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Abstract This paper c oncerns the building of orga niza tiona l networks for the diffusion of

innova tion a c ross na tiona l bounda r ies. In pa rtic ula r , it reports on an inv estiga tion of the

Spec i ® c Projec t Ac tion Line ( SPAL) ; an explora tory initia tiv e within the SPRINT

programme which sought to improv e the understa nding a nd opera tion of the diffusion of

innova tion a c ross na tiona l bounda ries in Europe. The paper draws upon soc ia l network

theory and eva lua tions of ea rlier networking initia tiv es within the SPRINT programme in

order to inform the a na lysis of three SPAL projec ts. An importa nt a spec t of the study was

the development of the network graphic a s an ana lytica l tool for the representa tion and

c ompar ison of projec t networks over time and between projec t. It is conc luded tha t network

div ersity, network c on® gura tion, a nd the management of the networking proc ess a re a ll key

a nd inter-rela ted network themes tha t in¯ uenc e the diffusion of innov a tion a c ross na tiona l

bounda r ies. However, the c a ses highlight the problem of presc r ibing a single ‘best’ network

struc ture for diffusion. It wa s found, for example, tha t the more ‘distant’ the innova tion was

from the ma rket pla c e, the more constra ined the network needed to be, both in terms of size

a nd div ersity.
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Cros s-National Networks; Network Mapping; Network Graphics .

1. Networ k B a s ed Innova t ion P olicy

International competition and the global speed of technical change are major

dynamic factors that are encouraging the formation of both cros s-national and

cross -sector innovation networks within the European Union (Wells and Grieco,

1993; Boekholt, 1994). Indeed, international competition is increas ingly viewed as

taking place at the level of organizational networks rather than at the level of the

individual organization (Soeters, 1993). Such a trend is illustrated by research such
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as Hagedoorn and Schakenraad’s (1992) longitudinal s tudy of strategic alliances

among leading companies in information technologies.

In tackling these challenges there has been a shift away from large-sca le miss ion-

oriented actions or ‘big science’ by the European Commis sion, accompanied by an

increasing recognition of the importance of diffusion, networking, and SMEs for

employment creation, economic renewal and innovation (Rothwell, 1991; Boekholt,

1994). This has yielded a number of schemes directed toward promoting innovation

and regional networks , and improving the innovative capacity and impact of SMEs

within the European Union. One such scheme was the SPRINT programme

(S trategic Programme for Innovation and Technology Trans fer), launched in

1983. This scheme represented a signi® cant shift in European innovation policy

toward a programme explicitly organized on the ‘network template’ (Wells and

Grieco, 1993). It also re¯ ected a move away from traditional policy ins truments

based on the ‘linear model’ of innovation, to those based on the ‘interactive model’,
where diffusion is no longer considered a dis tinct las t phase of the innovation

process, but integrated into the process as a whole. The SPRINT programme has

s ince ended, and has been subsumed within the Innovation theme of the F rame-

work 5 Programme.

Bianchi and Bellini (1991) make the dis tinction between industrial policies

aimed at individual agents in a given sector or geographical area and those

interventions directed at in¯ uencing the set of relations between these agents ;

they term these ‘individual’ interventions and ‘structural’ interventions, respect-

ively. The SPRINT programme incorporated both of these types of policies. On the

one hand, there exis ted a range of actions aimed at improving the technology

absorption capacity of ® rms through advisory centres and consultancy, and the

provis ion of resource support through science parks , for example. On the other,

there were a number of structural initiatives aimed at promoting the creation and

development of project speci® c, generic technology and regional networks . Bianchi

and Bellini (1991) argue that such structural intervention must cons is t of actions to

make the sys tem as a whole explicit, encouraging agents to see themselves as part of

a single network; involve a multiplicity of actors; give direction to the specializations

of the local agents in order to permit greater articulation of the divis ion of labour,

and lower the costs of coordination.

Des igning policies to promote technological innovation and diffus ion requires

an appreciation of both the potentia l barriers to network formation, and the

desirable network characteristics , such as membership diversity and optimum

growth dynamics . Bianchi and Bellini (1991, p. 489) argue that ‘historic experience

has taught us the need for a sys temic approach to industria l organization’ and that

‘the ‘‘network’’ is a s tylized concept which we can use both as an analytical tool to

unders tand economic reality and as a reference for political action in order to

modify that reality.’ That is , the network concept is a useful framework for

evaluating the con® guration and operation of existing networks , and for highlighting

factors that might improve their networking performance. Networks are more than

portfolios of links between a group of people or organizations: they imply structure

and synergy. DeBresson and Amesse (1991, p. 364) support this view, arguing that,

‘Because interactions between ® rms . . . are iterative and broad in content, time and

space, what matters is the complete set of relationships.’
Central to an understanding of the process of cross -national diffus ion of tech-

nological innovations is an appreciation of the patterns of communication between

actors within and across national boundaries . Research has indicated, for example,
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that effective communication occurs most frequently between ‘homophilous’ actors,

that is actors who are similar in certain attributes such as nationality, education and

social status (Rogers and Bhowmik, 1971). Iterations of interaction between a group

of actors leads to a convergence of norms, va lues , beliefs and behaviour. This

proces s of convergence or ‘isomorphism’ leads to the formation of densely con-

nected groups of actors, termed ‘clusters’ or ‘cliques ’, within rather than across

boundaries; these may be organizational, regional, industria l sector or national

boundaries. Hofs tede (1980) found both differences in national culture and in the

cultural dis tance between nations . The greater the cultural dis tance between two

nations the more s igni® cant are likely to be the dif® culties for effective commu-

nication and cross -national network formation.

