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Abstract

This pgoe concentrates on therole of research network infrastructure in fostering the
disseminaion ofinnovaion-related knowledge. It examines the structure of
collaborative neworks and of knowledgetranger beween research, innovation and
deployment activities in the field of Information and Communication Technology (CT)
for the European Union as awhole and for several European regions. Research
networks complement diffuson néworks by providing additiond linksand by
increasing the nunber of the organisationsinvolved in shaing and exchanging
knowledge Two types of actors are key players in these ngworks: hubsand
gaekeepers. Hubs maintain the bulk of tiesin the networks dso hdping thesmaller and
more isolated members remain connected. Gatekeepers bridge research and diffuson
networks. Such organizationsnaturally offer greater policy leveragein establishing a
European knowledgeinfrastructure. Moreover, srengthened inter-nework connectivity
amongresearch and diffusion activities (deployment) would raise the effectiveness of
European research in terms of accelerating innovation.
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1. INTRODUCTION

Therole of networks in disseminaing information and idess, providing access to
resources, capabilities and merkets, and allowing the combinaion of different pieces of
knowledgehas become of critical importance for innovdion and, by etenson, for
economc competitiveness. During the past couple of decades, the govenments of
advanced counties have made a strong dfort to promote coopeative research,
paticularly within the European Union (EU) (Caloghirou et d., 2003. In the pursuit of
amore compeitive European econony, the European Commission has built
internaiond research neworks through the Framework Programmes (FP) on research
and technologica development. The Framework Programmes have provided a
systematic process for reaching anumber of gods induding, anong ohers, the

integration of European research and technological development across member states.

This pape focuses on the complementarity beween research and deployment network
infrastructures in fogering the diffuson ofinnovdion-related knowedge It examines
the structure of collaborative neworks and knowedgetransfer between research and
diffuson activitiesin thefield of Information and Communication Technology (CT) in
the European Union as awhole, and in some specific European regions in more ddail.
In paticular, it analyses the linkages baween the research néworks built throughthe
FP6 in the thematic area Q\pplied IST Research Addressing Major Sodetal and
Econormic ChadlengesQ on the onehand, and the diffusion networks built through BJ

programmes (eTen and eContent) and regiond programmes, on he other.

Thepgoer is organised as follows. Section 2 presents a brief literature review ontherole

of ngworks in bridging research and knowledgedissemination, especidly at the



regiond level. Section 3illugrates the methodobgy and describes the available daa.
Section 4 repotrts theresults: it characterises the research and diffuson neworks,
stresses therole of the key network actors, and investigates the complementarities
between research and knowledgediffusion ngworks. Section 5condudes and discusses

policy implications

2. CONCEPTUAL FRAMEWORK

Science, technology and innovdion néworks are regarded as the emerging
organizationd modein environments of complex technologies and rapid technological
advance. Success in knavledgeintengve indudries dgpendson oganizationd learning
and ommerciaization of technologies across different neworks. Networks serve as a
locusfor innovaion, because they provide more timely access to externd knowledge
and resources, represent atest for internal expertise and learning ailities, and give

better monitoring and control over fast-moving developments (Powell et d., 1996)

Science, technology and innovdion retworks have a'so ganed momentum in thepolicy
agenda of themember states of the European Union. They have been paceived & an
integral pat of the efforts of the EU to develop the European Research Area (ERA) by
integrating the systems of member sates into acoherent whole (European Commission,
2000. Thecreation ofthe ERA isviewed as a critical step towards the development of
a broad infrastructure for scientific and technological development, i.e. a set of
interconnected e ements that suppot research and diffuson in Europe and facilitate the
circulation ofinformation and krowledge the development of transnational
organisationd forms, thedefinition of common gandads, and the promotion of shared

values.



To this end, the main policy tool has been the Framework Programme (Peterson and
Sharp, 198). Severa studies have sarted to investigate the effectiveness of the FP in

building such an infrastructure (e.g. Caoghirou et d. 2004; Breschi and Qusmano, 206,
Roaliger-Schlugaand Barber, 2006. Breschi and Cusmano (2004)and Roediger-
Schlugaand Barber (2006) focuson R& D neworks promoted unde thefirst five FPs
and show tha the FP funding s£hemes suppot the condruction of complex networks
with structural propeties tha facilitate disseminaion. Moreover, it is shown tha there
isadggnificant ovelap of paticipants for consecutive FP and recurring paterns of
collaboration anongs the same organisations (lhis core may constitute the backbone
of the present European Research AreaO(Roediger-Schlugaand Barber, 2006,p.36). In
an assessment of Information Sdety Technologies (IST) in AP6, Breschi et d. (2007)
find tha the examined IST research programmes played an important role in generating
and diffusng knowedge as they managed to attract key indudry players and booged

network connectivity.

