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Preface

This book contains six chapters about research and development projects that are

cooperative, subsidized, and European. These chapters can be read independently.

There are two additional chapters: the first chapter presents the general theoretical

framework that underlies the separate studies and links them to the research

questions. It also summarizes the main results and provides recommendations. The

second chapter presents general empirical material that serves to introduce and

position the other chapters. The work reported in Chapters 3 to 8 has been

published previously:

3 Cabo, P.G., Centrality in technological areas: a network analysis of

Eureka,Tinbergen Institute Research Bulletin, Vol. 5 (1993), No. 2, 107-

117.

Cabo, P.G., Bijmolt, T.H.A.,Eureka revisited: national culture and R&D

cooperation in Europe, Research Note 1993-04, Faculty of Management

and Organization, University of Groningen, Groningen, 1993.

Cabo, P.G., Bijmolt, T.H.A., International R&D networks: the Eureka

map,Research Evaluation1992, Vol. 2, No. 3, 161-168.

4 Cabo, P.,The construction of cooperative R&D projects, Research Note

1996-02, Faculty of Management and Organization, University of

Groningen, Groningen, 1996.

5 Rossum, W. van, Cabo, P.G., The contribution of research institutes in

Eureka projects,International Journal of Technology Management, Vol.

10, 1995, Nos 7/8, 853-866.

6 Cabo, P., Boersma, M.,A keyword analysis of joint biotechnology

projects, JISSI, The International Journal of Scientometrics and Informetr-

ics, Volume 2, Number 1, March 1996, 3-16.



7 Cabo, P.G., Rossum, W. van,A sociocognitive network analysis of

research programs. The case of ESPRIT, Research Report 94336, Gradua-

te School / Research Institute; Systems Organizations and Management,

University of Groningen, Groningen, 1994.

8 Cabo, P., Rossum, W. van, Mangematin, V., Vinck, D., Saviotti, P.,

Academic/industrial research collaboration in the biotechnology pro-

gramme of the European Community (1992-1994), Report for the

European Commission DXII, April 1996.

The papers have been slightly modified in order to avoid overlap and to make

references between chapters. Chapter 3 is a combination of three papers.

This book is the result of numerous cooperative efforts. Someone who fits in

almost all the following categories (and some more) is Floor Rikken. I would like

to thank Wouter van Rossum, my thesis supervisor who guided me for over four

years. Special thanks are to Sjerp Zeldenrust who pushed the project in its initial

phase and to John Cabo who pulled the project in its final phase. I also would like

to thank my co-authors Tammo Bijmolt, and Margreet Boersma and the partners

in the BIOTECH project, Vincent Mangematin, Dominique Vinck, and Paolo

Saviotti. I am also indepted to Paolo Saviotti, Bart Nooteboom, and Frans Kuijpers

for their time in the dissertation committee.

I am also indebted to the co-authors of papers that are not reported in this

book but which are adjacent: Esther Hicks, Chris Mombers, Ariane von Raesfeld

Meijer, Rik van Reekum, Rein Vos, and Rob Vossen.

The Innovation and Networks research group and other colleagues at the

University of Groningen provided a stimulating environment, especially Nico

Fiebelkorn, Rita Poppen and Rob.

I received many useful comments at presentations at international

conferences. I am indebted to Evert Schoorl and the Department of Management

and Organisation for their generous funding of the trips. Additional funding was

provided by the Netherlands Organization for Scientific Research and Shell. The

European Commission funded the work reported in Chapter 7. I am indebted to



Sander Aaftink for computer assistance. Finally I would like to thank all the

people that I was able to interview.
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CHAPTER 1

INTRODUCTION

OUTLINE

Technological innovation is a central characteristic of modern society. More

recently, innovation processes have become characterized by various forms of

cooperation. This research is motivated by the wish to understand the role of

cooperation in innovation; more in particular ‘organized’ cooperation.

From empirical studies it has become apparent that cooperation in innovation is

a widespread phenomenon. In their study of the (mainly US) R&D system since

1860, Mowery and Rosenberg (1989) characterize recent developments:

Collaborative ventures obviously represent a considerable shift away from the in-
house research and development that dominated industrial research during the first
seventy-five years of this century (ibid., p.238)

They refer to national and international cooperation between firms and between

firms and universities. Since most of the alliances are in fast growing, high-tech

sectors they are an important factor in the economic system. Teece (1992) claims

that we are dealing with a world wide phenomenon:

Where the law permits, alliance and consortia structures are increasingly coming
to characterize aspects of European and American business. Though more
transactional and less relational than alliances in Japan, these structures neverthe-
less involve high levels of cooperation. (ibid, p.6)

There are more and more linkages between firms, between research institutions,

and between firms and research institutions. This means that research and

development (R&D) cooperation is more than an interaction between two partners.

Increasingly, technological innovation occurs innetworksof interorganizational

relationships. The links in these networks can take various forms: joint-ventures

and research corporations, joint R&D agreements, technology exchange agree-



ments, customer-supplier relations, and one-directional technology flow

(Hagedoorn 1991).

R&D cooperation has become an important theme in science and technology

policy. This is partly a consequence of the tendency for innovation to include

cooperation, but this policy is also motivated by the wish to create a more efficient

science and technology system. This change in policy has been described by

Schienstock (1994). In his view, the state has turned from a central player into a

facilitator and coordinator. The focus on networks is in line with this argument:

instead of a direct control of firms and research institutions governments create the

context in which firms and research institutions can coordinate their activities.

Instead of covering all forms of R&D innovation in a general way I choose to

study one type of R&D cooperation in all its facets. This book is about a specific

type of R&D cooperation namelyjoint projects. Two or more organizations (firms

or research institutions) work together on a specific problem and for a limited

time. Furthermore, the projects in this book areinternational: they involve

organizations from at least two European countries. Finally, the projects aresubsi-

dized, eigther by the European Commission or by national governments.

In Europe, R&D cooperation has become an important theme in science and

technology policy, both at the European level and the national level (The European

report on science and technology indicators 1994). It is an efficient way of

combining resources and also a way to promote knowledge transfer. At the

European level there is an additional objective: the stimulation of coherence

between European countries, and the development of a common market.

At the European level I will distinguish two types of international cooperation

policies. In the first one a number of countries create one organization in which

they combine their research effort. An example is CERN (the European

Organisation for Nuclear Research) that was established because it was simply to

expensive to do this type of research by one country. Another example is the

European Space Agency (ESA) in which countries combine efforts for one space

2



program. Another type of organization, the European Molecular Biology Laborato-

ry (EMBL) was established because one needed one central database of scientific

information.

The second type of international cooperation policy is where countries stimulate

projects between existing organizations without the aim of creating a new

organization. The programmes of the European Community are the best known

example. But there is also the European Research Coordination Agency (EURE-

KA) in which a large number of EU and non-EU European countries participate.

The EC programmes and EUREKA provide actual funding for joint projects.

Further introductions about EUREKA and the Community programmes will be

given in subsequent chapters. Furthermore, the COST (European Cooperation in

the Field of Scientific and Technical Research) programme provides subsidies for

the coordination of research.

Although the percentage of the total European R&D expenditure that is devoted

to these types of cooperative activity is not very substantial (about 10%), it has a

far-reaching effect on the European R&D system. This is because all major (and

many smaller) universities, research institutes, and industrial firms are involved

in one programme or another. Furthermore, while the national R&D expenditures

in Europe stagnate the funding that is devoted to the European level rises exponen-

tially (The European Report on Science and Technology Indicators 1994).

Subsidies is a favourite policy instrument in Europe compared to other instruments

such as soft loans and tax relief. In the EU programmes and EUREKA (but also

in national programmes) one of the conditions for obtaining subsidies is some

form of joint activity. This makessubsidizedR&D cooperation a typical European

phenomenon.

Since the main actors in this study are firms, research institutes and universities

I will indicate, in the next section, the size of the various sectors of the R&D

community. I will also indicate the size of government funding of R&D, since this

3



is the fourth actor that influences the three other actors. The book is limited to

Europe, therefore I will indicate how special this block is by making comparisons

with Japan and the USA.

The R&D sector in Europe, the USA, and Japan

From Table 1 it follows that, in absolute size, the R&D sector of the European

Union is larger than the R&D sector of Japan and smaller than that of the USA.

If I correct for the total size of the economy, the R&D expenditures of Europe are

the lowest, Japan has the highest research intensity. This is a major reason for the

European Union to direct policy measures at the stimulation of R&D in Europe

Table 1 Gross domestic product and total research and development expenditures
by the European Union (12 countries), the USA, and Japan. (Million ECU in 1987
US prices)

1992 EU USA JAPAN

GDP 3709000 4240000 1590000

R&D 72744 111270 44556

R&D/GDPx100 1,96 2,62 2,80

Source: The European Report on Science and Technology Indicators 1994.

R&D is performed in three sectors: business enterprises, higher education, and

government and non-profit organizations. Table 2 shows the distribution of the

total R&D expenditures in these three sectors.

Table 2 shows that in all the blocks, the majority of all R&D is performed in

firms. Although the differences between the blocks are small it appears that the

European Union has the largest share of R&D conducted outside industry.

4



Table 2 R&D performed in three sectors (Percentages)

1992 EU USA JAPAN

BUSINESS 62 68 74

HIGHER EDUCA-
TION

20 17 12

GOVERNMENT
AND NON-PROFIT

18 15 14

TOTAL 100 100 100

Source: The European Report on Science and Technology Indicators 1994.

Table 2 is about the actors that perform R&D and not about the actors that finance

R&D. Some of the business R&D is financed by the state and some of the higher

education and non-profit organizations are financed by business. In addition, some

R&D financing comes from abroad. In Japan, almost no business R&D is financed

by the state (1.1%), while in the USA this is 20%. The EU occupies a middle

position with 12% of its business R&D financed by the state.

Instead of looking at the input indicators, the size of the R&D sector can also be

described by using output indicators. The number of scientific publications and the

number of patents are approximative indicators of the output of science and

technology. In 1992, the US patent office granted 84856 patents in all industries.

468659 articles were published in the most important scientific journals of all

disciplines. The three blocks together account for 91% of the publications and

72% of the patents. Table 3 presents the number of patents and publications

relative to the size of the total R&D sector (see Table 2).

The EU have relatively the largest number of publications and the smallest number

of patents. This is why, in addition to the funding of R&D, the linking of science

and technology is a central theme in EU policy. The publication and patent posi-

tion of Japan is exactly the opposite of the EU and the USA occupy an average

position.
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Table 3 Number of patents and publications per 1 MECU R&D expenditures

1992 PATENTS PUBLICATIONS

EU 0.21 1.88

USA 0.36 1.48

JAPAN 0.49 0.85

Source: The European Report on Science and Technology Indicators 1994.

These data give a general impression of the size and nature of European R&D,

compared to the USA and Japan. Part of these differences can be explained by the

nature of the R&D. Europe spends relatively more money on basic R&D than

Japan and the USA. The majority of Japanese R&D goes to activities that are

‘close to the market’. This is reflected in the relatively high number of patents and

low number of publications in Japan. To conclude it should be noted that the

figures for the EU are averages and that there exist some important differences

between European countries.

R&D cooperation in Europe, the USA, and Japan

The extent of R&D cooperation in modern economies has empirically been

assessed by various studies. Nevertheless, there are no standard indicators about

R&D cooperation as there are about R&D expenditures. Ideally I would like to

have data about all R&D joint projects involving firms and research institutions.

The problem is that most studies relate only to a specific part of this system, for

instance only cooperation between firms, excluding research institutes. As we shall

see the type of sources that are used to measure R&D cooperation also vary.

Furthermore, some studies combine various forms of R&D cooperation and mix

R&D cooperation with cooperation that is not related to R&D. This book is

limited to joint projects, which excludes on the one hand joint ventures and on the

other hand simple contracting out.
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INSEAD Business School started, in the mid 1970’s, to collect data on interna-

tional cooperation agreements described in the Economist and the Financial Times

(Herbert and Morris 1988). This data is not limited to R&D but also includes other

types of agreements. According to this data the number of agreements increase

every year between 1979 and 1985, especially since 1983. Most of the agreements

are within the European Community (EC), followed by EC-US cooperation. The

sectors that are most cited are the car industry and aerospace.

Another database was set up at TNO and since 1986 at MERIT at the University

of Limburg (Hagedoorn and Schakenraad 1991). As in the previous case alliances,

exclusively between firms, where traced in the literature but in a large number of

(trade) journals. This data shows an increase in the number of new alliances

between 1980 and 1989. Most of the cases are in the US, followed by US-EC

links. The largest sector is information technology, followed by biotechnology.

There are also commercial databases that have been used such as BIOSCAN

published by ORYX Press for biotechnology and Dataquest, for information

technology. These databases list R&D cooperation but also marketing and

licensing agreements. Based on this information Kogut, Shan, and Walker (1992)

find that there is an increase in new relationships between firms between 1984 and

1988. Large firms have a lower propensity to cooperate than small firms. If the

links are partitioned into three blocks, the USA, Japan, and Europe, it appears that

the majority of the links include the USA and that only the USA have an ‘internal

system’, i.e. they have more internal than external links. In biotechnology the

major international link is between the USA and Europe, and in information

technology between the USA and Japan. The link between Japan and Europe is

relatively weak in both fields.

The studies that I have discussed so far are limited to firm-firm interaction, the

next two studies, one about the USA and one about Japan, are about the

interaction between firms and research institutions.
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Batelle performed a study on the industrial uses of the public technology

infrastructure for R&D in the USA (Batelle, April 1994). They found that the size

of the involvement of American industry in external research was relatively

modest: more than 90% of all industrial R&D is performed entirely within the

sponsoring company. When firms do look for outside knowledge supply they first

turn to universities. Firms perceive numerous obstacles and questionable value in

obtaining technology from Federal laboratories and quasi-public research institu-

tions and consortia.

In a study by Japan Insite B.V. the relationship between firms and the knowledge

infrastructure in Japan has been reviewed (Japan Insite B.V, March 1994). The

authors of the report emphasize the difference between Japan on the one hand and

the USA and Europe on the other hand. I already mentioned the different size and

structure of the R&D system in the previous section. The Japan Insite report finds

a relatively modest degree of contracting out research to the public knowledge

infrastructure. It is argued that this can be explained by the facts that more than

60% of R&D expenditure is devoted to product development and that Japanese

firms see product development as the most important strategic competitive

weapon. However, the most important difference between Japan and the other

blocks is the mechanism of interaction between firms and public knowledge infra-

structure. There seems to be no central point from which joint projects are

managed. The actors say that themes, conditions etc "evolve spontaneously in the

framework of the numerous formal and informal ties between the two parties"

(p.II). Seen from this perspective there appears to be quite a large amount of R&D

interaction. In spite of the hierarchic nature of Japanese society, both government

and industry have created mechanisms to coordinate their R&D interests. Where

US firms first turn to universities for their external knowledge, Japanese firms

have more links with private R&D institutes, then universities and then govern-

ment laboratories.

To conclude this overview of empirical studies I will discuss a European study

that devotes an equal attention to firms and research institutions. Ideally, this is the
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kind of data that we would like have about the USA and Japan.

The data was collected in the European Community Innovation Survey. Firms

where asked which kind of R&D cooperation they had in 1988 and 1992. Results

have not yet been published at the EU level but Kleinknecht and Reijnen (1991)

and Brouwer and Kleinknecht (1994) have published about these data concerning

the Netherlands. There is an increase in R&D cooperation because in 1988 36%

and in 1992 47% of the firms reported some form of R&D cooperation with other

firms or research institutions. I will use the 1992 study, which is more detailed

than the 1988 study, to point at some additional findings.

The most frequently cited type of R&D partner is a customer (cited by 20% of the

firms), then a supplier and higher education organisation (17%), followed by

consultancy firms (15%) and research institutes (13%). Competitors are cited by

9% of the firms as an R&D partner. Unfortunately, the intensity of R&D

cooperation (for example the number of projects) can not be determined from

these data

Brouwer and Kleinknecht used a logit analysis to determine which factors affect

R&D cooperation. They obtained the following results:

- R&D intensity has a positive effect on international R&D cooperation but no

effect on national R&D cooperation.

- Firms that are active in sectors with a high average R&D intensity have a higher

chance of engaging in R&D cooperation.

- Large firms have more frequently R&D cooperation than small firms.

- Firms that are active in medical technology, biotechnology, and environmental

technology have a relatively high chance of having R&D cooperation.

Although we do not have a complete picture of the R&D network the combination

of various empirical studies enable us to characterize the extent and nature of

R&D cooperation. First of all it has become clear that, although the majority of
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all R&D is performed inside firms, cooperation with other firms and with research

institutions is important. This is especially the case in the new technologies such

as biotechnology and information technology. It is also clear that R&D cooper-

ation is an international phenomenon in the sense that the links between

organisations cross national boundaries. Between regions there may exist

differences in the tendency to cooperate due to the type of research (distance to

the market) and the reputation of the various actors in the knowledge system.

Wether specific types of firms (small or large for instance) have a higher

propensity to cooperate remains unresolved. From a network point of view we will

have to see how the various types of organizations interact.

Research problem

At the beginning of this chapter I emphasized the importance of technological

innovation in modern society. Then, I showed that inter-organisational cooperation

is an important element of innovation. Cooperation leads to the formation of

networks of organizations. These networks have become the focus of R&D policy

and therefore the research problem is:

the analysis of subsidized R&D cooperation in terms of networks.

This theme will be further elaborated in the next section, where I develop a theo-

retical framework and where I propose research questions.

THEORETICAL CONSIDERATIONS

Linear and interactive models of innovation

The traditional model for studying innovation is a linear relation between science,
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technology and innovation (Kline and Rosenberg 1986). Scientific discoveries lead

to technological development and commercial applications. A number of stages

can be identified which proceed sequentially:

FUNDAMENTAL SCIENCE ===> APPLICATION ORIENTED SCIENCE ===>
TECHNOLOGY ===> APPLIED TECHNOLOGY ===> COMBINATION OF TECH-
NOLOGIES ===> UPSCALING ===> INNOVATION

In this model it is commonly assumed that universities specialize in science and

that firms specialize in innovation. Research institutes are somewhere in between

science and innovation: they specialize in the area of technology.

It was this idea of the linear model and the distribution of labour between

university and industry that guided both academic research and science and

technology policy for many years. Technology policy, for instance, would promote

the establishment of ‘liaison’ organizations that facilitate the knowledge transfer

from universities to firms. Science policy would subsidize university research that

has promising commercial applications.

Already in the 1970’s academics began to criticise the linear model (Rothwell

1992). The critique can be summarized along two main arguments: the linearity

and the division of labour.

Not all innovation results from technology and not all technology results from

science. It is estimated that approximately 50% of the total innovation expendi-

tures relate to R&D costs. The other costs include design, trial production,

training, and market analysis (Community Innovation Survey). It has also been

argued that the introduction of inventions in the market does not depend on

technical capabilities but on user-needs. Furthermore, the relationship between

science and technology is complex. In addition to scientific discoveries that are

applied in technologies there are also scientific developments that depend on

instruments. Science, technology and innovation have their own dynamics: science

evolves from previous science, technology evolves from previous technology, and
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innovations evolve from previous innovations. To summarize: the linear model of

innovation has to be complemented with loops and feedbacks.

Alternative models have been suggested by Kline and Rosenberg (1986) and

Leonard-Barton (1988). Kline and Rosenberg present a "chain-linked model" for

the relationship between research, invention, innovation, and production. In this

model there are small and large feedback loops. Small loops iterate within one part

of the chain and large loops feedback to preceding parts.

A similar point has been made by Leonard-Barton. She speaks of recursive cycles.

Small cycles are minor adaptations and involves a step back from production

prototype to pilot production prototype or laboratory prototype. Large cycles are

major adaptations and involves further steps back to the stages of idea generation

and problem solving.

SCIENCE <===> TECHNOLOGY <===> INNOVATION

Where Kline and Rosenberg emphasise technology adaptation cycles, Leonard-

Barton applies the cycles not only to technology but also to organizational

adaptation, and more specifically levels of performance criteria and delivery

systems. Innovation is not a purely technologial thing, it also involves organiz-

ational change.

The second critique of the linear model concerns its rigid view on the division of

labour between universities, research institutes, and firms. Most of the research

expenditures are concentrated in the laboratories of large firms. These are able to

set up large scale long term research programmes that are similar to academic

research. On the other hand there are small firms that are active in areas in which

the distinction between science and technology is disappearing (a scientific result

can be immediately commercialized and an innovation has scientific impact). This

means that science is not only produced in universities but also in firms.
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SCIENCE <===> TECHNOLOGY <===> INNOVATION

The policy domain has been reluctant to reject the linear model of innovation.

Policy initiatives are guided by the idea that science and technology are sequential

and separate domains. Only recently, the European Commission has adopted a

non-linear perspective on innovation. The Green Paper on Innovation (Draft,

December 1995) says:

The innovation process refers to the manner in which the innovation is designed
and produced at the different stages leading up to it (creativity, marketing, research
and development, design, production and distribution) and to their breakdown. This
is not a linear process, with clearly-delimited sequences and automatic follow-on,
but rather a system of interactions, of comings and goings between different
players whose experience, knowledge and know-how are mutually reinforcing and
cumulative (p.4).

This is the perspective that will be used in this book and that will be developed

theoretically in the next section.

The knowledge system

Innovation is the outcome of the activities of different actors, such as firms and

universities, and the links between these actors. Since there are interactions

between different types of actors the various functions of knowledge, such as

knowledge production and knowledge utilization, are interdependent. Therefore,

I introduce the concept of knowledge system. Holzner et al. (1987) give the

following definition of this concept:

The social system of knowledge is the complex of institutions, organizations,
occupations, and their norms, social roles, and resources that constitute the social
arrangements within which knowledge-related activities are conducted (p.182-183).
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In this system the authors distinguish six different functions: knowledge

production, knowledge storage, knowledge distribution, knowledge utilization, and

knowledge mandating. They use the knowledge system to address the questions:

what knowledge is produced? How is it transferred? What is the effect? How are

these questions related to each other?

How does the knowledge system perspective helps us to understand subsidized

cooperative research? Three functions of the knowledge system are especially

relevant in this respect: production, utilization, and mandating. I study the link

between production and utilization of knowledge in firms and research institutions

in the framework of public policy that tries to stimulate (mandate) production and

utilization. Research cooperation, then, means linking. It increases the interaction

between knowledge producers and it increases the interaction between knowledge

users. This is one type of effect of research cooperation. But there is also a more

fundamental effect. Since the actors that produce knowledge and those who use

knowledge are either the same, or linked in one project, the functions of

knowledge production and utilization are coupled.

In the next section we shall see how the study of knowledge systems leads to the

notion of knowledge networks.

The knowledge network

If the links between different functions of the knowledge system really exist we

should find network relations between actors that fulfil these functions. These links

are an addition to the links between actors of the same function. The knowledge

network is the operationalized structure of the knowledge system.

This knowledge network perspective has recently been emphasized by the

European Commission:
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More and more importance is attached in practise to mechanisms for interaction
within the firm (collaboration between the different units and participation of
employees inorganisational innovation), as well as tothe networks linking the
firm to its environment (other firms, support services, centres of expertise, research
laboratories, etc.). Relations with the users, taking account of demand expressed,
and anticipating the needs of the market and society are just as important - if not
more so - than mastery of the technology (Ibid.).

The theoretical basis of the network approach is the assumption that social

phenomena can be explained by a combination of two factors: (1) the attributes

of persons and organizations and (2) the ways these persons and organizations are

linked. The strength, the distribution, and the content of the links and the actor

attributes (including their cognitions) are the main sociological parameters.

Society consists of a number of systems and the knowledge system is one of these.

Each system has a certain structure and this structure can be studied in terms of

networks. The questions that arise in such an approach are: what is the position

of actors in the network? What groups can be identified in the network? How does

the network evolve? How is the structure of the network related to the perform-

ance of the network?

The knowledge system is a special kind of social system because it comprises

parts of other social systems. In this book, with its focus on technological

innovation, these systems are the economy and (strategic) science. An analysis that

is purely a system analysis will miss the interpenetration and evolution of these

systems. An example of this approach is Luhmann’s analysis of the economy

(Luhmann 1988) and science (Luhmann 1990). In contrast, network analysis will

focus directly on the structure of the knowledge system. The nature of the

interpenetration of the systems will be the result of such an analysis.

On page two I indicated that only a specific type of R&D cooperation will be

dealt with in the next chapters. The theoretical approach that I put forward has a

more general domain. Therefore, the empirical work that is reported here should

be seen as a first step towards a more extended approach. This extended approach
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should also include R&D cooperation that is not a part of international subsidized

programmes. The studies that I discussed on pages four to seven are examples of

the limited number of studies that deal with non-subsidized R&D cooperation. A

general study on knowledge networks would include both subsidized and non-

subsidized research. This remains a theme for further research that has attracted

limited attention until now1.

In the next chapters various concepts from social network analysis are used.

Networks consist of actors and links between actors. The type of actors and links

will be introduced briefly.

Actors in the network

The actors in the networks are organizations that are directly involved in

knowledge production or utilizations and that participate in cooperative R&D

programmes. Above, the term research institutions was used. This comprises

universities and research institutes. Research institutes can be further subdivided

in scientific institutes and technical institutes. On the industrial side we have

different types of firms: from small technology firms to large diversified firms

with large centralized R&D facilities.

The studies that follow are not restricted to the level of organizations. In four of

the nine chapters countries are also treated as actors. The international dimension

is a prerequisite in all of the EUREKA and EC projects. ‘Cohesion’ is an objective

that motivates this rule and network analysis is a way of studying the international

structure. Therefore I study the type of projects per country and the number of

joint-projects between countries.

Links in the network

1 See: Hagedoorn and Schakenraad (1993) and Korevaar and Tijssen (1996).
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I define a link as a co-occurrence of two actors. In this book the co-occurrence is

a joint R&D project. The co-occurrence may lead to the exchange of knowledge.

There is a large variety in the types of knowledge and in the ways knowledge is

exchanged. The type of knowledge can be the results of an experiment, a method

for analyzing things, living material, prototypes etc.. The exchange can occur

directly or by communication or by the exchange of people.

There are various reasons for the creation of these links. Since the focus is on co-

occurrence related to different knowledge functions the emphasis is on the links

between firms and research institutions, and not the links between firms and the

links between research institutions.

So far I have applied the concept of link to two actors. This situation will evolve

into a network when a project includes more than two actors or when an actor

participates in more than one project. In this book, both projects and programmes

(as sets of projects) will be analyzed in terms of networks.

Research questions

Each chapter has its own research question but the following general research

questions can be put forward, based on the research problem and the general

theoretical discussion.

- Why and how are the cooperative links created for a subsidized R&D project?

The emergence of R&D projects is discussed in chapter 4. It is based on

longitudinal studies of two EUREKA projects and takes into account the

complexity of both the content and the organization of the projects, combined with

the mobilization of actors.

The various reasons for R&D cooperation and the various forms of R&D
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cooperation are discussed in the introduction of chapter 5. Chapter 8 contains an

empirical analysis, based on interviews, of the involvement of firms in BIOTECH

projects.

- How can the social structure and the content of networks be measured?

The social structure refers to the configuration of actors and links between actors.

In chapter 5, the EUREKA database is used to classify projects into three groups:

projects with only firms, projects with only research institutes, and projects with

firms and research institutes. The last group is further divided into projects that are

coordinated by firms and projects that are coordinated by research institutes.

Content analysis of the project descriptions provide information on the intended

strategy of firms, and the exploitation plans. The same type of data is used in

chapter 3 in order to determine the nationality of project coordinators. Interviews

provide additional information on the interactions in a project and can be found

in chapters 4 and 8.

The social structure is not only a characteristic of projects but also of programmes

(defined as sets of projects in a certain area). Here, the EUREKA and EC

databases provide information on the co-occurrence of actors. For the study of the

networks that can be constructed from these co-occurrences I use concepts from

social network analysis, such as centrality and cliques. Centrality indices are used

in chapter 7 and 8, and cluster analysis is used to measure cliques in chapter 7.

The level of analysis is that of countries (chapter 3) and organizations (chapter 6).

Chapter 3 elaborates on the method of visualization of networks in two-dimension-

al maps.

The content of the networks are captured in various ways. Again, the data is

obtained from databases and interviews. Interviews are used chapters 4 and 8. In

chapter 5, content analysis of project descriptions is used to determine the

characteristics of the innovation, such as product/process, problem/technology

motivated. The duration of projects is used as a proxy for the distance to the
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market. Another way of capturing the content of the networks is to use the

keywords that actors use to describe their activity in terms of subjects and market

applications. The patterns of keywords are analyzed in chapters 6, 7, and 8. The

level of analysis is the organization or the country, in a project or a programme.

The actors use several keywords to describe the content, therefore it makes sense

to look at the co-occurrence structure of the keywords. The networks that are

formed by keywords are analyzed in the same way as the social networks (see

chapter 7).

- What are the characteristics of the social structure and the content of networks

and what is the relation between the two?

In chapter 5 hypotheses are tested about the relationship between the type of

project (in terms of presence and the role of research institutes) and the nature of

the innovation. In chapter 6, the difference between the activity of countries (at the

programme level) and differences between firms and research institutions (at both

the project and programme level) is tested. In chapter 7, there is a separate

analysis of the social and content side in two time periods. The following

questions are addressed: What are the central organizations? What are the groups

of organizations? What are the central themes? What are the groups of themes?

What is the difference between the two time periods? Then, these two dimensions

are combined: do separate groups of organizations have different themes? Does the

social structure in one period determine the content of the next period? Chapter

8 contains hypotheses about the industrial participation in projects and about the

nature of knowledge transfer between firms, universities, and research institutes.

Chapter 3 looks at the difference between the activity of countries and the

positions of countries in networks. Hypotheses are tested about the effect of size,

distance, and culture on the social structure at the level of countries. It is intended

to explain why some countries cooperate more than others.

- What is the specific contribution of programmes such as the EC programmes and
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EUREKA?

This question is answered in terms of the social and content (or cognitive)

structures that follow from the previous questions. The co-occurrence of different

types of actors will indicate a coupling of different functions in the knowledge

system. The co-occurrence is a condition for knowledge transfer and the subsidy

initiatives can contribute to that condition (chapter 8 enquirers wether the co-

occurrence actually leads to knowledge transfer). The co-occurrence of countries

can improve the general cohesion of the knowledge system. The nature of the co-

occurrence is indicated by its cognitive structure and characterizes the subsidy

initiatives. These initiatives can be evaluated in terms of the relation between the

cognitive structure and the social structure that they produce. This is not an

evaluation in the traditional sense, where one would compare the ultimate

outcomes with general objectives. This type of evaluation is discussed in the next

section in order to obtain a general understanding of EUREKA and the EC

programmes. My approach is more focused on the internal structure of the

knowledge system than on the relationship between the knowledge system and

society. To summarize, the contribution of the EC programmes and EUREKA are

assessed by their social structure, cognitive structure and relation between social

and cognitive structure.

RESULTS

To answer the research questions, three methods are used in this book: qualitative

comparative case studies, surveys, and database records. Although each chapter has

it own set of results, I put forward the following general answers to the research

questions.

- Why and how are the cooperative links created for a subsidized R&D project?

A main reason for the creation of these links is the access to the research of
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others. The type of research in subsidized projects is relatively far from

commercial applications. However, the actors can become involved in commercial

applications and therefore participation in a subsidized project is a way of finding

and testing partners for a private project. These reasons apply to all types of

organizations. The financial reason, i.e. additional funding for R&D, applies more

to universities, research centres, and small firms, than to large firms.

The general mechanism for finding project partners is relatively straightforward:

cooperation is based on previous cooperation, either in the field of R&D or in

other fields. There are also indirect links in this way: partners introduce partners

to other partners. The additional mechanism that plays a role in subsidized

research is that funding agencies act as brokers between potential partners.

Once a project is started its early life will depend on the continuous commitment

of the partners. Furthermore, the project should not be too complex. If the

organizational complexity does not match the technical complexity, or if these

complexities are too high, the project becomes unmanageable. However,

complexity is not a given and it can be managed (see the recommendations).

- How can the social structure and the content of networks be measured?

With respect to the collection of data I find that the information contained in the

public databases of the research programmes and additional information contained

in extended project reports provide a rich source for the study of networks. This

information can be used to measure the social and content variables at various

levels of analysis: project and programme, organization and country. Although I

think that the value of this information is underestimated and underexploited, it is

dangerous to limit oneself to these sources. Interviews and surveys provide

additional information to check the database (does a link really exist?) and to

describe the process of cooperation (how does it start and what is the effect?). It

is also a way of finding out about negative experiences of the actors. Furthermore,

one will depend on experts in a technical field to validate the results that are
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obtained by the social scientist.

