Clusters and Innovation in the
Life Sciences

Abstract. The paper presents a conceptual framework whichsfalusters, or

localized networks, in the life-science domains. ohgst the various lenses, it
focuses on the relationship -if any- interlacinqustural settings (clusters) and
innovation by referring to the broader field of wetk theory approach. The final
aim of the paper is to contribute to the extamtrditure by creating a theoretical
framework able to describe the effects of intrastdu and inter-cluster structural
and nodal network characteristics upon the clustensvative performance. The
work sheds light on the factors influencing diffgrannovative performance

across different domains in the life-science field.
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Introduction

Research has highlighted the importance of a n&hwaluding various types of
organizations as the locus of innovation, becausestock of knowledge itself is located
in a complex system of interactions among diffel@nganizations. Innovation requires
the convergence of many sources of knowledge ailid,slsually linked through a
network [1];[2];[3]. This is particularly true in @ntext such as the Life Sciences.

In fact, a traditional "linear model of innovatidrf4] does not adequately describe
the actual life science innovation process, thagbliess a more parallel, interactive
coupling of basic research, applied research, awperamental development.
Complementary resources and knowledge are reqtorekal with the new systemic
dimensions of technology and research, characteripg the scientific and
technological interdependence of productive praeesand to deal with a complex,
interdisciplinary, widly distributed knowledge basend with modular products.
Reference [5], analyzing the biotechnology industeynphasized the difficulty in
identifying a single innovator in a context of inasing multidisciplinarity.

The life-science field is a highly regulated R&DOts®y, where the R&D process is
organized as a strict sequence of different statbasfollow the protocols and involve
different specialized players, assuming differenles and responsibilities and
occupying different positions in the healthcare ueal chain (e.g., research,
manufacturing, provision of care, and regulatidfthm an organizational point of view,
not only the managerial components of R&D but alsatent, regulatory, and
commercial aspects are involved in all R&D stagas spur cooperation among firms

Lt proposes a smooth, unidirectional flow from kastientific research to commercial applications; a
sequencing of the different players' actions, withany feedback from later stages to the initiagst of
research.



[6]. Therefore companies have become more and mependent on collaborations,
they work on a multiplayer basis to speed up thétistage process of R&D, and face
with technological and market uncertainties, thtodgyision of labor.

Also, innovation in life-science industries is andyic process that can be
described as a trial-and-error sequence, with fagldbbops [7] to preserve safety and
an user-centric approach. The presence of somergldike advanced hospitals and
healthcare organizations, often associated witlvausities or research institutes, can
provide significant lead-user feedback and testiignew medical technologies [8]
thanks to their proximity to patients.

The starting point for the analysis is the assuompthat strong links between the
production structure and the knowledge and institatl infrastructure in science-based
industries are necessary to overcome innovatiotfleciyges: innovations could result
directly from ongoing interactions among scientifitommercial, educational, and
public institutions. When business segments reduigh levels of specialization from
multiple contributors [9], clusters arise.

1. Resear ch Problem and Resear ch Questions

The aim of the paper is to investigate the impécttee cluster - an aggregation of
different players in a localized network [10] - mmovation in the life-science setting.
The work tries to enrich the line of inquiry inttuster-based innovation by analyzing
which cluster configuration is the most conductiwénnovation.

The cluster concept has been defined in ambiguaags wit is rather flexible,
corresponding to a large variety of spatial andanizational concrete configurations, as
will be shown in the literature review section. drder to understand which of them
drives to a higher cluster's innovative outcome, address the following research
guestionWhat is the impact of intra-cluster and inter-ckrshetwork characteristics on
the cluster's innovative performance in the lifeesce sectd? More specifically we
analyze what networstructural andnodal characteristics are best suited to maximize
clusters' innovation, from an intra-cluster andrder-cluster perspective.

The cluster we analyze involves an industrial plage academic player and an
institutional player, which, in the life-sciencecgw, typically are comprised of
pharmaceutical firms, biotech firms, universitiegsearch centers, and healthcare
organizations such as hospitals, clinics, and heaté institutions linked through an
informal or formal arrangement. Innovation is coiesed in terms of drug development.