Existing studies conaentrate on the effectiveness of research networks at the European
level. A key issuetha has been much less analysed refers to howthese research
networks impact on regiond systems and howthey interact with research and diffuson
activities carried outat theregiond level.> As Storper (1997) has emphasised, however,
oneof the mog relevant issues in aknowledgebased econony isthetenson beween
globdisation and "territorialisation”, the latter referring t the development of

knowledgeintengveregiond cluders. Similarly, Bathelt et al. (2004) have indicated

! Regional and research policies in the EU are seen as closely interlinked and, to a certain extent,
interdependent. Increased regional cohesion and competitiveness are considered to be partly dependent on
the existence of a suitable research infrastructure.

See for example http://cordis.europa.eu/fp7/regiona_en.html



the need for complementarities between close and distant interaction in order
to foster an effective process of knowledge creation and dissemination and,
consequently, for policies able to balance developing of Qylobal pipelineO €.g.
international collaboration) with effortsin generating and promoting local
social capital. The main aim of this pgoer isto investigae the major complementarities
between the ICT research néwork built through the Framework Programmes and the
diffuson neworks built throughboth dedicated EU fundel programs and other naiond
and regiond programmes in ICTs that focus more on technology exploitation and

development.

3. METHODOLOGY AND DATA

3.1 European level networks

We focusontheinnovaion and diffuson projects within the technological domains of
the Thematic Area QA\pplied IST Research Addressing Major Sodetal and Econonic
ChdlengesOof FP6.2 This Thematic Area combines coopeative research projects
through he FP and technology diffuson projects through he EU programmes eTen and
eContent, on heonehand, with naiond/regiond programmes of technology
development, trander and commercialization, on he other. eTen was designed to hdp
the dissemination of telecommunication neéworks based services (e-services) with a
trans-European dimenson. It focused strongly onpublic services, paticularly in aeas

where Europehas a compeitive advantage eContent was a market-oriented programme

2 Information Society Technologies has been a core investment area in research and technological
development since the initiation of the Framework Programmes (FPs) in the early 1980s. This investment
had been encapsulated in a host of well known RTD programmes such as ESPRIT I-1V, RACE I-II,
ACTS, DELTA, DRIVE, TAP I-l1, and AIM. Such programmes and their derivatives were placed under
the overall IST thematic priority in FP5 that has continued in the current FP6. The I ST thematic priority is
also featured prominently in the new FP7.



which amed a suppoting the produdion, u® and distribution of European digital
content and o promote linguistic and aultural diversity in the globd neworks. We
identify organisationsparticipating in FP6, eTen and eContent projects and use them as

theinitial sample for network andysis (Table 1).

[Table 1 @outhere]

The characteristics of the covered projects and organisationsare displayed in Table 2.

[Table 2 @outhere]

We build two patnership ndworks on e basis of this information: a research network
and adiffuson nework. We assume that if two organisationspaticipae in the same
project they are directly linked. Our analysis assumes tha each of these links represents
a channel of collaboration, knowedgeexchangeand information illovers.® We use
network andysis software tools (Wasserman and Faud, 1994)to examine nework
structural propeaties andther interactionsand owerlaps, as well as the specific role

played by oganisationsacting a hubsand/or gatekeepers.

3.2 Regions

In order to obtain more detailed information, we have investigated research and
diffuson activities within ecific regions by complementing the aggregae nework
andysis mentioned above with aseries of in-depth interviews across severa regions

(NUTS 2 level). We have selected nine regionsthat represent the gamut of science,

% We consider all the participants in a project having similar roles, i.e. we do not assign any specific role
to the prime contactor of the project.



technology and economnic capabilitiesin Europe These regionsrepresent different
geographical areas. Central Europe(Rh™e-Alpes, Bremen, East Wales), Northern
Europe(North Jutland*, Lans Suomi), Southern Europe (Attiki, Emilia Romagna

Norte), and a new member state (Maopdskie).

In these regionswe have consdered networks supported by ingruments more focused
on regiond development such as the European Structural Fundsand other
naiond/regiond funds Our andytical goa has been to identify different patterns of
network collaboration and knowedgetransers between research and diffusion activities
within these regions In-depth field interviews regarding piojects carried outin the
different regionshave been conduded with aset of carefully selected organisations, in
order to uppot thequantitative network andysis and to better undestand the linkages
between innovdion and diffuson processes a the regiond level. The interviews add
critical information on he vaue of links and conrectionswithin the ERA provided by

the EC-fundeal activities.