Once this sort of data is collected, multidimensional scaling and correspondence

analysis can be used to visualise the networks in such a way that social and

cognitive dimensions can be uncovered. Furthermore, I show that network indices

such as centrality and clusters can be applied to both the social and the content

variables. More importantly, the indices can be used to relate the social to the

content.

- What are the characteristics of the social structure and the content of networks

and what is the relation between the two?

I do not want to repeat the specific conclusions of each chapter. Instead, I want

to draw attention to some general patterns in relation to the knowledge network

approach.

The social structure of the networks show a familiar pattern in network studies:

a centre of highly active actors surrounded by a periphery of loosely connected

and less active actors. At the same time, this centre contains relatively large actors.

At the level of countries a small group of large European countries form the centre

of the networks. The same countries appear in the centre of each network. At the

level of organisations we see large firms and large research centres that form the

centres of networks. At this level, the social network is not stable: from one

technology to another, and from one time period to another, different organisations

occupy the centre. Surprisingly, this social structure and social change has little

effect on the technical content of the network.

Wether a project contains only universities or research institutes, or only firms, or

a mixture: the differences between the projects in terms of the type of research are

small. Within a project, these type of actors perform similar research. When we

group the activities by type of actor across all projects in a programme, we find

small differences again.
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The transfer of knowledge in R&D projects does not only flow from universities

or research institutes to firms. There is an active exchange of knowledge between

them because they have similar or additional expertise.

These results show a knowledge network that confirms the interactive model of

innovation and a knowledge system in which the various functions are integrated.

This does not mean that all organizations and countries are the same, with respect

to R&D. They are not. For instance, some firms are more central than others, they

may or may not belong to the same cluster, and they can specialize in different

technologies and markets.

- What is the specific contribution of programmes such as the EC programmes and

EUREKA?

The answer to this question can be found in the answers to the previous questions.

The EC and EUREKA act as brokers and they stimulate the integration of the

knowledge system. Apparently, at least in the new technologies such as biotechno-

logy and information technology, the traditional division of labour between

different sectors of the knowledge system no longer applies.

RECOMMENDATIONS

Firms, research institutes and universities

I suggest recommendations for strategic management and project management.

Strategic management is important because it deals with the survival of

organisations. It is related to the total portfolio of projects and partners, and to the

relation between this portfolio and the general strategy of an organisation.

Strategic management also looks at the relative position with respect to partners

or other organisations in the same area. Given the strategy, project management

23



is important because it guides the operation of one project.

Strategic management

The decision to do any research project has to be related to the technology strategy

of the university or firm that is in turn related to the general strategy of the

organisation. The environment of organisations is the context of this general

strategy. There can be all kinds of different links with organisations in the

environment. Network analysis should be used to map this general environment

and to map the R&D links that are a part of the total network. For both private or

subsidized joint projects I advice to map the complete network of partners. Some

partners will be involved in more than one project, therefore there may be

interdependencies between projects that remain obscure when project management

is not enriched with strategic management. But the focal organisation should have

a still wider view: by mapping the complete network in its field it can compare

its own position to that of others in the network. Partners are not only valuable

because of their knowledge but also because of the links they have to others.

Alternatively, some partners could become a threat when they are linked to

competitors. The mapping is also a way to find out wether some links are

redundant (i.e. they do not ad information to the network) or that some areas are

not well covered. The mapping of the network should not only include the number

of links, but also the content of these links, as shown in this book. This is a

difficult task for the private links because some of them will be secret, but it can

be done for the subsidized links.

Project management

Each organisation, wether it is a firm, research institute or university department,

should consider the start and the development of a cooperative R&D project.

There are numerous standard textbooks about project management. Unfortunately,

they mostly deal with projects within one organisation. Nevertheless, a number of

standard procedures can still be applied, such as the drawing of a work plan with
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work packages and milestones.

The difference between an internal and an external project is that the latter is more

difficult to control: it is more complex. There is no hierarchy and there might be

important differences between the organisations with respect to skills and culture.

For example, the standard procedures that I mentioned above are more common

in firms than in universities. At the start of a project proposal, an organisation can

take the initiative for a project, or can be asked to join one. One will start to think

about the work to be done and which partner to choose. This choice is, of course,

determined by the activities and preferences of other partners and it also depends

on the fact wether one is the coordinator or not. The point I want to make is that

an optimum has to be found between having a partner that one knows well and

with whom one gets along well, and a partner that has a high reputation. For

instance, it might be reasonable to work with a partner that is second best because

one cannot get along with the best. But this is something that has to be reconside-

red with each new project because the relationship might change and new partners

might enter the field. Another optimum to be considered in the case of subsidized

projects is the difference between what one wishes and can do and the require-

ments of the funding agency. A specific problem of the management ofsubsidized

projects is the fact that there exists a standard project structure that does not

necessarily conform to the nature of the work. As I noted above, if a project is too

complex, or if there is a mismatch between organisational and task complexity, the

project becomes unmanageable. A general recommendation for the reduction of

complexity is to split up the project. This can be done on both the organizational

and task dimensions: take the problems one at a time and divide the partners

among more projects.

In line with the argument about the complexity of projects I suggest that each

partner checks the organizational complexity and the task complexity of the

project. The continuous mobilization of actors is mainly the responsibility of the

coordinator. The management capabilities of the coordinator should be compatible

with the complexity of the project.
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Technology policy

Recommendations for technology policy will also be made at two levels: the level

of programmes and the level of projects within programmes.

Programmes

From the nature of the knowledge system it follows that R&D policy should be

directed at the knowledge network and not to specific type of actors. This means

that both the participation of firmsand the commercialization of university

research should be stimulated.

In Europe, countries use a combination of national and international programmes

to stimulate R&D cooperation. The main international programmes are EUREKA,

where most of the control is still national, and the Framework programme of the

EC, where most of the control is handed over to the European Commission in

Brussels. My main policy advice is that countries should assess these programmes

in terms of networks because the programmes are aimed at networks. Countries

should not only evaluate how well they are doing in terms of number of projects

and subsidies, but also in terms of their network position, vis a vis other countries.

A related point has to do with the relationship between the networks. I have seen

that the most active organisations participate in national and all kinds of

international cooperation schemes. Regretfully, policy makers lack insight in the

overlap between these networks. This is not surprising, since the administration of

each scheme is in the hands of separate units. These units are only interested in

their own programme and do not care wether there is any overlap with similar pro-

grammes. Therefore, I recommend studies that monitor the overlap between

networks. Results of such studies will reveal how national and international R&D

networks connect and how European networks are formed. This information is of

direct relevance for future policy initiatives.

From the chapter about EUREKA and the EC programmes it follows that the
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ultimate effect of these initiatives are difficult to assess. The growth of the budget

for Community R&D seems to have gained a life of its own. Especially in the area

of information technology, that accounts for the largest part of the budget, the

policy objectives have not been reached. The objectives were, and still are, to

increase the competitiveness of the European information technology industry.

However, the market position of the European firms in this industry has

deteriorated since the launch of the EC programmes. One might justify the funding

of these programmes on the basis of intra-European development aid to the less-

favoured countries. But then, most of the money flows back to the rich countries

and there are other ways to attain the developmental goal (such as the structural

funds and exchange programmes). In my view, it is more efficient to retain the

R&D funds at the national level and to focus on the coordination of national R&D

policies within Europe. In that case EUREKA, that depends on national funding,

is the more efficient mechanism. Exceptions are the large-scale organisations such

as CERN and ESA: they cannot be financed by one country alone. Another useful

mechanism for European funding are the current task-forces (e.g. ‘the car of

tomorrow’, ‘environment-friendly water’, ‘vaccines and viral diseases’). These can

be dismantled before they become institutionalized.

Projects

Given the existence of EC programmes and EUREKA several recommendations

can be given at the level of projects within these initiatives. A common

characteristic is their requirement of international cooperation within Europe. This

is a rigid rule that should be abandoned. European cooperation should only be

promoted when it is efficient, namely when additional expertise is spread among

different countries and when a scale advantage can be obtained. Suppose that a

certain region has a technological advantage, the competitiveness of Europe could

be improved by subsidizing organisations in that region without demanding

cooperation outside that region.

Another recommendation for the improvement of projects has to do with the past-
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performance of the projects. Many participants in EC and EUREKA programmes

obtain follow-up projects. The fact that a subsidy is awarded once has a positive

impact on the next selection round. However, it is not assessed how well that

project is performed. Or, when there is an evaluation, this has no effect on future

projects. I recommend that there should be such an effect. One might adapt the

rule that a new subsidy will only be granted when the results of the previous

subsidy is positive. This rule should be applied to project-coordinators in

particular, since their role is decisive for the performance of the project. Finally,

and this applies in particular to EC projects, the administration should not impose

additional partnerships to the ones that are suggested by the partners themselves.

If that happens, there will never be a truly integrated project.
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CHAPTER 2

EUREKA AND THE FRAMEWORK PROGRAMMES

In this book, several parts of two European R&D initiatives will be studied:

EUREKA and the programmes of the European Community that fall under the so-

called Framework Programmes. In the following two sections I will present the

objectives, mechanisms, characteristics, and evaluations of each initiative. In both

settings firms and research organisations cooperate in European R&D projects

aimed at the development of new products or processes. In the last section I will

make a comparison between EUREKA and the Framework Programmes.

EUREKA

EUREKA -- the European Research Coordination Agency -- started in 1985 as a

French initiative to improve Europe’s competitiveness by stimulating technological

development. Peterson (1993) points to four reasons for the launch of EUREKA:

1) Originally it was viewed as a response to the American Strategic

Defence Initiative.

2) It is was also motivated by EC Member States that wanted to keep

some national control over R&D programmes.

3) Furthermore, EUREKA benefited from the inclusion of EFTA states

and Turkey (and other countries that joined EUREKA in subsequent years).

4) Finally, it was an opportunity to fund "near market" cooperative

research as opposed to "pre-competitive" EC funded research.

Objectives

The basis of EUREKA is the Declaration of Principles adopted at Hannover by

Ministers of 18 European countries and a Member of the Commission of the
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European Community. This document states the following objective:

The objective of EUREKA is to raise, through closer cooperation among enterpri-
ses and research institutes in the field of advanced technologies, the productivity
and competitiveness of Europe’s industries and national economies on the world
market, and hence strengthen the basis for lasting prosperity and employment:
EUREKA will enable Europe to master an exploit the technologies that are
important for its future, and to build up its capability in crucial areas.

This will be achieved by encouraging and facilitating increased industrial,
technological and scientific cooperation on projects directed at developing
products, processes and services having a world-wide market potential and based
on advanced technologies.

EUREKA projects will serve civilian purposes, and be directed both at private and
public sector markets.

Mechanism

Each year the Conference of Ministers will decide on the EUREKA status of a

number of projects. A project has to be at least between participants from two

different European countries. There is a small central EUREKA secretariat in

Brussels that coordinates the programme but most of the work occurs at national

levels. Funding of EUREKA is organized at the national level.

Characteristics

A typical EUREKA project has 3 to 5 participants from industry and research

institutions, from two or more countries, costs less than 5 Million ECU, and takes

about three years (1993 EUREKA evaluation and EUREKA database). There is

a monotonous decline in the average duration and average cost of newly

announced projects between 1985 and 1995:
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Table 4 Average duration and cost of EUREKA projects by year of announce-
ment at Ministerial Conference

YEAR OF ANNOUNCEMENT 1985 1990 1995

COST
(in MECU)

37 10 3

DURATION
(in months)

70 49 30

Source: 1995 EUREKA evaluation report.

Further characteristics of EUREKA are derived from its Annual Reports. The data

is based on ongoing projects at two moments: 1989 and 1994.

Table 5 Number of projects per area

AREA 1989 1994

Robotics and
Production Automation
Medical- and Biotechnology
Information Technology
Environment
New Materials
Transport
Communications
Energy Technologies
Lasers

67
55
50
32
24
21
19
14
13

23
19
17
11
8
7
6
5
4

109
122
105
147
60
44
27
25
18

17
19
16
22
9
7
4
4
3

TOTAL 295 100% 657 100%

Source: EUREKA Annual Progress Reports 1989, 1994.
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Table 6 Total cost by area (Million ECU, percentage of total costs)

AREA 1989 1994

Information Technology
Communications
Robotics and
Production Automation
Environment
Transport
Medical- and Biotechnology
Energy Technology
Lasers
New Materials

1512
1194

1115
607
591
542
526
271
159

23
18

17
9
9
8
8
4
2

6013
617

1038
904

1234
730
312
416
261

52
5

9
8

11
6
3
4
2

TOTAL 6517 100% 11525 100%

Source: EUREKA Annual Progress Reports 1989, 1994.
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Table 7 Project participation by members (number of projects, percentage of total
number of projects)

COUNTRY 1989 1994

Austria
Belgium
CEC
Denmark
Finland
France
Germany
Greece
Hungary
Iceland
Ireland
Italy
Luxembourg
Netherlands
Norway
Portugal
Russia
Slovenia
Spain
Sweden
Switzerland
Turkey
United Kingdom
Non-member
countries

9
36
4

36
30

135
108
15
0
3
9

87
5

73
34
21
0
0

85
50
36
3

87

0

3
12
14
12
10
46
37
5
0
1
3

29
2

25
11
7
0
0

29
17
12
1

29

0

75
73
13
86
88

259
210
24
25
4

12
130

3
185
80
48
16
6

138
138
85
7

174

20

11
11
2

13
13
39
32
4
4
1
2

20
1

28
12
7
2
1

21
21
13
1

26

3

TOTAL NUMBER
OF PROJECTS

295 % 657 %

Source: EUREKA Annual Progress Reports 1989, 1994.
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Table 8 Type of participating organisations (number of organizations)

ORGANIZATION 1989 1994

Large firm
Small and medium firm
Research institute
University
Others

708
319
237
209
80

46
20
15
13
5

1442
891
541
483
188

41
25
15
14
5

TOTAL 1553 100% 3545 100%

Source: EUREKA Annual Progress Reports 1989, 1994.

* * *

- At least 70% of the projects are in one of these areas: Robotics and Production

Automation, Medical- and Biotechnology, Information Technology, and

Environment.

- There are relatively more Environment projects and fewer Robotics projects in

1994, compared to 1989.

- Information technology is the largest area in terms of budget. It should be noted

that a large strategic project, that is further divided in sub-projects, accounts for

the larger part of the effort. This is JESSI (Joint European Silicon Submicron

Initiative).

- The distribution of budgets in 1994 is quite different from 1989: Information

Technology grows from about a quarter to about half of the total EUREKA

budget. Transport also grows and Communication Technology and Robotics and

Production Automation decline.

- Organizations from France and Germany dominate EUREKA. They participate

in more than one third of all projects.

- Several East-European countries have joined EUREKA after its start.

- The majority of the participants are from industry.
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Evaluation

There have been several evaluations of EUREKA: the report of the EUREKA

assessment panel in 1991, the evaluation of EUREKA industrial and economic

effects in 1993, and the EUREKA evaluation report in 1995.

The first report (in 1991) provides an insight into the status of EUREKA after its

first five years. At that time 397 projects have been announced since 1985, 20

projects are finished, and half of these projects have introduced a product on the

market. This means that most of the projects are still running.

A questionnaire was send to all participants (n=1935). The response rate was 45%.

Almost 60% of the participants expected a marketable result within 5 years after

the start of their project.

The assessment panel is quite favourable about EUREKA. It identifies the

following strong points:

- its bottom-up character which has encouraged a great variety of projects

to be proposed;

- its market orientation has accelerated introduction of new technologies;

- its flexible and decentralised character has kept bureaucracy to a

minimum.

The panel notes the following negative points:

- a lack of transparency,

- insufficient synchronisation of procedures.

The 1993 evaluation has similar objectives as the previous one: to evaluate the

degree to which EUREKA has achieved its objectives; to describe the action

carried out so far; and to draw lessons for industry and government based on past

experience.

The evaluation focuses on 417 projects that are completed (13%) or relatively
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advanced. Again, a questionnaire is send to participants (n=1657). The response

rate is 56%. These data are supplemented with in-depth interviews covering 70

projects.

The effects of EUREKA are analyzed separately for industrial and non-industrial

participants. For industrial participants the following results are obtained:

- 88% of the firms expect to produce a technological artefact, in the form

of a new or improved product or process, and 40% have already achieved

it. High levels are also recorded for outputs representing gains to know-

ledge base and intermediate technological outputs such as prototypes.

- 42% of the firms expect to achieve a moderate to large increase in sales

and 38% a similar increase in market share. 26% expect a decrease in

production cost. Achieved effects are much less, with about 15% of the

above group having achieved a sales increase, though a further 60%

expect to achieve it within the next three years.

- EUREKA projects have increased the technological capabilities of firms.

76% of the firms reported moderate to large enhancement of their

knowledge bases. Over one third had already achieved improvements in

skill and about a quarter had produced publications. Other indirect benefits

included the networks and collaborative skills acquired.

The effects on non-industrial participants are summarized as follows:

- Non-industrial participants considered that they had made substantial

gains in their technical standing, reflected in their output profile which had

a strong emphasis on knowledge and skills generated. 49% of participants

expected to produce Ph.D’s. Some benefitted through spin-offs such as

improved research facilities. Some emphasised the benefit of becoming

more competitive in contract research. Some had the role of users, usually

for public goods, and played a similar role to their commercial counter-

parts.

The report is very critical about the role of non-industrial organizations:
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- Non-industrial organizations appeared to lack a market orientation and

it is clearly observable that the greater their role in EUREKA projects, the

less likely are those projects to be driving towards commercial goals. This

was particularly the case in projects led by non-industrial organisations.

Apart from the lack of the necessary managerial competencies, it is

probably the case that projects which require the commitment of a non-

industrial organisation to lead them are not yet at a sufficient mature stage

to lead to direct commercial benefits.

The report mentions the same regulatory problems that had been mentioned in the

1991 report.

It remains difficult to asses the specific contribution of EUREKA compared to

other incentives and resources. 36% of the firms and 50% of the non-industrialists

would not have done the project without funding. But then, they may have found

other ways of reaching the technical and commercial results. Maybe EUREKA

provides a structure that organizations can use to cooperate. Even if they do not

depend on the funding they may not have cooperated outside a EUREKA project.

The 1995 evaluation has a different starting point than the two previous ones.

EUREKA has now almost a ten year history. A large number of projects are

finished and some projects are stopped prematurely. The report analyses 179

‘finished’ and 118 ‘withdrawn’ projects. Again, data are collected through surveys

and interviews. First the EUREKA database was checked and 80 organisations that

had replied during the 1993 evaluation where excluded. 665 organisations that

where in 149 finished projects where mailed and the response rate was 68%.

The questionnaires are mainly used to measure the level of satisfaction of the

participants. In addition, a panel assesses the level of success of the project.

Three quarter of firms have developed a new or improved product or process, with

30% indicating a major or significant effect on their product sales. These figures
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are somewhat lower than the expectations in 1993.

The report shows that the level of satisfaction is higher for non-industrial

participants than industrial participants. Furthermore, firms consider that other

firms have a more vital contribution to the achievement of objectives than research

centres and universities (in that order). Universities consider other universities

slightly more important than firms and much more important than research centres.

Research centres, finally, consider industrial partners to be vital, followed at a

distance by other research centres and universities. This means that most

knowledge transfer occurs between universities and that there is more knowledge

that flows to universities than from universities. From an innovation oriented

program like EUREKA the contrary would be more logical.

In addition to the perceptions of the participants the panel of the 1995 evaluation

made its own classification of projects. 11% of the projects that where recorded

as ‘finished’ stopped at an early phase or did not go beyond a feasibility study.

71% of the projects were a success, 8% were a partial success and 10% were a

failure. Success is defined as the partial or wholly achievement of project

objectives.

The report identifies the following key factors for project success:

- a sound technical proposition,

- well defined economic potential, and

- high levels of partner commitment.

Other factors are an adequate project organisation, enforcement of a well-defined

project plan and the existence of a project champion.

The panel also looked at projects marked as ‘withdrawn’ in the EUREKA

database. Withdrawal does not automatically mean failure. 30% of these projects

never started at all. There were no fully successful projects but 17% were a partial

success. 28% are classified as failures and the remaining 25% is either uncertain

or continued outside EUREKA.
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The report also looked at the reasons of project withdrawal. The three reasons

most frequently cited are organisational rather than technical in nature:

- changing strategy of partners,

- changes in the structure of the partnership, and

- communication problems.

The point about the lack of synchronization of national funding that was made in

the 1993 report is repeated in the 1995 report.

* * *

Each new evaluation provides a better insight in the success of EUREKA, partly

because more results are becoming available and partly because the evaluators do

not only depend on the perceptions of the participants themselves. Still, it remains

difficult to assess the overall impact of EUREKA. The 1995 report says:
effects at the overall level of the European economy are virtually impossible to
measure, since EUREKA accounts for somewhat less than 1% of civil R&D

expenditure in Europe. (p.31)

Unfortunately, there are few links between the evaluation reports. It would have

been interesting to compare the statements of participants at various moments in

time.

EUROPEAN COMMUNITY PROGRAMMES

Objectives

The objectives of the European Community (EC) R&D policy are to strengthen

the science and technology bases of Community industry enabling it to become

more competitive at the international level. The legal framework for the policy is

the Single European Act of 1987. Before this treaty R&D policy was based on ad-
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hoc unanimity decisions of the Council2. More recently, the Treaty on the

European Union (Maastricht) has extended this legal framework. The objectives

are extended to include not only the science and technology bases of industry but

also other policies such as energy, transport, environment, fisheries and agriculture.

Mechanisms

The basic mechanism is that there are so called framework programmes and

specific programmes. A framework programme is the general decision (ultimately

by the European Parliament and the Council) that defines the content, the

objectives, and the modalities of the Community R&D policy over five years.

Specific programmes implement the research activities described in the framework

programme. After a call for proposals projects are selected and firms receive up

to 50% funding and universities 100%. The EU also has its own research institutes

(the Joint Research Centre) that are funded by the Framework programmes.

Characteristics

A typical EC project has 5 participants from industry and research institutions,

from three countries, receives about one million ECU funding and takes about 3

years (2nd and 3rd Framework programme, The European Report on Science and

Technology Indicators 1994).

The total number of projects funded under the second (1987-1991) and third

(1990-1994) framework programme is 2779 and 2472. Table 9 shows the

distribution of funding between different areas. The values of the second

Framework Programme are always in-between the first and third.

2 An exception is research in the areas of nuclear energy and coal and steel that
had an explicit legal basis.
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Table 9 Total EU funding by area (percentages)

AREA 1st FRAMEWORK
PROGRAMME

1984-1987

3nd FRAMEWORK
PROGRAMME

1990-1994

Information and
communications technology 25 38

Industrial and materials technology 11 15

Environment 7 9

Life sciences and technologies 5 10

Energy 50 16

International cooperation 0 2

Dissemination and
exploitation of results 0 1

Human capital and mobility 2 9

TOTAL % 100 100

TOTAL AMOUNT (MECU) 3750 6600

Source: The European Report on Science and Technology Indicators 1994

Table 10 Participation by EU country (participations)

COUNTRY SECOND FRAMEWORK THIRD FRAMEWORK

Belgium
Denmark
France
Germany
Greece
Ireland
Italy
Luxembourg
Netherlands
Portugal
Spain
United Kingdom

744
500

2603
2130
560
346

1385
19

942
443
969

2423

6
4

20
16
4
3

11
0
7
3
7

18

669
502

2183
2191
618
330

1326
10

982
393
793

2337

5
4

18
18
5
3

11
0
8
3
6

19

TOTAL NUMBER OF
PARTICIPATIONS 13064 100% 12334 100%

Source: The European Report on Science and Technology Indicators 1994
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Table 11 Type of participating organisations (participations)

ORGANIZATION SECOND FRAMEWORK THIRD FRAMEWORK

Large firm

Small and medium firm

Research institute

University

Others

2864

2368

3857

3821

154

22

18

30

29

1

2124

2174

3735

3890

411

17

18

30

32

3

TOTAL 13064 100% 12334 100%

Source: The European Report on Science and Technology Indicators 1994

Further details about the specific programmes BIOTECH, ECLAIR, and ESPRIT

are in Part II.

- There is a major change between the first and third Framework Programme (FP):

Energy took 50% of the funding in FP1. In FP3 Energy has dropped to 16% and

all area’s have grown. Information and communications technology has become

the largest area.

- The four largest EU countries, France, Germany, Italy and the UK have the

largest number of participations.

- In FP1 research institutes are the most frequent type of organisation, followed

by universities. In FP2 universities are the most frequent type of organisation,

followed by research institute.

Evaluation

The evaluation of the Framework Programmes is not an easy task. The objectives

of the FP’s overlap with the objectives of other EC policies, the funding is only

a small percentage of the total national R&D funding, effects can only be mea-

sured after some time, and each specific programme has its own characteristics.

Nevertheless the EC has funded a number of evaluation studies concerning FP2
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All countries carried out questionnaire surveys of participating organisations (with

an average response rate of 50%) supplemented by interviews of national experts

in the R&D field.

New scientific knowledge is quoted as the most frequent benefit of research unit

involvement in EC R&D contracts. The percentage of firms that expect that their

completed projects will lead to commercially available products within three years

varies widely between countries. In Denmark it is 39%, in Ireland 86%. The same

question for manufacturing process or method results in a range of 27%

(Denmark) and 87% (Italy).

The studies resulted in the following strong and weak points:

Strong points:
- All the studies agreed on the fundamental importance of developing the European
science and technology base. In this context the increasing Community funding of
research was broadly welcomed as a positive contribution.
- The scientific excellence of research carried out under the FP was generally
acknowledged, as was the role of the FP in raising the level of science and
technology in less favoured regions, and in helping to support and create high
quality national research teams.
- Transnational collaboration in R&D has been developed and made more attract-
ive through the FP, leading to a more stable European collaborative environment.
Links between firms and university-industry cooperation had both been strength-
ened through the FP.
- There has been an overall contribution to the dissemination of knowledge and
transfer of technology which was significant.
- It was widely accepted that the clear and positive impact skills and knowledge,
creation and strengthening of R&D links, are likely to improve structural
competitiveness.(p.257)

Weak points:
- The time and resources it can take to prepare and submit a good proposal.
- An increased EC effort in technology forecasting was proposed in order to assess
the potential of research areas in terms of both technological and market potential.
- Availability of capital can be a significant barrier to exploitation of research
results.(p.257)

Studies about the competitiveness of European industry encountered the problem
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that it was not clear what competitiveness means and what the effect of R&D on

competitiveness is. A preliminary study came to four key conclusions;
- Competition is a process of change driven by a variety of behaviour across firms;
- The ability to sustain an appropriate momentum of technological change is the key factor
for maintaining competitive advantage;
- Three different dimensions of technology are relevant: knowledge, skills, and artifacts;
- The relationship between the umbrella firm and the constituent business is often a key
element in the competitive behaviour of the latter (p.258).

I could not find estimated effects on market share as a result of EC projects.

The evaluation reports are heavily criticized by Olds (1992). She looked at

evaluations by external panels at the level of specific programmes. Her main

conclusions are:

- Only a small number of evaluation methods are used.

- Peer groups are over-represented in the panels in comparison to social scientists.

- There is no direct analysis of the justification of European R&D policy

(competitiveness and integration).

- The panels praise the programmes, based especially on the scientific quality of

the R&D performed and an increase in ‘European feeling’.

Olds suggests that there are other, less costly, ways to increase European feeling.

Furthermore, scientific quality is not a sufficient justification of the programmes:

the central problem is moving from knowledge production to tangible benefits.

- The central problem revealed in all the evaluation reports is that goals are

defined poorly.

Since it appears that the EC has difficulties in choosing the technologies it should

support, Olds advices that the EC policy should concentrate on diffusion rather

than knowledge production.

- The reports reveal coordination problems: coordination between EC and national
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policy and coordination mechanisms within the EC itself.

A COMPARISON OF EUREKA AND THE EC PROGRAMMES

It is not my intention to arrive at a conclusion that says that one programme is

better that the other. First, the evaluation studies that I have reviewed do not

permit such a conclusion: These studies are inconclusive about the ultimate effect

of the programmes. Secondly, the evaluation is limited to the knowledge system,

as I have explained in the previous section. It is in this respect that I shall

compare the two initiatives.

The most readily observable difference between these initiatives is their

organisation. The EC programmes are ‘top-down’: pre-fixed subjects, call for

proposals and central coordination and subsidies from Brussels. EUREKA is

‘bottom-up’: general guidelines, proposals originate from participants, national

subsidies with small overall bureaucracy. Another way of classifying programmes

is their degree of market orientation. The EUREKA cases are the most market

oriented and the EC cases are less market oriented. But this general characteriza-

tion hides the fact that within each initiative, the specific projects differ depending

on the technological area. In EUREKA, projects in the area of Environment are

less market oriented than projects in the area of Robotics and Production

Automation (see chapter 5). ESPRIT (see chapter 7) is moderately market oriented

and ECLAIR (chapter 6) and BIOTECH (chapter 8) are more science oriented.

This suggest that, although the organisation of the programmes is different, the

actual content of projects might be similar.

There are other indications for the similarity of EUREKA and the EC pro-

grammes. In my empirical work I could hardly find a large R&D intensive firm

that participates either in EUREKA or in EC projects. Most of the times they have

projects in both and the content of these projects look similar.
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The general objectives of the initiatives are quite similar: to increase European

competitiveness through the stimulation of European R&D. Furthermore, projects

under both schemes should have participants from at least two European countries.

At first sight the ‘coverage’ of Europe is different: EUREKA includes more

countries than the EC. However, this difference has become smaller with the

increasing number of countries to join the European Union, most recently Sweden,

Finland and Austria. In any case, the countries that make the difference between

EUREKA and the EC participate in relatively few projects and the large European

countries Germany, Italy, France, and the UK are dominant in both initiatives.

A general difference between the initiatives could be their size in terms of budget

and the number of organisations that are involved. I can only estimate these

differences since the indicators that are used in both initiatives are different. The

EUREKA data is about the total budget per project, portfolio’s of projects in a

given year and the total number of organisations that participate. The EC data is

about the EU subsidy per project, projects in a certain period and the total number

of participations of organisations (i.e. an organisation will be counted twice when

it participates in two projects). Suppose that the average subsidy is 50% and that

the EC projects in 1990-1994 are comparable to the average of the EUREKA

portfolio’s in 1989 and 1994. In that case the total budget of EC projects is about

13 billion ECU and the total budget of EUREKA projects is 9 billion ECU. This

means that the EC programme is ‘bigger’ than EUREKA. At the level of

individual projects the difference is small: a typical EC projects has the same

number of participants, duration, and costs than a EUREKA project.

Another potential differences between the EC and EUREKA projects are the

technology fields in which they specialize. Despite the differences in definitions

it is obvious from tables 6 and 9 that information and communications technology

are the main fields in both settings.

Finally, there is the difference in the type of organisations that participate in

EUREKA and the EC programmes. EUREKA has about 70% industrial

46



participants and 30% research institutions, the EC has about 40% industrial

participants and 60% research institutions. It is hard to tell wether the percentage

of heterogenous projects (i.e. projects in which both firms and research institutes

participate) is different. Theoretically we could find projects with only firms and

projects with only research institutes. However, in the chapters that follow, there

is always a majority of hereogeneous projects. This means that there are sufficient

links in the knowledge network. Therefore, I am confident that the data can be

used to address the research questions that were raised in the previous section.
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CHAPTER 3

NETWORKS OF COUNTRIES

IN THE EUREKA INITIATIVE

This chapter is about the position of countries in EUREKA networks and about

the structure of these networks in general. In the first part of this chapter I explain

why we should adopt a network approach and I show how this approach can be

operationalized. In the second part of the paper I look at the general structure of

the networks. This structure leads to the formulation of hypotheses that could

explain this structure. In the third part of this chapter I start to use national culture

as an explanatory variable, and then I include other variables. The objective of

these analyses is to determine wether there are some general factors that explain

why countries cooperate with some countries more than with other countries or

that the cooperation depends on the technological area.

PART 1: CENTRALITY IN TECHNOLOGICAL AREAS

The first aim of this chapter is to demonstrate the usefulness of network analysis

in the study of technological activity. Emphasis is put on the notion of centrality,

which can be used to describe the position of an actor in a network. The empirical

application is the European innovation initiative Eureka.

I will first explain why I use countries as actors and then I will explain why

centrality of countries is relevant. Although the data consists oforganizationsthat

participate in joint-projects, the ‘actors’ in this chapter are the 19 countries in

which these organizations are based. There are several reasons for doing so. First,

each country has its own technology policy and it will want to know its

performance with respect to other countries. Secondly, since one of the objectives

of EUREKA is to work internationally, it makes sense to know how this
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international structure looks like. An underlying theoretical motivation is the

notion that variation in the comparative advantage of countries (Porter [1990]) is

related to variation in innovation activity. Also, the geographical dimension and

the diversity in research and development has been emphasized in research (Pavitt

and Patel [1988]) and European Community policy analysis (Hingel [1992]). The

present chapter tends to contribute to this research by analyzing a specific set of

innovation projects.

