain. It is within this framework that funding constraints tend to become increasingly
significant and impose a certain constrained proximity between, on the one hand, biopharmaceutical companies
and on the other hand, their “funders” (venture capitalists, industrial partners, public and local authorities,
institutional investors, individual shareholders, business incubators, “biotech-centres”, etc.). On this, see
Hamdouch and Depret (2001).



The increasing geographic integration of innovation stakeholders within these clusters fosters
interaction opportunities (both formal and informal), creates new investment, entrepreneurial
and recruitment opportunities, helps develop supporting infrastructures (material and
immaterial) and, in fine, creates a “climate” that is a priori relatively favourable to innovation.
Cumulatively, spatial clustering also heightens the attractiveness (Bathelt, 2005) of the cluster
and its members through “increasing agglomeration and proximity returns” (Depret and
Hamdouch, 2004) and the mimetic effects of a self-fulfilling and self-strengthening reputation
(Appold, 2005; Gertler and Levitte, 2005; Autant-Bernard et al., 2007).

In reality, this “idyllic” vision — which makes clusters a “winning formula” for innovation —
, despite being shared by numerous academics and political decision-makers (as revealed by a
recent trend towards innovation policies based on the stereotyped development’ of clusters),
needs to be put into perspective once you widen your focus beyond the success stories
(Silicon Valley, Route 128, San Francisco Bay Area, Research Triangle Park, “Italian
districts”, Baden-Wiirttemberg, etc.) and/or high-tech (or science-based) industries — which
is often the case in “geocentric” studies devoted to clusters or regional innovation systems
(Malmberg and Maskell, 2002; Oinas, 2002; Coenen et al., 2004; Doloreux and Parto, 2005).
This widening of he perspective is needed, firstly because the formation of clusters does not
guarantee innovation (see Section 3 below). Secondly, the technological externalities of
agglomeration and proximity effects are not always present within clusters (see Section 4
below). Finally, because innovation can also be fostered by forms of organization — less
“centripetal” (see Section 5 below) and less “geocentric” (see Section 6 below) — other than
“traditional” clusters. This is what we intend to demonstrate in the following sections by
putting forward a series of arguments that question the three main presumptions on which this
“idyllic” vision of clusters is based.

3. Innovation cannot be mandated, even when supported by a (bio)cluster

The first of these three presumptions states that organizing stakeholders into a cluster is
enough to create (even artificially) virtuous innovation dynamics. The facts, unfortunately,
appear to cast doubt on this hypothesis to the extent that some (bio)clusters clearly “function”
much better (or are more “viable”) than others — including within a single country or region
—, while numerous others fail, despite the determination of those who decided to set up the
cluster.

This finding can be explained by the fact that the emergence, development and dissemination
of biopharmaceutical innovations require a fairly long maturing period and a relatively
complex “alchemy” (scientific and technological, institutional and social, economic and
financial). As it has been already stated elsewhere (see Depret and Hamdouch, 2007), “the
environment” in which innovation stakeholders operate is, in fact, the result of systemic,
multifactor and co-evolutionary dynamics® (see in particular: von Tunzelmann, 2003) specific
to the sector and/or the territory in question’.

7 To such an extent that the term “cluster”” has become a type of “brand” (Martin and Sunley, 2003; Benneworth
and Henry, 2004) with its models (Silicon Valley, Route 128, etc.), best practices, “gurus” (M. Porter, etc.) and
its followers (particularly major international institutions). As a result, as noted by Martin and Sunley (2003, p.
6), “from the OECD and the World Bank, to national governments (...) to regional development agencies (...),
to local and city governments (...), policy-makers at all levels have become eager to promote local business
clusters. (...) Clusters, it seems, have become a world-wide fad, a sort of academic and policy item”.

¥ In fact, the determinants (scientific and technological, institutional and social, economic and financial) of the
biopharmaceutical innovation dynamics not only complete each other but, more importantly, induce and



Numerous works (see Swann and Prevezer, 1996; Audretsch, 2001; Orsenigo, 2001; Powell et
al., 2002; Waluszewski, 2004; Glaeser, 2005) have already established that the creation of a
high-performance biocluster cannot be mandated (or else you take a fairly significant risk of
failure in the mid- to long-term). It also follows that the pre-existence (more or less
“spontaneous” or “fortunate”) of specific and particularly favourable conditions' is not
sufficient to guarantee the success of a biocluster.

Orsenigo (2001) has shown precisely why the development of a biotechnology cluster in
Lombardy failed, not because of a lack of political determination on the part of the public
authorities (quite the opposite in fact!), but rather because of the absence of a solid base of
pre-existing technological skills (in addition to other factors, such as the absence of links
between academics and manufacturers, a lack of capital, and the inappropriateness of
intellectual property laws)"".

In fact, in addition to the fairly favourable “climate” or fairly dynamic “atmosphere” — dear
to A. Marshall (1919) — in which the members of a cluster are “immersed”, multiple factors
explain why clusters do not systematically foster innovation. Numerous studies (see Niosi and
Bas, 2001; Orsenigo, 2001; Folta et al., 2006) stress the (apparently necessary) “critical size”
of bioclusters. Some studies (see in particular Folta et al., 2006) reveal the existence of an
upside inverted U curve between the size of a cluster and the performance of its members and,
as a result, the existence of an “optimal size” (that is, an optimal number of members)". That
is also why most studies stress the importance of the intensity of competition within clusters -
that is, their horizontal dimension (see Bathelt and Taylor, 2002; Malmberg and Maskell,
2002).

The composition of the cluster and the quality of its member organizations (and institutions)
are also significant, according to several authors. Llobrera et al. (2000) show how the

therefore co-evolve with each other, while helping to give shape to (at the same time as being shaped by) the
sector’s technological and industrial dynamics (Depret and Hamdouch, 2007).

? The mechanisms that trigger and expand the innovation process generally vary from one technology and/or one
market to another, but also from one period to another and often from one country to another (or even from one
region to another, and therefore from one cluster to another). Consequently, even if “best practices” may be
identified (and adapted and transferred from one territory to another), the territorial innovation dynamics remain
very closely linked to the specific, institutional and historically constructed character of the territories in which
they are rooted (Hamdouch and Moulaert, 2006).

' We are referring to, for example, “science and technology driven logics” (see Owen-Smith et al., 2002),
“genealogical chains of spin-offs” (Castilla et al., 2000), “(local) historical accidents” and other
“path-dependent processes” (see for example: Waluszewski, 2004; Glaeser, 2005; Martin and Sunley, 2006), to
“Institutional comparative advantages” (Dosi, 2004), “language capabilities” (van Waarden, 2001), the way in
which “returnees” and “Argonauts” act as catalysts (Saxenian, 2006), “institutional entreprencurs” (Robinson et
al., 2007), “entreprencurial universities” (Feldman et al., 2001), “(global/national/regional) KIS [knowledge-
intensive business services] consultancies” (Wood, 2006), “institutions for business education, management
consultancies and management publications” (Engwall and Kipping, 2006), “intermediate actors” (Lanciano-
Morandat et al., 2006) or “gatekeepers” (Casper and Murray, 2005), and all political and institutional schemes
put in place at a local, regional or national level (see Feldman and Francis, 2003; Sélvell et al., 2003; Hamdouch
and Moulaert, 2006; OECD, 2007).

""Dodgson et al. (2008) made exactly the same findings in relation to Taiwanese bioclusters.