We selected two subsets of interviewees per region, one from our aggregate nework
andysis, which allows us to identify a group of large and small effective producers
paticipaing to FP6 and/or eTen and eContent projects, and onefrom naiond/regiond
projects, which alows usto identify organisationstha have strongdiffuson record. We
interviewed 62 regiond actors induding representatives of companies (22), of public
research centres (18), universities (13) and of govenment and quasi-govenment
organisations (9) tha facilitate IST diffuson in the selected thematic area and the

selected Member State(s) and Region(s).

* ThisregionisNUTS 3 level.



4. EMPIRICAL ANALYSIS

This section presents theresults of ourinvestigaion which combined nework andysis
on daa from EU research and diffuson programmes with information from the
interviews carried outwithin the selected regions We first illugrate the structural
propaties of research and diffuson negworks a the EU level. We then examinethe
characteristics of network hubswhich represent critical actors in grengthening
connectivity within the negworks. We subsquently tum to investigate the
complementarities beween research and diffuson neworks and in dong © we place
paticular emphasis on therole of gatekeeper organisations Fndly, we look a research

and diffusion neworks and andyse thar overlap at theregiond level.

4.1 Research and diffusion networks’ characteristics at the European level
The differences beween the structural properties of the two networks depend mainly on
thesize (nunmber of paticipants) of each network. Research projects tend to have

significantly more participants than diffuson projects (Table 3).

[Table 3 about here]

Both neéworks are highly connected. Mog paticipants are in the largest components,

implying tha they are connected in some way to each other.® The research network

appears, however, to suppot significantly higher exchange of information compared to

®> More formally, a component is a subpart of a network where there exists at least one path (i.e. an
aternating sequence of node and edges) linking all its nodes. In other terms, al the nodes belonging to a
component have to be reachable at least in one way.



thediffuson nework given tha about98% of organisations are in the largest

component of the former compared to about 71% of organisationsin the latter.

More griking differences between the research and the diffuson neworks emerge, if
the giant bi-component is conddered. In order for a set of nodes to beclassified as abi-
component dl nodes mugt bereachable from any other a least viarwo (and notonly
ong different pahs. This feature implies that organisations bdonging o abi-
component have a higha probability to receive the information spreading aound he
network than an organisation béonging © acomponent. The bi-component of the
research ndwork has amog the same sze to the largest component (2340 ngead of
2373) while the bi-component of thediffuson ngwork is much smaller: 733
organisationsingead of 1154 This meanstha only 63% of the organisations bdonging
to the giant component have dso another pah connecting o the others. Therefore, in
thediffuson nework the nunmber of organisationsconnected to each other is
propottiondly smaller than in theresearch network and, even for those who ae
connected, the connection is weaker. These differences in the conrectivity of the two
networks reflect both theingitutiond features and objectives of the two types of
programmes, and probably thefact tha thediffuson nework deals with more focussed

activities regarding marketable produds.

Information flows more easily in research networks than in diffuson neworks. The
average distance® in the research network is lower than in thediffuson nework: any
nodecan reach any other nodein theresearch network in 2.5 deps on average,

compared to 5 gepsin the diffuson nework. However, diffuson activities are locally

® The distance between two nodes is given by the shortest path connecting them and it is equal to the
number of edges separating the two nodes. If there is no path connecting two nodes, the distance is
assumed to be infinite



more cohesive and daense as suggested by the vadue of the clugering efficient which is

greater for thediffuson network than theresearch nework.’

Despite such differences however, both networks are well structured to beeffective and
useful as knowledge systems. Ther structural propeties, i.e. low average distance and
high dustering wefficient,? point outthat both networks have small world propaties

(Watts and Srogds, 1998).

If theresearch and diffuson neworks are consdered togeher (i.e. al the organisations
paticipaing in AP6 and the organisationspaticipating in eTen and eContent as
members of the same network) the giant comporent® (which indudes 3499
organisations(92.799) is characterized by an average distance of 3 (Table 4). This
meansthat the oveall nework is well connected, as each organisation is on average
three stepsaway from any other. In other words, each organization ha relatively easy
access to information.