2. Conceptual framework and Literature

To examine the research problem, we refer to lileeaon strategic alliances, networks,
and clusters, on the Triple Helix model for innawatand on system innovation
perspectives. These streams of research are ipgsrdent in the context of our study
given that: i) innovation arises from R&D collabtioas, that tipically are strategic
alliances; ii) as already mentioned, the firm'sueahdded usually comes not from a
single relation but from a network of multiplayeslations, through increased social
capital; iii) clusters are a specific form of netk® prominent in the Life Science sector.
Strategic alliances shorten the development time while spreading tblesrand
costs associated with product development [1Qhe perspective explaining the



benefits of strategic alliances for innovation, ebhiis also the impetus of our
contribution, is the resource dependence theoryT(R@hich proposes that the key to
organizational survival is the ability to acquinedamaintain resources. RDT treats the
environment as a source of scarce resources arefdhreviews the firm as dependent
on other firms in the same environment. When omgtitns have similar objectives
but different kinds of resources, the exchange esburces will often be mutually
beneficial to the organizations in the pursuit loéit goals.This is the reason why
partner selectioremerges as one of the most influential factorscéfig an alliance’s
success [12]. Several contributions have built e drganizational learning literature
to examine the factors that facilitate knowledgm#fer among partner firms and have
identified partner-specific variables, the charasties of the collaborating firms, such
as absorptive capacity, prior experience, and rlltand geographical distance
[13];[14]. We will draw upon these elements to depeour propositions on the nodal
characteristics of the network.

Network studies that examine the consequences of netiviyiisally follow the
structuralist perspective. This focuses on the igardtion of the ties, concluding that
an actor’s payoff is a function of network struetand of its position in the network.
The literature suggests that a firm's network datienships influences its rate of
innovation and R&D, often highlighting the benefitsnetworking: knowledge sharing
(knowledge, skills, physical assets) and knowlefliges (information conduits about
technical breakthroughs and new insights) [1];[18tholars supported competing
school of thoughts about which network structurthés most conductive to innovation
and two trade-offs are still in place: (a) betwéesm benefits otrong[17] versusveak
[15] ties (that are likely to be bridges); (b) betm the benefits ofparsenetwork
structure [18] - facilitating the generation of édeand hampering implementation and
action - versuslensenetwork structure - favoring implementation but generation of
ideas [19];[20]. The question is whether networlsipons associated with the highest
economic return lie between or within dense regiohselationships. We will draw
upon these trade-offs to develop our propositioms the network structural
characteristics. Moreover, despite the considerdbteis on the role of network
structure in explaining firm performance outcomespme researchers have
acknowledged that a network of ties merely givesftital firm the potential to access
the resources of its contacts [21]. Contingencesdnto be introduced, such as nodal
heterogeneity [22], as we will do in the proposismn the nodal attributes.

The concept of a network is more general than tfaCluster and does not
necessarily entail local embedding, a shared dlgsobr a specific market [23]. The
cluster concept has been defined in ambiguous weaygs the full range of cluster
definitions are well summarized in reference [2]:innovation clustetcomprises an
ensemble of various organizations and institutiesthat are defined by respective
geographic localizations occurring at variable sightscales, (b) that interact formally
and/or informally through inter-organizational arud/interpersonal regular or more
occasional relationships and networks (c) that ciwote collectively to the
achievement of all kind of innovations within aegivindustry or domain of activity, i.e.
within a domain defined by specific fields of krenge, competences and
technologies"The concept involves a wide range of variation amen starting from
this definition, it is possible to build around ttyge of organizations involved, the best

2 A form of organized economic activity that invohveset of nodes (e.g., individuals or organizafions
linked by a set of relationships [15].



spatial scale for geographical localization, theufoon a single industry or domain, and
the configuration of the network. We will try to diois in developing our propositions,
linking these characterizations to innovation.