On the other hand, interactions that lead to innovation are often those that are

between ‘heterophilous’ actors and hence les s frequent. This would suggest that

cultural diversity may have cons iderable innovative potentia l. A key is sue is how

communication dif® culties might be overcome in order to build cros s -national

networks ? The ® rst s tep would be to actively encourage the cons truction of a

network with a cross -national membership. The second would be to reduce any

cultural misconceptions or ignorance that may exist in the network (Soeters, 1993).

That is , the aim should be to improve understanding and tolerance within the

network, without reducing the innovative potentia l of diversity. Such objectives

underlie a range of initiatives to promote cross-national networks between actors in

different European Union member states to facilitate the diffusion of technological

innovation. As a result there is an extensive set of accumulated experience from

such initiatives . Building upon the ins ights of social network theory, recent analyses

of innovation networks have sought to document and learn from this experience of

creating and nurturing effective networks (F reeman, 1991; Kreiner and Schultz,

1993; S teward and Conway, 1996; Conway, 1997a).

2. Networ k Concepts

In this analys is , we draw upon three concepts from the literature on social networks

that are particularly relevant for unders tanding the creation and performance of

transnational networks for the diffusion of innovations across national boundaries:

. The divers ity of a network’s membership, which is a core cons ideration for

reasons of communication and innovativeness;

. The con® guration of a network, which concerns its overall patterns in terms of the

type of actors and their relationships with each other; and

. The networking process, which focuses upon the management and mobilization

of linkages, and the ¯ ows through a network.

2.1. Network Div ersity

Although networks embracing a divers ity of nationalities, industries and organiza-

tional types (manufacturers, end-users, and research organizations, for example)

can create practical problems in relation to network cohesion and survival, their

potentia l for innovation and diffus ion can be powerful. Although s tudies have

shown that ‘homophily (the similarity of actors) and effective communication breed

each other’ (Rogers and Bhowmik, 1971, p. 529) this can also lead to the pooling of

ignorance. Indeed, it is argued that the ideas and information that pas s between
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‘sociometrically dis tant’ heterophilous (diss imilar) actors are more likely to be ‘new’
and ‘fresh’ (Granovetter, 1973; Rogers and Kincaid, 1981). In fact, these two

factors need to be balanced such that network members are sociometrically close on

some variables and dis tant on others (Rogers and Bhowmik, 1971). Succes sful

cross -border diffus ion is aided by the incorporation of actors who are ‘embedded’ in

the market-place of other countries; not only does this allow the network to span

cultural boundaries , but it is able to plug into existing networks in these markets .

Divers ity may also be in¯ uenced by s ize. Bianchi and Bellini (1991, p. 491) also

argue that:

The optimal number of members and the free-rider problem are s trictly

connected: when the number of entrants is rapidly increasing, and existing

members are not able to select new, entrants through a method of co-

optation (involving the acceptance by the entrant of the existing rules) , the

entrants become free-riders and the transaction-cost advantages based on

common language and reciprocal reliability fall down.

2.2. Network Con® gura tion

Rogers (1987) contrasts the relational approach to the analysis of networks with the

s tructural tradition. The relational approach emphasizes the importance of the

con® guration of networks for the unders tanding of the technology trans fer process .

Diffusion is best facilitated by ‘open’ networks , provid ing bridges to other cliques

(Rogers and Bhowmik, 1971; Granovetter, 1973; Rogers and Kincaid, 1981;

Conway, 1997b). In their work concerning the diffus ion and communication of

innovation, Rogers and Kincaid (1981, p. 347–48) dis tinguish between what they

term ‘interlocking’ networks and ‘radial’ networks . Here they de® ne interlocking

networks as those ‘in which an individual interacts with a set of dyadic partners who

interact with each other’, and radial networks as those ‘in which an individual

interacts with a set of dyadic partners who do not interact with each other’. Thus,

interlocking networks can be seen as synonymous with cliques and, in contras t to

rad ial networks , are dense and highly connected. With respect to the innovative and

diffus ion capacity within these types of networks, Rogers and Kincaid (1981, p.

136) argue that:

. . . interlocking personal networks are more numerous than radia l net-

works . The reasons for this tendency toward integration in personal

networks may be the same as those facilitating the homophily principle

. . . Unfortunately, the ingrown communication patterns in interlocking

personal networks dis courage the exchange of new information with the

environment beyond the personal network. Interlocking personal networks

lack opennes s . . . (and) may simply facilitate the pooling of ignorance

among the individual members .