"2 This has led Niosi and Bas (2001) to the conclusion that, in Canada, only major regional metropolises that are
dynamic in the biotechnology field should implement sustained clustering policies supported at national level.
The studies made into the BioRegio competition (Dohse, 2000; Zeller, 2001; Kaiser and Prange, 2004) seem to
confirm this recommendation, even if BioRegio does not entirely explain the competitiveness of the German
biotechnology sector.



networking structuring of clusters largely condition their success, as illustrated by the
example of the Philadelphia biocluster (highly diversified in its composition), which they
studied. The presence of “star scientists” (Zucker and Darby, 2007), “critical interfaces”
(Carrincazeaux et al.,, 2001), “gatekeepers” (Casper and Murray, 2005), specialist
“entrepreneurial” investors (public and/or private) [public institutions, venture capital
companies, business angels] (Audretsch, 2001; Cooke, 2001; Powell et al., 2002; Linskey,
2006), business leaders (or “anchors™) or “pioneer” entrepreneurs (Feldman, 2003; Feldman
and Francis, 2003; Stuart and Sorenson, 2003; Waluszewski, 2004; Wolfe and Gertler, 2004;
Jong, 2006; Waxell and Malmberg, 2007) and dense social networks (Liebeskind et al., 1996;
Cooke and Wills, 1999; Owen-Smith et al., 2002; Sorenson, 2003; Waxell and Malmberg,
2007; Ter Wal and Boschma, 2009b) within the cluster also has a significant impact.

It is in fact generally around these components that clusters are formed, develop and take root.
Casper and Murray (2005) explain the superiority of the Cambridge biocluster over the
Munich biocluster by the presence (Cambridge) or not (Munich) of large pharmaceutical
companies in the cluster. For Owen-Smith et al. (2002), the development differential of the
biotechnology sector between the US and Europe can be explained by the degree of the
internal therapeutic specialization of the clusters. It also stems from the different nature of the
existing links between university research, public research and the private sector. In the US, in
fact, there is a wider therapeutic and organizational diversity (with in particular a greater
proportion of biotechnology companies, venture capital companies, business angels and
research foundations") than in Europe. That is why, according to the authors, American
clusters, which cover a diverse range of therapeutic fields and include a large number of
heterogeneous stakeholders' seem more viable and effective than European clusters, which
are more specialized (from a disciplinary or therapeutic point of view) and less diversified
(from an organizational point of view)". In fact, the complementarities (particularly in terms
of knowledge, resources and/or skills) between the members of a biocluster appear to be
crucial in numerous studies'. This forms the basis for Jong’s (2006) explanation as to why
most “pioneering” biotechnology companies in California are from the San Francisco region
rather than the neighbouring regions of Berkeley and Stanford. Otherwise, as demonstrated by
Paytas et al. (2004), the impact of universities on the local development of innovation
stakeholders within a cluster depends in large part on the “alignment” between the fields of
expertise of university research departments and the fields of specialization of the companies
(for a similar point of view, see Audretsch, 2001; Romanelli and Khessina, 2005).

Other studies focus on the central role played by the cognitive quality and the mobility of
researchers, engineers, technicians and managers within the cluster (see Dicken and
Malmberg, 2001; Zeller, 2001; Lawton Smith, 2004; Wolfe and Gertler, 2004; Casper and

13 In the US, the philanthropic foundations have always played (and still play) a vital role in terms of biomedical
research (see Morange, 2000).

'* The heterogeneity (organizational and/or cognitive) of stakeholders characterizes what some authors (see
Malmberg and Maskell, 2002; Bathelt and Taylor, 2002) call the “vertical dimension” of clusters.

"> Autant-Bernard and Massard (2007) also assert the importance of intraregional industrial diversity when
choosing the location of biotechnology companies in France.

' This idea, according to which the industrial diversification of the cluster (and therefore of available
professions and skills) promotes the individual innovation capacity of innovation stakeholders, is not generally
agreed upon. Baptista and Swann (1998), for example, while agreeing that a company has a greater chance of
being innovative if employment linked to its specific sector is available in the region in which it is located, do
not find a convincing relationship between the degree of the cluster’s industrial diversification and the strong
innovative tendencies of businesses. In the same way, Phlippen and van der Knaap (2007) show that
technological and therapeutic diversity only have a positive effect within “relatively small clusters”.



Murray, 2005; Casper, 2007; Waxell and Malmberg, 2007). The existence of a wide and
diverse local employment market, which gives rise to a turnover of researchers and the
formation of social networks, often ensures the dynamism and sustainability of a cluster
because it fosters the dissemination of knowledge and facilitates interaction.

Some clusters, lastly, perform better than others because of their internal organizational (or
governance) practices. Very often, in fact, the effectiveness of the mechanisms governing
coordination and cooperation between innovation stakeholders (at each spatial level in
question), the balance established between centralized and decentralized decision-making
within the cluster and the cluster’s capacity to adapt over the long-term, seem to play a
decisive role in its future performance (or otherwise) (see Zeller, 2001; Paytas et al., 2004;
Glaeser, 2005). Hence the importance of public, part-government owned and private support
stakeholders (local authorities and institutions, business service organizations, technology
transfer institutions, business incubators, think tanks, etc.), infrastructures (property, transport,
etc.), venture capital, consulting and law firms, which act as coordinators, “go-betweens” (or
“intermediaries”), advisors, scrutinizers and “proselytes” within the cluster (see Feldman and
Francis, 2003; Lawton Smith, 2004; Wolfe and Gertler, 2004; Hamdouch and Moulaert, 2006;
Waxell and Malmberg, 2007; Champenois, 2008).

In total, as these various studies tend to show, (bio)clusters are basically the result of different
approaches (scientific and technological, economic and financial, historical and institutional)
and mechanisms (both top-down and bottom-up), which are largely contingent, often
interdependent on and co-evolve with each other, and most of which already existed or were
established concomitantly with the clusters. Clusters are consequently intrinsically complex
phenomena resulting from a process that is often self-organizing (Feldman and Francis,
2002). This also explains their chronic (Longhi, 1999) or even chaotic (Stuart and Sorenson,
2003) instability'’. For all of these reasons, clusters do not represent a sinecure, and even less
a panacea (Martin and Sunley, 2003), particularly for public authorities wishing to place them
at the centre of their innovation policies (Bathelt and Taylor, 2002).

4. Geographical proximity is neither sufficient nor always necessary for
innovation

The prevailing wisdom about clusters is based on a second presumption, which also needs to
be put into perspective. According to this idea, the co-location of actors (that is, their
geographical proximity) within a cluster is a decisive factor in the knowledge
production/dissemination/accumulation process because it would automatically generate the
positive externalities of location and proximity effects (see Section 2 above).

Once again, some recent works refute (or qualify) this hypothesis by putting forward a series
of six complementary arguments — in addition to the one already outlined (see Section 3
above), according to which the innovation process is only viable under certain conditions.

1) Firstly, the geographical proximity of innovation stakeholders alone in no way indicates the
existence of a cluster. This is particularly the case when these stakeholders do not share the
same skills and fields of specialization (Paytas et al., 2004) or if the “chemistry is not

17 1t also sometimes accounts for their temporary and transient nature (Asheim, 2002; Bathelt and Taylor, 2002;
Maskell et al., 2004). This hypothesis is, however, the subject of debate, in as much as clusters, even “end-of-
cycle” clusters, do not generally “die”: they are transformed, except in rare cases of a territory’s socio-economic
desertification.



right” to work together effectively (Longhi, 1999)". In fact, within the same cluster, the
nature of the relationships between the actors counts for more than their geographical
proximity (Zucker et al., 1994).

2) Conversely, actors based relatively far away geographically can perfectly well maintain
“strong links” (in terms of resources, knowledge, technology, skills and expertise),
including within the framework of a production or innovation process involving
collaborations or exchanges (physical or virtual”) on a regular and/or long-term basis
(Asheim, 2002; Bathelt et al., 2004; Bresnahan et al., 2004; Coenen et al., 2004; Maskell et
al., 2004; Asheim and Coenen, 2005; Niosi and Zhegu, 2005; Ernst, 2006; Gliickler, 2007,
Hamdouch, 2010).