As for the impact of clusters on innovation, in tHe-science industry they allow
access to human capital; availability of infrastames; interactions and synergies
among disciplines; development of financial comdis supporting innovation [6].
Reference [25] showed that innovative research iombedicine has its origins in
regional clusters in the United States and in Eeaomations.

Clusters reflect the systemic character of modereractive innovation and
therefore they are related to several conceptwahdmworks and models developed
under thennovation System literaturéa) the "Mode 3" of knowledge production, that
advocates a system, consisting of innovation ndtsvand knowledge clusters for
knowledge creation, diffusiomand use [26]; (b) the "Triple Helix" (TH) Model of
knowledge, developed by references [27];[28] thiitlve theoretically investigated in
this paper. It is focused on three helices - acaaeimdustry, and government - that
intertwine through "tri-lateral networks", overlamd create synergies that result in
product and process innovations in a national iatiom system. The TH model is
based on: (a) the internal transformation in eawh af the helices; (b) the influence of
one helix upon another. Universities provide adeancesearch and human capital;
companies provide real-world problems, commeraaiim opportunities, and funding;
and institutions provide user feedback and regojasapport. The life-science clusters
are characterized by: basic biomedical researcturbyersities and public research
institutes; entrepreneurial, innovative dedicateddzhnology firms (DBFs) seeking to
commercialize the results of the basic researcH; fanding, downstream marketing
and distribution capabilities from large pharmatsis [8]. Strong, enterprise-
supporting infrastructures complement strong, lez¢nce bases [29]. Many studies
found a positive impact of universitindustry relationships on innovation (e.g. [30]).

3. Propositions Development

The paper can make a theoretical contribution lipdi some gaps of the previous
literature mentioned above. With referenc€taster literature: (a) there is still lack of
clarity on the cluster concept that remains rathdefinite and chaotic [31], with no
consensual views among scholars on several kegds&ug., the spatial/geographical
boundaries or the properties of the players). Tdgk raises many research questions;
(b) there areno significant contributions that analyze clusterfsclusters meaning
groups of clusters anidter-cluster dynamicsinter-cluster ties araeak ties and the
strength of weak ties has been often advocatdrkimétwork literature. With respect to
Network literature: (a) scholars have beenable to agree on the form of structures
most beneficial for innovationWe try to find an intermediate solution to the
fundamental tradeoff between sparse and densetwgtesc that are complementary,
through the distinction between intra-cluster amderi-cluster dynamics and the
combination of inter-firm resource pooling and cemion [32]; (b) researchers have
stressed the importance dtwork structure, undervaluing other dimensioret tifect
knowledge sharingwe try to overcome this limit by introducirgpntingency factors
the nodes' knowledge base (diversity of nodes)thadodes' localization (geographic
distance among nodes); (c) Scarce attention has fd to the overall network (here
cluster) performance, preferring the node's peréme [33], we focus on the former.



Therefore we will investigate network structure ahe nodes’ characteristics
focusing on intra-cluster and inter-cluster (i€yster of clusters) dynamics. In this
analysis, contrasting perspectives and conceptasaiel: the perspectives lgfarning
(theory of knowledge and innovation) agdvernancegTransaction Costs Economics)
[34] and the concepts ofxploration (discovery of novel ideas) anelxploitation
(implementation of ideas discovered through expiond [35], both needed for the
innovation outcome. From a learning perspectivefutadamental prerequisite for
innovation is cognitive diversity, that can be suanized in three dimensions: the
number of cognitive entities involved in the leagiprocess (size) and connections
(density) and the cognitive distances among theesothere expressed by partner
vertical diversity and geographical distance [36].

3.1.Structural Characteristics

The first aim of the paper is to investigate whatictural characteristics of the cluster
maximize the cluster’s innovations, from an inthaster as well as an inter-cluster
perspective. We focus on size and density/sparofisgyuctural holes.