Centrality is a conceptualization of the position in a network. By measuring the

centrality of a country, technology policy has an indicator that it can use to assess

its performance. For instance, a policy objective could be to be more central in

biotechnology than in information technology. If that country is more central than

other countries it will have a better access to the information in the network.

The main question in this part then is: what are the differences in centrality of the

countries in the various technological areas in Eureka? Then the relation between

centrality of a country and its number of project leaders is explored. Are central

countries the most active countries? An answer to these questions provides insight

in the structure of the Eureka program and the role of countries in it.

In the next section the notion of network is introduced. Then I present the data.

For a more general description of the Eureka program I refer to Chapter 2. The

next section deals with centrality and then the centrality data are linked with data

on project leadership.

The network paradigm

The idea that the world consists of networks has now entered a large number of

fields of study. At a very general level it is a metaphor indicating a set of linked

points. In the social sciences networks are seen as an adequate operationalization

of social structure. The flexibility of social structures is clearly represented in
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networks as well as in the permeability of its borders -- for instance in the analysis

of what happens inside and outside an organization. In chapter 7 I will present a

more extended review of the literature on social networks and research and

development networks. An example of a network study at the level of countries

is Snyder and Kick [1979].

EUREKA

The data on which this chapter is based is presented in the following tables. Data

are obtained from the EUREKA database at the European Commission Host

Organization in Luxembourg. At the entry date of May 29, 1992 there were 670

records of projects. 64 projects are being prepared for submission, 63 are

submitted, 59 are accepted, 438 started and 46 projects are finished. Withdrawn

projects are not shown. I excluded the first category in order to obtain a set of

’real’ projects, which leaves us with 606 projects3. Table 1 provides an overview

of the size of the technologies in terms of numbers of projects. The percentage

distribution is based on 606 projects from the Eureka database at the European

Commission Host Organization in Luxembourg.

Environment, robotics/ production automation, and medical- and biotechnology,

are the largest areas. It should be noted that a size distribution in terms of budgets

is somewhat different: information technology is relatively expensive and

environment is relatively inexpensive.

Table 2 shows the distribution of the projects per country for the whole program.

Most projects are formed by two countries.

3 The definitions used in the database are slightly different from those in the annual
reports. However, note that this point in time and the number of projects lie between
the two years that are used in Chapter 2.
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Table 1 - Projects per technology area

AREA PROJECTS (%)

Environment (ENVI) 20

Robotics (ROBO) 19

Medical- biotech. (MEBI) 19

Information tech. (INFO) 15

New materials (NEMA) 10

Transport (TRAN) 5

Communications (COMM) 5

Energy technology (ENER) 4

Lasers (LASE) 2

Table 2 - Number of projects per country

COUNTRY PROJECTS COUNTRY PROJECTS

France (FR) 241 Austria (AT) 75

Germany (DE) 213 Belgium (BE) 72

Italy (IT) 184 Switzerland (CH) 72

Spain (ES) 169 Portugal (PT) 41

UK (GB) 168 Greece (GR) 29

Netherlands (NL) 162 Ireland (IE) 20

Sweden (SE) 115 CEC (CE) 9

Norway (NO) 97 Iceland (IS) 8

Denmark (DK) 88 Turkey (TR) 8

Finland (FI) 86 Luxembourg (LU) 6

We can discern three groups of countries. France, Germany, Italy, Spain, Great

Britain, and the Netherlands have the largest number of projects. Then there is a

group of "medium-sized" countries: Sweden, Norway, Denmark, Finland, Austria,

Belgium and Switzerland. Finally there are 7 countries (including the CEC) which
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participate in a relatively small number of projects: Portugal, Greece, Ireland,

Iceland, Turkey and Luxembourg.

Centrality in social networks

From the Eureka projects emerges a network of projects on the country level. This

network can be represented as a matrix in which each cell represents the number

of joint projects between countries. This matrix can be used as an input for social

network analysis. The matrix is also decomposed into nine sub-matrices

representing the technological fields.

In social network analysis the notion of centrality is used to describe the position

of an actor in a network. Centrality is associated with access to information, status,

and power (Freemanet al. [1991]). Depending on the research question and the

nature of the data centrality is defined in various ways. Freeman [1978] develops

three basic measures of centrality based on the notions of degree, betweenness and

closeness. Degree refers to the adjacent actors, betweenness refers to the paths

between actors, and closeness refers to the distance from actors. A new measure

of betweenness is presented in Freemanet al. [1991]. In all these measures the

basic idea is that point A in the following figure occupies the most central

position.

B

E A C

D

However, in more complex networks different measures of centrality can yield a

different rank order of the centrality of points.

The measure of centrality depends on three questions. First, are the links between
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the points directed or undirected? For example, a network of input and output

consists of directed links. In a network of undirected links the value of the link

between A and B is always the same as the value of the link between B and A.

Second, is the value of the link valued or non-valued? Valued links are strong or

weak, non-valued links are present or absent. Third, do we consider indirect or

only direct links? In other words do we consider only the adjacent points or also

the points which are further away?

With respect to the first question it is clear that the links in our network are

undirected. The number of times country A cooperates with country B is equal to

the number of times country B cooperates with country A. As to the second ques-

tion, both types of links are possible. Countries have joint projects or not and the

number of projects can be high or low. The centrality of a country increases if the

number of countries it is linked to increases and also if the number of projects

with other countries increases. The answer to the third question is that I will only

count the direct environment. The reason for this is the fact that Eureka projects

occur between various firms, research-institutes, universities and other organisati-

ons. In one country we can expect a certain linkage between these organisations -

- there is always a national Eureka secretariat. This means that I assume that if an

organization cooperates with an organization in another country, it obtains access

to the knowledge of the other organizations in that country. Although this access

might be restricted between different technologies it is plausible to occur in one

technology. Because the number of participating organizations in Eureka is very

large -- some 2700 in 1991 (EUREKA [1991]) -- it is not likely that contacts flow

through several countries.

The centrality measure which seems appropriate after the preceding discussion is

Freeman’s [1978] degree centrality or what Burt [1991] calls choice status (see

also Knoke and Burt [1983]). It is the most simple measure which summarizes the

links an actor has with its ’neighbours’. This measure can be calculated for valued

(number of projects) and non-valued (number of countries) links. Table 3 provides
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the rank order of the countries based on valued links4. A country with number 1

is most central in an area.

Table 3 - Rank order of degree centrality (number of projects) of countries in
technological areas

EN
VI

RO
BO

ME
BI

IN
FO

NE
MA

TR
AN

CO
MM

EN
ER

LA
SE

AT 11 9 13 12 15 9 8 13 5

BE 13 14 7 10 14 12 10 7 9

CE 17 20 15 18 13 15

CH 15 11 14 7 13 7 11 10 14

DE 1 5 4 2 1 3 3 1 1

DK 7 8 10 13 7 13 9 7

ES 8 3 2 6 11 6 5 2 4

FI 9 10 8 11 8 11 12 5 13

FR 4 1 1 1 4 2 1 3 3

GB 10 4 5 3 2 4 2 6 5

GR 12 16 16 14 16 17 6

IE 16 13 17 17 11 15 15

IS 18 19 18 18 16 18

IT 2 2 6 4 5 1 3 10 2

LU 17 12

NL 6 6 3 5 3 5 6 8 11

NO 5 11 11 8 9 8 14 8 12

PT 13 15 12 15 10 14 16 12 10

SE 3 7 8 9 6 10 7 4 8

TR 17 18 18 16 16 20

4 The data from the Eureka database was processed with the programs WordFre-
quency (L. Leydesdorff, University of Amsterdam) and UCINET (Borgatti, Everett, and
Freeman, Analytic Technologies).
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All technologies have a similar pattern of country centrality: correlations between

columns of the original data in Table 3 range from 0.58 for new materials and

lasers to 0.95 for information technology and transport. Germany and France are

the most central countries in almost every area. However, there is some variation

in the rank order of the countries per technological area. For example, Greece has

a high centrality in lasers and a low centrality in communications; Italy has a high

centrality in transport and a low centrality in energy; and Switzerland has a high

centrality in information technology and a low centrality in environment.

High centrality is not the same as to say that a country performs well with respect

to innovation. A country can have a high centrality because it falls behind in a

certain technology and tries to link with countries which are more advanced, or,

a country can be central because it has a strong position in a field of activity and

is sought after by countries which don’t. All that the measure of centrality shows

is the extent to which a country participates and has access to what is going on in

an area. In this sense, the measure can be used as an indicator for technology

policy. If a country knows its position and the position of other countries it can

use this information strategically. For instance it can try to link with countries that

are more central in order to gain a better acces to the total network. But then,

these central countries will also become more central, thus an alternative strategy

could be to link to countries that are relatively less central.

There are a number of possible explanations for the level of centrality. The

amount of government budget and the activity of Eureka funding offices at a

national level is certainly important. From Table 2 follows that the rich European

countries (in gross domestic product) are most active in Eureka, and they also

occupy central positions in the network. The following section deals with activity

of countries by focusing on the number of times organizations are project leaders.

The question which arises then is: are central countries always the most active

countries?
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Main participants

Project descriptions in the Eureka database in Luxembourg provide information

about the nationality of the main participant in the project. The main participant

is the country that takes the initiative for an Eureka project and is the leader of the

project. I summarized this data for each country and technological area, by the

rank order of the number of times a country is main participant (Table 4).

A 1 means that a country has the largest number of project leaders. If countries

have the same rank order, this means that they have the same number of project

leaders.

First, we will take a look at the differences between areas. Are the same countries

leaders in every area or do some countries specialize in some areas? Correlations

between columns of the original data point to some similarity, but the similarity

is not as strong as in the case of centrality (correlations are between 0.03 and

0.86). This means that differences between technological areas are greater if we

look at main participants then if we look at centrality. French organizations lead

the highest number of projects, but Germany, which occupied a high position in

centrality, does not occupy a high position in terms of main participants. The

Netherlands, relatively unimportant in the rank order of centralities, appear to

occupy an important position in the distribution of main project participants. Some

countries are much more involved in some areas than in other areas. German

organizations are relatively often project leaders in the area of environment but

seldom in the area of information technology. For France it is the opposite.

Overall, the patterns of centrality and project leadership of countries are similar.

That is, the countries which are central in a certain area are also often project

leaders. This is indicated by the correlations between corresponding technological

areas in Table 3 and Table 4. These correlations range from 0.58 (transport) to

0.90 (robotics). This means that in the area of robotics the relationship between

centrality and leadership is stronger than in the area of transport. I also tested for

56



the similarity of the centrality and main participants distributions. The Wilcoxon

matched-pairs signed-ranks test does not reject that all technological areas have the

same distribution of centrality and main participants scores. This similarity occurs

at a general level and it might be interesting to point at some particular differences

between the centrality and the project leadership of countries. For example, in the

area of information technology, Germany occupies a highly central position, but

it has a small number of main participants. For Austria the opposite is true: it has

a low centrality but a large number of main participants. In the area of transport,

the same kind of situation occurs if we consider Italy and The Netherlands: Italy

is central, but has a small number of main participants; The Netherlands are less

central, but have a larger amount of main participants. I expect that further re-

search on this type of cases will improve our knowledge about international differ-

ences in innovation activity.

Discussion

In this part I discussed the notion of centrality in social networks and applied it

to countries in the Eureka program. I asked which countries are central, whether

the same countries are central in all of the nine technological areas, and I

compared these data with the number of times a country is project leader.

The main results can be summarized in the following way:

1. A few number of countries (especially France and Germany) are central in most

areas.

2. French and Dutch organizations are most often project leaders, France in the

largest number of areas.

3. Countries which are central in an area are often project leaders in that area.
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Table 4 - Rank order of number of main participants in technological areas

EN
VI

RO
BO

ME
BI

IN
FO

NE
MA

TR
AN

CO
MM

EN
ER

LA
SE

AT 8 6 10 3 8 8

BE 12 11 6 8 11 8 8 8

CE 13 11 8

CH 13 9 8 11 8 3

DE 2 7 10 12 4 5 4 3 1

DK 3 10 11 5 5 5

ES 6 4 2 7 3 5 6

FI 10 8 6 5 7 8 6 5

FR 10 2 2 1 1 2 1 1 4

GB 9 3 4 2 2 3 1 3 2

GR 13 14

IE 14 8

IS 13 14 12

IT 1 1 5 6 5 5 3 2

LU 12 8

NL 5 4 1 3 3 1 8 2

NO 4 10 8 8 10 5 8

PT 13 13 8 15 11 8

SE 6 12 13 12 8 8 5

TR

There are a number of important exceptions to these findings. There are countries

which are central but not active andvice versa. An example is the Netherlands,

which has the largest number of projects in the area of transport but occupies only

the fifth central position in the network of projects in that area. On the other hand,

this country has a relatively small number of projects in the area of robotics/

production automation but it is linked to a relatively large number of countries in

this technological area.
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A quantitative measure for the differences in centrality of the countries in a

specific technological area iscentralization. Freeman [1978] defines centralization

as the tendency of a single point to be more central than all other points in the

network. His measure of centralization based on degree centrality has the

disadvantage of using binary data. For reasons of brevity this subject will not be

elaborated here. It would lead us from the level of single actors to the level of

total networks.

It could be argued that insight in the differences between technological areas and

between countries in Eureka can be obtained by simply looking at the number of

projects per country, without considering any network characteristics. I claim that

the notion of centrality gives us valuable additional information about the position

of a country. If the relative contribution countries make to Eureka projects are

evaluated and if more information about the outcomes of projects becomes avail-

able, we could address the issue whether central countries are more innovative

than less central countries.

Another exception from the general conclusions is that countries tend to specialize

in a few technological areas. Explanations of international differences are

suggested by Pavitt and Patel [1988] who look at the country shares of US patents

in various sectors. They suggest that international differences in technological

activities are related to international differences in the emphasis on short-term

profits, in the degree of involvement of top management in determining compan-

ies’ technology policies, and in the policies of a few large firms. Porter [1990]

considers four determinants of national advantage: firm strategy, structure and

rivalry; factor conditions; demand conditions; and related and supporting indus-

tries. These determinants could provide an explanation for the activity of a country

in a technological area. At the same time, innovation activity is one of the

determinants of economic success. Although different definitions of technologies

and industries hinders comparison of research in this area, I think that fruitful

extensions could be made along these lines. Since technological developments

originate increasingly from connected sets of people, organizations and countries
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it is useful to incorporate elements of network analysis in this research.

PART 2 MAPPING EUREKA NETWORKS

In this part I look at the cooperation in technological innovation in the research

areas of EUREKA in order to examine the structure of relations between countries.

A major concern of this section is about method: how can we most effectively

visualise a network based on quantitative data? The next step is then to consider

the causes of network structure: in other words, I treat network structure as a

dependent variable. Two methods of multidimensional scaling are compared. This

is a technique which can be used to represent networks and to identify dimensions

in the data.

In the network I study, countries are the points and joint project participation is

defined as the link between the points. The links are valued: more joint projects

mean a stronger linkage between countries. Most of the projects occur between

two countries. Table 1 describes this network for the whole EUREKA program.

My concern is now how the network can be visualised, since the matrix in Table

1 does not provide us with a clear overview of the relations between countries and

groups of countries. I searched for a map in which the distances between countries

correspond to the amount of joint project participation: countries which are close

have a lot of projects in common. A technique appropriate for this problem is

multidimensional scaling(MDS). In the next section I will introduce MDS and I

argue in favour of a particular type of MDS.
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Table 1. Number of joint projects between countries in EUREKA.

AT BE CE CH DE DK ES FI FR GB GR IE IS IT LU NL NO PT SE TR
AT 0 11 5 18 48 15 20 15 29 24 11 8 2 35 3 24 13 10 23 3
BE 11 0 5 10 25 11 27 18 38 22 8 4 1 21 3 30 11 7 15 1
CE 5 5 0 3 7 6 8 6 7 8 5 2 2 6 1 8 7 5 7 2
CH 18 10 3 0 33 14 16 9 37 22 7 4 1 29 2 22 16 7 17 2
DE 48 25 7 33 0 36 55 35 88 61 18 9 2 76 3 60 41 21 51 5
DK 15 11 6 14 36 0 25 23 34 36 10 9 4 27 3 27 30 12 34 3
ES 20 27 8 16 55 25 0 21 85 56 16 8 3 76 3 42 24 26 30 5
FI 15 18 6 9 35 23 21 0 32 29 9 8 2 28 4 24 30 11 39 4
FR 29 38 7 37 88 34 85 32 0 82 17 11 3 100 5 65 36 18 40 6
GB 24 22 8 22 61 36 56 29 82 0 14 14 5 60 3 56 34 18 39 5
GR 11 8 5 7 18 10 16 9 17 14 0 5 2 19 2 13 9 9 10 5
IE 8 4 2 4 9 9 8 8 11 14 5 0 2 14 2 11 9 10 9 3
IS 2 1 2 1 2 4 3 2 3 5 2 2 0 2 1 3 5 3 2 1
IT 35 21 6 29 76 27 76 28 100 60 19 14 2 0 3 53 28 18 34 4
LU 3 3 1 2 3 3 3 4 5 3 2 2 1 3 0 4 2 2 3 0
NL 24 30 8 22 60 27 42 24 65 56 13 11 3 53 4 0 38 17 31 5
NO 13 11 7 16 41 30 24 30 36 34 9 9 5 28 2 38 0 12 45 4
PT 10 7 5 7 21 12 26 11 18 18 9 10 3 18 2 17 12 0 13 3
SE 23 15 7 17 51 34 30 39 40 39 10 9 2 34 3 31 45 13 0 4
TR 3 1 2 2 5 3 5 4 6 5 5 3 1 4 0 5 4 3 4 0

Multidimensional scaling

In order to study the network of the cooperation between the countries, I apply

multidimensional scaling (MDS). In this paper I describe the theory of MDS only

briefly; for a more elaborate explanation the reader is referred to Davison (1983).

The term MDS is a collective name for a set of methods by means of which items

can be represented as points in a multidimensional space, on the basis of similarity

data. These methods have been used in a number of science- and technology

studies (Hagedoorn and Schakenraad 1992, Tijssen 1992).

The similarity data available in this study consist for each pair of countries of the

number projects in which organisations from these countries cooperate. As this

measure is of ratio scale, metric MDS can be applied. Torgerson (1952) developed

a MDS method by which this kind of metric data can be analyzed. More recent

an alternative approach has been developed by Ramsay (1977, 1982). This so-

called maximum likelihood MDS method explicitly assumes that the similarity

data are error-perturbed, which offers a number of theoretical and practical advan-

tages (Davison 1983, Ramsay, 1982, Coxon and Jones 1980). The maximum

likelihood approach allows the researcher to test between alternative representa-
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tions of the similarity data. Several practical problems, for example the selection

of the number of dimensions, can be dealt with in a more objective manner. By

means of likelihood ratio tests or the minimum AIC (Akaike’s information

criterion) rule (Akaike 1974) the most appropriate dimensionality and error model

can be selected. The maximum likelihood MDS model is avaible as a computer

program called MULTISCALE (Ramsay 1991).

In order to confirm whether the decision of applying MULTISCALE instead of

more well-known metric MDS models was correct, I analyzed a number of data

set with both models. The classical metric MDS analyses have been done with

UCINET (Borgatti et al. 1992). There are other computer programs which could

have been used, but UCINET is specially designed for network analysis. I

evaluated both models on the basis of their recovery performance of the original

similarity data5. Table 2 presents the resulting correlations between the similarity

data and the distances between the countries as derived with the two MDS

approaches.

Table 2 Comparison between two types of MDS

Correlation
data/ MULTISCALE

Correlation
data/ UCINET

EUREKA (total) .72 .66

Enviroment .82 .68

Robotics/
production automation

.71 .58

Medical/
biotechnology

.76 .63

Information
technology

.75 .60

5 The following options were used: Multiscale: power relation between spread and
location: 0, identity distance model, spline transformation, normal distribution. Ucinet:
initial location of points by Gower’s classical metric ordination procedure.
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I performed the analysis for the total set of projects and for the four largest

technological areas separately. Obviously, the correlations are higher for

MULTISCALE than for UCINET. The mean correlation for MUTISCALE is 0.75,

and for UCINET 0.63. The t-value for the paired sample t-test whether the means

are equal is 7.83 with a significance level of less than 0.001.

Interpretation of the EUREKA map

The mapping of the EUREKA network results in different pictures for the

UCINET (Fig. 1) and MULTISCALE (Fig. 2) method.

Figure 1 UCINET plot of EUREKA network
----: 55-61 projects ____: 76-100 projects

The most striking difference is the compression of the most active countries in the

MULTISCALE map. Second, MULTISCALE showed clearly four peripheral
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participants: CEC, Iceland, Luxembourg and Turkey. Since both theoretically and

Figure 2 Multiscale plot of EUREKA network

empirically MULTISCALE outperformed UCINET I apply the maximum

likelihood approach in the remainder of this paper.

The four peripheral countries participate in less than 10 projects, the other

participants have at least 20 projects. This inspired us to rerun the scaling without

these four participants. The MDS of the 16 remaining countries provides a clearer

view of the centre of the network. Italy, France, Spain, and Germany are still very

close together. The Netherlands and UK are somewhat removed from this group.

In order to further clarify the network I identified the 10% (12) strongest links

between the countries. Six countries are linked in this way: Italy, France,

Germany, The Netherlands, Spain, and The United Kingdom. France, which

participates in the largest number of projects is the most central country measured

as the sum of adjacent links.
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Mapping technology areas

In this section I will analyze the four largest technological areas in EUREKA

separately. As will be shown, each area has its own pattern of country activity.

The four areas are subsets of the general matrix shown above, thus forming four

sub-networks which will be mapped using MULTISCALE (Fig. 3-6). The 10%

strongest links are drawn in the map, although the exact number of links is

sometimes less than 10% as a result of difficult cut-off values.

Figure 3 Multiscale plot of environment network
----: 13-16 projects ____: 17-20 projects

Environment

The eleven strongest links (9%) connect 9 countries: Austria, Denmark, France,

Germany, Italy, The Netherlands, Norway, Spain and Sweden. Germany is most

active and most central and connects strongly with Norway and Sweden and less

strongly with France, Denmark, and Austria. Germany also links with the group
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Spain/Italy. The Netherlands hold an intermediary position through links with

Norway, Germany, and Italy (Fig. 3).

Figure 4 Multiscale plot of robotics/production automation network
----: 9-10 projects ____: 12-26 projects

Robotics and production automation

The 13 strongest links (11%) connect 8 countries: Austria, France, Germany, Italy,

The Netherlands, Spain, Switzerland and The United Kingdom. Italy is most active

and France is most central in this area and they form a tight core with Spain and

UK. Germany and The Netherlands are linked with this core followed by

Switzerland and Austria (Fig. 4).

Medical- and biotechnology

The ten strongest links (8%) connect 6 countries: Germany, France, Italy, The

Netherlands, Spain, and The United Kingdom. France is most active and most
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central and forms the core of the network with The Netherlands, Spain, and

Figure 5 Multiscale plot of medical and biotechnology network
----: 8-9 projects ____: 10-14 projects

Germany, followed by the UK and then by Italy (Fig. 5).

Information technology

The ten strongest links (8%) connect 6 countries: France, Germany, Italy, Spain,

Switzerland, and The United Kingdom. France is most active and most central.

There is a strong core of France, Italy, Germany, and UK. Spain is less strongly

linked with this core through France, UK, and Italy; and Switzerland is linked with

France (Fig. 6).

If we compare the technological areas we can conclude that in each case almost

the same group of countries cluster together. There are however some differences

between the areas. Environment is different from the other three areas because it

is the area where the Scandinavian countries are central. It is also an area where
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the UK is absent from the core. In the area of Medical- and Biotechnology, The

Figure 6 Multiscale plot of information technology network
----: 11-14 projects ____: 15-22 projects

Netherlands are relatively active and Italy is not. Germany appears least strongly

in the area of Robotics and Production Automation. For France the same is true

for Environment. In the next section I will investigate the factors that could

explain the structure of cooperation.

PART 3: DETERMINANTS OF NETWORK STRUCTURE

The mapping of the networks in the previous part suggest a number of factors that

might have an effect on international cooperation. The first factor that comes to

mind is culture: similar countries tend to group together. In this section I will start

with the analysis of the effect of culture on cooperation. Furtheron in this seection

other variables will be included.
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National culture

In 1987 Geert Hofstede and John Spangenberg (H&S) wrote a short memorandum

entitled,Cultural pitfalls for EUREKA projects. Based on earlier work of Hofstede

the authors argue that there are important cultural differences between the ’Eureka’

countries:

"... misconceptions and misunderstandings may arise when companies from
different EUREKA countries try to engage in joint projects. Before EUREKA,
several well-prepared and technically well-managed cross European joint ventures
have misfired for this reason ..."(H&S, p.4)

Thus, H&S argue that cultural differences are a serious threat for the success of

Eureka. Now, eight years after the start of Eureka, we can take a look at what

happened. The main question of the present section is: do organizations from

countries with similar cultures cooperate more often than organizations from

dissimilar cultures? Contrary to H&S, I am not too sure about the negative effect

of cultural differences. Collaborative projects in which there are large cultural

differences between its participant might be difficult to manage. On the other

hand, input from completely different perspectives might be precicely what is

needed to produce radical technological innovations. However, I will not evaluate

the outcome or success of Eureka projects, but I will study the pattern of

cooperation at the level of countries. Also, I will not discuss other cultural pitfalls

stemming from functional, industry or corporate culture. From the 1980’s on,

inter-organizational linkages in technological areas have increased. Insight into the

role of national culture might help our understanding of international R&D

networks.

I will confront joint-project data with the four dimensions of national culture

proposed and measured by Hofstede. Projects from all technological areas in

Eureka are combined, but I also look in some more detail at four technological

areas separately. The ’size-effect’ of countries is excluded, that is, the fact that two

countries cooperate in many projects because they both have many projects. I used
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the Jaccard index, which is computed as cij/(ci+cj-cij), where cij is the number of

joint projects between country i and j, ci is the number of projects of country i and

ci is the number of projects of country j.

The four dimensions of national culture, determined by Hofstede are well known.

The following definitions are from H&S, p.2.

Power Distance:indicates the degree of inequality between ranks

in a hierarchy.

Uncertainty Avoidance: indicates the need for rules and structure

to guide people’s behaviour.

Individualism: in individualist cultures, adult people are supposed

to look only after their own interest and that of their immediate

family; in collectivist cultures, they remain throughout life

integrated into tight ingroups which protect them in exchange

from unquestioning loyalty.

Masculinity: in masculine cultures, all men, and some women, are

supposed to be assertive and concerned with performance and

success; in feminine cultures, both men and women are supposed

to be modest and concerned with the quality of life and with

helping others.
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Table 2. Rank order of Eureka countries among 50 countries around the world.

Power
Distance

Uncertainty
Avoidance

Individualism Masculinity

Austria 1 26/27 33 49

Belgium 33 45/46 43 29

Denmark 3 3 42 4

Finland 8 20/21 34 7

France 37/38 36/41 40/41 17/18

Germany 10/12 23 36 41/42

Greece 26/27 50 22 32/33

Ireland 5 6/7 39 43/44

Italy 20 28 44 44/47

Netherlands 14 18 46/47 3

Norway 6/7 16 38 2

Portugal 29/30 49 18/19 9

Spain 23 36/41 31 15/16

Sweden 3/7 4/5 40/41 1

Switzerland 9 19 37 46/47

Turkey 34/35 34/35 24 20/21

United
Kingdom 10/12 6/7 48 41/42

(1= low, 50=high). Source: Hofstede and Spangenberg [1987]; Hofstede [1980].

Hofstede derived these dimensions empirically from a large employee attitude

survey. I refer to Hofstede [1980] for the way in which these dimensions are

linked to the literature in various field. Here, I will mainly characterize the

dimensions. There is an important difference between the first two and the last two

dimensions. Power Distance and Uncertainty Avoidance are mainly about how

organizational attributes of the firm are perceived.

Individuality and Masculinity are derived from questions about work goals. These
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dimensions put the former dimensions in perspective to the world outside the work

environment. H&S summarize the dimensions by saying that the first two relate

to the functioning of organizations within a country and that the other two

dimensions relate to the position of the individual within an organization (H&S,

p.2). The country scores on the dimensions are presented in Table 2. With this

table, H&S wanted to demonstrate that there are large differences between national

cultures in Eureka.

National culture and cooperation

In order to measure the relationship between culture and cooperation, I constructed

a country-matrix for each of the four dimensions of culture and one matrix for

cooperation. An entry in the culture matrix is computed as the absolute difference

between index scores. If this value is high, two countries have dissimilar cultures.

The cooperation matrix is filled with the Jaccard values. If this value is high, two

countries have a large degree of overlap in joint projects. So, if there is a large

negative correlation between the culture values and the joint project values, this

would mean that large cultural differences are associated with a small number of

joint projects. I computed the correlation for all of the countries in Table 1 except

Iceland, Luxembourg, and Turkey. These countries participate in a very small

amount of projects and we do not have culture indices for them. The correlations

are shown for all projects combined, and for the four largest technological ares

separately. This was done in order to determine whether there are important

differences between technological areas.
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Table 3. Correlation between cultural difference and amount of cooperation.

Power
Distance

Uncertainty
Avoidance

Individualism Masculinity

Eureka
(total)

-.21* -.29** -.20 -.13

Environment -.16 -.18 -.17 -.14

Robotics -.17 -.21 -.15 -.06

Medical/
Biotech.

-.16 -.25* -.19 -.16

Information
Technology

-.25* -.31** -.25* -.08

(* - .01, ** - .001)

All correlations have the expected sign but the values are low and few are

significant. The first two dimensions, which relate to the functioning of organ-

izations within a country seem to be more important than the dimensions which

relate with the position of the individualwithin an organization. If we compare the

results for the total program with the correlations for the technological areas we

see that Information Technology has higher correlations and the other areas have

lower correlations than the total set. So, in the area of Information Technology

national culture is a possible explanation of international cooperation. It is

tempting to compare technological areas and discuss their cultural dimensions. Is

technological activity determined by cultural differences? Are some technologies

(such as Environment) less culturally determined than other technologies (such as

Information Technology)? The results I have obtained so far cannot yet answer

these questions. With respect to the dimensions of culture I conclude that

Masculinity is not related to cooperation. In a regression analysis I treated the

Jaccard values of cooperation between countries as the dependent variable and the

four indices of culture as the independent variables. The measure of fit R2 hardly

exceeds 0.10. This indicates that cultural differences explain only a very small part

of the degree of cooperation. In the next section I will further refine this analysis

by comparing groups of countries.
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Pyramids and markets

According to Hofstede ([1980] p.314),

"in the reality of each country situation the four dimensions interact with each
other. The effect of interaction of dimensions is particulary evident for Power
Distance and Uncertainty Avoidance".

Combinations of high and low scores on these two indices result in four models

of organizations. With respect to the countries in Eureka I found a correlation of

0.59 between Power Distance and Uncertainty Avoidance. I identify two groups

of countries. Countries in the first group have high Power Distance indices and

high Uncertainty Avoidance indices. The model associated with this combination

of dimensions is "a pyramid of people". The countries in this group are Greece,

Portugal, Belgium, France, Spain, and Italy. The other group has low Power

Distance and low Uncertainty Avoidance. The model in this group is "a market on

which negotiations take place". The countries are Germany, The Netherlands,

Switzerland, Finland, Austria, the UK, Norway, Sweden, Ireland, and Denmark.

I expect that similar models of what represents an organization in the minds of

people lead to more joint projects. Therfore, my hypothesis is that organizations

from countries from the same group cooperate more heavily than organizations

from countries from different groups. The average index for cooperation between

similar countries is 0.11 and for dissimilar countries 0.13. This means that

cooperation is more frequent between similar than between dissimilar countries.

A t-test shows that this difference is significant at the level of 0.1. The fact that

cooperation between similar countries is stronger than cooperation between

dissimilar countries holds for each technological area in Eureka that was analyzed.

But only in the area of Robotics/ Production Automation the difference is

significant at the level of 0.1.
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Discussion

So far in his part I tried to answer the question: does national culture determine

international R&D cooperation in the Eureka program? I compared data on the

number of joint projects of countries with the four indices of national culture of

Hofstede. The four dimensions were treated separately for all projects and in four

technological areas separately. Overall, the effect of culture is small but we could

make an exception for the area of Information Technology. In this field, 14% of

the number of joint projects is explained by cultural similarity. I also combined

two dimensions which are correlated and which had the largest effect, Power

Distance and Uncertainty Avoidance. Countries which are similar with respect to

these two dimensions proved to have significant more joint projects than dissimilar

countries. This is especially true in the area of Robotics/ Production Automation.