In fact, the various actors in clusters are, very often, not all co-located, which does not
prevent them from closely interacting (physically and/or virtually) in a formal and/or
informal manner, and codifying and exchanging knowledge and/or skills, sometimes
tacitly® (Breschi and Lissoni, 2001; Gertler, 2003; Torre, 2006; Hamdouch, 2007). A study
by Audretsch and Stephan (1996) shows that 70% of formal links between academics and
American biotechnology companies are formed outside the local framework. More
generally, most studies (see for example: Tether, 2002; Freel, 2003; Gay and Dousset,
2005; Roijakkers and Hagedoorn, 2006) show that stakeholders in cooperation networks
mostly collaborate with partners who are not located in the same agglomeration or region
(see Section 5 below), particularly when the latter are relatively specialized (Phlippen and
Knaap, 2007) — and that, as a consequence, it is necessary to look “elsewhere” for the
knowledge, skills and resources required in order to innovate (Hussler and Rondé, 2005)
—, or when the actors are more inclined towards operation or imitation rather than
exploring new opportunities (Lévéque et al., 1996).

3) In addition, as highlighted by Markusen (1996) and Torre (2006), co-location can
sometimes be the result of highly diverse factors far removed from the desire to transfer
knowledge (for example, attractive property prices, tax breaks, the quality of the local
employment market, the “critical size” of the outlets offered by the local market, the
reputation of the cluster). It can even, in certain cases, be the result either of a “historical
accident” or a “non-choice” (Champenois, 2008), of purely subjective individual factors
(Autant-Bernard et al., 2008), or even of a “copycat effect” (Appold, 2005; Gertler and
Levitte, 2005; Autant-Bernard et al., 2007) of “chain location” (Caplin and Leahy, 1998).

4) Next, there is certainly a non-linear relationship between geographic distance and
knowledge flows to the extent that, beyond a certain threshold (not to say intrinsically),
spatial proximity no longer has an impact (or a sufficient impact) on the dissemination of
knowledge and the capacity to innovate (Madi¢s and Prager, 2008). As stated by Oinas
(1999, p. 364), many studies (see for example: Grotz and Braun, 1997; Suarez-Villa and
Walrod, 1997; Coe and Townsend, 1998; Sternberg, 1999) have shown that “local
relationships are actually ‘missing’ where hypotheses suggest that they might exist — or

'8 In other words, just as a cluster cannot be mandated (see Section 3 above), it is impossible to force two actors
to work together simply because they are neighbours.

' Learning plays an increasingly central role within virtual networks of actors electronically connected to each
other via fibre optics, information networks, satellites, and virtual reality and videoconferencing systems
(Passiante and Secundo, 2002; Amin and Cohendet, 2005).

20 This is particularly the case with “temporary clusters” (Maskell et al., 2004), “global lifeworlds” [or “market
conventions ‘at a distance’”’] (Lagendijk, 2002), “restricted technological, organizational or professional ‘space’”
(Storper, 1997), epistemic community or community of practice (see Box 1 below).
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such local relationships do not as clearly correlate with the innovativeness/performance
expected”.

Other studies have also shown that, in some cases, spatial proximity may even give rise to
negative agglomeration externalities (or agglomeration diseconomies) (see Grabher, 1993;
Swann and Prevezer, 1996; Uzzi, 1997; Nooteboom, 2000; Shaver and Flyer, 2000; Bathelt
and Taylor, 2002; Bathelt, 2005; Boschma 2005; Hassink, 2005; Martin and Sunley, 2006;
Torre, 2006): industrial espionage; cognitive “hold-up”; congestion effects; cut-throat
competition; saturated local markets; laying-off of qualified staff; geographic and/or
industrial lock-in; inertia, organizational entropy and isomorphism; over-embeddedness,
under-socialization, over-emphasis, blind confidence and gullibility of stakeholders;
‘distanced neighbour’ paradox; etc.

This “weakness of strong ties” — to borrow from Grabher (1993), echoing the “strength of
weak ties” advanced by Granovetter (1973) — to which excessive spatial proximity often
gives rise, occurs particularly when innovation stakeholders are engaged in a routine
process of utilizing knowledge and innovations (Bathelt and Taylor, 2002).

5) In addition, although spatial proximity appears to be a permissive condition for interaction
between innovation stakeholders and although, as a result, it appears to facilitate the
establishment and operation of interactions (intra-organizational and inter-organizational)
between the actors, at the same time, it generally cannot transform them into “actual”
interactions unless it is combined with other forms of proximity.

In fact, as highlighted by followers of the “French school of proximity” (see Kirat and
Lung, 1999; Gilly and Torre, 2000; Filippi and Torre, 2003; Torre, 2006), proximity
should not be understood according to its sole spatial and geographic dimension (see also
Audretsch and Feldman, 1996; Sternberg, 1999; Breschi and Lissoni, 2001; Feldman,
2003; Coenen et al., 2004; Zeller, 2004; Boschma, 2005; Hussler and Rondé, 2005; Depret
and Hamdouch, 2006, 2007, 2009; Sorenson et al., 2006; Moodysson and Jonsson, 2007,
Hamdouch, 2010).

This is because, on the one hand, geographic space is an economic and sociocultural reality
that reflects the economic and geographic separation of the stakeholders (individuals,
organizations, institutions) and the relationships that bring them closer together (and/or
places them further apart) when solving a given economic problem (Gilly and Torre, 2000)
at a given moment (Dicken et al., 2001). This “spatial reality” is therefore to a large extent
conditioned by the role of institutions (Torre, 2006).

On the other hand, because the idea of proximity also covers other forms at least as
important as the geographical proximity. It is the case of organizational proximity, that
refers to the concept of belonging to the same organization, to the same network or, more
generally, to sharing the same “community of destiny”. Equally crucial is cognitive (or
technological) proximity, referring here to the adherence of various actors to the same idea
of innovation, to the same paradigm (technological and/or organizational), routines,
heuristics, algorithms of thought, conventions, traditions, beliefs, internal codes, languages
and/or learning, deliberation, decision-making and governance processes (Depret and
Hamdouch, 2004). Cognitive proximity therefore exists within organizations, networks and
communities, that is, between various social actors of an innovation process.
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In fact, without organizational and cognitive proximity, spatial proximity has a tendency to
remain inactive (Filippi and Torre, 2003) — like two neighbouring actors that do not
belong to the same organization (or the same network) and do not understand each other
cognitively or, more often, like neighbours in the same neighbourhood who are unaware of
each others’ existence (Hamdouch, 2007). In the same way, without geographical or
cognitive proximity, organizational proximity alone seems highly unlikely — like two
employees in the same company (or the same network) or two companies in the same
cluster or the same network that do not have any form of interpersonal contact (formal or
informal) because of the distance between them and a lack of common values, rules or
languages. Lastly, cognitive proximity without geographical and organizational proximity
(such as two stakeholders who, despite being cognitively close, are remote geographically
and organizationally) is not generally sufficient and may sometimes be dangerous (risk of
sclerosis or organizational inertia; see Boschma [2005]).

Other studies show also that the role played by geographical proximity in the
biopharmaceutical industry tends in fact to decrease over time (Audretsch and Feldman,
1996; Lemarié et al., 2001; Serenson, 2003; Ter Wal and Boschma, 2009a; Aharonson et
al., 2008) — that is, after the first stages of the lifecycle of the company, sector or cluster
during which the innovation social networks are essentially local and relatively closed to
the outside — in favour of, initially, organizational proximity and, subsequently, cognitive
proximity.