3.1.1 Size

Size (number of nodes) is the basic structuralufeadbf networks [23], it determines
the amount of knowledge circulating and spillingeobetween firms in a cluster. In a
RDT view, this can be an important predictor ofrfiperformance, thanks to: (a)
reliance on a wider pool of product and processhrielogies, (b) increased
specialization and division of labor leading to mdbcused expertise development
[37], (c) scale effect (increases in inputs areamel@d with more than proportionate
increases in output), affecting the transformafiamction f of the innovation function,
and (c) leverage effect, given that each nodediluster is part of other networks.

As shown in reference [38], there is a positivatiehship between the number of
contacts of a node and a node’s knowledge, ifrthevative performance of each node
increases, the overall cluster innovative perforeeawill increase too. Therefore, we
can formulate the following proposition.

P1: The larger the size of the life-science clustehe higher the cluster's
innovative performance.

3.1.2 Density/Structural Holes

The effects of network density (the number of tffective ties divided by the number
of possible ties)on innovation remains ambiguous.

A dense innovative cluster provides benefits batdmf the learning perspective
(intense interaction, coordinated action, triangata transfer of tacit knowledge) [39]
and from the governance perspective (lower traimgaatosts, opportunism, risks),
favoring theexploitationcomponent of innovation.

However over time, the knowledge overlap betwearstel organizations will
increase [40], the only way to compensate for titead is to increase the cluster firms’
knowledge exchanges with outside entities. Thegmes of structural holes spanned
between a cluster and other clusters (configuratiased on semi-isolated subgroups)
determines the extent to which the cluster's knodgte base is continuously

% The absence of density results in the presenceasfynstructural holes. A structural hole exists
between the brokered actors, two nodes in a nefvifotitke nodes share a tie with ego but are noheoted
to each other [18].



rejuvenated through knowledge inputs from outsitle tluster [41] and novel
combination of ideas. This allows the detectiomeiv ideas from remote parts of the
network, favoring thexplorationcomponent of innovation.

To strike thethe balance of exploration and exploitation, we can refer to
network structure. Combining the organizationalri@sy arguments [42] with the
small-world networks conceff43], [44]; we can conclude that networks that have
both clustering and some amount of linking betwiem - cluster-spanning bridges -
spur each cluster innovation. Dense and sparseigooaftions co-exist at different
scales and levels of the network, in a multi-scalledter, where at the same time the
logic of exploitation and exploration may prevall some spatial scale [24]. The
bridging ties with other clusters allow for outsigploration, while the high density of
clusters allows for effective exploitation and desicluster exploration (that is a
“finalized exploration process”, occurring in a &arranged systemic way”, similar to
exploitation for certain characteristics).

Since we are focusing on the single cluster’s imtiom outcome, a concern may
arise: cross-cluster connections are able to emgead outflow of knowledge and a
competition to appropriate the innovation outconmtdswever this is irrelevant: at the
exploration stage, the possibilities of exact itnita are reduced; the firm would have
to know the exact way to implement the idea, whildifficult; the implementation
process is very long and complex, and there woeitthmly be a first-mover problem.

The interaction of the two effects (density andnspag of structural holes) will
have the greatest effect on innovation considetied, as stated by reference [45],
closure can be a significant factor in realizing tralue buried in a structural hole:
catching new ideas from outside and effectivelylamenting them inside the cluster.
We can formulate three propositions on intra-cluatel inter-cluster characteristics:

* Intra-cluster characteristic
P2a): The higher the density in the life-scienceuster, the higher the cluster’s
innovative performance.

e Inter-cluster characteristic
P2b): The more the nodes in the life-science clustpan structural holes between
the cluster and other clusters, the higher the deiss innovative performance.

» Intra-cluster and Inter-cluster characteristics

P2c): The more the nodes in the life-science cluster sgamictural holes between
the cluster and other clusters, the higher will ltiee positive impact of density in the
life-science cluster on the cluster’s innovativerfagmance.

3.2.Nodes' Characteristics

The second aim of the paper is to investigateat characteristics of the nodes in a
cluster maximize the cluster’s innovations, fromiatra-cluster and an inter-cluster
perspective. We focus on vertical and sectoralrbgeneity and geographical distance.