The general conclusions are that national culture has a small effect on cooperation

in the Eureka program. But the effect is stronger in the areas Information

Technology and Robotics/ Production Automation than in the areas Environment

and Medical/ Biotechnology. Power Distance and Uncertainty Avoidance have a

stronger effect than Individualism and Masculinity.

A major limitation of these results is that I examined the effect of culture on the

tendency to cooperate. I do not have enough data on the success of Eureka

projects to be able to test the hypothesis that cultural differences have an effect on

the success of projects. To evaluate the outcome of projects we could try to find

out if the objectives of bringing a new product or process to the market has been

achieved. We could also try to assess the radicalness of the innovation. I believe

that some projects can benefit from cooperation between participants from

different cultures. The issue then is to find ways of overcoming "cultural pitfalls"

(H&S, p.5).

Since cultural differences explain only a small part of cooperation the next section

will look at additional variables.
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Regression analysis of the EUREKA maps

Gross domestic product

I expect that most cooperation takes place between rich countries, then between

a rich and a poor country and least between poor countries.

This hypotheses is operationalized by adding the 1986 GDP (OECD data) of pairs

of countries.

Geographical distance

I expect that countries which are geographically close cooperate more heavily

than countries which are far away.:::

I take the flying distances between capital cities as an indicator of closeness

between countries.

Economic bloc membership

I expect that two countries from the same bloc cooperate more often than two

countries from different blocs.

There are two economic blocs concerning our set of countries: EC and EFTA. All

countries are a member of one of these blocs. For the regression I use a matrix in

which a cell is coded 1 if two countries are in the same block and 0 if they are not

in the same block.

Culture

I expect that countries with the same culture cooperate more than countries with

a different culture.

Culture is operationalized using the four dimensions identified by Hofstede (1980):

Power Distance (PDI), Uncertainty Avoidance (UAI), Individualism (IDV), and
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Masculinity (MAS). Each dimension is treated as a separate variable. The cultural

similarity of two countries is obtained by the absolute difference between their

scores on an index.

In order to link the effects of these variables directly to the maps of the networks

in Part 2 I will use the matrix of distances in the MDS plot as the dependent

variable.

Table 3 Regression analysis of the MDS-distances between countries

const. GDP Dist. Block MAS PDI IDV UAI R2 R2
adj

EUREKA
(total)

67a -0.02b -0.06 -7.55c 0.05 -0.37b -0.25c 0.12 0.20 0.15

63a -0.02a -0.25c -0.33b 0.17 0.14

communications 51a -0.04a 0.04 3.14 -0.01 -0.21 0.13 0.04 0.35 0.31

52a -0.04a 0.21c 0.32 0.31

energy
technology

182a -0.10b -0.08 22.42 1.19b 1.35 1.74c -0.62 0.23 0.15

199a -0.09b 1.06c 1.62b 0.20 0.17

environment 93a -0.05a 0.00 2.80 -0.05 -0.24 0.39 -0.03 0.23 0.18

87a -0.05a 0.36c 0.21 0.20

information
technology

101a -0.09a 0.15 4.78 -0.23 0.01 0.12 0.30 0.39 0.35

97a -0.09a 0.14c 0.36c 0.38 0.36

lasers 54a -0.03a -0.03 -6.38b 0.00 -0.34a -0.10 0.00 0.39 0.35

52a -0.03a -5.79b -0.35a -0.14c 0.38 0.36

medical- and
biotechnology

65a -0.05a 0.13b -2.16 0.14 -0.41c -0.10 0.27 0.32 0.27

65a -0.05a 0.15a 0.29 0.28

new materials 52a -0.03a -0.04 1.09 0.01 0.45b -0.05 -0.16 0.22 0.16

45a -0.03a 0.29b 0.19 0.17

robotics/
production
automation

108a -0.08a 0.12 -5.84 -0.06 -0.50 0.51 0.69b 0.40 0.37

110a -0.09a 0.67b 0.52b 0.38 0.37

transport 47a -0.04a 0.00 -3.07 -0.15c -0.07 0.19 0.23 0.40 0.37

48a -0.04a -0.16b 0.25a 0.38 0.37

a, b, and c = significant onα-levels of respectively 0.01, 0.05, and 0.10.

Table 3 provides the results of the regression analysis for all projects together and

for the four technological areas separately. The most important independent

77



variable is Gross Domestic Product (GDP). So, indeed, with respect to EUREKA,

most cooperation exists between rich countries, followed by cooperation between

rich and poor countries, and cooperation between poor countries. The second best

independent variable is Uncertainty Avoidance, one of the culture indexes. It is

defined as the need for rules and structures to guide people’s behaviour18. A large

number of joint projects is explained by similarity in uncertainty avoidance. The

hypotheses that geographical distance has an effect on collaboration is also

confirmed by the regression. EC or EFTA membership does not affect collabor-

ation.

At the level of technological areas, only GDP is a significant variable in all areas.

In each area countries with larger GDP tend to cooperate in more EUREKA

projects. Only in the area of Medical- and Biotechnology does geographical

distance have a significant and positive effect on the distances in the MDS map.

Whether the countries belong to the EC or the EFTA does not influence the

number of joint projects in any area. The effect of the four cultural dimensions

differ noticeably between the areas. The impact of MAS is non-significant for each

area. In the area of Environment IDV has a clear positive effect on the distance

in the MDS maps, hence a negative effect on the number of joint projects. With

respect to Robotics both IDV and UAI have such an effect. PDI has a negative

impact on the distances in the Medical- Biotechnology map. Thus, countries with

highly similar scores on PDI tend to cooperate more with each other. In the area

of Information Technology only the cultural dimension UAI has an effect on the

distances in the map. Countries with similar UAI scores cooperate in less projects

than countries with dissimilar UAI scores. The adjusted R2 is approximatively

equally high for each area (about .3). Thus, about 30% of the variation in the

number of joint projects can be explained with the explanatory variables.

Discussion

Although each technological area in the European EUREKA program is a different
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network, a general picture does emerge from the MDS-solutions. Most of the

fields have a core group of countries and a periphery. Overall, the countries which

occupy the core and periphery are about the same for each technological field.

This means that there is some technological specialisation among countries, but

not too much.

In a regression analysis I used four variables in order to explain the structure

which resulted from the MDS: gross domestic product, distance, block-member-

ship, and culture. Can we conclude that each technological field has its own

particular determinants of cooperation? I am not too sure. The variables I proposed

explain only a small part of the levels of cooperation. A safer conclusion would

be that levels of GDP add to the explanation of cooperation between countries in

all technological fields.

At this point it is useful to combine the results of the multidimensional scaling and

the regression. The MDS map can suggest explanatory variables which can be

tested in some statistical model. One can also test whether some important effects

do not show up in the MDS-solution.

Whether my results are equally valid for networks based on EC programmes and

non-subsidised projects remains to be seen. Previous research indicates that this

depends on the technological area (Roscam Abbing and Schakenraad, 1991; Peters

et al. 1993). Due to the nature of EUREKA we might expect that its network

structure shares characteristics of subsidised as well as non-subsidised networks.

I confronted two issues in the area of science- and technology studies. The first

tackles the problem of which method to use in order to visualize networks.

Multidimensional scaling is becoming a fashionable tool but there are a number

of variants. I demonstrated the advantages of a maximum likelihood approach.

Secondly, most network studies stop at typologies. I tried to go one step further

and explain network structure.
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A general answer to the question that I stated in the beginning of this chapter is

that the structure of international cooperation is not very technology-specific and

that general characteristics of countries explain only a small part of that

cooperation.
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CHAPTER 4

THE CONSTRUCTION OF EUREKA PROJECTS

INTRODUCTION

A theory that explains the performance of a technological project contains two

main elements: one is what happens ‘inside’ the project: experiments, the

construction of prototypes, and interactions among participants within a team. The

other main element is what happens ‘outside’ that team, various communities or

fields and policy, influencing the project. These elements are the framework of the

specific question that I address in this paper: how does an inter-organizational

R&D project turn from a feasibility phase into a research phase? At the

background of this question lies another one: why and how do projects start? But

my main question is: why are some projects shut down after start up while others

begin to live?

I will present two cases of EUREKA projects and discuss the theoretical concepts

that can be used to analyze the start-up phase. The description of the cases consists

of four part: a description of the institute that is the coordinator of the project, the

period before the feasibility phase, the period during the feasibility phase, and the

period after the feasibility phase. The data is obtained from the EUREKA

database, interviews with project participants, and project reports and annual

reports.
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THE CEFIR (CERAMIC FIBRE RESEARCH) CASE: EUROPEAN

HIGH TEMPERATURE FIBRES

The institute

The Institute for Advanced Materials (IAM) is one of the eight research institutes

of the Joint Research Center of the European Union. The IAM is located in Petten,

the Netherlands, with some of its research units in Ispra, Italy. Its main activities

are research into advanced materials, components and processes for industrial

technologies and non-nuclear energy applications, nuclear safety and controlled

thermo-nuclear fusion, and the operation and utilization of the High Flux Reactor

at Petten for material irradiations, radio-isotope production and medical applicati-

ons. The activities are based on funding from the Research, Technology, and

Development Framework Programme of the EU and from work for external

(industrial) and internal (European Commission) customers.

The coordinator of the CEFIR project is H. Krockel, head of the IAM’s Materials

Engineering Unit.

Before the feasibility phase

The history of CEFIR starts at the European Composite Forum in Denmark in July

1989. It is suggested to found a European facility for the development and

fabrication of ceramic fibres for use in high temperature composite materials.

These materials are mainly used to replace metal parts in jet engines. There are

also other applications such as gas turbines for power plants but jet engines

represent the largest market. To understand the need for such new material one has

to consider the technological trajectory of aircraft engines:

Aircraft Engine performances have been increased for decades by acting in two
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directions: engine weight reduction, and thermodynamic cycle improvement. The
second factor has always implied a significant temperature rise of the engine
components. Up to now, this progress has been achieved by improving step by step
the performance of the metallic alloys especially their specific properties and their
high temperature resistance and also by introducing more and more sophisticated
air cooling systems. After fifty years of progress in both superalloys metallurgy
and cooling technology we are now very close to their physical limits. The
potentially improvable alloys are high density materials and their expected
improvement becomes more and more narrow and hypothetical. (Report of the
Definition Phase p.8).

For applications of this kind alloys are at the end of their technological trajectory

and this is where composite materials appear. Composite materials provide the

requisite toughness for the structural engine parts for the next generation of aircraft

engines (improved thrust to weight ratio and low fuel consumption). But in order

to produce this composite material you need advanced ceramic fibres and the

dominant producers of suitable high temperature fibres are in Japan and the USA.

Supply of fibres by the USA (Dupont de Nemours and 3M) is restricted by the

Department of Defence so the Europeans actually depend on two Japanese

companies, Nippon Carbon and Ube Chemicals. The Europeans are afraid that they

will become too much dependent on these producers and therefore they want to

develop their own fibre.

The fibres that are used at this moment are so-called first generation fibres: they

have applications up to 1000 degree Celsius. Second generation fibres go up to

1500 degree and exist at laboratory scale in Japan and the USA. The Europeans

also suspect that studies have been initiated in these countries to develop third

generation fibres (>1500 C).

Japan and the USA have a certain tradition in this area. What is the state of the

art in Europe? There is no suitable (i.e. with a small diameter to be weavable) first

generation fibre commercially available. Three companies have only experimental

quantities of second generation fibres: Rhone-Poulenc (France), Wacker Chemie

(Germany), and Hoechst (Germany), which are unlikely to become commercially

available.
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There are other European high temperature fibres but for various technical reasons

these fibres can not be used as a reinforcement of ceramic matrices. With respect

to third generation fibres there are some experimental developments at European

universities, mainly in Great Britain. This means that in this area Europe is behind

Japan and the USA by at least one fibre generation.

Following the meeting in July there is a discussion meeting in Brussels in October

1989. Then there is a workshop in Petten in May 1990 that is attended by a large

number of industrial and scientific organizations. At this meeting it is proposed to

set up a long term industry led pan-European coalition and to support this by a

number of short term projects to tackle specific problems. The short term projects

should be carried out under the BRITE-EURAM programme. The IAM reviews

several European schemes for the industry lead long term cooperation and finally

suggests to approach EUREKA. During the following year two BRITE-EURAM

proposals submitted in line with this strategy are rejected, while the approach to

EUREKA as the long term vehicle is supported.

In April 1991 the IAM organizes a meeting with the goal of reaching consensus

on a EUREKA proposal. It is decided to submit a ‘definition phase’ project in

which further R&D plans will be studied. The proposal contains two working

parties that focus on different types of second generation fibres. One is lead by

Rolls-Royce and the other by the Ecole des Mines de Paris. The IAM becomes the

coordinator of the project that has a combined voluntary effort of 210 thousand

ECU and that is accepted by the EUREKA ministerial conference in July 1991.

The feasibility phase

The formal subject of the project is to :

Identify and mobilize R&D actions leading to European competencies for the
production and exploitation of fibres designed for the reinforcement of composite
materials at temperatures up to 1500 _C.

84



A large number of organizations is involved in the CEFIR project and this number

fluctuates constantly. Sixteen organizations, including firms, universities, and

research institutes are on the list of the original proposal but it is decided that the

project is accessible for others that show an interest in becoming involved in the

research phase. In this way 61 representatives of 41 organizations are involved at

one time or another.

The organizations can be classified in six groups: research institutes, universities,

and four industrial groups of material producers, end-users, component fabricators,

and consultants. Each of these groups have their own motivations and interests.

The main tension in the project is between the producers of fibres and the end-

users. The end-users are the ones with the strongest interest in the fibre. They

include Rolls-Royce, SNECMA, MBB, Dornier, and British Gas. They are worried

that they might become too much dependent on Japanese fibre for the production

of their engines and that this could threaten their market position. So the end-users

try to stimulate the development and production of fibres by European producers.

The fibre producers have other interests: their goal is to develop fibres that they

can sell at a competitive price and in sufficient quantities in order to cover the

R&D expenses and to develop a market benefit. These firms produce other types

of fibres, for other customers and furthermore, these firms also have other products

than fibres. This means that high performance ceramic fibres is just one part of the

portfolio of activities that has to be compared with other parts of that portfolio. In

their view the CEFIR project stands for: high investments, long term development,

very small market size.

The main issue in the project is to mobilize the fibre producers. Two strategies are

chosen by the other participants: to reduce development costs by cooperative

action and public support, and to increase the market potential.

We have now looked at the roles of the fibre producers and end-users. What is the

role of the research institutes and universities? According to the IAM the
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development of new composite materials is an integrated process: the fibre and the

technology of the composite material have to be developed simultaneously. The

research institutes and universities can create a link between the users and

producers. There is both specialization and overlap when we compare the technical

expertise of the participants. The producers specialize in the first phases of the

research and the users specialize in the later phases but the research institutions

cover all areas. Knowledge of some processes is only available in universities and

certain tests can be performed by all participants.

The mobilization of fibre producers was already a problem before the feasibility

phase started. Akzo, Rhone-Poulenc, ICI, and BP attended the Petten workshop of

May 1990. All declined to attend the meeting that decided in favour of EUREKA.

Hoechst and Wacker-Chemie expressed interest but awaited further development.

As was indicated before, the whole project was very ‘open’. In order to increase

support for the project everybody could join the discussions, even if they had not

signed the EUREKA memorandum of understanding. In fact, it is one of the

objectives of the feasibility phase to select the groups that will participate in the

research phase.

In order to structure what happened during the feasibility phase I will use the four

formal meetings as points of reference:

CEFIR feasibility phase meetings

NUMBER LOCATION HOST DATE

I Paris SNECMA 25-9-1991

II London Rolls-Royce 20-11-1991

III Frankfurt Hoechst 6-2-1992

IV Paris SNECMA 19-5-1992

The mobilization of participants is one line of action that can be observed.

Another, related, discussion is about the technical choices that have to be made:
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what fibre will be developed? How?

Meeting number I was a meeting of the industrial partners. The establishment of

the two working groups that were suggested before the feasibility phase started are

confirmed. SNECMA takes over the coordination from the Ecole de Mines of the

group about high temperature monocrystaline fibre and Rolls-Royce continues to

lead the lower temperature organo-precursor fibre area. Note that both SNECMA

and Rolls-Royce are end users and not fibre producers.

Meeting I sets the agenda for the rest of the feasibility phase:

- to establish an exhaustive compilation of the technical capabilities of the

potential European actors, universities, research centres, fibre producers,

fibre users, composite and component fabricators;

- to establish the targeted properties of the fibres;

- to do a market analysis;

- to establish the strategic planning of the industrial partners.

Meeting II receives new input from various sources:

- New information about Japanese second generation fibres.

- A technological forecast study.

- A compilation of European institutes active in the field.

- End-user estimates of the potential market size of the fibres (by Rolls-

Royce, SNECMA, British Gas, MBB-Deutsche Aerospace, Aerospatiale,

SEP).

- Targeted properties for second and third generation fibres (by Rolls-

Royce, MBB, Aerospatiale)

- An estimate by producers of the commitments necessary for the deve-

lopment of the various candidate fibres. The firms that contribute to this

exercise are:

Hoechst, Wacker-Chemie, Rath Advanced Materials, Rhone

Poulenc, Alusuisse-Lonza, Morgan Materials;
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the universities:

Birmingham, Bayreuth, Leeds, Sheffield, Imperial College; and

the research institute:

TNO industrial research.

The meeting concludes that the commitment of the producers is critical and two

small groups are formed to investigate collaborative research. One group is

coordinated by Rhone-Poulenc and Hoechst and continues the work of the Rolls-

Royce group. Another group, coordinated by Morgan Materials, follows up on the

work done by SNECMA. At least, the producers come to the front.

In the mean-time first generation fibres are abandoned. The attention is drawn to

second and third generation fibres.

Meeting III focuses, not so much on which fibres should be developed, but on

how they should be produced. The product is so new that it requires completely

new fabrication processes. Five possible routes are identified.

Cooperation and public funding was one strategy for pushing the project, market

analysis another. The results of the market and technology analysis are now

available. This is a study that was funded under the BRITE-EURAM programme

and carried out by the consultancy firm QuoTec. Of course, what the users hoped

for was a large potential market and a large number of applications for high

temperature fibres. This is what could convince the producers to invest in the

development of these fibres. Unfortunately for the users, the results are nothing to

be optimistic about. Here is the summary:

- Aeroengine component applications are the only market with the need and

volume of demand to stimulate the R&D necessary for the growth of the

advanced ceramic fibre industry.

- By the year 2010, it is expected that the ceramic matrix composites made
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from these fibres will have replaced between 1% and 2% of the current

metal parts in aeroengines.

- The total world market would be around 150 metric tonnes with sales

value around $150 million at 1992 prices.

- Japan will dominate the fibre production market for the next 5 to 10 years.

- A commercial return on investment cannot be expected within ten to

fifteen years.

One can imagine that the fibre producers are reluctant to invest heavily in

something that will certainly not make money within 10 years and has a lot of

uncertainties after that time. The counter argument of the six combined users is

that they expect to need almost 100 tonnes in Europe alone in 2010.

With all this background information the group starts to work on a project

proposal for the EUREKA research phase. Soon, Hoechst and Wacker-Chemie

remain the only producers in the project. Morgan Materials leaves the group to

continue to work with its own network and it is not clear what happens at Rhone-

Poulenc. In 1990, they already made a decision to leave the fibre business.

The difference between the R&D strategies of the producer and user industries are

further accentuated at Meeting IV. Most of the producers want a second generation

fibre before they commit to a third generation fibre. Most of the users prefer a

long term project that aims directly at a third generation fibre. In the mean time

they will use Japanese second generation fibres, incorporated in European

composite materials. The following arguments are used to convince the producers

to commit to the third generation fibre that can resist more than 1500 C:

- a significant knowledge is available in some laboratories and studies have

been initiated;
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- for this class of fibre, Europe would start development approximately at

the same time as the USA and Japan;

- third generation ceramic matrix composites (CMC) have the best chance

to have a reasonable market volume in the long term (in 2020);

- success with this development would provide Europe with the strategic

independence for the 3rd generation CMC’s.

Finally, the following conclusion is reached: ‘the 3rd generation fibre appears as

the only strategic realistic objective for Europe even if the technical challenge is

of great difficulty’ (report of the Definition Phase, p.12).

To summarize the feasibility phase we can say that both the actors and the

technology have been narrowed down. Four principal actors emerge out of a large

field of firms: the users SNECMA and Rolls-Royce, and the producers Hoechst

and Wacker Chemie. Starting with three different generations of fibres, one

remains in the end. The group has achieved the definition of its technological

goals, the agreed ‘CEFIR Target Properties’. The only part that is not narrowed

down are the various production mechanisms that could be used. During this time,

the IAM acted as a coordinator, a catalyst between users and producers. The IAM

has the intention to transfer the project to industrial leadership once agreement on

an implementation phase would be reached, as it considers the takeover by indus-

try as a pre-condition for he realisation of the EUREKA objectives.
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Participants in the CEFIR project

At the start of the feasibility phase At the end of the feasibility phase

INDUSTRY
Material producers
Hoechst
Wacker Chemie
Rhone-Poulenc
Akzo-Enka
Alusuisse Lonza
Aerospatiale
Morgan Materials
Rath Advanced Materials
DSM
Bayer
End users
SNECMA
Rolls-Royce
MBB
Dornier
British Gas
Component fabricators
SEP
MAN Technologie
BP International
Consultants
QuoTec
Science et Surface
CEST

INDUSTRY
Material producers
Hoechst
Wacker Chemie
End users
SNECMA
Rolls-Royce

RESEARCH INSTITUTES
DLR
Institut fur Textilchemie
INSA
BAM
CENIM
TNO
Institut Textile de France
ONERA
JRC-IAM

RESEARCH INSTITUTES
JRC-IAM
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At the start of the feasibility phase At the end of the feasibility phase

UNIVERSITIES
Ecole des Mines de Paris
University of Naples
Imperial College
University of Leeds
University of Surrey
TU Chemnitz
University of Birmingham
University of Sheffield
University of Bayreuth
Ecole Centrale de Lyon
University of Bordeaux

UNIVERSITIES
Ecole des Mines de Paris

After the feasibility phase

In april 1993 a development programme is proposed. It takes 15 years and is

divided in four phases:

- PHASE I: comparison at laboratory scale of several types of fibres, and

selection of the best candidate(s) (4 years).

- PHASE II: development at laboratory pilot scale of the selected fibre(s)

and fibre evaluation (3 years).

- PHASE II: evaluation of the fibre behaviour in composite and indus-

trialisation study (5 years).

- PHASE III: Development at industrial pilot scale of the selected fibre (3

years).

This is quite unlike an average EUREKA project that takes 42 months. Also, the

distance to the market is not only very long, but also uncertain. The decision to

launch the product will be taken after 12 years.

The four phase programme is seen as the basis for a formal EUREKA research

proposal, to be formulated by the industrial group. In June 1993 the coordinators

92



at IAM and the Ecole des Mines suggest to discuss the proposal at a meeting that

they offer to organize in Petten in the autumn of 1993.

Before the proposal is formulated the leading industrial group, SNECMA, Rolls-

Royce, and Hoechst take the initiative for a further meeting in October 1993. The

firms review the position of their national EUREKA offices and their industrial

and research collaborators. The meeting establishes that the industries involved are

neither ready nor able to provide or find the funding for a 15 year development

plan and that the views and approaches of the relevant groups in the UK, France,

and Germany are becoming incompatible. Compromise proposals are made but

appear unsatisfactory.

Despite this situation, all participants in principle continue to wish to collaborate,

but they do not find the magic formula for a feasible strategy. In follow-up there

is no industrial take-over and no proposal for an implementation phase. Wacker

Chemie and Hoechst leave the scene, and the project is considered to be defunct.

In 1994, the development of a new fibre material concept by Bayer, Leverkusen,

becomes known. It is based on relatively inexpensive starting materials and has

interesting properties which need to be further confirmed. It represents a promising

prospect for fulfilling the CEFIR targets for the third generation fibre. It is also

a way to bypass phases I and II of the CEFIR development programme, that

would result in a shortening of the development time. Its further development and

testing is organised and funded within a German national project.
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THE ARTIFICIAL LARYNX CASE: IMPLANTABLE FUNCTION

RESTORING DEVICES: A TOTALLY ARTIFICIAL LARYNX

The institute

The Center for Biomedical Technology (BMTC) is part of the University of

Groningen, the Netherlands. The center coordinates, stimulates and performs

biomedical-technological research at the university. Coordinator of the LARYNX

project is B. Verkerke, biomechanical expert.

Before the feasibility phase

The LARYNX project started as the confluence of two streams of research: an

ENT (ear, nose, and throat) surgeon of the University of Groningen working on

larynx and a group of researchers working on function restoring implants.

Biomechanics was a new area for the group and the LARYNX project became an

opportunity to stimulate that area. First, the group applied for a grant of the Dutch

Technology Foundation (STW). This failed and since there where some

international contacts the group turned to the EUREKA program. The ENT

surgeon was in touch with ESKA, a small German firm that specialized in the

manufacturing and distribution of medical equipment and devices. Then there was

Medin Instruments, a small firm in Groningen, much alike ESKA, but working

exclusively on ENT instruments and silicone products. There were also contacts

with hospitals in Italy and Spain.

In order to prepare a EUREKA proposal the BMTC organized a meeting in

Amsterdam in April 1992. Before going into the details of this meeting I will

briefly discuss the state of the art in this technology. First, some medical details:

The larynx, or voice box, is located in the throat where the trachea (wind-pipe)
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and oesophagus (gullet) come together. It has two important functions: preventing
food going into the lungs when swallowing and, via the vocal folds located within
it, producing the sound of the voice.

The larynx, including the vocal folds and epiglottis, is removed in advanced cases

of cancer of the larynx (occurring mostly in older men). Currently this is what

happens:

The top of the trachea is led out to an opening in the throat, through which the
patient can breathe. In addition, the surgeon inserts a valve, called a shunt valve,
between the trachea and the oesophagus, and fashions new vocal folds from
muscle tissue in the throat. When the patient wants to speak the trachea opening
is closed, either with the thumb or a special valve, forcing air through the
oesophagus to the new vocal folds.

There are several problems with this operation:

- The throat opening is visible and embarrassing to the patient.

- The voice is unnatural.

- Cold or dry air may irritate the wind-pipe and cause coughing.

- The sense of smell is lost, because the nose is cut off from the lungs.

The goal of the LARYNX project is to prevent these problems by making a

completelyartificial larynx. The airway between the trachea and pharynx - the

back of the throat - will be restored: there will be no need for an opening in the

throat. Consequently, the trachea will no longer be exposed to the irritating effects

of dry and cold air and patients will regain there sense of smell. Also, artificial

vocal folds will be made to improve the quality of the voice. These vocal folds

will be attached to a shunt valve, below the larynx. To choose between breathing

and speaking, a valve system will be implemented. The concept could also be used

as a tracheostoma valve, after placing in the throat opening it allows hands free

speech. Furthermore, an artificial epiglottis will be added to the larynx to stop

food entering the airway when swallowing. To connect the artificial larynx to the

trachea, an interface will be developed. This so-called ‘tissue connector’ allows

soft tissue ingrowth and will realize a firm fixation. It follows from this descrip-

tion that the artificial larynx consists of various elements and that it requires
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various areas of expertise.

The first meeting, in April 1992, is attended by representatives of BMTC, the ENT

departments of the University of Groningen and the University of Rome, the firm

ESKA, and the Dutch EUREKA secretariat.

There are also two other firms that I have not mentioned before: SASA (Scientific

and Applied Surface Advice BV) and Med.Cons. (Medical Consultancy BV). Both

firms are located in Groningen and have close links with the University of

Groningen. In fact, the director of Med.Cons. is also the scientific director of

BMTC. One of the BMTC employees directly involved in the LARYNX project

is also an employee of Med.Cons. The activities of Med.Cons are described as

‘consultancy and management of medical-technological research projects’.

One of SASA’s link with the university of Groningen is that one employee works

both at SASA and at the department Materia Technica of the university. SASA’s

activities are described as ‘Physio-chemistry of surfaces. Cellular and microbial

adhesion, materials modification, surface characterization’.

A number of organizations that are supposed to take part in the EUREKA project

are not present at the first general meeting: the University of Twente (the

Netherlands), and two Spanish hospitals. Furthermore, there are requests to partici-

pate from Statice Santé, a French company, specialized in silicone rubber implants,

and a French and German hospital. These organizations are not invited because the

group decides that it has all the expertise it needs.

After a presentation of the relevant research that has been performed it is decided

that the project will be lead by BMTC, with the support of Med.Cons. A project

management group is formed in order to manage the project (setting project out-

line, allocation of tasks, planning of meetings). In addition to the project leader,

each country (The Netherlands, Germany, Italy, and Spain) has one representative

and one vote in the project management group. The intellectual property rights and
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funding mechanisms are discussed and finally there is a discussion on the division

of tasks and the time schedule.

Already at this time, the project proposal is quite detailed. The core of the work

consists of the development of the valves and the development of tissue

connectors. Then, the valves, artificial vocal folds, and tissue connectors have to

be coupled. Furthermore, there will be studies of deglutition. The BMTC is

involved in almost all tasks and sub-tasks. SASA concentrates on the development

of the material, ESKA will develop the valves and connectors. The hospitals will

do the clinical research.

The tasks of the other participants are filled in after the meeting. The Spanish

hospitals will do animal experiments and clinical research, similar to the work of

the Italian hospital. Two departments at the University of Twente will help with

the development and testing of materials. Medin will manufacture prototypes and

molds and also surgical instrumentation, necessary for the implantation.

The proposal that is submitted does not only include the feasibility phase but also

the implementation and exploitation phases. The total budget is 2 million ECU for

a period of 6 years. The feasibility phase will take 2 years and 400 thousand ECU.

The proposal also contains information about the market potential. In the

Netherlands there are 300 patients each year that receive valve protheses. In

Germany this is 2200 and the USA 10000. It is expected that the total artificial

larynx can be applied in most of these cases. Some elements of the device can be

applied before the total larynx is ready. According to the project leader, there is

no one else in the world that is trying to develop an artificial larynx.

The project is accepted by the EUREKA ministerial conference in May 1992.
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The feasibility phase

The formal subject of the project is summarized as follows:

Cancer in the throat often results in removing the larynx (with vocal folds and epiglottis).
To restore the function of the larynx, an implantable artificial larynx will be developed with
a voice-restoring device and epiglottis.

The advantage of EUREKA is that you can submit almost any project as long as

it is international and innovation oriented. The disadvantage is that each

participating country has it’s own level of funding, funding agencies and

bureaucratic mechanisms. Another aspect of EUREKA is that most countries

emphasize the participation of industry. Non-industrial research groups can only

receive funding when firms from the same country are included. In the Nether-

lands the rule is that two firms have to be a participant before the BMTC is

allowed to receive funding. Med.Cons. is not accepted as an industrial participant

because it does not do any research. Therefore, the initial participation of Materia

Technica is transformed into the participation of SASA. The other Dutch firm is

Medin.

Although the EUREKA seal has been awarded to the feasibility phase of the

LARYNX project, funding does only come from the Netherlands. There still have

to be industrial participants from Italy and Spain. Germany has stopped funding

EUREKA projects altogether.

Clearly, the center of the project lies at the University of Groningen. This is where

the project is coordinated and this is where most of the work is carried out. It is

also the only place that is actually subsidized. The important ingredients of the

project are: new materials, mechanics, and medicine. All these elements can be

found in Groningen.

In the summer of 1992 the ENT surgeon leaves Groningen for Italy where he will

work in a private hospital. This is a serious problem for the BMTC because they
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loose a direct link with the patients. However, the surgeon continues to work on

the LARYNX project in Rome. There is another participant from the Groningen

ENT department but this is a physician and not a surgeon.

The planning of the project anticipated national meetings every two months and

general meetings, once a year. The national teams would circulate their reports.

The only national meetings are held in Groningen and there are three general

meetings, one before, one during (between meeting 6 and 7), and one after the

feasibility phase.

The following tables show that the BMTC is the central player in LARYNX. Both

in the local meetings in Groningen and in the general meetings, they cover all

meetings and have the largest number of attendants.