Combining the concepts of the ‘radia l’ network, ‘openness ’, and ‘embeddedness ’ in

local markets , it is pos sible to visualize a network that incorporates a series of

‘zones’. Drawing from Barnes (1969), the ‘primary zone’ embraces the core of the

network, in which each of the actors are directly linked to each other. In the

‘secondary zone’, each of the core network members are embedded in other

networks , whose network members are only linked to the core network indirectly

through themselves . Thus , the network members act as bridges or liaisons to other
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networks (Conway, 1997b). By dis tinguishing between the primary and secondary

zone of the network, it is poss ible for the core network membership to be densely

connected and kept at an optimal size, whils t at the same time being ‘open’ and

linking it indirectly to many other actors , in a ‘hub and satellite’ network formation.

2.3. The Networking Process

Whilst the con® guration and membership of a network is important, it is the process

of networking that releases the ‘potentia l’ of the network. That is , the utility of the

network lies not in the ‘dormant’ s tructure, but through the interaction of network

members. Thus, the mobilization of linkages within the network, and the facilitation

of ¯ ows through these activated links , are key tasks that need to be managed within

the network.

Bianchi and Bellini (1991, p. 490) contend that ‘the exis tence of a network

requires a sort of self recognition by the participants, and therefore a slow evolution

of common traditions and language.’ Research has indicated that regular contact

between actors on an equal footing and with shared interes ts, supported by

ins titutional arrangements , will s erve to promote such a feeling of commonness

(Allport, 1958). This is particularly important where network partners have been

drawn from a range of cultural backgrounds. Indeed, Soeters (1993, p. 645) argues

that ‘only under these conditions are prejudicia l attitudes likely to be reduced’.
Thus , there needs to be a proactive approach to the nurturing and maintaining of

the network and the individual relationships within it.

3. The S P RINT S pec i ® c P r ojec ts Action L ine (S P AL ) S chem e

The Speci® c Projects Action Line (SPAL) scheme was an exploratory action within

the SPRINT programme which sought to improve the unders tanding and operation

of the diffusion and transfer process of technology acros s industrial s ectors and

national boundaries within the European Union. As well as taking account of many

of the above factors in building project networks, this particular scheme is interest-

ing in that as an exploratory action it has had the opportunity to incorporate a

number of innovative elements in project management and network formation: a

‘hands-on’ approach to project cons truction and s teering via a Technical As sis tance

Unit; the running of Goal-Orientated Project Planning Seminars for network

partners; and the creation of add-on peripheral ‘observer groups’ to maximize

diffus ion potentia l. The SPAL scheme was administered by a number of Project

Of® cers from both the SPRINT Technical Assis tance Unit (TAU) and the

European Commis sion DGXIII. The initiative encompas sed a broad range of

organizations from businesses to trade unions .

In addition to the technological merits of project proposals, a number of network

criteria were required to be satis ® ed for a project to be cons idered for selection in

the initial ‘De® nition Phase’ of the SPAL scheme:

. A partnership mus t involve independent organizations from at least two member

states : the EC only has a mandate to ® nance transnational projects . Since the aim

of the programme was to promote diffus ion, a broader European project group

was encouraged to foster a broader diffus ion of the technology across the EU.

. Membership should incorporate technology providers , end users and inter-

mediaries (operating in a facilitating capacity) to make full use of the advantages
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to be derived from the collaboration between complementary sources of

expertise.

. The project should involve ‘near-market’ technology and be diffus ion orientated.

. It was recommended that in the earlier stages of the project the membership

should be between three and ® ve partners.

. During the second ‘Implementation Phase’, project groups were required to be

supplemented and complemented by an ‘observer group’, made up of observers

from two to four EU countries not currently represented in the project. The

Commiss ion saw this group as providing a ‘multipler effect’ on the diffus ion of

the technology within the EU (Boylan, 1995).

The SPRINT SPAL scheme provides a va luable test bed for the investigation of the

relevance of network concepts to actual cases of transnational technology diffusion

networks.

4. Methodology

The investigation was undertaken as part of a study to as ses s the potentia l of visual

network mapping methods for facilitating the management of European Commis -

s ion sponsored networks to promote innovation (EIMS, 1996). An initial review

was made of the accumulated experience of the es tablishment and operation of

networks within the Speci® c Project Action L ine. This was based on interviews with

core staff involved with managing the SPAL scheme (i.e. two Project Of® cers at the

SPRINT Technical Ass is tance Unit) and on the analys is of the results of prior

s tudies on programme evaluation and best practice which had been commiss ioned

for the action line.

Following this review of network management experience an empirical inves ti-

gation was made of a selection of SPAL innovation diffus ion projects using a

network mapping methodology that was developed to enable the key elements of

network formation and dynamics to be analysed. Data on the participants and

performance of each project were obtained from documentary sources produced by

each project-team and from interviews with key project members.