In this regard, the effectiveness of a cluster cannot be assessed solely on the basis of the
degree of spatial proximity between its members. In fact, the most efficient clusters —
and/or the most “creative” (see Fleming et al., 2004) — are generally those that offer to
their members spatial, organizational (through networks, even informal ones) and cognitive
(by adhering to the same “weltanschauung” [i.e. a “vision (or perception) of the world”])
proximity to innovation or the same objectives in the mid- to long-term — on condition
that the “environment” (scientific and technological, social and institutional, economic and
financial) is favourable (see Section 3 above).

6) Lastly, it should be pointed out that there are other less “geocentric” types of coordination
for innovation stakeholders which, on the one hand, go beyond the traditional boundaries
of clusters and local innovation networks and, on the other hand, are often necessary to set
in motion virtuous innovation dynamics (see Sections 5 and 6 below).

On the whole, the various innovation stakeholders need to reach various compromises
between their local commitments and their integration into an increasingly global economy,
between spatial proximity and other forms of proximity, and between their embeddedness (or
even over-embeddedness) within clusters and their openness to the outside world. This is
precisely what we will attempt to show now by underlining the actual diversity, both
organizational and cognitive, dynamic nature and openness of clusters.

5. The cluster: a polymorphic and dynamic networked entity

In parallel with the criticisms outlined above, the traditional “naturalist” vision (see Torre,
2006) of clusters can also be criticized for its too clearly “centripetal” conception. As such,
clusters and networks are too often perceived as overly static in terms of their development
(1) or too narrow in their composition (2) and diversity (3).
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1) In reality, clusters in general (and bioclusters, analyzed specifically here) have particularly
pronounced dynamic properties. Just like networks (see Gliickler, 2007), clusters are
developed and transformed over time*', but also in space (Dicken et al., 2001; Bathelt and
Taylor, 2002; Ter Wal and Boschma, 2009a, 2009b).

They are characterized, however, by a certain “dynamic stability” (Hamdouch and Depret,
2002) in the sense that their components can change without losing their identity and
without systematically harming the uniqueness, flexibility and pliability of their
architecture, or without compromising their capacity for action and to adapt themselves to
external stimuli.

2) At the same time, (bio)clusters are often considered to be simple organizational groupings
(fairly closed or autarkic) of agents (fairly passive, homogenous, undifferentiated or
depersonalized). Whereas in reality they often group together all stakeholders
(organizations, institutions, individuals) involved or participating in (nearby or remotely)
the innovation process — including institutions (financial, legal and regulatory) and
service provider partners (supplying expertise, assessment, advice, training services, etc.),
who influence (even indirectly) the initiation, support and operation of these clusters.

As such, bioclusters must be considered (see Hamdouch, 2010) as networks of networks

comprising a potentially large variety of innovation stakeholders...

...who interact (formally and/or informally) within the framework of occasional or regular
relationships, both inter-organizational and intra-organizational;

...who are defined by their specific organizational nature, their geographic location, and
their scientific, institutional or socioeconomic environment;

...who contribute to the performance of activities in a particular area (therapeutic,
technological or economic) defined by specific fields of resources, knowledge,
competences and technologies.

3) Bioclusters are, lastly, much more polymorphic than they are generally portrayed in
research literature. They can, in fact, take multiple generic forms (see Box 1), which
themselves can be broken down into more specific forms according to the nature
(formal/informal, strong/weak) of the relationships established between their members, the
reasons why the members take part in the cluster, the nature of their proximity
(geographic, organizational and/or cognitive) and the spatial scale (local, regional,
multinational and global) of which these forms are part (see Table 1).

6. Clusters as spatial and interactional multiscalar networks

Last but not least, the majority of research work devoted to clusters (in all their forms)
generally presents them as being firmly rooted in a territory (geographic and/or sectoral) fairly
spread out locally, but always relatively well defined in most approaches®. The emphasis is
placed, on the one hand, on the decisive role played by co-location, geographical proximity
and spatial clustering effects (see Section 2 above), and on the other hand, on the formative
importance of territorialized dynamics (scientific and technological, social and institutional,
economic and financial).

2! For some authors, the dynamic development of clusters forms part of a lifecycle (see for example: Pouder and
St John, 1996; Porter, 1998; Ter Wal and Boschma, 2009a, 2009b).

22 This criticism can also be levelled at most of the works devoted to other “territorial innovation systems” (see
Depret et al., 2009).
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Most of this research work does not, however, exclude (far from it) other territorial innovation
dynamics. However, the links between the different spatial scales are often neglected in those
papers, although they appear to us to be of fundamental importance. Indeed, several authors
openly consider that clusters (or other forms of territorial innovation systems) interlink with
each other or, at the very least, must be envisaged on several spatial scales. From this
perspective, “non-local relationships may be as important as local ones for the success of
firms and their (...) environments” (Oinas, 2002, p. 66). Consequently, it is no longer so
much the co-location of innovation stakeholders that counts as the nature and intensity of their
“connectivity” and the fact of belonging to the same social innovation network or “interlinked
community” (Amin and Cohendet, 2005) or the same “innovation system” and/or adhering to
the same technological paradigm. Clusters appear in the form of spatial (that is, locally and
regionally established, but also open to other regions and internationally) and interactional
(that is, grouping various heterogeneous stakeholders) multiscalar social and inter-
organizational networks (Hamdouch, 2010).

6.1 The necessary openness of networks and clusters...

Several series of recent studies point towards the hypothesis of the multi-scale openness — or
“permeability” (Bathelt and Taylor, 2002) — of clusters and innovation networks. We are
referring, first of all, to research performed by various authors that shows that what they
respectively call “multiplex relationships” (Uzzi, 1997), “spatial innovation systems” (Oinas
and Malecki, 2002), “systems of governance” (or “governance systems”) (Dicken and
Malmberg, 2001), “networks of linkages “(Nachum and Keeble, 2003), “selection
environments “(McKelvey, 2004), “creative fields” (Scott, 2006) or “fields of interaction”
(Waxell and Malmberg, 2007) generally operate at several spatial levels (see also Pohoryles,
2001; Zeller, 2004)*, even extending along a “continuum of scales” (Dicken and Malmberg,
2001).

In this context, clusters may be seen as “a complex intermingling of different geographical
scales (global, regional, national and local)” (Dicken et al., 2001, p. 95). They represent a sort
of “broader institutional matrix” (Wolfe and Gertler, 2004) combining a local, regional,
national and, often, supranational dimension** — to the extent that only some clusters are
actually self-sufficient (in terms of competences in particular). The different spatial scales
therefore fit together, one inside the other — see the notion of “nested (geographical) scales”
identified by Bunnell and Coe (2001) and by Dicken et al. (2001) building on the work of

3 Scott (2006) states however that the urban and regional space is no doubt the most significant. Yet we would
point out that there is no consensus on this hypothesis since, for some, national and/or international relationships
are sometimes stronger than local or regional relationships (see Keeble et al., 1998; Hendry et al., 2000; Simmie
et al., 2002; Nachum and Keeble, 2003; Simmie, 2004). This is especially the case when innovation stakeholders
are located in “international cities” (Simmie et al., 2002). On the other hand, when stakeholders are located in
regional cities, the relevant geographic scale is more local or regional. For Malerba (2005) or Waxell and
Malmberg (2007), the relevant geographic scale depends on the nature of the “fields of interaction” considered:
more local for interactions within the employment market and social interaction; mainly regional (or national)
for financial and institutional interaction; and more global for industrial and “cognitive” relationships. Lastly, for
other authors, the relevant geographic scale depends on the “maturity” of the innovation stakeholders and
therefore the stage reached in the “lifecycle” of the sector, technology or system under consideration (see Owen-
Smith et al., 2002; Gertler and Levitte, 2005; Coenen et al., 2006; DeMartino et al., 2006; Waxell and
Malmberg, 2007).