[Table 4 about here]

Interestingly, however, theresearch network and thediffuson nework overlap very
little. Only 277 oganisations? paticipate in boh neworks. The two networks overlap

even lessin terms of links: theresearch and the diffuson networks have only 131links

" The clustering coefficient for a node is the proportion of links between the nodes within its
neighbourhood divided by the number of links that could possibly exist between them. The clustering
coefficient for the whole network is the average of the clustering coefficient for each node and grasps the
level of socia capital, since it measures how many direct partners of a specific organisation collaborate
with each other.

® Here low average distance means that the network has the same value of a random network with the
same size and density, high clustering coefficient means that the network has a value that is much greater
than the value of the random network.

® The giant bi-component is slightly smaller: 3150, i.e. the 90% of the size of the giant component.

9 This includes 11.5% of the organisations participating in the Research Network, 16.9% of the
organisations participating in the diffusion network, or 7.3% of the total number of organisations (3774).



in common. There are 3011 linksamong he 277 oganisationspaticipaing in boh
networks and these links can degoend on apatnership dther in aresearch project orin a
diffuson project. 2526 ait of 3011 83.89%) links are related exclugvely to research
project paticipations 354 (L1.76%) only to diffuson project paticipaionsand only

131 @.35% depend on @rticipaionsin boh programmes.

4.1.1 The role of network hubs

Network hubs are key actors within the neworks. A hub nay beddined as a nodewith
either alarge nunber of connectionsor anode tha is highly influential as anetwork
connector, i.e. ore tha connects nodes tha would otherwise remain un@nnected. Hubs
have an extremely important role in ndworks as they facilitate more than ather nework
participants therapid and effective disseminaion of knowedgeeven to the mos peaiph
eral sectionsof the negwork. More formally, this definition of anework hub can be
captured by wo indicators: (i) degree centrality,** (i) betweenness centrality.? Degree
centrality and beweenness centrality have been calculated for all organisations we
have built asynthetic index tha ranks organisationsaccording 1o their peformance in
terms of both these indicators. Hubshave, then, been defined as thetop two pecent of
the organisationson the basis of this ranking. This share was chosen on he basis of the

observation that the top 2% percent of organisationsmanage 30%of dl links > This

1 Degree centrality is defined as the number of lines incident with a node. In the context of this study,
degree centrality is defined as the number of other organisations with which the focal organisation has a
relational tie.

12 Betweenness centrality is defined as the fraction of shortest paths (i.e. the minimum number of lines
connecting two nodes) between node pairs that pass through the node of interest. It is a measure of the
influence a node has over the spread of information and knowledge through the network. The basic ideais
that a node which lies on the information path linking two other nodes is able to exercise a control over
the flow of knowledge within the network.

13 The two per cent cut-off is obviously arbitrary. However this arbitrariness in the cut-off value is hard to
avoid in similar exercises. We considered different values (both higher and lower then two per cent) in
order to check for robustness. The main results are not affected. Alternatively, Hubs could have been

10



procedure has been goplied to each network, resulting in the deinition oftwo types of
hubs research hubs(48 organisations from FP6) and diffuson hubs(32 organisations

from eTen and eContent).

As anticipaed, theresearch network isdomnaed by hghe eduction and research
ingitutions while the diffusion network is domnated by private companies and oher
organisations™. It is interesting © noice however tha highe education inditutionsare
aso active in thediffuson nework. Five ther organisationOthat appear as hubsin
thediffuson nework indudethree city courcils, aregiond govenment, and a

municipd company.

We dso ob®rve key differencesin therole of hubs at thelocal vs. naiond level, when
we compare research and diffuson hubsDistinguishing between hublinkages with
organisations located in the same county and linkswith omganisations located in the
same region (NUTS 2), excluding thelargest multinaiond corporations and Nationd
Research Centres, and consdering only the EU15 cunties, we can identify 28 research
hubsand 26diffuson hubs Looking & the behaviour of these hubs we can advance the
following ponts:
e Diffuson hubsact more locally than research hubs
* Nationd linksin research are more than twice as many as naiond linksin
diffuson, and regiond linksin research ae more than three times as many as
regiond linksin diffuson.
» Differences beween thelinkage paterns of different types of hubs emerge. In

the research network, private companies are less geographicaly limited, while

defined on the basis of threshold values for centrality. This becomes impractical, however, because of the
need to compare across different types of networks of different sizes.
1% Percentages of total organizations are not reported here. They are available upon request.