4.1. Selec tion of SPAL Projec ts for Investiga tion

The Speci® c Project Action L ine was explicitly diffus ion-orientated, seeking to

improve the transfer of technology across indus tria l s ectors and national bound-

aries . However, the technologies in different projects varied in their level of

technical development and in their direct trans ferability between various industries

and nations . A small number of projects were ‘upstream’ in nature and required

quite substantia l technical development in order to become commercially viable.

Another group of technologies had reached the point of commercial application in a

particular national or sectoral context, but still required quite substantia l adaptation

to new and different ‘local’ conditions. A third group of technologies were more

‘downstream’ in nature, commercially es tablished, and more amenable to diffusion

across sector and national boundaries whilst remaining es sentially ‘intact’.
Three projects were chosen to represent the varying degrees of adaptation

required for ‘local’ conditions and ‘nearnes s to market’ of the technologies:

(1) Foundry water-jet cutting – this project required bas ic developmental work to

be undertaken prior to the process of diffusion;
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(2) Urban drinking-water dis tribution management sys tem – this project required

the adaptation of the technology to enable its diffus ion; and

(3) Non-toxic cleaning agents for off-set printers – this project involved the

diffusion of an ‘intact’ technology.

4.2. Mapping Innova tion Networks

The power of the network graphic, over and above textual and matrix illustrations,

lies in its ability to incorporate and encode a variety of quantitative and qualitative

information. This is pos sible through the representation of various facets or

characteristics of both the nodes and the relationships that link them by a palette

of what Bertin (1983) terms the retinal variables (s ize, va lue, texture, colour,

orientation and shape). The network graphic is a lso able to reveal and highlight

the dynamic nature of networks, through the comparison of ‘snap-shots’ of a

network at various points in time. However, for the network graphic to be a useful

analytical tool, it is important that the network graphic conventions adopted are

those that re¯ ect the interes ts of the network researcher. That is , the nodal and

linkage characteris tics of greatest s alience should be represented by those retinal

variables that make their differences and similarities most obvious to the eye and

therefore more immediately comparable (S teward et a l., 1994, 1995).

As part of the s tudy, a set of graphic conventions were developed to aid such a

comparative network analys is (see Appendix). These conventions were determined

for a number of s alient actor, link and ¯ ow variables , and include, for example: actor

dimensions – organization type (e.g. consultancy, technology trans fer organization,

university), project membership status (e.g. original network member, member of

observer group, new member), and nationality; linkage dimens ions – intensity of

interaction; and ¯ ow dimens ions – direction of ¯ ow. A template for the positioning

of actors was also des igned to facilitate the analys is of proximity to market of the

technological development and the supply chain location of different actors ( i.e.

most importantly, the x-axis from left to right of the graphic, represents the supply-

chain from ‘up-stream’ to ‘down-s tream’, from developer to user). The method has

been more fully discussed elsewhere. (Conway and S teward, 1998)

5. Resu lts of the Inves t iga t ion

The lessons for networking from the SPAL scheme are discussed in two ways:

® rstly, through a general evaluation of the network and project management

techniques employed under SPAL, that were originally derived through self-

re¯ ection and analys is of earlier SPRINT initiatives; and secondly, through a

more detailed focus on the network development of three SPAL projects through

time.

5.1. Mana ging the SPAL Projec t Networks

The experience of network-building had been cons idered within the SPRINT

programme, with the ass is tance of consultants who surveyed project participants

and managers. (Coopers and Lybrand, 1994; Technopolis , 1995) A range of

features had been identi® ed through this proces s.
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5.1.1. Externa l M entoring. Proactive mentoring of projects by TAU (Technical

Assis tance Unit) Project Of® cers was introduced for a number of reasons: to allow

for best-practice and experience gained under the action line to be diffused to all

SPAL projects ; to in¯ uence the shape, composition and management of ind ividual

projects in line with the overall objectives of the scheme; and to exert in¯ uence

where projects had los t direction or momentum. Initially, the De® nition Phase was

seen as a s tage of re® nement of the original project proposal, but in practice it was

far more ¯ uid in relation to both project goals and composition. This ¯ uidity was

largely the result of proactive mentoring. Experience from the scheme highlights the

delicate balance in the level of mentoring between what is cons idered interference

and what is considered useful and constructive guidance: too much, and the project

members may feel frustrated and a loss of project ‘ownership’; too little, and the

project group may become isolated and insular. The TAU was proactive in

suggesting partners in EU countries not represented by selected project proposals.

SMEs in particular found this guidance very useful as their own networks were often

under-developed. However, there were cases in which s imilar project proposals

were merged by the TAU in the hope that the new group would come together as a

larger consortium: in practice the original groups in these cases did not interact with

each other, tending to work in parallel. This illus trates that groups have their own

internal dynamic that is dif® cult to in¯ uence or adminis ter externally.