The reports of the meetings show the technical and the organizational development

of the project. The technical side includes the design of new mechanisms, the

selection of new materials, and animal tests. The organizational side mainly

concerns discussions about further participants. In Meeting 2 three candidates

appear: CITIEFFE, an Italian firm; the University of Milan; and another

department from the University of Rome. The rule is that each of the current

participants has to accept the new partners formally.
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General LARYNX meetings

NAME ORGANIZATI-
ON

MEETINGS

I
Amsterdam
4-92

II
Grado
9-93

III
Amsterdam
11-94

Rakha BMTC

Scha BMTC

Sieg BMTC

Veen BMTC

Verk BMTC

Vrie BMTC

Knie ESKA

Mose ESKA

Boog EUREKA

Mahi FUAdam

Snel FUAdam

Buss SASA

Pimp SIST

Herrb UHGron

Schu UHGron

Hoog UHNijm

Minn UHRoma

Vinc UHRoma

Mian UHUdine

Staf UHUdine

a: also representing Med.Cons.
b: after the first meeting: European Hospital Rome
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LARYNX meetings at the BMTC during feasibility phase
(Between September 1992 and March 1994)

NAME ORG. MEETINGS

1
9-
92

2
11-
92

3
1-
93

4
3-
93

5
5-
93

6
9-
93

7
11-
93

8
1-
94

9
3-
94

Deer BMTC

Hoks BMTC

Kolf BMTC

Rakh BMTC

Scha BMTC

Sieg BMTC

Veen BMTC

Verk BMTC

Vrie BMTC

Warm BMTC

Wrig BMTC

Schu KNO

Svec KNO

Boer MT

Mei MT

Jong MEDIN

Leev MEDIN

Herr ROME

Minn ROME

Buss SASA

Brin UT

Dijk UT
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One of the BMTC researchers is helping to contact Spanish firms. It turns out that

one of the Spanish hospitals has financial problems with the project because it

cannot find industrial participants. There is no news from the other Spanish

hospital. Subsequently, the ENT surgeon, now in Italy, also contacts the Spanish

hospitals. This does not result in any industrial partner and the surgeon approaches

another new partner in order to supplement or replace the Spanish.

There is a gap in the meetings between May and September 1993. However, there

is an international conference about artificial organs in Amsterdam in July. There

are 6 presentations by Dutch and Italian researchers about the LARYNX project.

In September (after Meeting 6) there is another conference in Italy. This

conference is specifically about Laryngectomy (the removal of the larynx). Seven

presentations are about the LARYNX project and the conference is also used to

hold a general meeting (Meeting II).

At Meeting II, the discussion about the participating groups continues. The

participation of CITIEFFE (that was first reported in meeting 2) is still uncertain

because the Italian EUREKA secretariat places heavy demands on the financial

contribution of the Italian project costs from industry. The request from the

University of Milan (also reported in Meeting 3) is now transferred to the

University of Udine, because that is where the professor in charge has moved in

the meantime. This application still has to be approved by the other participants.

There is also a new Spanish group that wants to participate, but the problem is the

same as with the older Spanish groups: lack of industry. Finally, there is a Turkish

group that wants to participate.

At this general meeting, preparations for the research phase are initiated. The

BMTC coordinates the preparation of the report of the feasibility phase and the

proposal for the research phase. The feasibility phase ends in June 1994 but a new

proposal has to be submitted before April 1. A difference between the feasibility

and research phase is that the EUREKA funding is 50% and 37,5% respectively.
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Therefore, the BMTC is looking for additional funding. Again, the BMTC tries to

obtain a grant from the Dutch Technology Foundation.

In March 1994, the two Spanish participants are out of the project. They could not

find industrial participants, they did not receive any funding, and they did not

contribute to the work in the LARYNX project. Three new participants are sug-

gested:

- the University of Udine that was announced previously,

- the private hospital that is the new employer of the Groningen surgeon,

and

- Techniconsult in Rome.

The other participants still have to sign for the agreement of these new partners.

Techniconsult is new on the scene and replaces CETIEFFE. Techniconsult is a

small firm specialized in product development for technical and biomedical

application. It’s role in the LARYNX project will be to work on the artificial

epiglottis and the voice producing prosthesis.

At this time there are serious problems with the ENT clinic of the University of

Groningen. First, the new head of the clinic refuses to cooperate with the

LARYNX team. His research program focuses on other subjects. Also, all contacts

with the former professor (Herrmann) should be eliminated to prevent conflicts in

the clinic. The physician, the only remaining contact in the clinic, has to leave and

moves to the department of Medical Physiology. He will continue to work on the

project, but as we will see after the feasibility phase, other ENT clinics will join

the project to fill the gap.

The final report of the feasibility phase summarizes the work until now and

answers the critical questions: is it possible to make a total artificial larynx? What

are the commercialization prospects?

The artificial larynx consists of a number of elements, therefore its feasibility is
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related to these elements. These are described at the end of the final report. Is it

possible to develop a tracheostoma valve?

Yes, it is already completed in the feasibility phase and con be inserted

in the artificial larynx.

Is it possible to develop a shunt valve?

A good shunt valve should have a good surface and a good material, a

voice prosthesis, and a valve mechanism. The material studies are not yet

completed, but several ideas are retained such as the changing of the

surface properties of the silicone rubber and the application of a coating.

The development of the voice prothesis is less successful: one idea failed,

the other was tested at laboratory scale. Several other ideas have to be

tested in the research phase. Two valves were developed that worked well

but that have to be further tested in vitro and in vivo.

Is it possible to develop a tissue connector to fixate the artificial larynx to the soft

body tissue?

Tissue connectors were tested in animal experiments. The first results are

negative, but new materials look promising.

Is it possible to control an artificial epiglottis by using movements, present during

deglutition?

Yes, the muscles responsible for deglutition remain after the operation and

are activated on the right moment and work in the right way.

Is it possible to find a suitable animal model to test the artificial larynx?

This was not studied yet and will be performed in the research phase.

Although some results are negative, the general conclusion is formulated as

follows: ‘most problems are solved. The remaining problems have a good prospect

because there is a fair chance that they can be solved. The development of the

artificial larynx is feasible’.

BMTC (the coordinator), SASA, Medin, ESKA, University of Twente, and the

University of Rome remain in the project. The Groningen ENT clinic and the

Spanish hospitals leave the project. Med.Cons acts as a sub-contractor for the

104



project management. The European Hospital, the University of Udine, and

Techniconsult in Italy are new participants.

The new project proposal contains the same technical elements as the proposal that

was submitted before the feasibility phase. Tracheostoma valve, shunt valve,

artificial epiglottis, and tissue connection are the main subjects. The size of the

project is increased from 2 to 5.5 million ECU and from 6 to 7 years. The market

predictions are the same (except that the number of patients in the Netherlands has

increased from 300 to 500). Market introduction is expected in June 1999.

Participants in the LARYNX project

At the start of the feasibility phase At the end of the feasibility phase

INDUSTRY
SASA
Medin Instruments
Med.Cons.
ESKA

INDUSTRY
SASA
Medin Instruments
ESKA
Techniconsult

HOSPITALS
University Hospital Groningen
University of La Sapienza
Hospital de la Mosteles
Hospital Central de Asturias

HOSPITALS
University of La Sapienza
European Hospital
University of Udine

UNIVERSITIES
BMTC
University of Twente

UNIVERSITIES
BMTC
University of Twente

After the feasibility phase

Funding problems and the selection of participants continue to be main issues in

the research phase. At the same time the core group of the project continues its

experiments and development work. In 1995 results of the project are presented

at the Pacific Voice Conference (San Francisco), the First World Voice Conference

(Porto), the International Congress on Surgical and Prosthetic Voice Restoration

after Total Laryngectomy (San Sebastian). The group will present 20 abstracts at
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the Second International Symposium on Laryngeal and Tracheal Reconstruction

in Monte Carlo in May 1996.

At the end of 1994, the ENT-clinics of the University of Nijmegen and the Free

University of Amsterdam replaced the ENT-clinic in Groningen. A new Italian

firm is introduced: SIST (Societa Italiana Stampeggio Termoplastici) in Pavona.

SIST specializes in the production of thermoplastics, but also uses metal. Its

products are focused on telecommunication and medicine. In June 1995, new

requests for participation are received from groups in Bordeaux and Wurzburg. In

1996 the Wurzburg group joins the LARYNX project as well as a group from

Tsjechia that requests funding in Tsjechia. The potentail participant from Bordeaux

still has to supply the information about their contribution to the project.

The proposal for the research phase is accepted by the Dutch EUREKA secretariat,

but its 1994 budget is exhausted. The grant will be approved officially in 1995 and

will cover the costs of 1994. But since the grant dropped from 50% to 37,5% this

is not sufficient to fund the work in Groningen. Furthermore, the new Dutch

participants were not included in the EUREKA grant. To cover the Dutch costs

a new proposal is made to the Technology Foundation. The grant is accepted in

december 1995. In addition, a CRAFT proposal has been submitted to the

European Commission. This could cover part of the German and Italian expenses.

In Germany, the government has decided to provide EUREKA grants but

biomedical projects are excluded.

In Italy, although industrial participants are found, the Italian EUREKA secretariat

still hesitates to provide a grant. The firm CITIEFFE leaves the project because

of the heavy demands of the secretariat. It’s place is taken over by the firm SIST.

Early 1995 there is a new head at the secretariat who promises that costs, made

after October 1994, will be reimbursed. In November 1995, the Italian grant pro-

posal is still not accepted.
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ALLIANCE COMPLEXITY

The first theoretical concept that will be used to analyse the cases is complexity.

‘The key to successful alliance building is to create an alliance that is simple

enough to be manageable’ (Killing 1988, p.57). This was a theme that occurred

in all the interviews that Killing conducted in twenty case studies. He found that

alliance complexity has two aspects: the complexity of the task the alliance was

undertaking and the complexity of the organizational arrangements. With these

notions of complexity we can a) compare cooperative technology projects and b)

give management advise. With respect to this last point: Killing claims that an

explicit analysis of both task and organizational complexity will lead to new

insights into performance problems or opportunities. More precisely, he suggests

certain types of decision-making depending on combinations of task and

organizational complexity.

In order to clarify what determines complexity I will summarize Killings

argument. Task complexityis determined by three factors: alliance scope,

environmental uncertainty, and partner resources and skills. The first two factors

have a number of indicators.Scope is determined by the ambition of the

objectives, the number of business function, the duration, the number of products,

and the number of markets.Environment is determined by overall demand,

customer preferences, competitors’ actions, government actions, and supplier

competence.

Organizational complexitywill be greater the more frequent and less routine in

nature the interactions are. The interactions are affected by the number of partners,

the equality of partner contributions, the similarity of partner skills, and the level

of trust.

There is a link between organizational and task complexity: the simpler the task

of an alliance, the simpler can be its organizational arrangements. Killing found

that low organizational complexity goes with low task complexity and high
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organizational complexity goes with high task complexity. But in between these

extremes there is an ‘alliance envelope’ where the relationship between task and

organizational complexity is not linear. Furthermore, given a certain level of task

complexity the organizational complexity can be reduced depending on the type

of decision-making.

There are two elements of Killing’s model that ask for an additional

conceptualisation. Killing’s model deals mainly with the ‘inside’ of projects. The

outside comes in via environmental uncertainty that affects task complexity. If the

environment is a competitive market the task is more complex than when the

environment is the parents of a joint-venture. For my purpose, I need a further

specification of the ‘outside’ of projects. The other element is that Killing

emphasizes the structure of projects6. Since we are interested in the start of a

project as a process, we will need some additional guidance.

ACTOR NETWORKS

The two weak points that are mentioned in the previous section, about the

environment of projects and about the start-up process, can be repaired by using

concepts from Actor Network theory (Callon 1986, Latour 1987).

According to Callon and Law (1989), the mechanisms to deal with the inside and

outside of projects are similar. They are what the authors call ‘investments of

form’ which is ‘to convert objects that are numerous, heterogenous, and manipula-

ble only with difficulty into a smaller number of more easily controlled and more

6 There is one exception: Killings talks about the fact that partners do not know
each other, and the level of trust. These are both things that can be changed over time.
Killing advises that ‘firms wishing to create an alliance to undertake a complex task
should first enter a simpler alliance with the choosen partner, in order that a degree of
mutual trust may be established, prior to the formation of the more complex alliance’
(op. cit. p.55).
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homogeneous entities - entities which are nonetheless sufficiently representative

of their heterogenous and formless cousins that it becomes possible to manipulate

the latter as well.’ (Callon and Law 1989, p.64). In terms of Killing’s model this

can be seen as the reduction of complexity. The conversion of actors and the

combination of the various interests leads to the creation of a ‘negotiation space’

in wich the project can start to live.

The negotiation space consists of a local network that is embedded in a global

network (Law and Callon 1992). According to Law and Callon the development

of the project is influenced by three factors: the mobilization of the local network,

the mobilization of the global network, and the link between local and global

network. Each of these factors can kill the project and in the case they give several

examples. The global network has to be strong to secure the negotiation space. But

if the links between actors in the local network are weak, the work will not be

carried out. The ideal link between local and global network, according to Law

and Callon, is one ‘obligatory point of passage’.

I will now return to the cases to discuss the construction and complexity of

cooperative joint R&D projects.

DISCUSSION

I described the start-up phase of two projects. The LARYNX project did and the

CEFIR project did not reach the research phase. Why? It is tempting to identify

one factor that, at the same time, explains the success of one project and the

failure of another. I will compare the two cases by using the concepts that have

been developed in the introduction. In addition, since there are numerous

differences between the two cases, I will also point at their peculiarities. The

continuation of a cooperative R&D project will depend on the complexity of the

project and the mobilization of local and global networks.
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To determine which project has the highest task complexity we have to look at the

scope of the alliance, the environmental uncertainty, and partner resources and

skills. The scope of CEFIR is much more ambitious than LARYNX. The duration

of CEFIR is twice as long as LAYNX and the technological objectives are much

further away. This makes CEFIR more complex than LARYNX.

The environmental uncertainty of CEFIR is high: demand is uncertain and there

are competitors that are ahead in the development. We have few information about

the environmental uncertainty of LARYNX. It does not seem to exist but this

could also mean that it is underestimated. No competitors are mentioned in this

project. On the other hand, it is not clear what the conditions for successful market

introduction will be.

In both projects the partners have all relevant skills that are required for the

project. The resources are a critical factor in both cases. CEFIR has problems with

the investments by firms, LARYNX has problems with the EUREKA grants.

For the organizational complexity we have to look at the nature and frequency of

the interaction, the number of partners and the similarity of their skills and

contributions. CEFIR has more partners but less interaction than LARYNX.

Therefore, CEFIR is more complex. CEFIR is also more complex because it does

not have one dominant partner. In the LARYNX case the BMTC is the dominant

partner: it coordinates the project, has the largest number of researchers on the

project, and is involved in almost all parts of the project.

The alliance complexity of CEFIR is higher than LARYNX. Is this the main

reason why CEFIR stops and LARYNX continues? The answer depends also on

the mobilization of actors in the start-up phase. Both projects have difficulties in

creating a stable ‘negotiation space’ that is needed for the development work.

There is uncertainty about who is a participant and what is to be done and who

will pay for it. The difference between CEFIR and LARYNX is that there is at

least a stable core in the local network of LARYNX. In CEFIR there is a tension

110



between two groups of firms, producers and users. Such a tension does not exist

in LARYNX.

The problems of complexity of the project and mobilization of actors can be

further explained by pointing at two specific characteristics of the projects. One

has to do with the role of the coordinating institute, the other has to do with the

nature of the technology.

In the feasibility phase of LARYNX, a lot of research is carried out, mainly by the

coordinating institute, the BMTC. The work in the research phase is simply a

continuation of the feasibility phase. The BMTC is the dominant actor, it carries

out most of the work. This does not mean that the BMTC could do the project

alone. Expertise from other groups is essential and firms will do the commercial

exploitation. But when other actors (especially surgeons) that are needed for the

project drop out, the BMTC is able to replace them. In the CEFIR feasibility phase

no actual research is being done. There are discussions about potential products

and potential production routes. The IAM, coordinator of CEFIR, refuses to

dominate the project. It will not coordinate the project in the research phase. But

since no one else takes over, the project dies.

In addition to the different roles of the coordinating institutes there are also

important differences in technology. LARYNX consists of several elements

(valves, connectors) that can be developed independently and simultaneously. Each

firm will be able to patent a different part of the larynx. Even if the total larynx

will never be marketed, the project can still be a success. In CEFIR, the fibre is

only partially independent from the rest of the composite material. The work can

not be performed completely simultaneous: the fibre has to be produced first.

Therefore, the firms in the CEFIR case are faced with more risk than the firms in

the LARYNX case.

Great organizational and task complexity have a negative effect on the success of

cooperative research. However, these effects can be controlled by the mobilization
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of local and global actors. The cases that have been discussed show that the

mobilization is limited by the nature of the technology and the role and position

of the coordinator.
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CHAPTER 5

THE KNOWLEDGE INTENSITY OF EUREKA PROJECTS

INTRODUCTION

In spite of the number and magnitude of the risks involved in R&D interaction

between industrial firms and research institutes such cooperation has increasingly

become the norm (Mowery and Rosenberg 1989). Moreover, the boundaries

between the contexts of industrial R&D and university and governmental R&D

have become blurred. For example the new category of strategic scientific research

(fundamental research, but on fields that are potentially of economic relevance),

has emerged; linking the interests of fundamental and industrial scientists. In

addition, all publicly funded research systems have been influenced by financial

cutbacks. This has resulted in a reorientation towards other (industrial) funding

sources.

Simultaneously, the nature of the interaction between industrial firms and research

institutes has changed. Whereas formerly the interaction was incidental (research

contracts for particular projects), today, the interaction quite often involves long

term contracts, formulated such that different types of services can be offered.

These changes are, of course, related to changes in the expectations industrial

firms have of the nature of the services that should be provided by research

institutes.

Considered from the perspective of the industrial firm, this increase in R&D

interaction is not a self-evident development. R&D cooperation between industrial

firms and research institutes involves specific risks.

First of all, R&D cooperation with research institutes increases the risk of R&D

spillover. This refers to the unauthorized use by competitors’ of a firms R&D.

Understandably, cooperating with scientists in research institutes (especially in

university research institutes), increases the possibility that competitors will be
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informed about the problems and fields in which a firm is interested. Scientists,

(especially those in research institutes), need to publish their results in order to

enhance their prestige. Hence, the possibility of informing competitors of the

nature of innovative searches.

Secondly, as Webster and Etzkowitz indicate in their framework paper for the

research workshop on Academic-Industry Relations (Webster and H. Etzkowitz

1991), the process and outcomes of collaborative work between industrial and

(especially) public sector scientists are difficult to predict, because of the mutual

feedback effects of in-house and extramural research:

"Hence it may be difficult to chart and evaluate its specific impact in both the
short and long terms. This in part explains why some companies, having
withdrawn from a collaboration which they regard as unproductive, suddenly find
other companies moving into their place and emerging with commercial products
relatively quickly." (p.19)

Public sector and industrial R&D are differently managed. This can result in the

surprises indicated by Webster and Etzkowitz. This, too, results in extra risks

related to firm/research institute interaction.

Thirdly, and especially with respect to research institutes in the public sector, there

are special problems related to patenting research done at those research institutes.

One of the reasons for industrial firms to do particular projects extramurally, is the

fact that it is more efficient to line up with an existing program elsewhere, than

to develop the total research program in house. But that leads to the problem that

the role of the industrial firm vis-a-vis the research program is always less than

substantial. In such situation it is difficult for industrial firms to claim exclusive

licensing agreements. For instance the US federal government grants " (..)

exclusive licenses only in cases where substantial additional risks, time and costs

must be undertaken by a licensee prior to commercialization" (OTA 1993).

Furthermore, the present tendency to encourage public sector scientists to seek

commercialization of their ideas, instead of reinforcing the interaction of industrial

and public sector scientists, will rather result in both types of scientists considering
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each other as competitors. Consequently, it can be comprehended that this kind of

measures did not result in the (expected) rise of the formal interaction between

government and industrial scientists.

How then should we account for the R&D cooperation of industrial firms and

research institutes? An interesting starting point for this discussion is the account

of the R&D cooperation between research firms. Studies on such cooperation

commence with the assumption that the decision to cooperate is directly related

to strategic and tactical choices of the firm with respect to an innovation. Teece,

for example, analyzes the choices of industrial firms to engage in R&D cooper-

ation with competitors and suppliers (as well as the choices regarding the nature

of the cooperation) in terms of the characteristics of the environment of the

innovation (i.e. the nature of the appropriability regime; the presence or absence

of a dominant design paradigm; and the extent to which complementary assets are

necessary) (Teece 1986). Although his central research question is the reason "(...)

why innovating firms often fail to obtain significant economic returns from an

innovation, while customers, imitators and other industry participants benefit"

(p.285), nevertheless, most of the article is devoted to an analysis of when R&D

cooperation is profitable for a firm.

The analysis makes abundantly clear that, in all cases, the starting point is that the

most profitable situation for a firm is for it to develop its own innovations. Only

in this way can a firm gain all the profits related to an innovation. Because a firm

is, in some cases, unable to do this (due to a weak appropriability regime; the

absence of a dominant design paradigm, or the needs to secure complementary

assets) it must engage in R&D cooperation. This is clearly the case in Katz’s

analysis of research cooperation between (competing) firms. Katz actually

considers research cooperation as a panacea for the risks of R&D spillover (Katz
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1986)7.

Accordingly, also in the case of R&D cooperation between firms and research

institutes, the basic assumption is that, while it is generally more profitable to

develop innovations alone, specific attributes of the environment, c.q the innova-

tion, may make it necessary both to engage in R&D cooperation, and to choose

a particular type of R&D cooperation with research institutes. The theory should

indicate these attributes.

In what situations will industrial firms seek the collaboration of research institutes?

From the point of view of industrial firms, research institutes provide a particular

commodity (i.e. research), which, in some cases, cannot be obtained in-house.

The first situation in which this applies is when industrial firms indirectly need

fundamental research, as a condition for their daily activities, because their

applications depend on it. In such a situation it is clearly too expensive for the

firm to do the fundamental research in-house. This is partly a result of the fact that

the process of performing fundamental research needs a bottom-up style of

management. This is not only different from the management styles in most firms,

but also quite expensive because of the trial-and-error involved. Moreover,

considering the fact that such pre-competitive fundamental research does not

involve R&D spillover risks (the translation to applications must still be done)

there are no reasons why industrial firms would not collaborate with research

institutes to perform such research.

Collaboration in this situation can take a variety of different forms. It can be

7 Research spillover refers to the unauthorized use of R&D of an innovator (e.g. by
working around a patent; or using the product as a starting point for the competitor’s
R&D). Apparently, in Teece’s terms, R&D spillover can only occur in situations where
there is a weak appropriability regime. According to Katz, if such risks are substantial,
it is a better strategy to engage in R&D cooperation with the competitor(s) who are
potential users of the firm’s R&D (Katz 1986).
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organized in a rather informal way, e.g., by exchanging staff (hiring alumni from

particular university research programs or establishing extra-ordinary professor-

ships), or by financial incentives (such as contributions to research programs). In

general no specific contracts will be involved. The collaboration can also become

formalized, for example, in the establishment of mutual research programs, or the

common involvement of the firm and research institute in research programs,

organized and financed by governmental or supranational organizations. The R&D

programmes of the EC (e.g. ESPRIT, BRITE-EURAM etc.) are good examples of

this type of collaboration.

A second situation in which collaboration between industrial firms and research

institutes will occur, is when research institutes have a specific commodity to offer

to firms. According to Malerba, Morawetz and Pasqui (1991):

"Probably the most important type of cooperation is the participation of Govern-
ment laboratories and the Higher Education sector in projects designed to enhance
the innovative capacity and technological development of industry."(p.47)

The authors offer a rich overview of the activities of public laboratories and

contract research organizations in a number of European countries (Italy, France,

Germany, The United Kingdom, Norway and The Netherlands among others). In

this case the research institute acts like a supplier firm, but instead of supplying,

for example, parts of the eventual product, the research institute supplies specific

bits of knowledge. These bits of knowledge can concern, for example, specific

expertise with respect to informatics, to be used by firms to adjust their production

process, or the use of testing equipment.

The supply of these commodities of knowledge can be arranged in different ways:

like the collaboration with other firms in the innovation process, in this case the

firm has the choice between, on the one hand, contracting out the supply of the

commodity, or organizing a cooperative settlement with a research institute. This

result in a more or less stable relationship that uniquely links the research institute

with the industrial firm. Such a stable relationship safeguards the supply of the
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commodity to the firm, as well as reducing chances of R&D spillover.

Especially in this situation the specific attributes of the innovation and the

environment determine which hazards are involved and, consequently, which type

of arrangement should be followed.

The Eureka program is a special case of such an arrangement. Eureka is an

initiative by various European states to reinforce the common European market by

bringing together European firms and research institutes as well as governmental

agencies to cooperate on R&D. The Eureka program differs from EC programs,

both in management and with respect to its objective to emphasize aspects of the

innovation process near the market (see chapter 2).

Considering the hazards involved, one should expect that only certain types of

projects will be submitted to the Eureka program. I will return to this point below.

Finally, there is a third situation in which firm-research institute R&D cooperation

occurs: the development of what has been called strategic research. Both of the

above mentioned instances of R&D interaction between firms and research insti-

tutes assume a difference in objectives between firms and research institutes. It is

this difference in objectives which sometimes results in collaboration. However,

in recent years a new type of fundamental scientific research has emerged that is

equally important to research institutes and industrial firms: i.e. strategic scientific

research. To a growing extent (and especially in what has become known as ’high-

tech’ firms), firms are directly dependent on new fundamental insights for their

product development. This applies, for example, to biotechnology firms, relying

on specific developments in microbiology; to chip-producing firms relying on

developments in semi-conductor research, or to pharmaceutical industrial firms that

rely upon fundamental research in pharmacology and related fields.

In this case the innovation process is shortcircuited: the transformation from
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fundamental insight to application should take as little time as possible. Moreover,

the fundamental research process should be organized in such a way that the

chances of finding insights at short notice are optimalized.

Given the costs involved, only a very small number of industrial firms are able to

do this kind of strategic research in-house. Hence the significance of collaboration

with research institutes and the high risks involved. It is for this reason that in this

case, special common research programs are established that link specific research

groups with specific industrial firms.

The emergence of this type of scientific research has resulted in a rearrangement

of the relationships between industrial firms and (especially university) research

institutes. Strategic fundamental research is equally important for industrial firms

and research institutes alike. Consequently, the collaborative forms chosen by

firms and research institutes resemble joint ventures between industrial firms8.

However, in this chapter I want to focus on the second of these three situations:

collaboration between research institutes and industrial firms because of the

specific commodities the former offer industrial firms. I refrain from discussing

both the traditional ’pre-competitive’ fundamental research contributions, and the

competitive strategic contributions of research institutes.

If we can accept that there is a category of R&D problems that can be solved by

collaborating with others, then the research question can be stated as follows:

When do industrial firms include research institutes in their collaborative projects

to solve this kind of problems?

8 Strategic fundamental research is important for research institutes, because it is
simultaneously economically and scientifically significant. Furthermore, the costs
involved with most modern strategic research necessitate the collaboration with private
firms (also considering the restricted funds available nowadays). This, of course, will
considerably change the nature of the organization and financing of fundamental
scientific research, see Ziman (1989).
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We proceed from the assumption that the European Eureka program comprises the

type of R&D collaborative projects as indicated above. Because of its objective

to strengthen the European market, little fundamental research is financed within

Eureka. Moreover, the public nature of the program excludes projects related to

strategic fundamental scientific developments. Accordingly, Eureka comprises

cooperative R&D projects in which specific changes of processes or products are

the subject of collaborative R&D projects involving only other industrial firms, or

industrial firms and research institutes. In other words, the Eureka program is an

interesting topic when one wants to study the firm/research institute interaction.

When do firms include research institutes in their collaborative projects, and how

do these projects differ from projects without research institute involvement?

In the following I formulate a theory on R&D cooperation between industrial firms

and research institutes in this specific situation. This theory results in a series of

hypotheses concerning the involvement of research institutes in a program such

as Eureka. Subsequently, information is provided concerning the Eureka program,

as well as the database used to conduct a content analysis of the abstracts of

Eureka projects. In this chapter I present information on two different fields within

the Eureka program: robotics and production automation, and environmental

technology. These fields were chosen because of the apparent differences in terms

of ’research-intensity’. I then consider the empirical information. It is my intention

to test a model explaining the involvement of research institutes within the

cooperative projects which comprises attributes of the innovation and the

environment. Finally, some conclusions are formulated.

THEORETICAL CONSIDERATIONS

As indicated above, I confine the range of validity of the theory to the situation

in which research firms need to involve external partners (other firms or research

institutes) for specific contributions in the development of new products and

processes. Given the fact that I am using the material of a generic R&D program
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(rather than addressing the specific choices of individual firms) a second proviso

is also necessary. The contributions should, at least indirectly, be relevant for more

than one industrial firm (otherwise the project should not be in a program like

Eureka). In other words, the contributions to the innovative process I am

discussing will have a more or less public character9. Collaborative programs such

as Eureka therefore, have a weak appropriability regime.

Considering these restrictions, the decisions of industrial firms to involve research

institutes in R&D cooperative efforts depend on three different kinds of factors.

These include attributes of

(a) the environment

(b) the firm; i.c. its strategy, and

(c) the innovation.

The environment comprises attributes of the industry and the market in which the

firm operates, as well as the nature of the technological problems faced by firms

in such environments.

The research intensity of the environment affects the decision to involve research

institutes in R&D collaboration. Research intensity refers to the role scientific

research plays in both the production process and the products of industrial firms.

Although research intensity has been increased in most industries in the recent

past, there are still differences between industries with respect to the amount of

scientific research needed to keep the production process up to date, and maintain

a strong competitive position.

Apparently, the degree of research intensity is related to the problems encountered

9 This implies in some cases that the partners in a project indicate via a contract to
what extent they cooperate, and at what stage they leave the collaboration and further
develop the innovation in-house.
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by firms in particular industries. The more these problems need a scientifically

based technology, the more scientific research is needed to maintain an optimal

market position.

One may then hypothesize that in environments with a relatively high research

intensity, more collaboration of firms and research institutes will occur than in

environments in which the research intensity is lower. As indicated above, I did

not assess the degree of research intensity of the two research areas under study.

I assumed that the research intensity of environmental problems would be larger

than that in the field of robotics.

Hypothesis 1:Given the higher research intensity of the area of

’environmental research’, compared to ’robotics’, there will be

more projects with research institute participation in the former,

and less in the latter.

Choices of industrial firms about process or product innovation are embedded in

strategic choices regarding their future and their relationships with their competi-

tors.

As Porter (1983) has indicated, two main dimensions can be distinguished in the

innovative choices of firms: (a) the degree to which a firm chooses to emphasize

either cost reduction or theuniquenessof its product as the main approach of

innovation, and (b) the degree to which the firm follows a strategy offocusingon

a specific sub-market with the innovation, or a strategy ofgeneralcompetition

within the market.

The first dimension partly overlaps with the distinction between process and

product innovations: cost reducing strategies will quite often involve process,

rather than product innovations. Moreover, cost reduction - in contrast to unique-

ness - will involve less radical innovations. Instead, the emphasis will be on small

incremental changes in the production process to make the process more efficient.
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However, emphasizing uniqueness will quite often involve large scale innovations

such as developing a new product for a new market segment. The latter type of

innovations will not frequently be found in programs such as Eureka.

One may hypothesize that the more radical the innovation, the more research

institutes should be involved, keeping in mind that the problem of R&D spillover

will not occur in the case of Eureka type projects. This would mean that the

various strategies can be ranked according to of the radicality of the innovations

to be expected; the different objectives; and, the involvement of research institutes

in the projects. One could then expect an increasing involvement of research

institutes when comparing the various strategies, i.e. from general/cost via

general/unique, focus/cost, to focus/unique.

Hypothesis 2: The various strategies, from general/cost, via

general /unique to focus/cost to focus/unique, can be ranked in

terms of an increasing participation of research institutes in the

projects and involving firms characterized by these strategies.

The third type of factors concern the nature of the project itself. Apparently, a

project that is more fundamental (or at least further away from the market) will

have more research institute involvement.

Hypothesis 3: The larger the distance of projects from the market the

more we will find participation of research institutes.

Furthermore, as indicated above, product innovations will, in general, be more

radical than process innovations and, consequentially, need more input of research

institutes.

Hypothesis 4: Product innovations, more than process innova-

tions, are characterized by research institute involvement.
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Although I have indicated that programs such as Eureka have, by definition, a

weak appropriability regime, there will still be differences within the program as

to the extent to which the innovation is important for a given firm in the project.

We would then expect that, given the risks involved in collaboration with research

institutes, in the case of projects with only one intended exploiting firm the

number of participating research institutes will be relatively low.

Hypothesis 5: In projects were the innovation will be exploited by

only one of the participating firms, the number of participating

research institutes will be relatively low.

Finally, we should add a project related factor, specific for the Eureka program.

As outlined below, the Eureka program has as its objective the strengthening of

the European market by emphasizing R&D cooperation within special fields of

technology. Consequently, within the Eureka program two different types of

projects can be found: 1) projects in which a specific technology is supposed to

be applicable in a new environment; 2) problems for which the technology could

be an adequate answer. In other words, in one type of project, the motivation to

innovate is an existing problem for which an adequate answer must be found. In

the other, firms in a particular technology field (e.g. robotics, informatics, etc.) are

looking for new applications. Here the motivation is not so much the problem but

the technology.