# Pohoryles (2001, p. 31) argues a similar point, defining the “knowledge production system” as “complex
interactions and interdependencies between actors positioned at three levels of social aggregation — institutional,
national and international — and the interactions between these levels” (see Hamdouch and Moulaert, 2006).
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Swyngedouw (1997) —, while impacting on each other (Wolfe and Gertler, 2004), taking into
consideration their intermingling, overlapping and interpenetration (Dicken et al., 2001), their
interdependence (Moodysson et al., 2005) or their interconnection (Coenen et al., 2006). In
other words, “these scales, and the relations between them, are not fixed, but instead are fluid,
contested and perpetually being transgressed” (Coe, 2000, p. 394). As stated by Asheim and
Gertler (2005, p. 315), “regional innovation systems are not sufficient on their own to remain
competitive in a globalizing economy. Production systems seem to be more important than
innovation systems at the regional level. Thus local firms must also have access to national
and supranational innovation systems, as well as to corporate innovation systems from the
local firms that have been brought. This line of reasoning is followed to a point where the
regional innovation system expands beyond its own boundaries through a process of
economic integration and globalization.” From this clearly ‘“scalar perspective” (see
Swyngedouw, 1997; Lagendijk, 2002), innovation networks and clusters “transcend” the
different spatial scales (Dicken et al., 2001).

This view is also held by a number of authors (see Gertler et al., 2000; Hendry et al., 2000;
Dahlander and McKelvey, 2003; Bathelt et al., 2004; Coe et al., 2004; Coenen et al., 2004,
2006; Maskell et al., 2004; Simmie, 2004; Wolfe and Gertler, 2004; Zeller, 2004; Amin and
Cohendet, 2005; Asheim and Gertler, 2005; Bathelt, 2005; Cooke, 2005; Gertler and Wolfe,
2006; Benneworth and Hospers, 2007; Gliickler, 2007; Phlippen and van der Knaap, 2007;
Waxell and Malmberg, 2007) who show that, in some clusters, external exchanges (formal or
informal) — through “trans-local pipelines”, “global pipelines”, “global bridgings” and
“mobile brokerings” — are often more favourable to transfers of (certain forms of) knowledge
than the cluster’s internal exchanges — based on the “local buzz” (see also Storper and
Venables, 2004), also called “noise” (Grabher, 2002), “local broadcasting” (Owen-Smith and
Powell, 2002), “local brokering” and “local bridging” (Gliickler, 2007).. In fact, local
exchanges are often based on weak or routine links that only rarely (Bathelt et al., 2004) or
insufficiently (Asheim, 2002) foster learning, knowledge transfer, and synergetic effects and,
therefore, major innovations®.

For other authors, the opening of networks and clusters is a “natural” phenomenon that forms
part of their “lifecycle”. Owen-Smith et al. (2002) show that local intra-cluster links generally
tend to decline in significance at the end of the cluster’s initial local construction phase in
favour of more diversified (from an organizational and cognitive point of view) and more
geographically distant links, which often take the form of a network. They also point out that
a cluster can, from the time it is formed or very quickly after, be structured (then developed)
around an interregional (see also below the case of Medicon Valley — located in both
Denmark and Sweden), or even an international multi-spatial dynamics (see also Zeller, 2004;
Fontes, 2005; Scott, 2006; Gliickler, 2007). For their part, Gertler and Levitte (2005) show
that inter-organizational relationships within clusters and networks (within the Canadian
biotechnology industry) tend to become, over time, increasingly “non-local”*. Coenen et al.

»* Some authors stress the risk, for local stakeholders, of a progressive and often irreversible cognitive lock-in
within the cluster and/or network (see the phenomena of “over-embeddedness” [Uzzi, 1997], “under-
socialization” [Granovetter, 1985], “over-emphasis of the local market ““ and “‘distanced neighbour’ paradox”
highlighted by Bathelt [2005]), which is sometimes fatal (see the notion of “entropic death” mentioned by
Camagni [1991]). Worse, “[certain] clusters contain the seeds of their own destruction and may potentially
disappear or die (...) if they [don’t] develop ways to access external markets, adjust power relations in a fluid
way and reproduce [their] structures through ‘powerful’ institutions” (Bathelt and Taylor, 2002, p. 106, our
square brackets).

%% This reconnects with the idea (outlined above) according to which geographical proximity decreases over time
in favour of other forms of proximity (organizational and cognitive, in particular).
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(2006) draw the same conclusion in their comparative study of bioclusters in the province of
Skaneland and the city of Saskatoon in Canada. These authors show, in particular, that this
extra-regional openness generally takes place gradually as part of a “concentric circles”
dynamics. The Medicon Valley cluster is a good example of such evolution (see Moodysson
and Jonsson, 2007): it opened up by developing relationships (measured by co-publications
by members of the cluster together with organizations located outside the cluster) initially
with clusters in Stockholm/Uppsala and Frankfurt (1990-1996) and subsequently with clusters
in London, Munich, Goteborg and Oslo (1997-2003). The same is true for Waxell and
Malmberg (2007) in their study of the Uppsala cluster in Sweden, which reveals that, for this
cluster’s young biotechnology businesses, the “local environment” is the benchmark space. In
contrast, as soon as they enter into a dynamic of growth and internationalization, they develop
mainly outside the local environment (see also DeMartino et al. [2006] for a similar
conclusion in relation to the photonics industry in the region of Rochester in the State of New
York).

For others, the openness of networks and clusters in biopharmaceuticals results from the
degree of specialization (technological and/or therapeutic) of clusters and networks — and, as
a consequence, is therefore inherent in the nature of the “sectoral innovation system” (see
Malerba, 2005). Phlippen and van der Knaap (2007) thus show that, in Europe, the most
specialized bioclusters are generally more open — that is, the number of non-local links is
proportionally greater — than more diversified clusters.

Apart from these differences, all of these authors share the same idea, according to which the
openness (to the “outside” world) of social networks and clusters does not necessarily
translate into a reduction of the intensity and density of local links between members of the
cluster”. In contrast, as illustrated by the example of the biocluster in Boston, this openness
may represent a factor in making inter-organizational relationships more viable and stronger
(see Owen-Smith et al., 2002); Owen-Smith and Powell, 2002, 2004; Powell et al. 2002)*.
Moodysson and Jonsson (2007) even estimate that public authorities would gain by
encouraging local innovation stakeholders to play a greater role in the “global arena” rather

than to vainly attempt to “foster” the formation of “’second-best’ local networks™?.

6.2 ... Is striking in the biopharmaceutical industry...

In the biopharmaceutical industry, the “openness” of innovation networks and clusters has
been the subject of numerous recent empirical studies® that highlight the networked, dynamic,

7 Keeble et al. (1998) come to the same conclusion in their study devoted to innovative SMEs located in the
regions (clusters) of Cambridge and Oxford.

% Keeble et al. (1998) show that “‘internationalist’ technology-intensive SMEs” are, ceteris paribus, more active
in innovation networks, more innovative and dynamic (in terms of wage bills and turnover) than ‘nationalist’
technology-intensive SMEs.

¥ A commitment to ensuring innovation clusters (created as a result of proactive policies, as is the case in
Europe — at European Union level and within certain member countries —, in China and Japan) adhere to the
principles of openness and international competitiveness also reveals a greater willingness on the part of local
and regional stakeholders to take part in international or global research and innovation networks.