3.2.1 Nodal vertical heterogeneity

Vertical diversity means cognitive distance andfedénces in alliance partners’
operational contexts in the value chain, it impligee distinction among three

4 Community of actors structured into well-definedsters, only sparsely connected to each other.



categories: horizontal, upstream, or downstrean). [#6the life-science cluster, the
players that occupy the different roles from dowsestn to upstream are:
pharmaceutical firms, biotech firms, universitiessearch institutes, institutions. For
instance a biotech and a pharmaceutical firms iaeggk and two pharmaceutical firms
are equal. This kind of diversity seems to be aegoomprehensive measure, since in
most cases it implies also resource-based diverditgustry-based diversity,
technological diversity, and strategic fit.

Referring to thelearning and thegovernancetheoretical perspectives, cognitive
distance can represent both an opportunity (i.evely value), favoringknowledge
developmentand a problem (i.e., reduced absorptive capdtigher transaction costs),
disfavoringknowledge transfel23]. Looking at the empirical works, few studiegect
the notion that there can be benefits associatéld adwersity but these come with a
cost; in any case, the findings are mixed. We amatlie effect of diversity in the intra-
cluster and inter-cluster contéxt

In theintra-cluster setting, with reference to the context drawn in proposift2a,
vertical diversity in the cluster has a positivedamtion effect. It enhances timernal
explorationprocess, favoring Schumpeterian “novel combinatibwhile the problem
of the absorptive capacity is counterbalanced leyptesence of high connectivity in
the cluster. Vertical diversity also allows theeetiveness of thexploitation process
that in the life-science industry requires complatagy skills and division of labor.
Moreover, redundancy in a dense network discouratpasgeneration; this redundancy
will be reduced in the presence of nodes’ vertiiaérsity. As for thespecificities of
the life-science industry, we can point out some important remarks: vertitegrsity
(a) is important to answer thegulatory requirementand to allowfeedback loopand
a trial-and-error process (b) it means alsocomplementarity leading to greater
innovation results [47]; (c) it meanelated knowledge backgrounglayersact in
subsequent phases of the same macro-process, anthewame background in terms
of basic skills and shared language [48], redutiiregconcern of absence of absorptive
capacity. We can formulate the following propositio

* Intra-cluster characteristic

P3a): The partners’ vertical diversity in the lifseience cluster positively
moderates the impact of size and density on thesigds innovative performance.

The higher the level of partners’ vertical diveysih the cluster, the higher the
positive impact of size and density on the clustanovative performance.

In thelnter-cluster setting, with reference to propositio®2b, the link connecting
cluster to cluster(spanning a structural holehould be a weak tie, in a sparse
configuration, andhe problem of absorptive capacity between the two extreme
nodes is higher than in the intra-cluster case. If learning performance from
interaction is the mathematical product of novelglue and understandability, the
result is an inverted-U shaped relation with cdgaeitdistance. Beyond a point there
will be decreasing returns to learning [35]. Opfincagnitive distance lies at the
maximum of the curve [23], where there is a sustalim level of transaction costs and
competition and a good level of complementarity abdorptive capacity. A moderate

® In the proposition formulation, by the level of treal diversity inthe intra-cluster setting (diversity
at the network level), we mean the range of diveetners inside the cluster, whereas inititer-cluster
setting, diversity is measured for pairs of nodes (the éwtvemes of the structural hole) and not in a netw



level of partner diversity (e.g., between biotectl @harmaceutical firms) is ideal: it
contributes more to firm innovation than does ayview level of diversity (with
redundancy in resources [18], inter-firm rivalryskr of negative spillovers) or very
high level of diversity (with low absorptive capigciand high costs of sharing and
transferring knowledge [49]). Therefore we can folawe the following proposition.

* Inter-cluster characteristic

P3b): The vertical diversity between the two nodgsanning an inter-cluster
structural hole moderates the impact of the intduster structural hole on the
cluster’s innovative performance with an inverted-¢haped pattern.

A too-low level and a too-high level of verticalvelisity between the two nodes
spanning the inter-cluster structural hole redube positive impact of the inter-cluster
structural hole on the cluster’s innovative perfamce.