5.1.2. Building Consensus within the Projec t Team. Each project team was s trongly

encouraged (though not required) to attend a Goal Orientated Project Planning

(GOPP) Seminar/Sess ion. GOPP is a s tructured management technique for the

planning and management of projects and aims to promote ‘transparency’ between

partners, identify problems, strengthen the consensus of opinion within the group,

and es tablish a work-plan. Most groups attended the GOPP ses sions , though

feedback on their merit was mixed. Those partners with little experience of

collaboration, including many of the SMEs , felt that GOPP helped them surmount

cultural differences and clarify project goals and objectives. But at the other

extreme, those partners with extensive experience of collaboration felt either that

GOPP was too rigid and that informal approaches were better for consensus

building, or that alternative structured approaches were more appropriate. SMEs

in particular were concerned about the time and resource requirements of GOPP

workshops.

5.1.3. Expanding the Network through Periphera l Membership. Although the ‘ob-

server group’ concept appears attractive on paper, in practice the requirement for

the creation of this peripheral group during the Implementation Phase created a

number of practical and ‘political’ problems: not all of which may be overcome

eas ily. There existed no clearly de® ned role for observer group members and no

extra funds were made ava ilable to cover their expenses occurred through attending

meetings. Issues of adminis tration and group dynamics associated with increasing

network membership by incorporating observers meant that in many projects this

group was kept at arms-length. Furthermore, many ‘core group’ end-user partners

had become involved in the project in order to gain competitive advantage by

implementing the technology ® rst and therefore, unsurpris ingly, were often resis tant

to involving observer groups who were populated by other end-users and end-user
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associations . However, the observer group concept worked extremely well in a

number of ins tances , even though some grew to around twenty partners. In

addition, many projects found it extremely effective to expand the core of the

group by drawing from their observer group.

5.1.4. Expanding the Core Membership of the Network. The average number of

participants of successful projects during the initial De® nition Phase was 4.6,

compared with 6.1 for unsucces sful projects (Technopolis , 1995). As projects

progres sed and stabilized during the second Implementation Phase many success-

fully expanded the core membership of the network. This recruitment often

occurred from existing members of their project observer group, who were already

familiar with the technology, the core members, and the project structure. However,

in some cases new members remained on the periphery of the original project

network.

5.1.5. Overc oming Cultura l Differenc es. Some 15 nations were involved in the

SPAL scheme overall, incorporating a range of cultural differences at the level of

individuals , organizations, ins titutions and bus ines s practices . Thus , it was not

surpris ing that culture-bound obstacles arose, particularly with respect to newly

formed relationships. In most projects these cultural differences were not a major

problem, but in others they provided quite severe barriers to effective network

interaction. As noted above, the GOPP ses sions helped to articulate and clarify

many of the cultural differences in a number of projects and this proved very useful

in overcoming potentia l barriers . Project partners a lso spoke of the va lue of building

more informal relationships and developing trust, often through socializing follow-

ing formal project meetings .

5.2. Case-Study 1: Foundry Water-J et Cutting

The foundry sector is one of Europe’s traditional industries that has come under

increasing threat from low-wage economies. In order to survive, modernization and

automation have become paramount. However, at the time of the project, a lthough

considerable progress had been made in a number of foundry tasks , such as casting

and die making, other areas of the process had not been improved. The ® rst case-

s tudy focuses on a project that aimed to develop new technology to improve the

proces s of fettling, the removal of unwanted metal, a dif ® cult and often dangerous

task that exposes workers to risk of injury.

5.2.1. Network Forma tion. This project group was brought together for the

De® nition Phase (F igure 1) following a survey of the foundry market by BHRG,

a British hydromechanics research organization (the lead partner) which sought to

identify companies interested in marrying water-jet and robot technology to

automate fettling. Other than Hammelmann who had supplied equipment prior

to the project, BHRG had had no previous relationships with the project partners .

At this s tage the project incorporated six members from three nations : four German

(represented by two pres sure-pump suppliers , a research organization, and a

foundry/end-user), one British and one Danish (both research organizations ).
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5.2.2. Network Development. The development work involved the merging of three

types of technology to form a work cell: water-jet, robotics and pressure pump.

Funding was provided to create two working cells from alternative technologies .

Technical coordination for these two cells was split between the DTI (Danish

Technological Institute) who were working on a kinematic robot employing a low

pres sure water-jet cutting device, and GKSS (a German research organization) who

were working on a s ix-axis robot employing a high pres sure water-jet cutting device

(F igure 2). Both cells were implemented within the one end-user member of the

project: a German foundry. Adminis trative co-ordination for the overall project was

undertaken by BHRG, the British contract R&D organization. The two technical

hubs of the project network were also linked to other actors outs ide the project who

were directly involved in the development of the cells . In addition, BHRG was itself

at the hub of an international water-jet technology community, involving research

organizations , universities , manufacturers and end-users . In this sense all three key

actors provided links to other sources of technological inputs.