Hypothesis 6: Projects which are motivated by the existence of a

problem rather than the availability of a new technology will be

characterized by larger research institute involvement.

THE DATABASE AND THE CONTENT ANALYSIS

In this chapter I have confined my attention to two of the research areas in the

EUREKA programme: robotics and production automation, and environmental
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technology. The two areas have approximately the same size (in terms of number

of projects) but differ in terms of research intensity. Earlier data taught that in the

area of environment 45% of the participants are universities and research institutes.

In the area of robotics this is only 15%10. These figures, and my analysis of

project descriptions, suggest that the technology area category is less arbitrary than

Peterson (1993) claims in his study of Eureka.

By comparing these two areas, we could expect that research intensity can be

controlled by separately performing the analyses for both areas. However, we still

have to establish to what extent there actually is a difference between the two

areas in this respect.

Information on all Eureka projects is provided in the ECHO database, located in

Luxembourg. The ECHO database contains information on the project title,

duration, costs, participants and, via an abstract, provides information on the nature

of the projects. At the time of datacollection (May 1992) this database indicated

124 projects in the area of environments and 113 in the area of robotics.

We collected information on the various projects by performing a content analysis

(Weber 1985) of the files of the various projects in the two fields. For a variety

of reasons (such as a lack of information) 7 projects had to be skipped from the

analysis (4 in environment; 3 in robotics).

The content analysis was performed as follows. Independently, three researchers

(the present authors and Dr. S. Zeldenrust) scored the 230 project descriptions on

a list of variables chosen as operationalizations of the concepts indicated above.

The three lists of coded projects were then mutually checked in order to establish

the reliability of the coding. I did not check the validity of the distinctions made

by the researchers by asking the project leaders.

10 Data provided by the Eureka secretariat, june 1990.
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Unfortunately, the varying nature of the information within the database (some

projects have a long detailed abstract, others only have a short description) made

it impossible to make a more detailed analysis of the nature of the projects.

Eventually, information was collected on the following variables:

(1) Intended strategy of firmson the basis of the formulation of

the purposes of the project. The researchers coded all projects

according to general/cost; general/unique; focus/cost and

focus/unique.

(2) Exploitation of the innovation. In order to establish if at least

one of the partners in the cooperation considered the innovation

as significant, I coded according to whether zero, one or more

firms indicated the intention to exploit the innovation.

Four variables were used to indicate the characteristics of the innovation itself:

(3) Product or process innovation.From the point of view of the

central actor (the firm submitting the project proposal) I coded

whether the innovation was a product or a process innovation.

This distinction was not always clear (some firms intended to

develop a new process, but also indicated their intention to market

the process).

(4) Problem or technology motivated. Considering the fact that the

Eureka program is defined in a number of new technology fields,

I assessed to what extent the projects were motivated by an

existing problem, or by the availability of the new technology.

(5) Duration. In the abstract of each Eureka project is indicated

the number of months the project is supposed to last. This

information was used to indicate the duration of the project. I
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assumed that the longer the duration of the project, the larger the

distance would be between the project and the market. In this way

"duration of the project" can be seen as a proxy indicator of the

distance to the market.

The dependent variable (involvement of research institutes) was constructed by

establishing the number of (university and non-university) research institutes parti-

cipating in the projects. I made a distinction between projects with only firm

participation; projects with research institutes in which an industrial firm took the

initiative and projects in which both firms and research institutes participated, but

where the research institute took the initiative. The projects with only research

institutes (and no firm participation, twelve projects) were excuded from the

analysis.

THE ANALYSIS

The first hypothesis (more research intense areas show more research institute

involvement in R&D programs) requires the establishment of the degree of

research intensity of areas. I did not assess the research intensity of the various

areas of Eureka. Rather, on the basis of earlier studies I assumed that the two

areas (environmental problems and robotics) would differ on this dimension. I

expected more research intensity in environmental problems (given the nature of

the problems in this field) than in robotics.

In other words, if my assumption is that environmental problems are more

research intensive than robotics, I should find more research institute involvement

in the former than in the latter sample. The figures for both samples are given in

Table 1.

Table 1 shows that there is a difference in the expected direction between the two

areas: more projects in the area of environmental problems have research institutes
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as initiators, compared to projects in the area of robotics.

In contrast, the number of projects in which only firms participate is slightly

higher in robotics. However, the chi-square for the relationship between the

variables is only significant at the .09 level.

Considering the difference between the two areas, I decided to do the analysis of

the other hypotheses separately for both fields.

Table 1

Distribution of types of actors in EUREKA projects in the areas Environment

and Robotics

Environment Robotics
n % n %

Only firms 43 39.4 48 44.0

Firms and
research institutes 37 33.9 45 41.3

Research institutes
and firms 29 26.6 16 14.7

Totala 109 100 109 100

Chi-sq= 4.81, p=.09
a Twelve projects have been excluded. In these projects only research institutes
participated (11 in environment; 1 in robotics).

Table 2 summarizes the relationships between the various independent variables

and the degree of involvement of research institutes in the Eureka projects. The

table shows that at the zero-order level (no other variables have as yet been held

constant), only in one case could a strongly significant association be found, i.e.,

in the relationship between the intended exploitation of the innovation and the

involvement of research institutes. In the other cases, relationships had to be

specified for the two areas, i.e., the relationship with a focus/cost strategy in the
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case of robotics, and with focus/unique in the case of environmental problems.

Furthermore, an unexpected relationship was found between "research institute

involvement" and the "innovation being a process innovation" in the case of

environmental problems (it was hypothesized that there would be a relationship

with product innovations). However no relationships were found in the cases of

hypotheses three (projects with a longer duration - as an operationalization of the

distance to the market- will have more research institute involvement) and six

(projects with a problem motivation will have more research institute involve-

ment).

The strong association with the exploitation variable requires closer scrutinity.

Table 3 shows the differences in research institute involvement for the various

categories of this variable and for the two areas.

Table 3 shows (for both areas) that research institutes are relatively more often

initiators of projects for that category of innovations for which no indications have

as yet been given about the exploitation. This was expected: industrial firms are

only participants in such projects. Although interested, they apparently did not

consider the topics as centrally important (if that had been the case, they would

have initiated the projects).
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Table 2
The correlation between various independent variables and involvement of
research institutesa in EUREKA programs, for two areas: environmental
problems and robotics.

Environment Robotics

Chi-sq p Chi-sq p

Hyp.2:
Strat gen/cost 1.07 n.s. .02 n.s.

Strat gen/unique .43 n.s. .01 n.s.

Strat foc/cost .96 n.s. 3.01 .08

Strat foc/unique 3.90 .05 1.30 n.s.

Hyp.3:
Duration 1.51 n.s. 3.21 n.s.

Hyp.4:
Process innovation 3.00 .08 .16 n.s.

Product innovation 1.51 n.s. .02 n.s.

Hyp.5:
Exploitation 15.42 .001 17.25 .001

Hyp.6:
Motiv. Problem .07 n.s. .54 n.s.

Motiv. Technology .21 n.s. .51 n.s.
a The involvement of research institutes was here measured by a dichomotous variable (yes or no
research institutes involvement).
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Table 3
The association between the intended exploitation of the innovation and
research institute participation in EUREKA projects for the areas of
environmental problems and robotics

Environment Robotics

ind ind & res & ind ind & res &
res ind res ind

n n n n n n
% % % % % %

Exploitation by:

No decision 10 11 16 12 11 8
23.3 29.7 55.2 25.0 24.4 50.0

One firm 6 6 3 15 9 3
14.0 16.2 10.3 31.3 20.0 18.8

More firms 7 14 7 6 2 4
16.3 37.8 24.1 12.5 46.7 25.0

All firms 20 6 3 15 4 1
46.5 16.2 10.3 31.3 8.9 6.3

Environmental problems:
Chi-Square Value DF Significance
20.32250 6 .00243

Robotics:
Chi-Square Value DF Significance
21.96506 6 .00123

The chi-squares are different from the figures in Table 2, because of the fact that

the research involvement table was dichotomized in the case of Table 2.

The nature of Eureka projects - in terms of weak appropriability - adequately

indicated that in the category where more industrial firms intend to exploit the

innovation, relatively more projects are found in which industrial firms find re-

search institutes to participate. Moreover, if we take the projects with only

industrial firm participation, all of these firms often have decided to exploit the

innovation. In this respect there is also no significant difference between the two

areas.
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Only in the projects where one firm is considered the exploiter of the innovation,

in the case of robotics relatively more ’only firms’ collaboration is found.

Once more, this underscores the difference between the two areas (one may

suppose that in the area of robotics more ’normal’ innovation projects are found

(one or more firms developing a new process, and collaborating with a supplier

(or suppliers) of the components). In that case it is to be expected that the supplier

will exploit the innovation.

In general, I conclude that these results underline the special nature of innovations

submitted to a program such as Eureka. These innovations are not expected to

contribute to the individual competitiveness of firms, but are more generically

interesting improvements that are equally interesting to more firms.

There is one important difference between the two areas with respect to the type

of strategy related to a different involvement of the research institutes (a

focus/unique versus a focus/cost approach in, respectively the areas environmental

problems and robotics).

Logistic regression analyses for both areas show that only these two variables (in

the two areas) have a significant separate effect aside from the exploitation

variable on research involvement in the Eureka projects (the association between

process innovations and research institute involvement in the case of environ-

mental projects appeared to be spurious).

In both cases, the more the project can be classified as starting from a

focus/unique (in the environment area), respectively a focus/cost strategy (in the

robotics area), the less research institutes are represented in the projects.

The more the firms emphasize a focused approach to the market (related to their

innovative endeavours) the closer the innovative process will be to the market, and

the less significant the contribution of research institutes.

132



It is clear from the difference in nature between the two areas that in the one

(robotics) the emphasis will be on cost reduction, and in the other (environment)

on uniqueness. In the latter area many firms attempt to find their own niche in this

new market of environmental technologies. This interpretation is supported by the

strong negative association (R=-.29; p=.02) between my operationalization of the

distance to the market (the duration of the project) and the focus/unique in the

case of the environmental projects. A similar relationship could not be found in

the case of the focus/cost strategy in the robotics projects. This can be a

consequence of the small number of projects with this strategy (10 in the case of

robotics; 4 in the case of environmental projects).

CONCLUSIONS

The Eureka program has as its central objective the reinforcement of the European

market, by stimulating the collaboration of firms with respect to innovation.

Notwithstanding this objective, many research institutes participate in the Eureka

projects. Other studies already indicated that a large number of Eureka projects is

not so "close to the market".It was my objective in this chapter, to show that the

degree of research institute involvement is related to specific attributes of the

projects. The analysis in the former paragraph showed that one factor in particular

accounted for differences in research institute participation: the nature of the

exploitation envisaged. But, in contrast to theories on choices of firms, related to

innovative behaviour and cooperation with others; the effects of the exploitation

variable could only be formulated in terms of the specific characteristics of

innovations within a program such as Eureka. Apparently, there is a special

category of innovations which firms want to share with others. This has partly to

do with the fact that one is either not yet in a situation to discuss the exploitation

of the innovation (and in that situation research institutes participate relatively

more), or in a situation in which the exploitation of the innovation is equally

interesting for all participants in the project. In the latter case, research institutes

are underrepresented. Apparently, the industrial firms do not then need the
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research institutes. This is the more so because at the same time they appear to

follow a focused strategic approach; either directed toward cost reduction (in

robotics) or to develop specific niches in the new market of environmental

technologies.

In order to develop a technology as a means in a focused strategy, it is necessary

to be quite sure about the potential contributions of the technology. Hence, the

lesser role of research institutes.
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CHAPTER 6

A KEYWORD ANALYSIS OF JOINT BIOTECHNOLOGY

PROJECTS

INTRODUCTION

Biotechnology is one of the areas in which technological cooperation between

firms is most prevalent. It is also an area in which universities and research

institutes play an important role. In fact, science and technology are highly

interwoven in biotechnology (Kenney 1986, Orsenigo 1986)11. The main focus

of attention in this chapter is on the methodology of technology studies. To assess

this methodology I will apply it to several research questions: how can we

characterize the content of the technology in R&D projects? How can the activities

of universities and firms be described and compared? These questions are

especially relevant for high-tech fields because of the ‘strategic’ nature of R&D

in these fields. This means that results from basic science have immediate

commercial effects, and that science based firms are a significant part of the

research community.

The empirical basis for this paper are projects from the ECLAIR programme (the

European Collaborative Linkage of Agriculture and Industry through Research).

The size of this program, 42 projects, permits an illustration of the detailed

analysis that I advocate, but, at the same time, there are a relative large number

of joint projects of firms and research organisations. Furthermore, the public

databases from the European Commission provide excellent documentation about

R&D activities.

The methodology that I develop is an extension of the work reported in Chapter

11 See also Chapter 8.
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5 where content analysis of project descriptions is used in order to describe the

content of R&D projects. In this chapter I assume that the type of innovation in

the projects is determined by analyzing the keywords that each participant uses to

characterize their activities in the project. One advantage of using keywords is that

patterns of keywords reflect the content of the research, or ‘problem field’, as

perceived by researchers. To make typologies of innovations is always difficult:

typologies are either to general or the social scientist has not enough expert

knowledge about the type of R&D. The use of keywords removes these problems.

Another advantage of keywords is that they are standardized, as opposed to title

words or abstract words. If researchers have to choose from a fixed pre-determined

list, it becomes easy to compare their patterns of keywords.

First, I combine all key-word files for firms, research institutes, and universities.

My goal is to analyze the differences between these three organizations with

respect to three classes of keywords: result types, subject descriptors, and market

applications. Since the projects are international, I also check for differences

between countries. Secondly, we take a more detailed look at five joint projects

in order to examine, by using correspondence analysis, the ‘problem structure’ of

the cooperation between firms, research institutes and universities.

ECLAIR

The European Collaborative Linkage of Agriculture and Industry through Research

(ECLAIR) programme was launched under the second Framework programme,

subactivity 4.2. : "Agro-industrial technologies" for agricultural and industrial

advancement through technological development, using biotechnology and other

advanced technologies. This programme was aimed at improving links between

agriculture and industry by taking advantage of Europe’s strength in biotechnology

and the life sciences. The programme can be characterized as joint R&D or as

cooperative research. Under this programme 42 projects were initiated, starting in

1988 and finishing in 1993. In 1994, 100 files described the results obtained by
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participants. Under this programme, research institutes and/or universities should

participate in a group together with one or more firms. Most of the time the

research groups were initiated by one participant who contacted other participants

with appropriate scientific skills. The research carried out in the ECLAIR

programme is pre-competitive in nature, in that any products or processes

developed in the programme will require a further two to three years development

before commercialization. One of the main priorities of the programme is to

encourage the transfer of technology in the areas where it will have the most

practical and economic benefit. In the programme, three areas of research are

distinguished:

- Evaluation trials and production of new species or organisms: test trials

at the appropriate scale and under various conditions into novel or

modified species or organisms (plants, livestock and other);

- Industrial products and services: more precise and effective inputs to

agriculture, more precise and effective extraction, transformation and

production processes;

- Integrated approaches: development of systems for harvesting the whole

of a crop, studies and development projects for the integrated use of new

technologies.

Data about ECLAIR was obtained from ECHO (the European Commission Host

Organization in Luxembourg). From the PROJECTS database I obtained

information about the participants in ECLAIR projects. From the RESULTS

database I downloaded information about results of the projects. The BIOREP

database was used for additional information.

Our main variables, organizations and results, are operationalized in the following

way:
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Organizationsare categorized as firms, universities, research institutes, or other.

For theresultsof R&D projects I use three items that originate directly from the

database.

- Type of result: this item has two discriminating categories: process or

prototype, and methodology, skill, know how.

- Subject discriptors: this is a set of keywords that indicate the disciplines

covered by the result.

- Market application: this is a set of keywords that indicate the commercial

and industrial sectors in which the result may have commercial potential.

Together, type of results, subjects, and markets define what I call type of

innovation.

Each project has a file that contains the names of the participating organizations.

Each project has also a number of result records. Each result record contains the

name of the organization that is most responsible for the result. The project and

result files can be linked by a common code.

In the 42 project descriptions firms were identified 114 times, research institutes

136 times, and universities 76 times12. This means that a typical project consists

of three firms, three research institutes and two universities. Actually, most

projects (24) contain at least one organization from each category. Seven projects

contain only firms and research institutes and seven projects contain only firms

and universities. There are two projects with only research institutes and

12 11 participants are classified as "other", 14 participants are undefinable. This
makes a total of 351 participants.
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universities and two projects with only firms13. In 57% of the projects a firm is

the main participant (research institute 24%, university 19%).

Most projects have several result files and there can be different types of results

from one project. Surprisingly, while research institutes are the most common

organization, they have the smallest number of results (26%). Most results are

assigned to industry (45%).

RESULT TYPE, SUBJECT DESCRIPTORS, AND MARKET APPLICA-

TIONS

Table 1 shows that the three types of organizations have about the same types of

results. A relative comparison between industry and research institutes shows that

institutes have significantly more methods results. The other comparisons are not

significantly different (see note 11).

If research institutes and universities were to be combined in one ’research’

category, the chi-square would be 4.16 with p=0.041.

Table 1 Result type per organization (number of records)

Prime contractor Process, prototype Methodology, skill,
know-how

Total

Industry 12 33 45

Research Institute 2 24 29

University 4 25 26

Total 18 82 100

Chi-sq= 4.509, p= 0.105

13 These last two combinations can appear, because of the total of undefinable
participants. Except for one project, the category "other" is always joined with the
cooperation between firm, university and research institute together.
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When industry is recorded as prime contractor for the result, it seems that the

sector Biochemistry and Microbiology are focused on, for research institutes the

sector Bioengineering seems important, university’s main concern lies within

Genetics. Regarding the different patterns of subject descriptors, there’s not a

significant correlation between the three participants14.

Table 2 Subject descriptors per type of organization (percentages)

Subject
descriptor

Industry
45=100%

Research institute
26=100%

University
29=100%

Agriculture .53 .54 .45

Biochemistry .28 .25 .31

Bioengineering .24 .46 .21

Biotechnology .44 .25 .41

Botany .13 .21 .28

Cell biology .18 .25 .28

Food science .16 .29 .17

Genetics .11 .29 .41

Microbiology .28 .13 .24

In addition to the disciplinary background, an overview can be given for the main

commercial and industrial sectors in which the result may have commercial

potential.

14Correlations: Industry Research Institute University
Industry 1.00 .4613 .5566
Research Institute 1.00 .2946
University 1.00
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Table 3 Market applications per type of organization (percentages)

Market application Industry
45=100%

Research institute
26=100%

University
29=100%

Animal, plant breeding .27 .46 .31

Biotechnology .60 .67 .69

Farming .36 .17 .14

Fermentation .27 .04 .17

Genetic, protein engineering .16 .29 .34

Horticulture .11 .33 .48

For Industry, the Farming sector is prominent; Animal, plant breeding is an

important sector for Industry as well as for Research Institutes. For Universities,

the main sector is Horticulture.

NATIONAL DIFFERENCES

In this section I want to test whether differences between the results of projects

exist not only at the level of organizations but also at the level of nations. First,

I will present some general data about this international dimension.

Eleven countries participate in ECLAIR. Table 7 shows how the total number of

organizations, projects and results are distributed among countries. It can be seen

that France has the highest share in all categories.
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Table 4 Involvement in ECLAIR by country (percentages)

Country Number of organizations
334=100%

Number of projects
42=100%

Number of results
100=100%

Belgium
Denmark
France
Germany
Greece
Ireland
Italy
Netherlands
Portugal
Spain
United
Kingdom

.09

.04

.28

.06

.04

.05

.12

.06

.04

.11

.11

.36

.19

.67

.24

.19

.26

.36

.26

.26

.50

.55

.14

.04

.27

.07

.01

.09

.05

.07

.01

.05

.20

The number of countries per project ranges from two to seven, with an average

of four. Both absolutely and relatively, most (40%) joint projects are between

France and Spain. Cooperation between France and Belgium, France and Italy,

Italy and Spain, and Denmark and the Netherlands is also relatively frequent.

Since France and the United Kingdom have a large number of result records I will

make a comparison between these two countries.

Table 5 Type of results for selected countries

Country Process, Prototype Methodology, skill,
know-how

Total

France 5 22 27

UK 5 15 20

Total 10 37 47

Chi-sq= 0.288, p=0.591

Although the UK have relatively more process/prototype results than France there

is no significant difference between the two countries.
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As we did with the organizations, we determined the most frequent subject

descriptors (table 9) and market applications (table 10) for France and the UK. As

a rule, a key-word is included if it appears at least twice in one country. "Bio-

technology" and "agriculture" are considered redundant words and are not

included.

Table 6 Subject descriptors for selected countries (percentages)

Subject descriptor France
(27=100%)

United Kingdom
(20=100%)

Aquaculture
Biochemistry
Bioengineering
Botany
Brewing
Cell biology
Chemical engineering
Chemicals
Food science
Genetics
Horticulture
Immunology
Microbiology
Nutrition
Pathology
Pharmacy, pharmacology
Physiology
Pollution
Polymers

.07

.22
.30
.11
.07
.15
.22
.15
.33
.22
.11
.11
.30
.07
.07
.07
.15
0
0

.15

.30

.35

.20
0

.15

.05

.05

.20

.25

.25

.05

.25
0
0

.05

.10

.10

.20

"Chemical engineering", "food science", and "chemicals" are the typical French

words. "Polymers", "horticulture", and "pollution" are typical British words. The

correlation between the patterns is 0.56 and not significant. This indicates that

France and the UK have results on different subjects.
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Table 7 Market applications of selected countries

Market application France
(27=100%)

UK
(20=100%)

Agricultural chemicals

Animal, plant breeding

Biological pest control

Farming

Fermentation

Fishing industry, fish farming

Food products

Foods, drinks

Genetics, protein engineering

Horticulture

Industrial chemicals

Measurement systems

Nutritional products

Organic agriculture

Paper, paper products

Pharmaceutical products

Physiological monitoring

0

.26

.11

.22

.30

.07

.33

.15

.11

.18

.22

.07

.18

.07

.07

.11

.11

.20

.20

.15

.30

.10

.05

.10

.10

.20

.20

.20

.05

.05

.20

.05

.05

.10

Again, the two countries have highly dissimilar patterns of market applications

(correlation is 0.078 and not significant). France specializes in "food products

(animal, human)", "fermentation", and "nutritional products". British markets are:

"agricultural chemicals", "genetic, protein engineering", and "organic agriculture".

DISCUSSION

Although the data do not allow us to compare the innovations of all countries, the

comparison of France and the United Kingdom indicate that specialization is not

only a matter of differences between organizations but also of differences between
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nations.

When I examined the type of innovations I found that research institutes have the

smallest number of result records. So, although these organizations participate a

lot, their role could be characterized as ’supportive’. An answer to the question

whether the nature of industrial R&D is similar to public sector R&D depends on

the specific dimension of innovation. I defined innovation as a combination of

subject, market, and type. The last dimension, which differentiates between

process/prototype and knowledge/skill/know-how, is not very strongly affected by

the organizational dimensions. First of all, almost all results are in the methodol-

ogy category. This is in line with the objectives of ECLAIR, and more general EC

policy, which favour precompetitive R&D. As could be expected, firms have

relatively more prototype results. This is significant if we compare firms to

research institutes, but not significant if they are compared to universities. Interes-

tingly, when we looked at projects consisting of all three types of organizations,

the number of prototype results is even smaller. This may indicate an effect of the

sheer number of participants: the more participants the less likely are applied

results. A reason for this could be that a large number of organizations, especially

firms, causes appropriability problems.

The subject and market indicators show that there are large differences between

industry, research institutes and universities, and various combinations of these

actors. Universities are clearly focused on the more strategic fundamental areas:

genetics, and protein engineering. These results support the idea that there is some

complementarity of the different types of organizations. This would be a rationale

for cooperation. Of course, this does not exclude complementarity within a

category: two firms (for instance a large pharmaceutical firm and a small new

biotechnology firm) can have complementary assets as well. An answer to this

question could be obtained by comparing the innovations per project. This will be

discussed in the next section.
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CORRESPONDENCE ANALYSIS OF JOINT PROJECTS

In order to analyze differences between organizations in one project I selected the

projects that contain result files from at least one university, one research institute,

and one firm. 5 cases satisfied this criterion. In each case I made a matrix in

which the organizations are the columns and the keywords, from the subject and

market categories, are the rows. Since the result type is almost always ‘methodolo-

gy, skill, know-how’, this category has been left out. Correspondence analysis is

a method for the graphical representation of the rows and columns in one map

(Greenacre 1993, Welter and Romney 1990). This enables us to determine, at the

same time, the differences between the organizations, and the key-words that

account for these differences. Applied to joint R&D projects, this technique gives

an impression of the task and organizational complexity of alliances (Killing

1988)15. I used the correspondence analysis module of UCINET IV software

(Borgatti et al. 1992) with the default options. I also used UCINET to compute the

Euclidean distances between organizations, as a relative dissimilarity measure.

Case 1: Novel antifungal proteins: applications in crop protection

In this project there are two result files from a university (U, the main
participant) one from a firm (I) and one from a research institute (R)

SINGULAR VALUES

FACTOR VALUE PERCENT CUM % RATIO
------- ------ ------- ------- -------

1: 0.634 58.1 58.1 1.385
2: 0.458 41.9 100.0

======= ====== ======= ======= =======
1.091 100.0

15 See also Chapter 3.
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Scatterplot of Scores on First Two Non-Trivial Factors

Dim 2

2/4/7

U
8

5/11
1/10

I
3 6

R

9

Dim 1

Keywords:

Subjects:
1 Agriculture
2 Biochemistry
3 Botany
4 Genetics

Markets:
5 Animal, plant breeding
6 Biological pest control
7 Farming
8 Genetic, protein engineering
9 Measurement systems

Subjects/markets:
10 Biotechnology
11 Horticulture
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DISSIMILARITIES

U R I
---- ---- ----

U 0.00 1.10 1.65
R 1.10 0.00 1.90
I 1.65 1.90 0.00

Case 2: The development of environmentally safe pest control systems for the

European olive

In this projects there are result files from four research institutes (R1 to

R4), one firm (I), and one university (U) (the main participant).

SINGULAR VALUES

FACTOR VALUE PERCENT CUM % RATIO
------- ------ ------- ------- -------

1: 0.704 27.6 27.6 1.128
2: 0.624 24.4 52.0 1.389
3: 0.449 17.6 69.6 1.085
4: 0.414 16.2 85.8 1.138
5: 0.364 14.2 100.0

======= ====== ======= ======= =======
2.554 100.0

DISSIMILARITIES

R1 R2 R3 R4 U I
---- ---- ---- ---- ---- ----

R1 0.00 2.00 1.65 0.63 1.09 1.84
R2 2.00 0.00 1.50 1.39 0.99 2.22
R3 1.65 1.50 0.00 1.17 0.93 0.73
R4 0.63 1.39 1.17 0.00 0.45 1.57
U 1.09 0.99 0.93 0.45 0.00 1.51
I 1.84 2.22 0.73 1.57 1.51 0.00
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Scatterplot of Scores on First Two Non-Trivial Factors

Dim 2
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Dim 1

Subjects:
1 Agriculture
2 Biochemistry
3 Bioengineering
4 Biological interactions
5 Expert systems
6 Information analysis
7 Microbiology
8 Toxicology
9 Zoology

Markets:
10 Agricultural chemicals
11 Biological pest control
12 Organic agriculture
13 Physiological monitoring
Subjects/Markets:
14 Biotechnology
15 Horticulture
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Case 3: The development, refinement and commercialization of a biotechnology

based on the in vitro production, sex determination, freeze-storage and

transfer of bovine embryos.

In this project there are result files from a firm (I, the main participant),

a research institute (R), and a university (U).

SINGULAR VALUES

FACTOR VALUE PERCENT CUM % RATIO
------- ------ ------- ------- -------

1: 0.638 58.2 58.2 1.390
2: 0.459 41.8 100.0

======= ====== ======= ======= =======
1.097 100.0

Scatterplot of Scores on First Two Non-Trivial Factors

Dim 2
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Subject:
1 Agriculture
2 Animal husbandry
3 Bioengineering
4 Cell biology
5 Physiology
6 Veterinary science

Market:
7 Animal, plant breeding
8 Farming
9 Genetic, protein engineering

10 Measurement systems
11 Physiological monitoring
12 Veterinary equipment
Subject/Market:
13 Biotechnology

DISSIMILARITIES

U R I
---- ---- ----

U 0.00 1.13 1.52
R 1.13 0.00 1.42
I 1.52 1.42 0.00

Case 4: Biological inoculants for seed/plant establishment

This project has result files from four firms (I1 to I4, I4 is the main

participant), three universities (U1 to U3), and one research institute (R).

SINGULAR VALUES
FACTOR VALUE PERCENT CUM % RATIO

------- ------ ------- ------- -------
1: 0.612 21.8 21.8 1.177
2: 0.520 18.5 40.2 1.108
3: 0.469 16.7 56.9 1.157
4: 0.405 14.4 71.3 1.224
5: 0.331 11.8 83.1 1.261
6: 0.262 9.3 92.4 1.228
7: 0.214 7.6 100.0

======= ====== ======= ======= =======
2.812 100.0
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Scatterplot of Scores on First Two Non-Trivial Factors

Dim 2
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Dim 1

Subject:
1 Agriculture
2 Biochemistry
3 Bioengineering
4 Botany
5 Cell biology
6 Genetics
7 Microbiology
8 Pathology
9 Physiology

Markets:
10 Animal, plant breeding
11 Biological pest control
12 Biotechnology
13 Farming
14 Fermentation
15 Genetic, protein engineering
16 Physiological monitoring
Subjects/markets
17 Horticulture
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DISSIMILARITIES

I1 I2 I3 I4 R U1 U2 U3
---- ---- ---- ---- ---- ---- ---- ----

I1 0.00 1.59 0.53 0.68 0.29 1.65 1.54 0.23
I2 1.59 0.00 1.79 1.38 1.73 2.33 1.60 1.56
I3 0.53 1.79 0.00 0.48 0.25 1.14 1.20 0.33
I4 0.68 1.38 0.48 0.00 0.56 1.13 0.86 0.47

R 0.29 1.73 0.25 0.56 0.00 1.38 1.38 0.17
U1 1.65 2.33 1.14 1.13 1.38 0.00 0.85 1.42
U2 1.54 1.60 1.20 0.86 1.38 0.85 0.00 1.32
U3 0.23 1.56 0.33 0.47 0.17 1.42 1.32 0.00

Case 5: Improvement of yield and feed conversion in salmonids and maricultured

fish

This project has result files from one firm (I, the main participant), one

research institute (R), and two universities (U1 and U2).

SINGULAR VALUES

FACTOR VALUE PERCENT CUM % RATIO
------- ------ ------- ------- -------

1: 0.718 41.2 41.2 1.205
2: 0.596 34.2 75.3 1.386
3: 0.430 24.7 100.0

======= ====== ======= ======= =======
1.745 100.0

DISSIMILARITIES

U1 U2 R I
---- ---- ---- ----

U1 0.00 0.27 1.52 1.45
U2 0.27 0.00 1.51 1.70

R 1.52 1.51 0.00 1.83
I 1.45 1.70 1.83 0.00
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Scatterplot of Scores on First Two Non-Trivial Factors

Dim 2
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Dim 1

Subjects:
1 Agriculture
2 Aquaculture
3 Biochemistry
4 Bioengineering
5 Biotechnology
6 Food science
7 Marine science
8 Physiology

Markets:
9 Animal, plant breeding

10 Farming
11 Fishing industry, fish farming
12 Food products (animal, human)
13 Foods, drinks
14 Measurement systems
15 Physiological monitoring
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DISCUSSION

The first case, like case 3, is a simple one because there are only three actors

involved. This means that the overlap between organizations in terms of keywords

could also be represented in a Venn diagram. In such a diagram, overlapping

circles, representing organizations, would show the keywords that are common to

all participants, keywords that are common to two participants, and keywords that

are specific for one organization. If there are more than three actors (such as in

cases 2, 4, and 5) the picture becomes to complicated and correspondence analysis

will help. Also, if keywords occur more than once with one actor (this happens

with the university in case 1) correspondence analysis will take account of this

‘weight’.

The singular values that I report with each plot indicate the amount of variation

that each axis accounts for. Thus, in case 1, the horizontal axis accounts for 58%,

and the vertical axis for 42% of the variation in the data. If we take a look at the

plot we see that ‘agriculture’ and ‘biotechnology’ are in the center of the space

delimited by the three organizations. This means that these words occur with each

of the three organizations. In this case, this is not surprising since these words are

general for the program. We can also see wich words are organization specific:

‘biochemistry’, genetics’, and ‘farming’ are specific for the university,

‘biologiacal pest control’ is specific for the firm, and ‘measurement systems’ is

specific for the research institute. The other words are ‘inbetween’ organizations.