3% This includes, for example, works dedicated to bioclusters in Boston (Owen-Smith and Powell, 2002, 2004;
Powell et al., 2002), Goteborg (Dahlander and McKelvey, 2003), Saskatoon (Ryan and Phillips, 2003; Coenen et
al., 2006); Medicon Valley (Coenen et al., 2004, 2006; Moodysson et al., 2005, 2008; Moodysson and Jonsson,
2007), Uppsala (Waluszewski, 2004; Eliasson and Eliasson, 2006; Waxell and Malmberg, 2007), San Diego
(Zeller, 2004), Singapore (Finegold et al., 2004), Basel (Cooke, 2005), Vancouver (Rees, 2005), Melbourne
(Gilding, 2008) and Sophia-Antipolis (Ter Wal, 2008). It also includes studies devoted to bioclusters in Germany
(Zeller, 2001), Israel (Kaufman et al., 2003), Sweden (McKelvey et al., 2003; McKelvey, 2004), Scotland
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polymorphic and multiscalar nature of certain bioclusters (for a review of these studies, see
Hamdouch, 2008)°'.

All of these particularly well-documented studies share the distinction of showing that
biopharmaceutical clusters tend to broaden their scope to include other spatial scales through
a broader range of interregional, national, international or global formal and/or informal
relationships. This is particularly the case for integrated or polycentric networks that exist
within the biopharmaceutical industry. This form of network is generally more
(organizationally) complex and more dynamic (that is, co-evolving with other factors) than
other forms of clusters and networks (see Box 1 and Table 1). This is because, on the one
hand, their organizational “perimeter” changes over time and in space. This concurs with the
hypothesis of the (space/time) co-evolution of networks and clusters put forward by Ter Wal
and Boschma (2009a, 2009b). It is also due, on the other hand, to the fact that, within the
network, several dynamic “circles” of relationships cohabitate, link up and co-evolve
(Hamdouch, 2007, 2010): some are dense, close and regular — called “small world” networks
(see Watts and Strogatz, 1998; Watts, 1999) or “cliques” (see Burt, 1992) —; others are
looser, more distant and occasional networks — corresponding to the “weak ties” highlighted
by Granovetter (1973) —; others, lastly, are relatively fortuitous, random or virtual — as in
“scale free networks” (see Albert and Barabasi, 2002). Thus, as stressed by Gliickler (2007,
p. 627, our square brackets), “the major source of contingency and variation in a network
structure is the bridging [and brokering] of unconnected network clusters [or parts of
networks]”. From this renewed evolutionist perspective — which breaks with the traditional
view of interfirm networks presented as “small worlds which are essentially characterized by
high local clustering and short global separation (Watts, 1999) and display a high degree of
robustness (Kogut and Walker, 2001)” (Gliickler, 2007, p. 626) —, “while networks are
embedded within territories, territories are, at the same time, embedded into networks”
(Dicken et al., 2001, p. 97)**, so that “the global economy is constituted by [a variety of]
‘spaces of networks relations’” (ibid., our brackets).

These works also highlight a relatively greater degree of openness of clusters and innovation
networks in the biopharmaceutical industry, compared with other sectors. There are at least
three possible complementary explanations for this phenomenon, which can also be seen in
other innovative sectors (see above footnote no. 32).

Firstly, in this sector in particular, geographic borders have tended for several years to
become more permeable to the influence of external factors (Hamdouch and Depret, 2001).
As a result, they increasingly subject national and regional spaces to these developments
(scientific, technological, institutional, social, economic, financial, strategic and
organizational) in part influenced by dynamics outside the territories: strategies of
multinational firms, monetary and economic developments at a global level, regional

integration policies and their effects, free trade agreements, etc. (Hamdouch and Moulaert,
2006).

(Leibovitz, 2004), Australia (McKelvey, 2004), Portugal (Fontes, 2005), Austria (Trippl and Todtling, 2007) and
European bioclusters (Phlippen and van der Knaap, 2007).

3! It should be noted that these different studies relate to bioclusters located both in countries (or regions) that are
leaders or pioneers of the biotechnology economy (Massachusetts, California, Switzerland, Canada, Germany,
France) as well as countries (or regions) less or more recently involved in the “genome race” (Australia, Israel,
Sweden, Singapore, Scotland, Portugal). This would tend to show the relatively universal (or natural) character
of the (interregional or international) opening process for bioclusters.

32 As Storper and Walker (1989) demonstrated twenty years ago, “places do not only constrain network
formation but social interaction in networks also shape its geography” (Gliickler, 2007, p. 22).
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At the same time, the growing spatial interdependencies of various innovation stakeholders —
intensified, on the one hand, by the processes of interregional integration, economic
globalization and corporate internationalization and networking, and, on the other hand, by
decentralization policies (political, administrative, economic and social) — tend to redefine
the space and the means of expression of their respective rationalities and the ways in which
they interact and, as a result, to interlink different spatial levels in determining and developing
these institutional frameworks within which the innovation processes take place in territories
(ibid.).

The openness of bioclusters can, lastly, be interpreted as the result of an extremely uncertain
and competitive environment in the biopharmaceutical sector (see Hamdouch and Depret,
2001). On the one hand, this is due to the difficulties encountered in this sector by a certain
number of innovation stakeholders in gaining access to resources (financial® and human
resources in particular), knowledge, skills and technology, as well as to outlets within their
cluster. On the other hand, it stems from their pressing need to keep up with the latest
practices in the sector (benchmarking), to spot promising future “(bio)technological solutions”
and to form closer ties with future markets.

Within this context, the potential for innovation and the competitive positioning of
biopharmaceutical innovation actors lie increasingly in their differentiated capacity to work
with a wide variety of partners — those with key complementary skills and significant
specific resources, and/or benefiting from competitive advantages in terms of location
(Hamdouch, 2002). This reveals the importance of coalitions and networks (of a highly varied
nature) that go beyond geographic borders and therefore the territorialized dynamic of
clusters.

6.3 ...But it is not enough to trigger virtuous and sustainable innovation dynamics

This necessary openness of networks and clusters is not, however, sufficient to trigger and
ensure the long-term viability of virtuous innovation dynamics.

Building on the work already produced by Alger (1988) and Amin and Thrift (1992), Gertler
and Levitte (2005) show that the probability of innovating is greater for Canadian
biotechnology companies benefiting from a favourable “local milieu** but also from close
links with “global networks of knowledge, capital and people”. Nachum and Keeble (2003)
develop more or less the same idea in their study devoted to the London media industry. They
show that, in this sector, there are several local “neo-Marshallian™ clusters linked to “global
networks” structured by multinational companies in the sector’. The importance of the
combination/ complementarity of skills and local and non-local knowledge within clusters
and networks has also been highlighted in other recent studies devoted to oil complexes
(Cumbers et al., 2003) and various industries considered in multiple regions or countries:
mechanical engineering in Germany (Grotz and Braun, 1997), electronics in California

33 Powell et al. (2002) have shown that biotechnology companies financed by venture capital companies outside
of their cluster of origin were generally more mature, bigger and positioned more downstream of the R&D
process than biotechnology companies financed by local investors.

* Some authors also talk about “small local islands of cooperation” (see Bathelt, 2005) or “local webs” (see
Keeble et al., 1998).

33 See also Coe (2000), De Laurentis et al., (2003), Bathelt (2005), Brail and Gertler (1999), Britton (2007), and
Vang and Chaminade (2007) for similar analyses devoted to the film and media industries.
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(Suarlez-Villa and Walrod, 1997; Sturgeon, 2003), optoelectronics in three European
countries (Hendry et al., 2000), machine tools in the US (Kalafsky and MacPherson, 2002),
metalworking in Sheffield (Wood et al., 2004), winegrowing in Chile (Giuliani and Bell,
2005), car industry in the Styria region (Tddtling and Trippl, 2005), chip design in Asia
(Ernst, 2006), “knowledge intensive industries” in Ottawa (Doloreux and Mattson, 2008), etc.