5.2.3. Network Extension. The observer group formed in the Implementation

Phase was made up of 10–12 organizations, largely from EU nations not repre-

sented by the core group: including four foundry as sociations from the UK, Spain,

Sweden and Portugal; the remainder being foundries (end-users) (F igure 3). No

relationships exis ted with these organizations prior to the formation of this observer

group, though the four foundry associations were subsequently asked to join the

core group for the Diffusion Phase of the project. Up to this point the observer

group had met only once and then separately from the core group. Thus, the

observer group could not really be described as a clique, but did provide weak links

between the project network and other user networks . This liaison role was
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particularly evident in relation to the foundry association members. Due to the

immaturity of the technology the observer group provided little input to the

development process .

5.2.4. Network Summary. The core network remained s table throughout the

® rst two phases of the project (De® nition and Implementation): a total of around

2–2.5 years. This may in part be attributed to the newnes s of most of the relation-

ships in the project network, requiring a period of learning to work together.

Furthermore, the network compos ition remained biased toward upstream organ-

izations : suppliers and research organizations rather than end users. This is not

surpris ing as end users are often unwilling to become involved where the technology

is still relatively immature. This factor probably also led to the lack of focus of the

observer group network, which had no real practical role to play. However, four

new members (a ll foundry associations representing end users) joined the core

group for the ® nal stage: the Diffusion Phase. The inclusion of foundry as sociations

rather than end users provided the project with an excellent opportunity for the

rapid diffusion of the technology, since each as sociation was well embedded within

the user population of their respective nations . Thus, a longs ide the growth of the

core clique as the project shifted from development mode to diffus ion mode, was

the ris e in the importance of the four new foundry as sociation members as ‘diffusion

hubs’, and a fall in the importance of the ‘technical hubs ’, in particular DTI and

GKSS .
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5.3. Case Study 2: Urban Drinking-Water Distribution Management System

Whilst the consumption of water for both domestic and industria l uses is increas ing

in most European countries, there is a limit to exis ting water sources, and new

sources are often dif ® cult and expens ive to develop. Furthermore, water distri-

bution sys tems typically suffer from leakage, and losses may be as high as 30% . The

second case-study focuses on a project designed to adapt technology developed in

the UK for leakage control in fresh water dis tribution sys tems, to allow its diffus ion

to Southern Europe. Prior to the initiation of the project, the technology had been

succes sfully adapted for use in a number of Northern European countries, reducing

leakage by around 15% . Although the technology is not complex, accuracy is

essential if it is to be succes sfully adapted to local water dis tribution systems , and

this requires close interaction between the technology provider and technology user.

5.3.1. Network Formation. The origin of this project network was es sentially

derived from the bringing together of a number of existing dyadic links between

water supply companies and technical consultancies in 1991: Yorkshire Water and

Hais te, Hais te and Nama, Nama and DEYATh, DEYATh and DEYAL. At the

De® nition Phase of the project, the network included six partners from three nations

(the UK, Greece and Spain), incorporating two consultancies (Hais te and Nama)

for the provision of technical support and training, and four end-users , Yorkshire

Water as a provider of implementation knowledge and experience and the remain-

der as technology implementors (F igure 4). The key actors in this network were:

Hais te, as project coordinator, provider of technical support, and trainer for Nama

in mathematical modelling; and Nama who created the mathematical models for

DEYAL and DEYATh and played a lia ison role between these companies (creating

a Greek sub-network) and Hais te, largely because of Nama’s language capability

and project experience.

5.3.2. Network Dev elopment. There existed very close ‘on-s ite’ interaction between

a number of the actors in the project group that helped to build the cohesion of

the newly formed network. This was largely in the form of intense two-way

communication at the level of the engineer: Haiste engineers s at down alongs ide

Nama engineers to take them through some of the early models that the latter had

built; Yorkshire Water sent out a number of experienced staff to work alongs ide

DEYAL engineers (F igure 5). In addition, Hais te as lead partner sought to remove

one potentia l cultural barrier to the success of the project: from their experience

they knew that the implementation of the technology was a very interactive process

between technology provider and implementor; they also knew from their experi-

ence that such interaction was different to traditional practices in Greece. To

overcome this perceived barrier, Haiste sent out one of their engineers to impress

upon the engineers at DEYAL and DEYATh the importance of their role in the

proces s of model building, in order to prepare the ground for when Nama would

need to work closely alongs ide these two companies in the implementation of the

technology. From the original core of s ix partners brought together for the

De® nition Phase in 1991, the network expanded in two s tages: in early 1994 with

the addition of a German water dis tribution company (Stadwerke Chemnitz AG);

and in late 1994 with the addition of six new partners; three Irish, one Greek and
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one Portugese. This brought the core network size to 13 partners from six nations .

Three of these were drawn from the project observer group: Dundalk Urban

District Council, Dublin Local Government Computer Services Board and

EPAL. The addition of these new project members extended the number of

pilot projects from three to seven, and incorporated, L ariss a (DEYAL) and

Thiva (DEYATh) in Greece; Madrid (Canal de Isabel) in Spain; Chemnitz

(S tadwerke) in Germany; L isbon (EPAL) in Portugal; and Dundalk and Meath

in Ireland. The ® nal two members LNEC (a Portuguese trade association) and

EDEYA (the Union of Greek Munipal Water Enterprises ) were recruited to aid in

the diffus ion of the technology rather than to become involved in the implementa-

tion of the technology.