11



the opposte is truefor the diffuson nework. In thediffuson nework, the
rther organisationgDare those with the most localized links Their regiond
links are more than twice the average nunmber. These actorsindeed play a key
rolein diffuson at theregiond level. Academic hubs on hecontrary, do rot
show any differences in thetwo ndworks as far as thelocaisation ofther links

is concerned. *°

4.1.2 The role of gatekeepers in bridging research and diffusion networks

In ourframework, gutekeepers are organisationstha link the research with the diffuson
network. By doing 9, they alow others to access information and apabilities
developeal in other networks and contexts.

[Figure 1 aouthee]

As seen in Hgure 1, gaekeepeas are postionad in both néworks. In ouranalysis, 277
organisationsare identified as having tis bridging postion. Sme of these
organisationsare al'so hubs and this has implicationsin terms of thar connectivity
within the ngwork. 27 outof 48 66.2%) of hubsin the research ndwork and 22 outof
32 (68.7% of hubsin thediffuson nework are dso gaekeepers. It is worth noticing
tha 11 oganisationsare hubsin boh neworks: they could beclassified as the sSrongest
gaekeepers in oursample. We hypohesize tha gatekeepers are in aunique postion o
spead up he process of innovaion and technology diffuson, snce they work as bridge

baween thetwo different naworks.

15 Again, figures with data and numbers are not reported here. They are available upon request.
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Highe education ingitutionsand research organisationsare more numerous than others
as gaekeepers, accouning for aboutonethird of thetotal each. However, indudrial
organisationsare also active as gaekeepers (abouta quater of thetotal) and, within this
group, small and medium-sized enterprises (SMES) play an active role, representing

17%of these bridging olganisations

Thevariety of different organisationd types acting as gaekeepers meansthat different
kindsof knowledgeare exchanged and shared across the networks. Our field interviews
strongly confirmed this hypohesis. Highe eduction and research inditutes develop
and diffuse advanced and frontier knowledge to the nework. On the contrary,
companies provide links to the market and market information feedbacks so that
research can bemore focussed on market relevance. A highly fundiond network would
need gatekeepers from the different sectors in order to exchange and integrate different
types of information and knowedge The linkage patern baween theresearch and the
diffuson networks was discussed earlier (Table 4). Theimportant role of gatekeepersin
linking research and diffuson neworks is highlighted by hefact that onethird of dl
linksin both the research nework and the diffuson neéwork conrect gatekeepersto
other organisationsin these ngworks. Simply put, aboutonethird ofall linksin ather
network involve thereatively few organizations(277) tha bridgethe two networks

togeher.

Our field analysis has pointed outtha many organisationswhich are active playersin
the research networks are often notaware of diffuson oppotunities. The opposte also
happensfrequently: poorlinks beween research and diffuson arise in the case of

organisationswhich ae actively involved in diffusgon activities, butare nottied into the

13



research ndwork. On the contrary, and & dready shown by the negwork analysis above
gatekeepers are generaly well aware of thediffuson oppotunities a the interndiond,
naiond as well as and the regiond level. They hdp integrate firm-specific
compeendes with other organizationswhich can provide insights and experience, and
allow the application ofthe know-how developed within the research n@work to
specific regiond projects. Theintermediary fundion of gaekeepers, deeply integrated

in boh theresearch and the diffuson neworks, is therefore quite important.

Pushing theissue of complementarities beween the research and diffuson neworks
and therole of gatekeepers in them, we have juxtaposed the research ndwork (FP6)

with angwork induding both the research linksand the diffuson links of the same

organisations(Table 5). An example is shown in Figure 2.

[Table5 & Figure 2 ebou hee]

Similarly, we have juxtaposed the diffuson nework (eTen, eContent) with a negwork
induding both the diffuson links and the research links of the same organisations
(Table 6).

[Table 6 about here]

A griking result is how little the research néwork is affected by heinduson ofthe
technology diffuson linkages of its paticipants. All the structural propaties baely
change(Table5). In contrast, the structural propeaties of thediffuson nework change
significantly when the research links of its paticipaing oganisationsare introduced
(Table 6). The indudon oftheresearch links raises the degree of conrectivity of the

diffuson nework. For example, both the sze of the giant component and the size of the

14



giant bi-component increase sgnificantly. Furthermore, theinduson of research links

reduces the average distance between the participants.

Therefore, an important effect of the IST research nework is the enlargement and
widening ofthe nunmber of organisationsinvolved in sharing and exchanging knowedge
and information at theregiond level and the speeding up ofknowledgecirculation

among hediffuson ngwork organisations

4.2 Research and diffusion networks in selected regions
In ode to examine more in depth the links beween the research néworks and the
diffuson neworks, asimilar andysis has also been carried outfor thenine specific

regionsmentional earlier (Table 7).