A moderate level of vertical diversity between tve nodes spanning the inter-
cluster structural hole enhances the positive immgddhe inter-cluster structural hole
on the cluster’s innovative performance.

3.2.2 Sectoral difference

The definitions of “cluster” in the literature d@testablish whether the concept of
cluster refers to a single or multiple industriasoncentration of interdependent firms
within the same or adjacent industrial sectofs0]. In the last two propositions, we
referred to the concept of partner vertical divgrdiat already includéter-industry
difference (according to our definition). However it could lmteresting to focus
directly on inter-industry difference to compare impact ofcross-industrial clusters
and single industry clustersn cluster's innovation. Firms in single-industtysters
face mutual competition, they are likely to be otdunt to exchange knowledge freely
and disclose their advancements, this will redieedpportunities for innovation. On
the contrary, inter-industry differences have ttasitive effect of protecting from
knowledge spillovers and spur innovation. An argotmelated to absorptive capacity
has been posed against inter-industry differencesever, here this is solved by the
sharing of a common knowledge base. We can formtie following propositions.

* Intra-cluster characteristic

P4a): Inter-industry difference in the life-scienceluster positively moderates the
impact of size and density on the cluster’s inndvatperformance.

The inter-industry difference in the cluster enhemthe positive impact of size and
density on the cluster’s innovative performance.

* Inter-cluster characteristic

P4b): Inter-industry difference between the two rexispanning an inter-cluster
structural hole positively moderates the impacttbg inter-cluster structural hole on
the cluster’s innovative performance.

The inter-industry difference between the two nosiganning an inter-cluster
structural hole, enhances the positive impact efititer-cluster structural hole on the
cluster’s innovative performance.

3.2.3 Geographical distance

There is still a lack of clarity on whether geodragal proximity should be retained as
a defining characteristic of clusters. We invegdgahether geography matters for a
cluster’s innovation process, trying to define dmtimal boundaries of a cluster.



In the literature some elements support localiraiod proximity for innovation,
others a wider geographical extension, all relatedthe learning or governance
approach. Factors supportingeographical proximity are: (a) transaction costs
reduction and development of relational dimensiofis) location-specific drug
development for epidemiological reasons; (c) l@mraspecific regulatory framework;
(d) tacit knowledge transfer, frequency of intei@tt trust [23]; (e) location-specific
assets (agglomeration economies, pool of skillebora scientific, technical,
commercial spillovers) in positive “externality aes” [7]; (f) the theory of proximity
in the network theory, that identifies proximity & main facilitator of knowledge
flow [51]. Factors supportingeographical distance are: (a) need of an escape from
local embedding for innovation (cognitive distan¢B2]; (b) embedding in virtual
communities, with internet use reducing transactimsts; (c) substitutive role of
frequent meetings [23]; (d) avoidance of lock-ifieef (social legitimacy; location-
specific investments; institutional embedding: looaligations of conformity); (g)
tension toward trans-local, disembedded clustershé real world (e.g. according to
the European Cluster Observatory the bio-pharmaaddiusters show a high degree
of international openness) and in the institutiortommendations (e.g. European
Commission) to enhance competitiveness. This is@alby true for some industries, as
the life-sciences, where the relevant knowledge hastrongly internationalized; (h)
arbitrage opportunities with respect to regulatoaynework.

Finally while co-location in firm-to-firm collabot®n is not found to be an
important factor, for universities’ and firms’ agraents, it is the opposite [53].

Considering what explained, a better solution forovation would be a balance
between local and non-local players inside theteluss well as in the inter-cluster
connections (a moderate level of geographical digta the shared context of a local
circuit and of remote cooperation will be complemaey resources [10], favoring the
combination oexplorationandexploitation.We formulate the following propositions:

* Intra-cluster characteristic

P5a): The geographical distance between the nodeghe life-science cluster
moderates the impact of size and density on theswdts innovative performance
with an inverted U-shaped pattern.

A too-low level and a too-high level of geograptiistance between the nodes in
the life-science cluster reduce the positive impEcsize and density on the cluster’s
innovative performance.