5.3.3. Network Extension. The observer group was originally formed with four

members: an Italian multi-utility company based in Verona; a Portugese water

dis tribution company based in L isbon (EPAL); and two Irish organizations : the

Dundalk Urban County Council represented by the town engineer; and the Dublin

Local Government Computer Services Board (F igure 6). The complexion of this

observer group was partly in response to reques ts from the SPAL project of® cers to

include several ‘peripheral’ EU member nations . The relationships were new and

established through various other contacts in the water industry. A number of these

observers were later recruited into the core group as noted in the above section.

5.3.4. Network Summa ry. The original project network took around 2 years to

consolidate. This was due to the newnes s of many of the relationships; language

294 F. Stewa rd a nd S. Conway

NAM A

G R

HAISTE

G B

Dublin Loca l
Govt IT

Serv

E

Dundalk
UDC

E

Yorksh ire
W ater

G B

DEYAL

G R

DEYATh

G R

Stadwerke
Chem nit z

D

I

EPAL

P

Canal de
Isabel

E S P

F igur e 5. Urban drinking-water project – network development.



barriers to direct communication among all partners; cultural differences in work

practices; and the need for the technology to be adapted to ‘local’ conditions.

However, following this period of technical and group consolidation the network

expanded quite rapidly after 1994, enabling the project group to diffuse and

implement the technology fairly widely in a short period of time.

5.4. Case-Study 3: Non-toxic Cleaning Agents for Printing

The use of organic solvents for the cleaning of off-set printing machines has major

impacts on worker health and the environment. The third case-study focuses on a

project designed to reduce this impact through the diffus ion of non-toxic vegetable

oil cleaning ¯ uids. This technology had been developed and success fully introduced

in Denmark, but had not been diffused readily into other European countries. S ince

the main reasons for the poor diffus ion of this bene® cia l technology were believed to

be a lack of awarenes s or a suspicion of the new technology, a key role of the project

was to pool and transfer information with regard to its bene® ts and cos ts .

5.4.1. Network Forma tion. The origination of the project can be traced to a

conference on the work environment, where a Danish technical s chool KTSK

was demonstrating the technology: non-toxic vegetable oils for cleaning printing

machines. At this stage the technology was in use in Danish indus try and functioned
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well. Kooperations stelle DGB (a technology transfer organization under the

German Minis try of Science and Research) was impres sed by the technology and

after receiving literature on the SPRINT programme by coincidence decided to put

in a proposal. The original proposal included three partners: Kooperations stelle

(the lead partner), KTSK and DTH (the Technical University of Denmark). The

German-Danish links were new, originating from the conference. Following sub-

mission of their proposal they were asked to supplement the group with partners

from southern Europe, which they did with some dif® culty: Confederacio Sindical

(a Trade Union) and SERMASA (which subsequently left due to internal prob-

lems ). Thus, at the s tart of the initia l De® nition Phase in 1992, the project group

was effectively made up of four members from three nations (Figure 7). In this early

phase of the project the emphas is was on the application of the technology to various

industrial environments. The organizational mix incorporated both technology

providers and technology diffus ion intermediaries.

5.4.2. Network Dev elopment. The SUBSPRINT project quickly developed into

quite a substantial network with the core project partners acting as a steering

committee for the coordination of overall diffus ion activities (F igure 8). Following

the success of the early phases of the project, EU funding was doubled allowing the

recruitment of ® ve new partners in late 1993/early 1994, representing the addition

of four nationalities to the team: two British, one Italian, one Dutch, and one from

Luxembourg. Within the project, the new members all acted as technology diffusion

intermediaries ; each developed their own national network which they coordinated,

and each acted as lia ison between the core project team and their national ‘s atellite’
project. Thus, each of these sub-networks was a national satellite promoting the

diffus ion of the technology in their respective countries and incorporating a range of

organizations . Taking the example of the Dutch satellite network, we have:

Chemiewinkel, the sub-project leader (Occupational Health and Environment

Department, University of Amsterdam); KVGO (an employer’s organization);

Druk Papier FNV (a trade union); GOC (a vocational training centre for the

printing industry); Tetterode (the leading supplier of printing equipment in the

Netherlands and itself part of a network of Dutch suppliers of cleaning agents ); and

VROM (the Dutch Ministry of the Environment). Each of these organizations in

turn directly represent and/or have acces s to many end-user organizations.
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5.4.3. Network Extension. The SUBSPRINT core network was extended in two

ways: principally through the recruitment of key national industry actors as project

observers from nations not represented in the core project group, but also through

interaction with non-project members on an individual bas is . The role of such key

national industry actors was to act as technology diffus ion intermediaries as

described in the above section. In the event, the development of the core network

was through the recruitment of key national industry actors from the observer

group. Indeed, so many members of the observer group were absorbed into the core

project team that the observer group itself was disbanded. Nevertheles s , at the s tart

of 1994 the observer group included some 18 organizations from eleven nations ,

including seven nations not then represented by the core partners (USA, F inland,

Belgium, Austria, Switzerland, Sweden and Ireland).