[Table 7 about here]

In generd, each regional neéwork in the nineregionshas a highea dendty than the
dengty of the oveall network, suggesting tha beng m-localized makes it more likely
to beconnected. Attiki and EmiliasRomagna- regionswith low capability in science,
technology and economy measured in terms of a set of indicators of R& D development,
humen capital, and indugrial structure'® - have the highest number of organisations
paticipaing in IST research and diffuson neworks. The latter sgnds theimportant

role of the European programmes in terms of induson and whesion, and areilludrative

'8 Source: EUROSTAT, average on 1999-2004. We used the following indicators: GERD per capita,
R& D Personnel per inhabitant, Human Resourcesin Science and Technology, Percentage of total
employment in high technology manufacturing, Percentage of total employment in knowledge-intensive
services.

15



examples of the effectiveness of the FP6 in drengthening the connection beéween

research and diffuson.

Fielding large number of organisations however, does notnecessarily imply that the
region ha astronger connection to external hubs, as Table 8 shows. '’ In fact, it isthe
presence of hubsin aregion ¢his is the case of Attiki and Rh™né\|pes for research and
of Emilia Romagnafor diffuson) tha increases the connectivity of theregion o other
externd hubs

[Table 8 about here]

It was reported that the deployment of produd- and process-specific knowledge
developeal by heresearch ndwork is notaways possible dueto thelack of sufficient
infrastructure to suppot market introdudion. One of the mos important issues
emerging in thefield analysis was therelatively weak linkage pattern between
organisationswith ideas and regiond deployment networks. Notable exceptionsexist,
of course. An example is the University of Cardiff which ectively coordinaes a nunber
of local and retiond activities in addition to EU projects and biingstogeher alot of

local resources.

The complementarity between the two networks is confirmed by thelimited ovelap
between theresearch and diffuson neworks (Table 9).

[Table 9 about here]

Y The connections to external hubs is calculated as the ratio between of existing links among regional
organisations and hubs located out of region and the potential ones.

16



Theoverlap between IST projects and dructura fundsis even analler: there ae no
explicit links between the paticipaion in IST neworks and the use of structural funds
Structural policy ingruments focus mainly on funding pojects tha improve the level of
employment in aregion, while programmes such as the FP6 prioritise different thematic
topics. Given tha the priority for regiond fundsis to hdp thetrangtion © knowedge
sodety and sugtaineble development,'® however, one could argue for stronger linkages

across naworks to increase knowedgeflows.

In gened, ICT diffuson activities are notdways closly tied to the strategies of the
regiond governments. There seem to besome differences between the examined
Northern European regions where there is little coordinaion with regiond strategies,
and the examined Southern European regions where coordination activities take place
more frequently. Onerelevant finding from theinterviews is tha large organisationsare
informed of and exploit regiond links while SMEs are often notaware of the existence
of regiond drategies for ICT diffuson and do nothave resources and a@pabilities to

efficiently use them.

Findly, often organisationsare reportedly unaware of any regiond drategy tha affects
them. In many cases they do not have precise information @éout where they could get
assistance with regiona diffuson and are not aware of direct links beween naiond and

regiond negworks in deploying ICT produds developed within IST research projects.

18 As Table 9 shows, only in Attiki there is a substantial overlap of organisations and links between
research and diffusion networks, and between these networks and structural funds. However, one may
recall that Attiki is a capital city region with a major concentration of national industry, quite different
from the rest of the regions examined. Furthermore, Greeks are, in relative terms, the most frequent
postgraduate students abroad and this helps establish social networks which alows them to make
connections within Europe. Finaly, structural funds within Greece are strongly supported by government
intervention.
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Thisis probaly dueto the fact tha organisationsare aware jus of first tier (direct)
linkages, but are less consciousof second and third tier linkages. That isto say tha,
while theoverall network (research and diffuson) gppears to bewell conrected when
looking & the quantitative daa, information dout diffuson projects and about
potential indirect linkages with hubsand gdekeepers gill remains scarce in theregions

especiadly for small companies.

5. CONCLUSIONS AND POLICY IMPLICATIONS

The gronge emphasis on innovdion and the quest for bdandng supply and demand
side effects of technological advancement in Europeimplies that both research and
diffuson linkages have become a core policy concern and tha thar andysis deserves
intense and deep scrutiny. Both the economnic literature and the agenda of European
policy makers have recognized for some time now that neworks are key meansfor the
development of new knowledgeand the diffuson of knowledgeinto products and

processes.