We suggest two measures for the degree of commonality or specificity of a

problem field(the set of keywords). A problem field iscentrifugalwhen there is

a large number of specific words (in case 1, 36%), and a problem field is

centripetalwhen there is a large number of common words (18% in case 1).

The dissimilarity scores, at the end of each case, measure the exact difference

between organizations in the two-dimensional plot. So, the largest difference exists
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between firm and research institute (1.90), and the smallest difference is between

university and research institute (1.10).

How can the cases be characterized in general terms? One of the research

questions I mentioned in the introduction was about the specialization of different

types of organizations: is public sector research different from private sector re-

search? Cases 1, 3, and 5 would support this view. Universities and research

centres are on one side of the map, firms are on the other side. However, this does

not mean that there is absence of overlap between the keyword domains of the

organizations (problem fields are never completely centrifugal). Also, there are

important differences between research institutes and universities. Cases 2 and 4

do not support the differentiation hypothesis. Case 2 shows a clique of research

institutes with a university in the centre, and a firm attached to this clique.

Nevertheless, one research institute (R3) is closer to the firm than to all other

organizations. In case 4, universities, firms and the research institute all mix16.

One hypothesis that came up when I plotted the data is about the role of the main

participant. Does the fact that an organization is project leader has a greater effect

on its position in the ‘problem domain’ (the set of keywords) than its organizatio-

nal origin? In cases 1, 2, and 4 we find the main participant in the centre of the

plot. So, being project leader means that one occupies an ‘average’ position in the

problem field, linking all other participants together. However, cases 3 and 5 do

not support this view. The firms that are project leaders in these cases no not have

the most central position (these are occupied by R and U1 respectively). Maybe,

the hypothesis should be that public sector organizations tend to occupy central

positions in problem fields.

Two other sources of variation were considered and found not to be significant:

16 In case 4, the two-dimensional plot is problematic because it accounts for only
40% of the variation. A three dimensional plot would account for 57%. This means that
the two-dimensional distances have to be interpreted with care.
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the difference between market words and subject words, and the effect of

nationality of the participants.

CONCLUSION

This paper showed how keyword analysis can be used for the study of technologi-

cal innovation in biotechnology at two levels of aggregation: projects and

programs (as collections of projects). Keyword analysis, whether as word patterns

(Braam 1991) or co-word structures (Rip and Courtial 1984) is not new but its

application to records in which participants of R&D projects describe their

activities has been developed more recently (see chapter 6). To my knowledge it

is the first time such an analysis has been performed at the level of single R&D

projects. The analysis of ECLAIR showed how the innovation activity of public

and private sector organizations can be compared, how degrees of similarity an be

computed, and how differences can be a qualified.

157



CHAPTER 7

A SOCIOCOGNITIVE NETWORK ANALYSIS OF

RESEARCH PROGRAMMES: ESPRIT

INTRODUCTION

In this chapter I present a new method for the analysis of governmental or

supranational programs to stimulate research and development (R&D). In chapter

6 I used patterns of keywords, in this chapter I use co-occurences of keywords.

This means that patterns of keywords can be analysed as networks. My major

concern is about change in R&D programs. How do we define change of an R&D

program and how can it be measured? What influences change? The approach is

based on the combination of two lines of research in the study of science and

technology. Technological and scientific programs are usually analyzed in two

different ways: from a social perspective or from a cognitive perspective. In the

social perspective one deals with interaction between actors such as researchers,

firms, or research institutes. The central issues with respect to R&D programs are

the increase and fragmentation of social interaction. The cognitive perspective

provides answers to questions about the content of the program. What kind of

problems are dealt with? How are problems linked to each other?

The social and cognitive studies have two deficiencies: they merely describe either

social or cognitive aspects; furthermore there are no attempts to explain changes.

In this paper I examine the relationship between the structure of the networks and

the nature of the R&D. To do so I developed a method, sociocognitive network

analysis, to test hypotheses about related social and cognitive change in R&D

programs. Simultaneously, the method can be seen as an evaluation tool for

research programs because the sociocognitive nature of programs can be seen as

an important characteristic of these programs. The sociocognitive network analysis

will be applied to a set of 674 R&D projects that fall under the Strategic Program
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for Research and Development in Information Technologies (ESPRIT) (Commis-

sion of the European Communities).

The structure of the paper is as follows. First the social and cognitive approaches

and their combination are discussed. Secondly, ‘centrality’ and ‘cliques’ are

introduced as important characteristics of networks. These concepts are then used

to test hypotheses about sociocognitive structure and development within the

ESPRIT program.

R&D PROGRAMS AS SOCIAL NETWORKS

When organizations are collaborating in various bi-lateral or multilateral settings,

we may speak of the existence of a social network. The concept of network has

become a familiar one in the social sciences. Paulson (1985) discusses conceptual

frameworks and analysis techniques of interorganizational networks. These

networks have been studied in a large number of domains, from non-profit,

community organizations (Laumann et al. 1978) to profit-making firms (Stokman

et al. 1985). My concern, however, is with R&D specifically. In this area Shrum

and Mullins (1988) reviewed intra-organizational and interorganizational studies

of both science and technology. Although it seems that the same concep-

tualizations and techniques can be used for the study of science and the study of

technology, Blauhof et al. (1990) indicate that the development of technologies ask

for a specific type of network approach, emphasizing the particular relationship

between social and cognitive aspects in the case of technological development.

DeBresson and Amesse (1991) review network studies of ‘innovating business

firms working together’. For these authors ‘network’ is an integrating concept: it

can link various bodies of innovation literature, such as Schumpetarian dynamics

and transaction cost analysis, and it combines levels of analysis (the firm and its

environment).

This chapter is restricted to interorganizational networks dedicated to the develop-
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ment and/or execution of R&D. Extensive studies of company networks have been

made by Håkansson and by Hagedoorn and Schakenraad. Hagedoorn and

Schakenraad recorded large amounts of agreements between firms about

technological innovation (Hagedoorn and Schakenraad 1991). Their analysis of the

field of information technology results in a description of the networks in terms

of number of agreements between firms, as well as the density and stability of the

networks (Hagedoorn and Schakenraad 1992). Håkansson (1987) develops an

analytical scheme in which networks are formed by actors, resources and activities.

In this book studies of different types of technologies and innovations are being

dealt with as well as the relations, for the most part between firms (Håkansson,

Axelsson), but sometimes also including research organizations (Laage-Hellman,

Hamfelt and Lindberg). Biemans (1992) provides an extensive study of how

medical innovations are created in networks of research organizations and both

supplier and user firms. A recent contribution that follows this line of research is

the book edited by Axelsson and Easton (1992).

These authors only address descriptive issues: the account of networks in terms of

actors and types of relationships. They do not deal with the extent to which there

is a relationship between the characteristics of the networks and the nature of the

R&D being performed within these networks. Before going into this aspect of

networks, we have to elaborate the nature of interorganizational networks.

Networks are formed by firms and research organizations (universities and

research institutes) that collaborate in a set of projects, more in particular within

the confines of a research program. In social network analysis, this kind of

network has become known asaffiliation (Wasserman and Faust 1994, ch. 8) or

joint involvement(Burt 1991, pp.76-90) networks. This means that a network link

is formed when two organizations work together with respect to a particular

project. The strength of this link increases with the number of joint projects.

Wasserman and Faust (1994) refer to Simmel and Kadushin as important theorists

of affiliation networks. Simmel’s argument is that "multiple group affiliations (for
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example with family, voluntary organizations, occupational groups) are fundamen-

tal in defining the social identity of individuals" (ibid. p.267). Kadushin

distinguished thesesocial circlesfrom other social groups. He found that social

circles provide conditions for development of interpersonal connections (ibid.

p.277). I claim that this type of social link can also be applied to the level of

organizations. Paulson (1985) identifies two conceptual models that are relevant

at this point: the first model posits "that organizations are manipulated by the

environment to fit its needs and that there is a constant selection of the more "fit"

organizations in terms of surviving in the environment". This model has been

labeled "natural-selection" (Aldrich 1979), "population-ecology" (Hannan and

Freeman 1977), and "contingency" (Gillespie and Mileti 1979). In the second

model "the organization is dependent upon resources held by the environment and

consciously attempts to extract them either by compromise interorganizational

relationships or by changing the nature of the environment". This model has been

labeled "resource dependence" (Pfeffer and Salancik 1978), and "strategic choice"

(Child 1972). Since my perspective is on firms that make decisions about joining

other organizations in a project, I proceed from the second model.

The resources that can be obtained in a joint R&D project are funding, access to

equipment, and potential markets. In a more general sense, there is access to

information: knowledge with respect to a technological area. This information is

transferred by representatives of firms (or research organizations) who meet with

each other in one or more projects. Concurrently with information flow, the

projects provide opportunities for coordination since there is an ongoing

monitoring of the activities and capabilities of other organizations. This means that

there are opportunities to obtain indirect information about the activities of the

organizations in other, internal or joint, projects.

How should we conceive of the position of a firm or research institute in an R&D

program? What does it tell us about the structure and development of an R&D

program? From the previous discussion it has become clear that we have to

evaluate the total social network as it is formed by projects. I propose a measure
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from social network analysis called ‘power centrality’ that takes into account A)

the number of organizations linked, B) the exclusiveness of the links, and C) the

centrality of the linked organization. The technical discussion of this measure is

in section 5. At this point I focus on the meaning of centrality. An organization

that is more central than others will have more and better access to technological

and commercial information. Consequently, this organization will have better

opportunities to produce innovations and to be more profitable. But what is the

meaning of centrality in the context of the program? An evaluation in terms of

centrality reveals how ‘power’ is distributed among organizations. A concentration

of power in specific organizations or type of organizations might be undesirable

from a policy perspective. For instance, if one argues that small and medium size

enterprises are a source of innovation and economic growth (a view expressed in

various national and European policy papers), high levels of centrality of large

enterprises will be judged negatively. Depending on the intended type of

technology transfer between the public and industrial sector, the expected

centrality scores will be distributed differently among universities and firms. Also,

the centrality measure can be used to evaluate change in the program: do the same

organizations remain central during different phases of the program?

In addition to a measure of the position of individual organization, one might want

to know the structure of the entire social network. The distribution of centrality

is one aspect of the population (are all organizations equally central or do some

organizations have a relatively high level of centrality?). In addition, theclique is

another level between the organization and the population. Burt (1982) defines a

clique as ‘a set of actors in a network who are connected to one another by strong

relations’ (p.37). The psychological effect of a clique can be the fusion of

individual actors into a new common identity. If there are several ‘cohesive’

cliques in a network, with few links between cliques, there is room for several

distinct, possibly opposing, identities. This partitioning also affects the diffusion

of information in the network and the autonomy of individual actors.

R&D programs, considered as social networks, can be, to a lesser or larger degree,
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fragmented. Networks can have various degrees of fragmentation into cliques.

Furthermore, these cliques can come in a hierarchy. Is the network divided in a

center and periphery or are there several independent sub-sets? The core is a

specific type of clique that will be treated in section 4.

The social structure of an R&D program can thus be considered as a network of

organizations, in which the organization can have a different position - in terms

of their centrality - and can have different relationships - in terms of belonging to

different cliques. It is my contention that these attributes are related to the nature

of the problems being addressed in the programs. In the next paragraph I will

address R&D programs in terms of the current problem definitions.

R&D PROGRAMS AS PROBLEM NETWORKS

In order to deal with the nature of the R&D of R&D programs I use the term

cognitive structure. In the study of science Kuhn’s (1970) notion of ‘disciplinary

matrix’ is a representation of cognitive structure. Whitley (1974) used the term

cognitive to describe the similarity in problem definitions and attitudes in research

areas. At the level of the laboratory, Shinn (1982) defined ‘cognitive organization’

as the pattern of the intellectual division of labor occurring within research. Dosi

(1982) and Laudan (1984), applied the term ‘cognitive’ to innovation and

technological areas.

Basically there are three aspects of the cognitive structure of science and

technology: subject matter, approach, and perception.Subject matterrefers to

academic disciplines, specialties, and problems;approachrefers to techniques and

theories with respect to the subject matter.Perception is the psychological

dimension of cognitive structure. It refers to the attitudes and orientations of

people. I operationalize connected subject matter, approach, and perceptions by

studying sets of keywords that people choose from a list to describe their research.

I then combine these sets of words and defineproblem networkas the links
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between the words. This is similar to what Callonet al. (1983) called

‘problematisation network’. The concept of problem network is used to answer the

questions: what (technological) problems are addressed? How are the problems

structured in sub-problems?

Problem networks are also networks of people. That is how Mulkay (1972) used

the term when he defined problem networks as groups of scientists that form sub-

divisions of specialties. However, I first identify networks of words and then relate

them to social networks.

For the empirical study of problem networks bibliometric techniques are used such

as patent counts, patent citation, bibliometric counts, citation and co-citation, co-

word, and co-nomination analyses (Boden 1992). The development of com-

puterized databases has been an important factor in this type of research (Moed

et al. 1992). One of the most powerful techniques in this respect is co-word

analysis. Co-word analysis has, since the early 1980’s, become known by the work

of a group of researchers in Paris (Callon et al. 1983)17. The basic idea is that the

content of a scientific or technological field can be described by keyword

document indexing. The original argument for the use of co-words goes as

follows:

When two words appear together as indexing terms for the same document, we
obtain an indication of a possible link between the two distinct centers of interest
designated. When this information is repeated in a sufficiently large number of
documents, we consider that a socially recognized link between interests has been
detected in the data. (Michelet and Turner 1985)

This means that a cognitive link is at the same time a social link. In more recent

applications of co-word analysis (Peters and van Raan 1993), this sociological

foundation has disappeared and co-word structures are seen as purely cognitive

17 However, the basic idea has been applied before (Aitken et al. 1973). In
1971 Tobler and Wineburg used co-occurrences of town names on Bronze Age tablets
in order to predict the location of the towns.

164



structures. However, in all empirical studies, it is mainly the cognitive structure

that is elaborated.

In an early application of co-word analysis Rip and Courtial (1984) collected

articles from a biotechnology journal over a ten-year time period. The articles

were coded with keywords and an analysis of the relations between keywords

showed connections between areas in the field, and changes over time and with

respect to the institutions in which research is performed. A recent example of the

use of co-word analysis is Peters and van Raan’s (1993) study of chemical

engineering. They use publications in ten prestigious journals, publications from

23 outstanding scientists, and publications in one important conference. Co-

occurrence matrices of title words and abstract words are submitted to multidi-

mensional scaling, using several relational indices. The resulting maps are

evaluated by expert judgements. In a subsequent article (Peters and van Raan

1993), the same data are interpreted by labeling the co-word structures with data

on journals, classification codes, authors and countries. Finally, the authors present

"hybrid" author-keyword maps. The general conclusion is that "important

developments in chemical engineering are indeed visualized by our mapping

techniques" (ibid. p.47). In another article patents are used for co-word analysis

(Engelsman and van Raan 1994). Co-word analysis is thus a method to map fields

of technology by identifying centers of activity.

Co-word analyses not only aim at a theoretical understanding of science and

technology, these analyses have always strongly been oriented towards policy

issues. For example, Turner and Callon (1986) use co-word analysis to evaluate

policy initiatives that aim to "modify the content of a field by introducing new

themes of study, creating links between previously unrelated sectors of activity,

or by trying to promote the emergence of new problem areas." (p.142). The

following questions have then to be confronted: "What are the research problems

at present being studied? What themes of common interest can be defined which

will lead to closer ties between laboratories working in different areas? How can

one be certain that new and important fields are not being completely ignored by
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the research community?" (p. 142-143). Co-word analysis is used to study the way

in which a government initiative structured the research field of macromolecular

chemistry in France. The documents used are articles from one scientific journal,

industrial announcements in one professional journal, and summaries of proposals

for the government program. The method shows how the proposals of university

laboratories, industry, and public research laboratories are positioned in the field.

In another study Bauin (1986) showed, using co-word maps, how French

government agencies did not succeed to create a unified field called ‘aquaculture’.

Law et al. (1988) identifies the needs of policymakers "to keep abreast with scien-

tific developments and to have a sense of the new areas to which it might make

sense to divert resources, given national or institutional priorities." (p. 252). Based

on a set of publications from the PASCAL database, Law et al. detect themes in

the area of acid rain research, and the relationships between those themes.

If the operationalized problem network comprises co-words, the analysis of this

network is similar to the analysis of social networks. ‘Centrality’ in a problem

network refers to the ‘importance’ of co-words (van Rossum 1989). As Callon c.s.

noted: "words possess varying amounts of power, and the associations created

between them in a text are more or less solid" (Callon et al 1983, p.199).

’Themes’ are defined as coherent cliques of words. These measures will be used

to describe the content of R&D programs.

THE SOCIOCOGNITIVE NETWORK APPROACH

When Callon c.s. formulated their co-word analysis, they claimed to capture both

cognitive and social aspects. Rather, they did not want to make a distinction

between social and cognitive aspects, considering this distinction as ‘unfruitful’

and ‘unconvincing’. It was considered to be unfruitful because:‘the strict

opposition between social and cognitive factors makes it very difficult and almost

impossible to determine the relationships between the two’ (Callon et al. 1983,

p.192). The distinction was unconvincing because of: ‘its difficulty of
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operationalizing it in concrete cases’ (ibid.). I disagree with both arguments: the

distinction between social and cognitive is fruitful from a theoretical point of view

and can be assessed empirically. Of course, elements are not either cognitive or

social ‘in and of themselves’; but in order to adequately analyze developments in

scientific or technological fields, social and cognitive should first be analytically

distinguished, after which their relationship should be assessed. In a more recent

article, Callon speaks of techno-economic networks that comprise not only ’public

laboratories, centers for technical research, companies, financial organizations,

users, and the government’, but also texts, technical artifacts, skills, and money

(Callon 1992). One wonders what such a heterogeneous concept contributes to our

analytic insight in the nature of technological fields. Not surprisingly, then, the

theoretical claims are confined to the ‘representation’ of technological fields in

terms of such techno-economic networks (e.g. resulting in a taxonomy of networks

(Vinck et al. (1993)).

In my view, however, as we saw in the previous section, a co-word link can only

be seen as an ‘hypothesis’ of the existence of a social link, and vice versa.

Consequently, the cliques in problem networks may or may not overlap with

cliques in the social network. Even if there is an overlap between the two

dimensions, the internal structure of the two types of cliques can be different

(Whitley 1974). Hence, it is necessary to distinguish co-word analysis and social

network analysis in order to subsequently combine their results (van Rossumet

al. 1989). Social network analysis alone is not able to capture the content of R&D,

therefore it should be combined with co-word analysis.‘Change’ is important with

respect to both dimensions, and a combination of the perspectives should lead to

a richer analysis. The first benefit is a better, more elaborate, description of R&D

programs; the second benefit is the possibility of testing the hypotheses regarding

the relationship between social and cognitive structures.

The joint treatment of social and cognitive dimensions is, of course, not a new

one. In fact it is a fundamental theme in the social sciences. Homans (1951), who

studied the behavior of persons in groups and the relationship between groups and
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their environment, uses the concepts activity, interaction, and sentiment and

elaborates on the dependencies between these concepts. Interaction is clearly a

social element: it refers to communication; sentiment is the cognitive element, it

includes motives and liking and disliking; activity is the more neutral, but at the

same time complex, element: it is about what people do. The nature of activity

could be interpreted as cognitive, the social dimension of activity lies in its role

property. Newcomb (1961), in studying acquaintance processes, distinguished three

types of ‘orientations’: orientation to a person (attraction), orientation to objects

(attitude), and perceived orientation of others (of humans or non-humans). The

basic idea of Newcomb is that there is a tendency to balance attraction and attitude

in interpersonal relations. In this model, attraction can be seen as the social

dimension and attitude as the cognitive dimension. Van Rossum (1973) applied

these ideas to conceptualize the notion of groups of scientists that are closely

related and share similar cognitions. These groups, calledinnovation cliques, can

be a source of new theoretical developments in science.

In the 1970’s and 80’s the joint analysis of cognitive and social structure seems

to have been replaced by studies that are either purely cognitive or purely social.

An exception is the article by Heckatorn (1979). Building on Blau’s (1964)

exchange theory, Heckatorn defines social networks as systems of actual and

potential sanction. Furthermore, preference systems, about sanctions, are defined

as network representations of individual’s value system. The cognitive dimension

is brought in by representing the content of a message or the content of a belief

in digraphs forming networks. Considered in this way, the network is not a

behavioral system, but an actor’s cognitions concerning a system.

I take Dunn and Ginsberg’s (1986) ’sociocognitive network approach to

organizational analysis’ as a starting point for the combination of social and

cognitive structure. Organizations are seen as structures of knowledge or systems

of interpretation (p.956). Dunn and Ginsberg consider this the cognitive dimension.

Additionally, interpersonal communication activities result in structures through

which exchanges and interpretations are developed and maintained among
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organizational participants (p.956). Are the aspects of this social dimension related

to aspects of the cognitive dimension, or, in the words of Dunn and Ginsberg:

Are organizational processes structured by "social" relations involving interactions
around common tasks or functions? Are organizational processes also structured
by "cognitive" relations involving shared symbols, myths, and meanings? Can we
investigate both kinds of relations at once? (p. 968)

Apparently, these questions can also be posed with respect to sets of organizations,

instead of regarding the internal structuring of one organization. At this level,

sociocognitive network analysis can be used to assess to what extent a set of

organizations can be considered as cognitive and social homogeneous. For

example, at the intermediate level, i.e. between organization and program, von

Raesfeld Meijer and Cabo (1994) studied the structure of an interorganizational

R&D project. Social integration was measured by communication frequency and

cognitive similarity was measured by similarity in responses to a set of questions

about the R&D project. During the project, the cognitions of the participants

became less similar; the communication intensity was relatively low and remained

stable, however, the distribution of communication activity among the participant

changed significantly. For the management implications of this analysis I refer to

the original paper.

We are now able to formulate some hypotheses about social and cognitive change

in research programs. I start with the social network, examine its cliques, and then

investigate the problem networks of these cliques. The reason for this procedure

is that I posit that the content of the activity of a social group is different from the

content of the world outside the group. The fact that, in an R&D program, a group

of organizations are more linked with each other than with organizations outside

the group predicts a communality of type of research activity. Symmetrically,

organizations with the same activities will be drawn together in one group, thus

forming a specific problem network.

The first hypothesis differentiates between social cliques. In some cliques actors
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are more strongly linked than in others. The ‘strong’ cliques are especially

interesting because they can be more powerful with respect to the other cliques.

I suggest that it is possible to determine one clique that is clearly stronger than

others. Let this be called the center of the network. The rest of the network is the

periphery which can be composed of a number of weaker cliques.

Hypothesis 1 The social network of a research program consists of a

clique of organizations that is clearly central and a set of peripheral

cliques of organizations.

The second hypothesis that I will test is of a static nature. It is about the relati-

onship between the interorganizational network and the co-word network of an

R&D program.

Hypothesis 2 Different cliques of organizations in the social

network of a research program will have different problem

networks.

The criterion for determining the central clique will be the average degree of

cohesion in a clique, compared to other cliques. This means that there must be

several levels of cohesion, or a sharp drop in cohesion, before any other clique

appears. The results that come out of the first hypothesis are used for the third and

final hypothesis. The third hypothesis is of a dynamic nature. It addresses the

question of the impact of social fragmentation in one period of an R&D program

on the cognitive fragmentation in the next period. I suggest that a group of tightly

knit organizations, the central clique defined above, are able to dominate the

network and are able to impose the nature of activities in the future. Thus:

Hypothesis 3 The problem network of the center of an R&D

program at t=1 predicts the problem network of the total social

network of the R&D program at t=2.
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In addition, the comparison of the two time periods raises the issue of the social

change that underlies the cognitive change. Does the social network consists of the

same organizations at t=1 and t=2? If the organizations are the same, have some

become more important than others? Are there similar cliques of organizations?

Answers to these questions will tell us whether the effect of the first group of

organizations is exercised even without their presence in the next period.

METHODS AND DATA

In the previous sections I proposedcentrality and cliques as discriptors of

networks. In this section I will develop these concepts and introduce the data.

Centrality and cliques

In social network analysis the notion of centrality has several meanings. Freeman,

Borgatti, and White (1991) discern two basic types of centrality: closeness and

betweenness.Closenessrefers to the extent that an actor is close to everyone else

in a network. Note thatdegreecentrality (Nieminen 1973) is also included in this

concept. This was considered a separate category in an earlier paper of Freeman

(1978). The idea of closeness is similar to Burt’s (1991) power model. The intu-

ition of the power model is prominence: "being the object of relations from

prominent contacts" (ibid. p.9). This type of centrality has been linked to status,

power, prestige, influence, or access to information (Freeman et al. 1991).

Betweennessrefers to the extent that actors stand between others on the paths of

communication. Actors that are central in this respect can mediate the access of

others to information, power, prestige or influence. It is similar to Burt’s (1991)

model of autonomy. This model considers ‘bridges’ between kinds of actors, and

‘holes’ in social structure and opportunities that emerge from the structure of the

relations among contacts of the actor (ibid.).
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I believe that the first type of centrality is the most appropriate in the context of

this chapter since I am interested in ‘powerful’ organizations in the social network

and ‘important’ problems in the cognitive network. Power is the most advanced

centrality measure of the degree or closeness type. It is defined by Burt (1991) as

the extent that an item has exclusive linkages with powerful other items. This

means that the centrality of an item (organizations or keywords) depends on the

centrality of the items it is connected to. An actor is more central if his connec-

tions are more central. The measure is computed with STRUCTURE (Burt 1991).

The power of i is:

i pi j
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The sum is across all N items, including ego. The relation in brackets is a

proportional strength relation from j to i. It measures the extent to which i has an

exclusive relation from j. The power scores vary from a maximum of 1, the most

central item, to 0, the least central items. A score of 0.5 means that this item has

half the centrality of the most central item.

In order to determine the fragmentation of the social and cognitive networks I use

the notion of ‘cliques’. Definitions of cliques are based on the mathematical theory

of graphs. The type of clique depends on how a network link is defined (mutual

reachability or one-way contact), and on how actors are linked in the clique (direct

or indirect). Furthermore, the clustering procedure determines the partition in

cliques. I use Johnson’s (1967) method of hierarchical clustering. I define the

distance between clusters as the average similarity between members. Similarity

is, for the social network, the amount of joint-projects or, for the cognitive

network, the number of co-occurrences of keywords.

The strongest social group will be determined by the use of this cluster analysis.

It is a group of organizations that are clustered at the highest level of average
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similarity. The similarity of the cognitive networks will be assessed by comparing

the centralities of words and cliques of words.

ESPRIT

Most of the technological cooperation between firms takes place in the area of

information technology (Hagedoorn 1992). According to Benassi (1993), even

computer firms that are technologically and financially powerful are forced to

resort to strategic alliances because they need the input from end-users and

knowledge producers for their new techniques and applications. It is an area

showing an increasing number of links between industry, universities, and research

institutes (Mowery and Rosenberg 1989, van Helleputte and van Overstraeten

1993). Thus, if we want to investigate the inter-organizational networks in

information technology we will have to obtain data about these three types of

organizations. The public sector, providing funding for collaborative activities, is

another important actor in this network, although this is less true for the United

States than for Europe and Japan (M&R 1989). This paper looks at 674

collaborative R&D projects that fall under the European Strategic Program for

Research and Development in Information Technologies (ESPRIT), subsidized by

the European Communities.

The ESPRIT projects provide a good opportunity for studying inter-organizational

R&D networks. Due to the large number of projects and the size of the budgets,

they can be said to be representative for R&D cooperation in information

technology in Europe. Another reason for choosing ESPRIT is that there are

detailed descriptions of the projects which can be obtained from public databases.

A major limitation of the data is that they are biased towards projects with a

public character. However, Hagedoorn and Schakenraad (1993) showed that the

‘private’ and ‘subsidized’ networks of firms in the European IT industry are

almost identical.
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The birth of ESPRIT is described by Ledeboer and Gorter (1993). Faced with

growing competition from the US and Japan in the early 1980s, the large

European electronics firms and the European Commission designed a program for

the coordination of technological capabilities. To avoid problems with anti-trust

or anti-cartel regulations it was decided to perform ‘pre-competitive R&D’.

In 1984, the European Commission launched ESPRIT. The subject areas and

priorities would be defined by industry; the Commission would make the selection

of projects, monitor them, and pay half the costs. The official objective of the

program was stated as:

To provide the European Information Technologies (IT) industry with the basic
technologies it needs to meet the competitive requirements of the 1990s, to
promote European industrial cooperation in IT R&D and to pave the way for
internationally accepted standards. (ECHO)

The effects of networks in ESPRIT have been described by Mytelka (1991, p.

192). In addition to the sharing of risks and costs she lists three benefits to

Europe’s IT firms: 1) the extension of the range of applications for existing or new

technologies through inter-sectoral links, 2) the observation of the development of

the market structure and technological development through five year long term

research projects, and, 3) the creation of critical mass in R&D by obtaining

complementary technological assets.

Highly critical evaluations can be found in Mytelka (1992) and a report of the

European Accounting Office (EC 1994). The internal administrative procedures of

the program are to complicated and results of R&D projects lack sufficient com-

mercial exploitation. One can doubt whether ESPRIT has increased the internatio-

nal competitiveness of the European IT industry. However, in this chapter I focus

on the sociocognitive content of the program. My evaluation consists of the nature

of social and cognitive change in the program.

Figures of the three periods of ESPRIT are provided in Table 1. I deal with the
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first two periods. For ESPRIT 1 the European Committee defined five research

areas:

- Advanced microelectronics:

To provide the technological capability to design, manufacture and

test very high-speed and very large-scale integrated circuits

(VLSICs). A concurrent objective is to stimulate research and

development on novel materials and devices for special applicati-

ons;

- Software technologies:

To provide the techniques and criteria for organising, managing

and optimising all elements of software application technology

and the software industrial production process;

- Advanced information processing:

To create an industrial exploitation basis for the transition from

data processing systems to knowledge processing systems which

is the key to the next computer generation;

- Office systems:

To carry out research on the information systems that will support

the wide range of non-routine tasks performed by humans in the

office environment;

- Computer integrated manufacture:

To establish the technology base for progressive introduction of

IT to all phases of the manufacturing cycle leading ultimately to

fully integrated production systems. The main emphasis is placed

on manufacturing elements as they are needed for discrete batch

manufacturing. (ECHO)
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In ESPRIT 2, the general objectives remain the same, and the research areas are:

- Microelectronics and peripheral electronics:

To enable the Community’s microelectronics industry to supply

the IT sector with the necessary state-of-the-art semi-conductor

technology to provide complete IT systems;

- Information processing systems:

To combine software and hardware into the high-quality complex

systems required in the nineties;

- IT application technologies:

To enhance the integration of IT in a broad range of applications,

including computer-integrated manufacturing and office, home and

business systems. (ECHO)

We can see that there is a high degree of overlap between the five areas of

ESPRIT 1 and the three areas of ESPRIT 2.

PROGRAM PERIOD PROJECTS EC-FUNDINGa

ESPRIT 1 1984-88 241 750

ESPRIT 2 1987-92 433 1600

ESPRIT 3 1991-94 586 1532

a Millions of ECU, (1 ECU = US $1.2)

In the Projects Database at the European Commission Host Organization in

Luxembourg (ECHO), each project has a list of participants. For the most frequent

organizations a matrix was constructed in which a cell is the number of joint-

projects.

The Results Database at ECHO provides information about the results of the
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ESPRIT projects. For ESPRIT 1 and 2 there are 274 and 409 result records

respectively. Three fields were retained for the description of the results: Result

Type, Subject Descriptors, and Market Application. The first field is either coded

as ’Process or prototype’ or ’Methodology, skill, know-how’. The other two field

contain a number of keywords. Keywords that appear at least in 5% of the records

are retained to construct a co-occurrence matrix of keywords in which a cell is the

number of co-occurrences of words.

The social and cognitive data can be linked if the names of participants are also

listed in the result records. In addition, each project should have a number which

can be used to link records from the projects and results databases.

We can now apply the hypotheses to the case of ESPRIT. Mytelka has argued that

ESPRIT contributed to a European oligopoly in information technology. In her

view, an important role of the oligopoly is the creation of standards for environ-

ments, architectures and interfaces. The standards are created early in the

production process, namely the research phase, and become barriers to entry in the

IT market, thus reinforcing the oligopoly. Within the oligopoly of twelve European

IT majors Mytelka identifies a core of five firms that are strongly linked:

Thomson, Bull, Siemens, Philips, and GEC. I expect to find a similar core clique

of IT firms, and I expect that this clique will have problem network that is

different from the rest of the organizations. Furthermore, I expect that the core

clique in ESPRIT 1 determines the problem network in ESPRIT 2.