A moderate level of geographic distance betweennthdes in the life-science
cluster enhances the positive impact of size antsileon the cluster’s innovative
performance

* Inter-cluster characteristic

P5b): The geographical distance between the two emdpanning an inter-
cluster structural hole moderates the impact of theer-cluster structural hole on
the cluster’s innovative performance with an inved U-shaped pattern.

A too-low level and a too-high level of geograptistance between two nodes
spanning an inter-cluster structural hole reduce fiositive impact of the inter-cluster
structural hole on the cluster’s innovative perfamee

A moderate level of geographic distance betweenraaes spanning an inter-
cluster structural hole enhances the positive imddhe inter-cluster structural hole
on the cluster’s innovative performance.



4. Discussion and Conclusions

Clusters have become a prevalent form of industoadanization and their
innovativeness is considered to be a key souraegibnal and national competitive
advantage. The primary contribution of the studyaidramework that suggests an
understanding of the factors that give rise toedéhtial innovative outcomes across
different clusters. Other contributions have be&planed at the beginning of the
"Proposition development" section. We tried to tifgnthe impact of cluster's
structural as well as nodal characteristics oncthster's innovative performance. The
potential moderation effect of contingency factors the relations between network
structure and cluster innovative performance haenbunderlined. More importantly
we tried to distinguish between intra-cluster am@ri-cluster dynamics in line with the
OECD [54] conception of cluster as mainly open aeticular. To the extent that
cluster may be thought of as a specific type oérifirm network, some conceptual
categories offered here may be considered valid falsa general theory of network
innovativeness, contributing to the literature dimaces and inter-firm networks.

The study has some limits, too. Firstly, we havenention the scope conditions
of our predictions. The propositions are valid ospecific context that is a highly
regulated setting, such as the life science ingudtaving some specificities: a
process involving different, strict stages that mémlow definite rules, as in
clinical trials, and to which the contribution ofivdrse players - healthcare
organizations or governmental organizations suchthastechnical and scientific
public bodies of the National Health Service - dtmdamental. Despite the
numerous contributions on topic of alliances, thHteas of alliances on highly
regulated settings, are unexplored; this can opeovel research path. Secondly, in
the present paper we focused on drug developmeptuaters' aim. However the
cluster will produce a general improvement of tlealth condition in a given area
and the innovation can also consist in: improvemémidiagnostic-therapeutic paths
or in risk management. These other applicationshef topic could be further
investigated. Thirdly, this paper has developedonceptual framework, that can
have empirical spillovers. It could be the basisdn original empirical quantitative
study, enriching research on cluster-based innomaby using Social Network
Analysis (SNA) methods. In fact the use of condsuend concepts derived from
social network analysis in the clusters’ actualrapienalization is only occasional
[41]. It would be possible to test the THM (Tripkeelix Model) with empirical
evidence coming from fieldwork, adopting statistiaad quantitative methods. The
five propositions could be converted into hypottseaed statistically tested.

Despite the aforementioned limits, the paper'sctopirelevant and grounded in
reality because the cooperative options are wigesfigiven that trends of growing
systemic complexity, increased specialization, enbd regulatory hurdles, advent of
molecular biology and genetic engineering, yieldegrofound transformation of the
life-science industry. They induced a division abdur requiring a new organizational
form made up of new networks of scientists, spedlnew entrants and large pharma

® cases of common knowledge are the UK, where there5@ innovative clusters but particularly
important are those of Cambridge (with 28 colle@¥9) hi-tech firms) and Edinburgh; Route 128 int®os
around MIT; Silicon Valley. Clusters diffusion iba@ve the average in Finland, Germany, Sweden, 3, U
Japan. The historical data on inter-firm R&D paring in the life science industry reveal an ovegabbwth
pattern in the number of newly established R&D mpenghips since the mid-1970s.



firms. The conclusions of the work could be sigrdfit for the world of the practice in
that they could drive the choice of the best stmadt configuration and the best
partners' mix, thus increasing the managerial déped with reference to clusters'
formation.
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