From apolicy pespective, the creation of an internaiond infrastructure and
interconnested neworks for science and technology has represented a main concern in
the design ofthe recent FP of the European Commission. Ssme recent empirical
contributionshave investigated the effectiveness of these programmes and have found
postive results. However, much less has been dore s0 far with reference to therelation
between European research néworks and regiond diffuson programmes. The present
work amed & examining thelinksand complementarities beween research and
diffuson neworks developad throughEU and retiond/regiond funding, using ools

from social nework andysis and interviews in aselected nunber of regions
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Diffuson neworks were found bt beconsderably strengthened by theresearch
networks. Research networks complement regiond knowledgedisseminaion by
providing ne link additions presumably allowing many more organisationsto be
interconnected than would hare been otherwise the case, thussupplementing knowledge
exchange and bioadening the diffuson ofinformation within the neéwork. In paticular,
theresearch network increases the nunber of the organisationstha are involved in
shaing and exchanging knowledgethrough hediffuson neawork. It dso speedsup
information tranamission anong is organisationsby lowering the average distance

among hem.

Two (related) types of actors maintain the connectionswithin each néwork and across
theresearch and thediffusion neworks: hubsand gaekeepers.*® Hubs play a critical
role in maintaining theties of the smaller and nore isolated members within the
networks. They diffuse technological and market information, hép ddine ssandads for
emerging produds, and provide damand (gpplicationg for research results. It is the
actual presence of hubsin aregion that increases the connectivity of theregion
others. Gatekeepers bridge theresearch and diffusion ngworks, thushdping boh to
disseminate knowledgeof al kindsthrough vaious knowledgechannds and to provide
access to resources and qopottunities. Theintengty of the activity of individud
gaekeepers is remarkable. Even though arelatively small number of organisationsfalls
into this categoty, they are responsble for onethird of thelinksin each nawork
(research and diffuson). The vast mgjority of these links connect gaekeepers and oher

organisations

19 The two sets are not independent: several, but not all, gatekeepers are also hubs.
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Multinaiond corporationsparticipae in research ngworks and in large scale projects
tha link research and diffuson. In dong 9, they dlow smaller organisation to access
resources such as technical and merket knowedgeto alarger extent than would have
been posible othewise. SMEs appear to beimportant players in diffuson activities.
They are desply rooted in thar respective territories and represent very efficient agents
when it comes to deploying specific gpplicationsand © building relationshipswith

regiond authorities.

Our findingshave useful policy implications They suppot the idea of creating virtud
regiond innovdion g/stems in order to overcome the tenson beween global research
activities and local diffuson activities. While research across the ERA is highly
networked, regiond diffusion neworks are less interconnected. Moreover, I ST research
and knowedgediffuson neéworks are notadways strongly connected. It is for these
reasonsthat gatekeeper organisations play a critical rolein the neworks by providing
interconnestionsacross them. Regionscould involve more of these types of
organisationsin order to bridgethe ggp beaween research and knowledgediffuson more
effectively and to haness the outcomes from FP projects. Both research and diffuson
networks appear to beeffective in information disseminaion, helatter more so & the

regiond level.

However having alarge nunmber of organisationsin the network does not guarantee
extengve linkages to theoutside world: theinduson of hubsamong hem does. Snce
the presence of hubsin aregion raises dispropartionaely the connectivity of the region

with others, the atraction of such omganisationsto aregion artainly makes sense. Large
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research and busness organisationsare critical for bridging research and diffuson as
they possess finandal, technical, human and locationd resources to manage theensuing
complexity. The message hee is tha regionsmay find it advantageousto suppot the
presence of such large organisationsin thar territories. In addition to diffusing
technological and market information, héping deine sandadsfor emerging produds,
and pioviding demand (@pplicationg for research results, therole of such organisations

in neéworks could promote SMEs beyond ter limited geographical areas.