5.4.4. Network Summa ry. A number of factors enabled the successful expansion of

this network: the focus on a market-ready technology; the recruitment of organiza-

tions that represented and/or were capable of in¯ uencing many end-users (rather

than being end-users themselves ); a s trong co-ordinating core with a strong sense of

purpose and direction accompanied by a decentralization of national diffus ion

activities to the national core partners; and the development of national satellites to

maximize national diffusion coverage. S ince only the national s atellite leaders were
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formal members of the SUBSPRINT project team, the network con® guration

provided a dramatic multiplier on the effectiveness of the EU project funding,

whilst a lso allowing many actors to become involved without the core project s ize

becoming too unmanagable. In addition, the con® guration also helped to reduce

national cultural barriers by limiting the interaction between the national satellites

and the core team to the intermediaries , that acted as gatekeepers . This a llowed a

smaller multi-national team to build unders tanding and linkages within the core

group.

6. Conc lud ing Com m ents

There are a number of inter-related messages that can be extracted from the SPAL

experience for the building of networks for the diffus ion of innovation across

national borders. These focus on network divers ity, network con® guration and

the management of the networking process . With regards to the diversity of network

membership, the cases demons trate that technology diffus ion is promoted by the

inclus ion of actors from along the supply-chain, including technology providers ,

technology intermediaries and end-users . However, the Foundry Water Jet project

suggests that where the technology is still under development, the role of end-users

needs to be de® ned more carefully. The establishment of a multi-national project

team was also found to be key to the succes s of each of the projects : in the Foundry

project, national diversity allowed bridges to a broader set of technological compe-

tences; in the Drinking Water project, national diversity enabled the technology to

be adapted accurately to a range of local conditions; whilst in the SUBSPRINT

project, the multi-national membership allowed far more rapid diffus ion of the

innovation. Nevertheless , network diversity neces s itates clearer goals and roles , as

well as purposeful management, s ince con¯ icting goals and cultural variations are

likely to exist both between organizations along the supply-chain, as well as between

organizations from different nations. The role of ‘Lead Partner’ appears to have

been vital in this respect, that is , Koop in the SUBSPRINT project, Hais te in the

Drinking Water project, and BHRG in the Foundry Project. Hais te, for example,

played a particularly important role in overcoming national cultural differences in

working practices , that otherwise might have undermined the success of the project.

The highlighting of network management issues, including training ses s ions on

consensus building, and external mentoring by the Technical Assis tance Unit

appeared to have had a bene® cial impact on the projects , although the experience

and reaction of different partners varied; it was found that a balance needed to be

made between external mentoring and perceived interference, and allowance made

for the networking and project experience of partners.

With regard to network con® guration, the cases highlight the problem of

prescribing a s ingle ‘bes t’ network s tructure, particularly for the range of projects

under the SPAL scheme. It was found that the more removed the core innovation

was from the end user, the more cons trained the network needed to be, both in

terms of s ize and in diversity. Thus, whilst in the Foundry project, where the

technology was still being developed, the network remained fairly closed, in the

SUBSPRINT project, where the technology could be diffused intact, the network

developed rapidly to incorporate many of the observer group organizations , through

an ‘open’ core and satellite con® guration. Furthermore, developing and maintain-

ing an ‘appropriate’ network con® guration requires proactive network management.
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Thus in conclusion, the des igning of policies to promote technology diffus ion

acros s national boundaries requires an appreciation of the potentia l barriers to such

network formation. L anguage, and cultural differences at the level of individuals,

organizations, institutions , and busines s practices between nations need to be

recognized and addressed. In relation to effective network formation, past experi-

ence and social network theory provide guidance on desirable network character-

istics : optimum network size and con® guration, membership diversity, network

management, and the importance of creating informal relationships and consensus

within the network. With reference to the SPRINT Speci® c Projects Action L ine, a

number of innovative techniques were discussed and evaluated with respect to

improving network performance and aiding partners to learn to work together: these

include external mentoring, structured project management techniques to improve

project cohesion and consensus, and the use of observer groups to maximize

diffus ion. Although in this particular programme the succes s of these initiatives

was mixed, the examples of success indicate that they offer great potential.

The three case-s tudies dis cussed in this paper illus trate the inverse relationship

between the nearnes s or ease of implementation of a technology and the growth of

its diffusion network. The wide and rapid diffusion of the new cleaning agent for

printing was also aided by the recruitment of key national ‘umbrella’ organizations

(such as trade unions ) rather than end-users ; a strong co-ordinating core network

with a strong sense of purpose and direction; and the decentralization of national

diffus ion activities to national s atellites or sub-networks . Thus , network composi-

tion, network con® guration, network management, and the nature of the technology

itself are all important factors that in¯ uence the speed and success of cross-border

technology diffusion.
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