In the same way, for Bell and Albu (1999), Bathelt and Taylor (2002) and Giuliani (2005), the
dynamism of a cluster depends on the capacity of its members to absorb knowledge (or
innovations) outside the cluster®® and to disseminate them subsequently within their own
cluster in order to “hybridize” them with the knowledge or innovations developed within the
cluster. Consequently, the creation of new knowledge (or the innovation process) can be seen
as “aresult of a ‘combinaison’ of close and distant interactions” (Oinas, 1999, p. 365).

The linkage/coordination of the different spatial scales therefore represents a key to the
virtuous and sustainable innovation dynamics. This has led Bresnahan et al. (2004) to say that
the (extra-local) openness of clusters is undoubtedly the key to a successful (local) clustering
process (see also Keeble et al., 1998; Cooke and Wills, 1999; OECD, 1999; Saxenian and
Hsu, 2001; Asheim, 2002; Bathelt and Taylor, 2002; Cumbers et al., 2003; Bathelt et al.,
2004; Coenen et al., 2004, 2006; Bathelt, 2005; Giuliani, 2005; Isaksen, 2005; Ernst, 2006;
Saxenian, 2006; Gliickler, 2007; Waxell and Malmberg, 2007). In other words, the
interregional and international openness of clusters and networks enable “nodal points” (Amin
and Thrift, 1992; Lagendijk, 2002; Coenen et al., 2004; Maskell et al., 2004; Gertler and
Levitte, 2005) to enter into resonance, such that the global level intensifies the local or
regional level... and vice versa (see Coe, 2000). From this point of view, as emphasized by
Bathelt (2005), the “local buzz” and “trans-local pipelines” form “double- or triple-loop
learning processes”.

This “dynamic tension” (Wolfe and Gertler, 2004) between the “local” and the “global™’
seems to be particularly strong within a context of accelerated globalization, where “global
value chains are integrating with regional clusters” (Cooke, 2001, p. 7; see also Humphrey
and Schmitz, 2002) and where large firms form significant “global oligopolies” (Keeble et al.,
1998). This is especially the case when these global connections or networks themselves
constitute a “network of networks” (or a “network within networks™), a system (“system
within systems™) or a global “hub” (Dicken and Malmberg, 2001; McKelvey et al., 2003;
Nachum and Keeble, 2003; Coenen et al., 2004; Zeller, 2004; Amin and Cohendet, 2005;
Phlippen and van der Knaap, 2007) — as is the case for numerous biopharmaceutical
innovation actors whose resources (cognitive and financial), partners (financial and industrial)
and outlets are (sometimes from the moment they are created) international (Lemarié et al.,
2001).

This “duality” (Phlippen and van der Knaap, 2007) or this “polycentric spatiality” (Mattsson,
2007) of clusters and biopharmaceutical networks (that is, both locally and regionally
embedded and at the same time open internationally or globally) appears to be an essential

3% Similarly, Fleming et al. (2004) show that the “creativity” of a territory is all the greater when it is
“connected” to a high proportion of “talents” outside the territory (see also Bathelt, 2005).

37 This opposition takes different forms in the research literature. Lagendijk (2002) contrasts indiscriminately “in
here” with “out here”, the “regional ‘lifeworld’” with the “global ‘systemworld’”, the “local world” with the
“global world” and “local relationships” with “extra-local relationships”. This echoes the traditional contrast
between (see above), on the one hand, the “local buzz”, the “face-to-face”, the “day-to-day”, “local

broadcasting”, “local bridging” and “local brokering”, and on the other hand, the “global (or trans-local)
pipeline”, the “global network”, “global bridging” and “mobile brokering”.
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condition for their effective performance and sustainability. In so doing, far from neutralizing
each other, or being mutually exclusive, the local development and the openness of the cluster
to the outside world seem, on the contrary, to mutually strengthen (see Keeble et al., 1998;
Nachum and Keeble, 2003; Bathelt et al., 2004; Phlippen and van der Knaap, 2007). As
Lagendijk quite rightly states (2002, p. 84): “yes, the extra-local [relationships] should be
accounted for, but it comes as a supplement to relationships and properties pertaining to the
local level”. That is why very often there needs to be a balance between the openness and the
over-embeddedness of innovation stakeholders within clusters (Bathelt and Taylor, 2002).

This balance is generally possible thanks to the structuring role of certain key innovation
players. Within the drugs industry, this role is generally played by major international
pharmaceutical groups™. The latter (highly internationalized, including at the R&D level) play
an interface role — as a “node” (see Coenen et al., 2004, 2006; Maskell et al., 2004; Gertler
and Levitte, 2005) or “tertius” (according to the meaning Burt [1992] gives to this term) —
between the various clusters and networks in which they participate (via their different R&D
and/or production centres). This is the case, for example, with the major Swiss pharmaceutical
laboratories (Novartis — the result of a merger between Ciba-Geigy and Sandoz — and
Roche) which, for a long time, have built “bridges” — or “open channels” to use the
expression of Owen-Smith and Powell (2004) — between clusters on the West coast of the
US (San Diego and San Francisco essentially), clusters on the East coast of the US
(particularly Boston, New Jersey and Maryland) and European clusters (Basel, Heidelberg,
Munich, Fribourg, Oxford, Cambridge, Paris and Strasbourg in particular) (see Zeller, 2004;
Cooke, 2005). These major pharmaceutical laboratories have as a result managed to reconcile
what Asheim and Isaksen (2002) call the “local ‘sticky”””® and “global ‘ubiquitous’”
approaches. In other words, they have succeeded in creating “sticky places in slippery spaces”
— to use the expression fashioned by Markusen (1996) — by combining operating or
“routine” approaches (fostered by strong links forged at the local level) and exploration or
“breakaway” approaches (made possible by weak links built up at the extra-local level). These
major pharmaceutical companies have therefore managed to “remotely control” the global
networks that they have themselves helped shape and that they have progressively “opened”
(from a spatial as well as an organizational point of view) (Dicken et al., 2001) in order to
achieve visibility and viability at the international level.

7. Concluding remarks

The key point established in this paper is that, although clusters and networks represent the
essential foundations for innovation dynamics of high-tech sectors in general — and the
biopharmaceutical industry in particular —, their morphology, their dynamics (or lifecycle)
and the way in which they structure innovation processes at the spatial and organizational
level are extremely complex and varied. In particular, the multiplicity and nesting of spatial
and organizational scales appear to represent a solid dimension for the analysis of the
networking and clustering processes of innovation actors in these now globalized sectors. The
hypothesis of clusters corresponding, in terms of their emergence, structuring and
development, to combinatory dynamics of “multi-scaled networks” (Hamdouch, 2010) at a

3% This role may also be played by venture capital companies (see Section 3 above) and/or (but more rarely) by
universities (see Benneworth and Hospers, 2007) or by established biotechnology companies.

3% By using a fairly similar metaphor, Waxell and Malmberg (2007) also highlight how local interaction within a
cluster acts “as [a] ‘glue’ between actors”. Other authors underline the crucial role played by certain
organizations or institutions acting as an “anchor” for other innovation stakeholders (see, for example: Feldman,
2003; Wolfe and Gertler, 2004).
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spatial and “interactional” level finds its theoretical and empirical justification, at least
partially, in the arguments discussed in the paper, and as a result opens up a stimulating
avenue for future research.

This hypothesis is grounded — in its conception as in the way in which it can be mobilized on
a theoretical level and explored in terms of empirical research — on the conviction that the
intellection of networking and clustering processes requires an authentically multidisciplinary
approach based on complementary input from a wide range of social science fields. The basic
driving forces behind contemporary innovation dynamics are in fact historical, geographic,
economic, social, institutional and organizational intertwined mechanisms that assert the need,
at a basic level, for interdisciplinary dialogue and collaboration between researchers working
on these issues or, more probably, for a definite structural integration within teams and
networks that are diversified in terms of skills and open on a cognitive level and
geographically. From this point of view, some mathematical and statistical tools proposed by
the “hard sciences” (neural networks, genealogies among biological species, relationships
within natural ecosystems, chain-reaction modelling of chemical components, electric
networks, convergence of laser-rays fields, etc.) may truly help in the analysis of clustering
processes — as has been demonstrated by the “‘new’ science of networks”; see Watts (2004).