At present, however, regiond strategies for econamic development and ICT diffuson
seem relatively unknown to the network participants that we examined. In many cases,
organisationsfocused onthe globd marketplace in their development process
disregading theregiond level. This may be gppropriate for frontier research butit is
not the mog effective way for innovaion diffuson. Increased avareness of
oppotunities should bethefirst gep. In order to promote knowedgediffuson, naiond
govenments mug play acatalytic role by initiating and suppoting mechanisms for

inter-regiond coopeation and wllaboration.
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Tables and Figures

Table 1 BNetwork Data

IST RESEARCH IST DIFFUSION
Projects Projects
Description European network formed by European network formed by

organisations participating in FP6  organisations participating in e7en and

IST — TA1 projects eContent projects
Data source Internal EC Database Internal EC Database
(not publicly available) (not publicly available)

Period First 4 Calls of FP6 eTen: 2000-2005
2002-2005 eContent: 2002-2005
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Table 2 — Research and diffusion projects and organisations

IST RESEARCH IST DEPLOYMENT
Projects Projects
Participants 4198 2008
Projects 249 287
Participants per project 17 7
Organisations 2417 1634
Projects per organisation 17 12
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Table 3 - Network characteristics

IST RESEARCH IST DIFFUSION
Network Network

Number of nodes (organisations) 2417 1634
Number of edges (links) 61686 7422
Network density 0.02 0.006
Giant component 2373 1153
Giant bi-component 2340 733
Average degree 51.04 9.08
Average distance* 25 5.08
Max distance* 5 11
Clustering coefficient* 0.0377 0.1292

* These indexes refers to the giant component
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Table 4 - Global IST research and diffusion network: structural properties

I ST Network

Number of nodes (organisations) 3774
Number of edges (links) 68977
Network density 0.0097
Giant component 3499
Giant bi-component 3150
Average degree 36.55
Average distance* 3

Max distance* 9
Clustering coefficient* 0.0138

* These indexes refers to the giant component

27



Table S - Research network and diffusion links: structural properties

IST RESEARCH IST RESEARCH
Network plus DIFFUSION links

Number of nodes (organisations) 2417
Number of edges (links) 61686 62040
Network density 0.02 0.02
Giant component 2373 2375
Giant bi-component 2340 2353
Average degree 51.04 51.34
Average distance* 25 25
Max distance* 5 6
Clustering coefficient* 0.0377 0.0375

*These indexes refer to the giant component
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Table 6 - Diffusion network and research links: structural properties

IST DIFFUSION IST DIFFUSION
Network plus RESEARCH links

Number of nodes (organisations) 1634
Number of edges (links) 7422 9948
Network density 0.006 0.007
Giant component 1153 1401
Giant bi-component 733 1072
Average degree 9.08 12.17
Average distance* 5.08 3.65
Max distance* 11 9
Clustering coefficient* 0.1292 0.0434

*These indexes refer to the giant component
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Table 7 - Regional networks: structural properties

REGION

UK - East Wales
FR - Rh™e-Alpes
DE DBremen
DK- North Jutland
FI - Lansi Suomi

PT- Norte

GR DAttiki

IT -Emilia Romagna

STE

Strength

HIGH

HIGH

HIGH

HIGH

HIGH

VERY

LOW

LOW

LOW

IST network

organisations

20

16

11

22

116

54

Research network

Organisations

1

12

10

3

10

13

56

25

Diffusion network

Density Organisations Density

0.15

0.53

0.66

0.53

0.35

0.14

0.14

84

38

0.11

0.27

0.11

0.039

0.11
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Table 8 - Regional networks: hubs and external connections

REGION Research network Diffusion network

Organisations  Hubs Connection to  Organisations  Hubs  Connection to

external hubs external hubs
UK DEast Wales 1 0 0 1 0 0
FR BRh™e-Alpes 12 2 0.11 9 0 0
DE DBremen 10 0 0.06 9 0 0.021
DK- N. Jutland 3 0 0.09 0 - -
FI - Lansi Suomi 10 0 0.075 1 0 0
PT- Norte 13 0 0.089 9 0 0.003
GR DAttiki 56 2 0.11 84 2 0.017
IT EEmilia Romagna 25 0 0.06 38 4 0.026
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Table 9 - Overlap between research and diffusion networks by region

REGION OVERLAP between OVERLAP between IST networks and

Research and Diffusion network structural funds
Organisations Links Research Deployment

UK - East Wales 0 - - -

FR - Rh™e-Alpes 1 0 1 2

DE - Bremen 3 0 1 2

DK - N. Jutland 0 - 0 -

FI - Lansi Suomi 0 - 3 0

PT - Norte 0 - 6 3

GR - Attiki 24 8 17 16

IT -Emilia 7 0 5 8

Romagna
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Figure 1 - Gatekeepers

Deployment
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Figure 2 - An example of how the

IST Research networks plus DIFFUSION links are built up

A simplified version of the A simplified version of the

IST RESEARCH Network IST RESEARCH plus DIFFUSION links
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