In short, it is our conviction that the future of research on clusters and innovation networks
requires researchers to build (or to participate to) research networks that are themselves
multiscalar in nature. In this perspective, further theoretical and empirical investigation efforts
could be engaged in at least three directions. Firstly, a more systematic and precise
(spatiotemporal) mapping of innovation clusters and networks in different sectors should be
undertaken. This could also help refining and better illustrating our typology of innovation
clusters and networks.

Secondly, the analysis of emergence, structuring and evolution of clusters should be pushed
forward by exploring other High-Tech sectors, notably cleantech and nanotech, but also some
prominent more mature industries (car industry, chemicals, textiles, etc.). Here, it could be
useful to compare the morphogenesis of clusters in various sectors at different development
stages and in different territories.

Finally, one should question the normative consequences on industrial policy design of the
various approaches to clustering dynamics. Following Moodysson and Jonsson (2007), One
can therefore wonder if public authorities shouldn’t better push the members of their local
(and also, very often, of modest size) clusters to be integrated in global networks rather than
(often vainly) try to constitute “‘second-best’ local networks”. The European Commission
(2008) is not far from thinking in this way if one refers to its recent strategic claim of
privileging the “development of a greater number of World-class clusters”. The will of certain
countries (Japan, Germany, France, etc.) to design their clusters in a more international open
and competitive perspective is equally a sign of this orientation toward stronger participation
within global innovation clusters and networks.
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Box 1: The different forms of territorial networks within the biopharmaceutical industry

— The coordinated network is composed of several alliances or partnerships formed in order to successfully complete a
project coordinated by, and essentially for, a single partner. Within this context, it is important to distinguish
between:

(i)

(i)

The networked firm — spatially anchored (at a local or regional level, more rarely at a multinational or
global level) —, that enables an organization to be present in all links in the value chain (alone or through its
partners) [see Table 1, case no. 1];

The modular platform that enables, physically and/or virtually, the various partners to work on collectively
completing a joint project, very often with every partner managing a single stage (that is, a module) of the
project [case no. 2];

— The multilateral network consists of several partners, generally without a dominant single or central coordinator.
Within this framework, we would distinguish between:

(iii)
(iv)
v)
(vi)
(vii)
(viii)

(ix)
)

(xi)
(xii)

The classic multilateral network, which includes a minimum of three partners for a costly, risky and low
potential project to be an internal project within each individual company [case no. 3];

The consortium, through which several partners share information or coordinate part of their activities
collectively [case no. 4];

The technological platform, to which several partners belong, with the aim of sharing a costly infrastructure
or cross-disciplinary technology (see Genet et al., 2007) [case no. 5];

The lobby, which ensures the institutional coordination at a local, national and international level of its
members in relation to representative institutions and consumers [case no. 6];

The informal professional network (“‘temporary cluster” [Maskell et al., 2004]; ““soft network™) that is
formed during trade shows, conferences and symposia [case no. 7];

The subcontractor pool, a network of subcontractors capable of covering all links in the value chain or of
serving several major instructing parties — sometimes belonging to different sectors
[case no. 8];

The “Italian district” (or “innovative milieu™) formed to meet the various needs of a common specific
client portfolio [case no. 9];

The epistemic community (or community of practice or “ba” or microcommunity of knowledge), that
enables its members to produce and exchange knowledge and/or practices (very often virtually), but also to
contribute collectively to a process of coproduction/improvement for a product, service and/or a process (see
Nonaka and Konno, 1998; Cowan et al., 2000; von Krogh et al., 2000; Wenger and Snyder, 2000) [case no.
10];

Science or technology parks, which exist across the world and in a variety of forms (technology centres,
technology parks, “competitiveness clusters”, etc.) [case no 11];

“Genealogical” or *““orphan” networks (see Castilla et al., 2000; Feldman, 2003; Agarwal et al., 2004;
Waluszewski, 2004; Waxell and Malmberg, 2007; Mayer, 2009) between innovative companies as part of a
spin-off process and their “surrogate companies” (which could not or did not want to develop a skill or
technology finalized and financed internally) [case no. 12];

— Lastly, the integrated or polycentric network is a “network of networks” (coordinated and/or multilateral) forming
part of several spatial scales. There are at least three types of this network:

(xiii)

(xiv)

(xv)

Open networks, open to a significant extent to the outside world (even if only financially) or benefiting from
close relationships with other (geographically distant) networks [case no. 13];

“Argonaut networks” (between members of the same diaspora or between expatriates and their country of
origin) or networks of “returnees” (expatriates returning to their country of origin and their former host
country) (see Saxenian and Hsu, 2001; Bresnahan et al., 2002; Sassen, 2002; Saxenian and Li, 2003;
Saxenian, 2006) [case no. 14];

Global networks of networks, such as those formed within the biopharmaceutical industry (see Gertler and
Levitte, 2005) — similar to the existing gene therapy global network of networks (see Hamdouch and
Depret, 2001) — or within sectors founded on new information and communication technologies (see
Nachum and Keeble, 2003; Ernst, 2006) [case no. 15].

Source: Authors
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Table 1: A typology of forms of networks and clusters within the pharmaceutical industry

Case Nature of the Type of Purpose of the network Nature of relationships Nature oqumlnant Spatial scale considered
network network proximity
Controlling, internally, every link in the value chain Hubs & Spokes; L . LOCE.II or reglf)nal,
1 Networked firm . . . . Organizational increasingly national or
. (through partnerships and/or alliances) Hierarchical and formal
Coordinated global
network Running a joint project by pooling resources and modulatin Both structured and
2 Modular platform £a) Proj Y Pooting & formal, virtual and Cognitive Local
partner investment .
informal
Classic Local or regional,
3 multilateral Sharing costs and risks; synergies Hierarchical and formal Organizational increasingly national or
network global
4 Consortium Time limited commitment; Sha'rlng information and costs; Strong but flexible Orgamzappnal (or . Ingreasmgly
synergies cognitive) international or global
5 Technological Sharing a costly 1nfrast1."ucture or cross-f}mctlonal technology; Contractual Organizational Local, regional ar}d
platform sharing costs; synergies national, or transnational
6 Lobby Defending common interests “A la carte” Cognitive Natlona? and
transnational
Informal . .
7 professional Multilateral Sharing information and knowledge; Networking Inforrpalland often Cognitive Local, regional, national,
indirect global
network network
8 Sub-contracting Joint control of every link in the value chain Closed and formal Organ1zat1opal (or Local or regional
pool geographical)
9 . Itallan.dlstrlnc t / Solidarity and complementarities between members Informgl, but Geograph }cal (or Local or regional
innovative milieu formalizable cognitive)
10 Ep1stem}c Sharmg knowledge and practices; co-productlon/collectlve Informal .and Cognitive Global
community improvement of products/services/processes decentralized
L. . . Informal, but .
11 Technology park Proximity (and particularly geographical) between members formalizable Geographical Local
“Genealogical” or . . . . . .
12 “orphan” network Developing an untapped or underexploited opportunity Formal and informal Cognitive Local or regional
13 Open network Proximity between members; Internationalization Formal and informal Coggltlvg (or Transnational
organizational)
Argonaut network Inteerated
14 or network of or olgcen tric International solidarity between members Formal and informal Cognitive Transnational
returnees poYy
network —
Organizational,
15 Global network Proximity and complementarities between members Network of networks geographical or Global
cognitive

Source: Authors, based on Hamdouch (2010).