ESPRIT AS INTER-ORGANIZATIONAL NETWORK

Hypothesis 1’ The social network of a the ESPRIT program consists of

a clique of organizations that is clearly central and a set of peripheral

cliques of organizations.

The social networks consist of the 21 most frequent organizations in ESPRIT 1,
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and the 25 most frequent organizations in ESPRIT 2. Together, there are 32

different organizations (appendix A). A link between organizations is defined as

the number of joint projects.

Central organizations

Table 2 shows that Siemens has the highest power centrality in both networks. The

top 5 is quite stable, with one change, Philips taking the place of GEC.

Table 2 Most central organizations

ESPRIT 1 ESPRIT 2

Siemens 1.00
Bull 0.97
GEC 0.84
Thomson 0.77
Alcatel 0.57

Siemens 1.00
Philips 0.87
Bull 0.79
Thomson 0.75
Alcatel 0.49

If we take the 32 organizations in our set and compare the centralities in the two

time periods (adding zeros were organizations appear in only one period) I find

a relatively high level of similarity. The Pearson correlation is .53 (p < 0.1). This

suggest that the same organizations have the same level of centrality in both

periods. However, these methods enable us to determine which organizations have

the largest change in centrality. Table 3 points, again, to Philips and GEC as

‘movers’. The University of Madrid and INRIA (a French research institute) are

new in the top of ESPRIT. ICL (a British firm) and CSELT (an Italian research

institute) disappear from the top.

Table 3 Organizations by change in centrality

Increase in centrality Decrease in centrality

Univ. P. Madrid +.38
INRIA +.35
Philips +.35

GEC -.62
CSELT -.51
ICL -.51
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Cliques of organizations

At a level of 12.33 joint projects the cluster analysis reveals one clique in ESPRIT

1: Olivetti, Bull, and Siemens. If the level drops to 11, ICL is added to this clique.

At this level there appears also a clique of Thomson and GEC. Based on the

relative number of joint projects, the first clique is the same as above (Olivetti,

Bull, Siemens, ICL). There is also a second clique, dissimilar from the one above,

formed by organizations in the area of telecommunications: British Telecom,

Centro Studi e Laboratori Telecomunicationi, and Centre National d’Etudes des

Telecomunications. At a lower level of similarity, Alcatel also joins this clique.

In ESPRIT 2, Bull, Siemens, Thomson, Philips, and Alcatel form one clique at the

level of 8.78 joint-projects. At this level there is no other clique. Based on the

relative number of joint project there are two cliques: Bull/Siemens and Thom-

son/Philips. The strongest link, based on the absolute as well as the relative

measure, in both networks is between Bull and Siemens. The two centers of the

network are summarized in Table 4. There is no separate telecom clique.

Table 4 Central cliques

ESPRIT 1 ESPRIT 2

Siemens
Bull

Olivetti
ICL

Siemens
Bull

Thomson
Philips
Alcatel

A comparison of the list of top-organizations in ESPRIT 1 and ESPRIT 2 suggests

that the social change resides in the organizational composition of the programs.

In ESPRIT 1 there is one university amongst the top 21 organizations. In ESPRIT

2 there are 9 universities amongst the top 25 organizations. The number of firms

in these lists decreases, the number of research institutes remains constant.
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ESPRIT AS PROBLEM NETWORK

From the result files of the projects I retrieved keywords from two categories,

’subject descriptors’ and ’market application’. The 33 most frequent words in

ESPRIT 1 and the 37 most frequent words in ESPRIT 2 result in a total list of 40

distinct words (appendix B). Centrality and cliques are based on co-occurrences

of words. The most central keywords are in table 5.

Table 5 Most central keywords

ESPRIT 1 ESPRIT 2

manufacturing technologies 1.00
software engineering 0.99
CAD, CAM, CIM 0.78
process control 0.74
manufacturing
control systems 0.69

manufacturing tehnologies 1.00
software engineering 0.84
process control 0.75
micro electronics 0.56
manufacturing
control systems 0.55

The list of keywords is relatively stable. Correlating the two patterns of centrality

indicates that the cognitive similarity between ESPRIT 1 and 2 is higher than the

similarity between the social networks (r=.81, p < .001). Nonetheless we can

indicate keywords that have the largest change in centrality (Table 6).

Table 6 Keywords by change in centrality

Increase in centrality electrical equipment +.33
process engineering +.26
product development +.21

Decrease in centrality workstations -.31
CAD, CAM, CIM -.27
production control, planning -.26

Apart from a change in centrality, keywords can be differently linked. Therefore,

I performed a cluster analysis on the basis of the relative co-occurrence of

keywords, as measured by the Jaccard (1908) index. Table 7 shows five cliques

in ESPRIT 1 and six cliques in ESPRIT 2 that have an average Jaccard index of
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at least 0.2. The cliques, and the words within the cliques, are sorted vertically

from high to low degree of average similarity.

Table 7 Cliques in the problem network

ESPRIT 1 ESPRIT 2

Process control
Manufacturing control systems
CAD, CAM, CIM
Manufacturing technologies
Production control, planning

Process control
Manufacturing control systems
Manufacturing technologies
CAD, CAM, CIM

Communication networks
Computer networks, conferencing
Information network management

Radio, television, audio equipment
Mobile telecommunications, cellular radio
Product design

Software engineering
Workstations

Product development
Electrical equipment
Inspection, testing
Process engineering

Micro processors
Radio, television, audio equipment
Micro electronics

Information processing
Information analysis

Administrative data processing
Electronic banking, insurance services

Communications network
Computer networks, conferencing

Distributed databases
Database management systems
Integrated information systems

micro electronics
opto electronics

The strongest clique is similar in both programs, with the exception of one word

in ESPRIT 1 that does not appear in ESPRIT 2. There is also a clique of emerging

words, in the sense that an existing word becomes more central ("Product

development"), and in the sense that there are central words that did not appear

before ("Process engineering", "Electrical equipment"). The fact that both

clusterings have only about 40% of the words in common and the fact that about

20% of the words occur only in one period is an indication that there is some

cognitive change.
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SOCIOCOGNITIVE ANALYSIS OF ESPRIT

This section investigates whether a) partitions in the social network have different

problem networks, and b) whether the problem network of the center in ESPRIT

1 predicts the total problem network of ESPRIT 2.

Hypothesis 2’: Different cliques of organizations in the social

network of the ESPRIT program will have different problem

networks.

Hypothesis 3’: The problem network of the center of the ESPRIT

program at t=1 predicts the problem network of the total social

network of the ESPRIT program at t=2.

First I examine the clique of CNET, CSELT, and British Telecommunication in

ESPRIT 1. Figure 1 shows the overlap between these organizations. For example,

there are three projects in wich they all participate. In order to characterize the

‘telecommunication clique’ I looked at the keywords of the results of the ten

(2+3+2+3) projects in which at least two organizations participate. Three projects

can be classified as general information technology manufacturing projects, the

other seven projects are of a specific telecommunications technology nature. This

is indicated by the combination "communications networks" / "computer networks,

conferencing" and by various words that refer to "speech".

The small number of projects prevents a clear identification of the problem

network the telecommunications clique. If we use a larger number of projects, the

32 projects in which at least CNET or CSELT or Britisch Telecommunications is

included, ‘general’ keywords become dominant (computer architecture, manufactu-

ring technologies, software engineering). This can be interpreted in two ways:

there is overlap between the problems of the telecom organizations and the other
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organizations, or, the keyword method is not detailed enough to capture differ-

Figure 1 Telecommunication clique in ESPRIT 1
Number of projects

ences in content.

From section 6 I adopt a center-periphery structure based on the absolute number

of joint projects. In ESPRIT 1 the center consists of Olivetti, Bull, Siemens, and

ICL, in ESPRIT 2 Siemens, Bull, Thomson, Philips, and Alcatel. The problem

network was decomposed in two networks: one formed by projects in which at

least one of the center organizations participate and one in which none of the

center organizations participate. The center has 22% of the result records in

ESPRIT 1 and 34% of the result records in ESPRIT 2.

In order to examine the cognitive difference between center and periphery I will

first look at the most central words. If center and periphery are different they

should have central words. Table 8 shows the most central words for the center

and the periphery.
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Table 8 Central words in center and periphery

ESPRIT 1 ESPRIT 2

Center

software engineering 1.00

computer architecture 0.96

manufacturing

technologies 0.93

manufacturing

technologies 1.00

micro electronics 0.75

product development 0.66

Periphery

manufacturing

technologies 1.00

software engineering 0.97

CAD, CAM, CIM 0.82

software engineering 1.00

manufacturing

technologies 0.98

process control 0.79

Again, although the same words appear in the top of the center and periphery we

can point to words that are typical for the two sub-sets of problem networks

(Table 9).

Table 9 Keywords by difference in centrality between center and periphery

ESPRIT 1 ESPRIT 2

’Center’
words

computer
architecture +.57
office automation +.45
human computer
interaction +.34

electrical
equipment +.46
product
development +.36
micro
electronics +.35

’Periphery’
words

micro electronics -.27
CAD, CAM, CIM -.26
robotics -.21
radio, television,
audio equipment -.21

software
engineering -.47
CAD, CAM, CIM -.38
knowledge
engineering,
knowledge based
systems -.31
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Table 10 Cliques in the problem networks of ESPRIT 1

Center Periphery

process control
manufacturing control sytems
production control, planning
CAD, CAM, CIM
manufacturing technologies

process control
manufacturing control systems
CAD, CAM, CIM
manufacturing technologies

communications networks
computer networks, conferencing
information network management
standards

communications networks
computer networks, conferencing
information network management

software engineering
workstations

microprocessors
radio, television, audio equipment
microelectronics
telecommunications systems

product development
database management systems
integrated informations systems

software engineering
workstations

administrative data processing
elect. banking, insurance services

systems analysis
education, learning systems,
distance teaching

knowledge engineering,
knowledge based systems
human computer interaction

office automation
administrative data processing

computer architecture
office automation

image processing
robotics

image processing
eduction, learning systems,
distance teaching

human computer interaction
product development

information processing
database management systems

Analogous to Table 7, we can look at the problem networks at the level of word

cliques. Tables 10 and 11 show the cliques of ESPRIT 1 and 2 when we

differentiate between center and periphery.

185



Table 11 Cliques in the problem networks of ESPRIT 2

Center Periphery

product development
electrical equipment
process control
process engineering
inspection, testing
micro electronics
manufacturing technologies
manufacturing control systems

radio, television, audio equipment
mobile communications, cellular radio
product design
product development

distributed databases
database management systems

process control
manufacturing control systems
CAD, CAM, CIM
manufacturing technologies
computer architecture

communications networks
information network management
computer networks, conferencing

micro electronics
opto electronics

robotics
image processing

information processing
information analysis

information processing
office automation

communications networks
information transmission

telecommunications systems
radio, television, audio equipment

database management systems
integrated information systems
distributed databases

telecommunications systems
workstations

software engineering
knowledge engineering, knowledge based

systems

In both periods of ESPRIT, especially in the first, the clustering of words is quite

similar in the center and the periphery of the interorganizational network. To test

whether the two sub-networks are significantly different I calculate two types of

correlation: between centrality scores, as I did before, and between all co-

occurrences. Instead of the centralities of single words, this second method

compares the two co-word matrices. This method has the advantage that there is
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no loss of information. The level of significance is computed by a randomization

test in the Quadratic Assignment Procedure (QAP) (Hubert and Schultz 1976) in

the program UCINET.

Table 12 Correlation between problem networks of center and periphery

ESPRIT 1 ESPRIT 2

Centralities 0.80 0.66

Co-words 0.75 0.68

All values significant beyond the .001 level

Both methods, comparison of centralities and ‘direct’ comparisons of co-words,

show that the problem network of the center is not significantly different from the

problem network of the rest of the social network: higher correlations in Table 12

indicate more similarity. In ESPRIT 2 the difference between center and periphery

is somewhat larger than in ESPRIT 1.

To test the hypothesis that the problem network of ESPRIT 2 is determined by the

problem network of the center in ESPRIT 1 I used a regression analysis based on

centrality scores of keywords, with the following result:

TOTAL2 = 0.15 + 0.45 CENTER1 R2: 0.37

TOTAL2: Centrality scores of keywords in ESPRIT 2

CENTER1: Centrality scores of the keywords of the central clique in

ESPRIT 1

The constant and the coefficient have a significance level of .001. So, with 22%

of the ESPRIT 1 records I can explain 37% of the variation in the ESPRIT 2

records. In a general sense, I consider this result as mediocre. However, ifall the

records from ESPRIT 1 are used to predict ESPRIT 2 the R2 would still be no

more than 0.66.

187



CONCLUSION

I developed a perspective on R&D programs that combines social and cognitive

attributes. A program is seen as a network of organizations and a network of

subjects. First of all, the method that I propose is a descriptive tool. It provides

answers to questions such as: which organizations are important? Which problems

are important? How does this evolve? Centrality was used to measure the position

of an organization or a subject in the program. Clustering was used to determine

groups in the data. These concepts were applied to ESPRIT and a very general

conclusion would be that I found more change in the social network than in the

problem network. The participation of universities increases while the nature of

the activities does not. Secondly, I addressed a number of hypotheses about the

relationship between social and cognitive networks. The main issue was the effect

of social cliques: does a cohesive group of organizations have its own specific

problem network (Hypothesis 2)? Do they determine future developments

(Hypothesis 3)? I identified a center of four firms in ESPRIT 1 and five firms in

ESPRIT 2 (Hypothesis 1) and found that the problem network of the centers does

not differ significantly from the problem networks of the rest of the networks. I

also found a separate ‘telecommunication’ clique in ESPRIT 1. The issues in this

clique are a combination of specific telecommunication subjects and more general

IT subjects.

The hypothesis about the positive effect of the center in ESPRIT 1 on the total

problem network in ESPRIT 2 could be supported, but, due to the small

differences between problem networks, the relationship is not very strong.

The main goal of this chapter has been achieved: to argue in favour of a

combination of social and cognitive networks and to demonstrate its empirical

feasibility. If I would have used only the social interaction approach, the account

would be about the changes of the centrality of organizations, and the changes of

cliques of organizations. If I would have used only the cognitive approach, the
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account would be about changes of the centrality of keywords, and the changes

of the cliques of keywords. The combination of the social and the cognitive

networks allowed for the testing of hypotheses about the effects of social networks

on cognitive networks. Such an approach provides better insight in the functioning

of research programs, and it is useful for the evaluation of governmental programs

to stimulate R&D. From the point of view of the European Commission it can be

argued that in the ESPRIT programme universities have picked up research themes

from industry.
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Appendix A: Most frequent organizations

All are in ESPRIT 1 and ESPRIT 2, except the one marked E1 or E2.

AEG
Alcatel
BNR E1
British Telecom E1
Bull
CAP
CEA
CNET
CRI E1
CSELT E1
Daimler Benz E1
GEC
GMD E2
ICL E1
IMEC
INESC
INRIA E2
Olivetti
Philips
Plessey
Polictec. Milano E1
Siemens
The Imperial Col. of Science Techn. and Medicine E2
Thomson
Trinity Col. Dublin E2
Univ. Amsterdam E2
Univ. Karlsruhe E2
Univ. of Cambridge E2
Univ. of Edinburgh E2
Univ. Politec. de Catalunya E2
Univ. Politec. de Madrid E2
Univ. Stuttgart E2
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Appendix B: Most frequent keywords

All are in ESPRIT 1 and ESPRIT 2, except the one marked E1 or E2.

administrative data processing E1
artificial, machine intelligence
cad, cam, cim
communications networks
computer architecture
computer graphics E2
computer networks, conferencing
database management systems
distributed databases
education, learning systems, distance teaching
electrical equipment E2
electronic banking, insurance services
expert systems
human computer interaction
image processing
information analysis E2
information network management
information processing
information transmission E2
inspection, testing E2
integrated information systems
knowledge engineering, knowledgebased systems
manufacturing control systems
manufacturing technologies
micro electronics
mobile communications, cellular radio E2
office automation
optoelectronics
process control
process engineering E2
product design E2
product development
production control, planning E1
radio, television, audio equipment
robotics
software engineering
standards
system analysis E1
telecommunications systems
workstations
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CHAPTER 8

INDUSTRIAL PARTICIPATION IN

THE BIOTECHNOLOGY PROGRAMME OF

THE EUROPEAN COMMUNITY: BIOTECH

INTRODUCTION

The BIOTECH programme

This chapter analyses the academic/industrial research collaboration in the

biotechnology programme of the European Commission (BIOTECH 1, 1992-

1994). This programme is part of the third Framework programme for Community

activities in the field of research and technological development (1990 to 1994)

under subactivity II.4: "Life sciences and technologies". This new programme in

the field of biotechnology expands the goals of the BRIDGE programme (1990--

1994), which is part of the second Framework programme (1987-1990) (Cantley

and Dreux de Nettancourt 1992).

The goal of the BIOTECH programme is "to reinforce basic biological knowledge

as the common and integrated foundation needed for applications in agriculture,

industry, health, nutrition, and the environment" (CORDIS, RTD Programmes).

There are four research areas: molecular approaches, cellular and organism

approaches, ecology and population biology, and horizontal activities common to

all areas (socio-economic studies and information infrastructure). The first three

areas are described as follows:

- Molecular approaches:

. Protein structure and function:

To understand and control biological functions carried out by
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proteins (enzymes, hormones, antibodies, receptors, body structures,

etc.), and to produce tailor-made proteins adapted to the specific

requirements of man (for example, new drugs, industrial enzymes);

. Structure of genes:

To arrive at a greater understanding of biological and genetic

mechanisms through the study of the genetic message in representative

species (gene mapping and gene sequencing);

. Expression of genes:

To study in models of practical importance the processes through

which information stored as DNA in the genes is expressed in the form

of active proteins;

- Cellular and organism approaches:

. Cellular regeneration, reproduction and development of living

organisms:

To provide basic knowledge required by biotechnology through

comparative studies of reproductive events (meiotic pairing, gamete

packaging, gamete recognition and fertilization), cell-cell

interaction and cell replication in animals and plants;

. Metabolism of animals, plants and microbes; essential physiological

tracts:

To provide industrial and agricultural operators with the basic

knowledge required for a more rational exploitation of resources in

production, processing and animal husbandry;

. Communication systems with living matter:

To provide industrial biotechnologists, agricultural and medical

operators with a new approach to dealing with the complexity of

living systems (focusing on the immune and nervous systems);

- Ecology and population biology:

. Ecological implications of biotechnology:

To study the environmental implications of biotechnology and, in
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particular, of the release by man of living organisms in the

environment in connection with the industrial, agricultural and

environmental policies of the Community;

. Conservation of genetic resources:

To ascertain the real dimension of the problem of loss of genetic

diversity (genetic erosion in plants, animals and micro-organisms).

The Commission is responsible for the implementation of the programme, assisted

by a committee composed of representatives of the Member States and chaired by

the representative of the Commission. The programme comprises research and

technological development (RTD) projects, concerted actions and accompanying

measures.

The RTD projects are the subject of shared-cost contracts, with Community

financial participation not normally exceeding 50%. Universities and other research

centres have the option of

requesting, for each project, either 50% funding of total expenditure or 100%

funding of the additional marginal costs. Projects must, as a general rule, provide

for the participation of at least two partners, each independent of the other,

established in different Member States. Concerted actions consist of action by the

Community to coordinate the individual research activities carried out in the

Member States. They may benefit from funding of up to 100% of coordinating

expenditure.

The European Commission distinguishes four different ‘modalities of cooperation’:

- Concerted action, creating Community networks of competencies and skills

where national funding is widely available or where coordination of existing work

and projects is a prerequisite to the launching, in a future Community programme

of new specific Basic or Generic research projects. 16 projects.

- Basic research projects, integrating research efforts in adapted structures
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(European Laboratories Without Walls), for tasks where the main bottlenecks

result from gaps in basic knowledge. 63 projects.

- Generic research projects, deliberately combining the contributions of different

disciplines and techniques through efforts intended to remove important

bottlenecks resulting from structural and scale constraints. They lead to the con-

stitution of a cluster of laboratories addressing in an integrated manner, throughout

the Community, highly specific research issues where an impact is to be expected.

6 projects (13 contracts).

- Projects of technological priority, aiming to achieve a higher degree of

coherence and ultimate impact in certain areas of the programme. The areas are

defined as those where a significant change in the state of art now requires

exceptional cross-linking efforts involving a wide range of potential contributors.

4 projects (7 contracts).

After a call for proposals in 1992, 99 projects, out of 529 proposals, have been

launched in 1993. These 99 projects encompass 856 participants (researchers from

universities, research institutes and firms) from the 12 member states of the

European Union and EFTA countries. The total contribution of the EU is 111

million ECU.

The evaluation of knowledge transfer

The objective of the present study is to evaluate the knowledge transfer from

universities and other research centres to small firms (SME’s) and large firms in

BIOTECH projects. I started the study from the point of view of the firm.

From the perspective of the firm, cooperation with research institutions may

strengthen its technological capabilities which, in turn, can improve its innovation

potential. Although there are various reasons why industrial firms seek the col-
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laboration of research institutes (see chapter 4), the essence of this process is

knowledge transfer, especially in a subsidized pre-competitive setting such as an

EC programme: "What actually gets transferred is often the knowledge that

enables the company to develop a product, and not necessarily the end product"

(Bloedon and Strokes 1994). "Companies tend to interact with federal labs for

reasons that have far more to do with long term, less-tangible pay offs than with

expectations of short term business opportunities or technological commer-

cialization" (Roessner 1993). What is needed for an assessment of the socio-

economic impact of joint research projects is a two-stage model in which A)

intermediate outcome indicators are considered, and B) an assessment is made of

how the intermediate outcomes are aimed at products or processes on the market.

This is an important issue because in biotechnology, these new technologies have

a wide area of crucial applications: pharmaceuticals, agriculture, chemicals, food

and energy. This project aims to apply the two-stage model of knowledge transfer

to BIOTECH projects.

Mowery and Rosenberg (1989) have noted that R&D collaboration (between firms,

between firms and universities, domestic and international) is what differentiates

the present R&D system from the one that prevailed during the first seventy-five

years of this century. Etzkowitz (1994) considers the fact that academic relations

with industry became an explicit mission ‘an academic revolution as potentially

late nineteenth century’(p.140). It is hard to find a single model for this

phenomenon because there is a vast array of forms of research collaboration and

there are differences across industries (Faulkner and Senker 1995). The diversity

is confirmed by a recent special issue of the International Journal of Technology

Management (1993) and a recent overview of academic-industrial relations by Bell

(1994). In a review of the literature, Geisler and Rubenstein (1989) treat the

following questions: Why do universities and industry cooperate? What are the

more effective mechanisms for such cooperation? What are the main barriers to

such cooperation? The authors identify six major issues related to these questions:

1) Inherent differences in mission and objectives;

2) differences in organizational structure and policies;
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3) differences in orientation and interests of individual researchers;

4) effectiveness of university-industry arrangements and mechanisms for

collaboration;

5) benefits versus costs;

6) how to evaluate university-industry interaction.

Geisler and Rubenstein distinguish two types of evaluation:

A) overall evaluation of benefits and success: determined by the judgement of key

participants as to success or failure, or determined by the comparison of a priori

needs and expectations and a posteriori actual or perceived satisfaction;

B) the use of indicators of 1) the process of interaction, 2) short-term outcomes,

3) long-term outcomes, 4) type and pattern of interaction. The authors argue in

favour of the second (quantitative) type of evaluation because the problems with

the first type of evaluation are that

1) participants from industry and universities may vary on the definition of the

success of the interaction and the outcome of the interaction;

2) it is difficult to evaluate the overall success because the end of an interaction

is difficult to determine. Moreover, participants usually oppose the evaluation of

individual stages of the process. The indicators for the present study are presented

in the next section.

The field of biotechnology

This project does not attempt to study academic/industrial collaboration in general

but is limited to the field of biotechnology. Therefore the specific characteristics

of this fields are taken into account:

1) Biotechnology is a complex field because, on the one hand, it relates to more

than one scientific field, and on the other hand, it relates to more than one area of

application. This means that biotechnology research is always multidisciplinary.

2) New Biotechnology Firms (NBF) have been established by scientists associated

with universities. This means that there is more experience with R&D than with
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production and that the goals of the firms are to perform applied or basic research

rather than to produce a specific device.

3) Product development in biotechnology is more difficult than in other areas

because the development phase is long, many products are not components but

aimed at end-users, and there are stringent regulatory procedures (especially in the

field of pharmaceutical applications).

4) Established corporations depend on academic scientists and smaller firms

because they do not yet possess the relevant expertise. In addition, the markets for

biotechnology’s product are small and hence not suitable for mass production.

(Freeman & Barley 1990, Orsenigo 1989, Kenney 1986, Houwink 1989).

Barley et al. (1992) use ten types of organizations to describe the biotechnology

community. I will concentrate on five of them:

Dedicated biotechnology firmsestablished primarily to pursue bio-

technological research and development in areas of commercial promise;

Universities that carry on basic or applied research in biotechnology

through either their academic departments or through centres dedicated to

biotechnical research;

Private or publicResearch institutesthat conduct research in one or more

areas of biotechnology.

Diversified corporationsin the chemical, pharmaceutical, energy, and

agricultural industries that either conduct R&D on biotechnology or that

fund research by dedicated biotechnology firms, universities, or research

institutes.

Suppliers of goodsthat provide equipment, chemicals, and biologicals

necessary for RDNA and cell fusion research or bioprocess engineering.
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This study addresses the knowledge transfer between the three types of firms and

the two types of research organizations. The knowledge transfer will be analyzed

separately as well as in combinations: it is common that a firm interacts with

several types of organizations at the same time (Arora and Gambardella 1990).

Objectives

The main objective of the study is to evaluate the knowledge transfer from

universities and other research centres to small firms (SME’s) and large firms in

BIOTECH projects. The first objective, corresponding to the first stage in the

analytical model, is to measureintermediateoutcomes by the following indicators:

1) Quantity and quality of research findings published by company scientists.

2) Difficulty of translation of technical problems.

3) Number of patents filed.

4) Research dead ends avoided.

5) Estimates of cost savings.

ad 1) The relevant categories are: progress report, technical report, article in

professional journal, article in scientific journal. The number of publications in

each category is counted.

ad 2) Industrial participants are asked to indicate the perceived difficulty of

translating the contribution of research centres into problem solutions in the firm.

ad 4) Participants are asked to indicate whether, and to what extent, the project

provided early negative results about research strategies. This means that the

contribution of partners can be the early assessment of the feasibility of projects.

ad 4) Participants are asked to estimate the R&D budget that would have been

required if they had not participated in the project.

The second objective is to measure how the intermediate outcomes relate to

marketable products. This corresponds to the second stage of the model. For each
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of the previous indicators it will be asked whether it is linked to a potential

product. If this is the case the distance to the market is determined in terms of the

estimated time in subsequent stages:

1) Basic research.

2) Applied research (prototype).

3) Development (marketable product).

4) Production.

In this project three methods are used:

1) Analysis of the CORDIS database in order to list and categorize the participants

and the subjects in the BIOTECH projects.

2) A questionnaire send to the participants from industry in order to measure the

intermediate and final indicators.

3) Interviews with leading academic and industrial biotechnology experts in order

to validate the results.

Outline

This chapter is structured as follows: in the second section I elaborate the

theoretical approach and I formulate a number of hypotheses for aca-

demic/industrial research collaboration in the BIOTECH program. In the third

section I discuss the data collection and methods. In the forth section I analyze the

data and test the hypotheses. The results are discussed in the fifth secetion and

policy recommendations are given in the final section.
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KNOWLEDGE NETWORKS IN BIOTECHNOLOGY

This section builds in the general discussion in Chapter 1. Here, I want to discuss

the particularities of the biotechnology field that were introduced above.

University/industry relations in biotechnology

Biotechnology is a mixed field: there are university scientists that pursue purely

academic goals and there are industrial researchers that work exclusively on firm

specific problems. If only these two types existed in biotechnology there would

be almost no knowledge transfer between universities and firms. However, a large

part of the biotechnology community consists of researchers (in various types of

organizations) that form a scientific-technological community in which scientific

problems and commercial applications are combined. This is where knowledge

transfer occurs between universities and firms. So, the biotechnology community

consists of a spectrum of pure academic to mixed to pure employer oriented

researchers. According to Faulkner and Senker’s (1995):

There is a strongly interactive relationship between science and technology,
instrumentalities being an important area of overlap. The relationship is so intimate
in some new fields, such as biotechnology, that the boundaries between science
and technology ... appears to be blurred if not obliterated. (p.41)

The alternative model for innovation that I introduced in Chapter 1 is therefore

particulary appropriate. The knowledge system was developed in terms of

networks. Network analysis is used because of the multiple links between firms,

universities and research institutes in biotechnology. According to Barley et al.

(1992):

The particular constrains and opportunities surrounding commercial biotechnology
appear to have compelled organizations to form an elaborate web of formal
alliances (p.317).
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These characteristics of biotechnology have already been described in the

introduction. Barley and co-authors describes how these characteristics affect

alliances. Establisheddiversified corporations(DC) use links with dedicated

biotechnology firms (DBF) as a source of technical knowledge. Because molecular

biology and genetic engineering move so fast the DC’s cannot keep up with the

latest developments by consulting the scientific literature and by own research.

They need direct access to the research of others. DBF’s are one source of

information. For the same reason DBF’s and DC’s maintain links withuniversities

and research institutes. DBF’s have their own reasons to link with DC’s:

in commercial biotechnology it has become commonplace for smaller firms to
broker scientific and technical expertise in exchange for access to the larger firms’
financial resources, manufacturing capabilities,andmarketing expertise(Barley
et al 1992, p.318).

Biotechnology is thus a heterogeneous field formed by a network of different types

of firms and various public sector research institutions. Barley and co-authors

studied this field from a perspective that has become known as ‘population

ecology’. There are several other authors that analyze research collaboration in

biotechnology. Powell and Brantley (1992) and Powell, Koput, and Smith-Doerr

(1996) take a networks-of-learning view. Pisano (1991) explores the transaction

costs between established enterprises and new biotechnology firms. In his view,

vertical integration, collaboration, and market transactions will co-exist. Hakansson

et al. (1993) find that firms broaden their production bases by having alliances

with firms of different size and they strengthen their knowledge bases by having

alliances in the same subject area. Arora and Gambardella (1990) found that large

US, European, and Japananese chemical and pharmaceutical producers combine

different kind of linkages with universities and small/medium sized research

intensive firms. Krimsky et al. (1991) found that biologists from American

universities are heavily involved in newly formed biotechnology companies.

Zucker et al. (1995) study co-authorship networks in biotechnology. They find that

collaboration typically takes place within an organization (firm, research institute

or university). When collaborations do occur across organizational boundaries, they
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tend to involve higher valued output.

The projects of the BIOTECH programme are an opportunity for establishing

contacts between the various organizations in the biotechnology community in

Europe. In the next section I will discuss the specific characteristics of EC

research programmes.

Type of networks

In the introduction I described the objectives and mechanisms of the BIOTECH

programme. Within the framework of public support for collaborative, pre-

competitive R&D various types of projects and network structures can emerge. In

an analysis of the UK Alvey information technology programme, augmented by

research on the Swedish IT4 programme, Quintas and Guy (1995) found the

following modes of collaboration:

1) Close collaboration, with commonly-held objectives, interdependent work

packages, and working towards an integration of the whole project.

2) Shared parallel work, such as an evaluation of a number of possible options,

e.g. techniques or materials, the division of work between the collaborators leading

to shared results and a reduced risk of wasted effort.

3) Loose collaboration, with work divided into discrete packages or areas of most

interest to each partner. Some technology and knowledge transfer is possible, but

there is no final ‘bolting together’ of the whole.

4) No real collaboration, participants working independently with minimal contact.

Such projects are often the result of ‘forced marriages’ and/or are affected by

clashes over objectives, personalities and different cultures. In some cases, transfer

of results may occur ‘in spite of’ the collaboration.
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In Enzing and van Dalen’s (1995) study of BIOTECH three types of network

structures are identified:

1) The diamond network: all participants interact on an equal basis.

2) The broken diamond network: there are sub-groups, interaction is not equally

distributed.

3) Star network: participants only interact with the coordinator

We suggest to build an empirical typology based on the size and internal

organisation. This is what will determine the knowledge transfer between

participants in a project. Size is measured in number of participants and the

internal organization is described by task differentiation and task interdependence.

In some projects all participants perform the same task (example: DNA sequenc-

ing). In other projects participants have different tasks. Task interdependence is

about the relationship between the various tasks in a project. In some projects

partners need the results of other partners to perform their own task.

The first seven hypotheses are based both on 1) the initial linear model that I will

try to reject in favour of the interactive network model (see chapter 1) and on 2)

the specific characteristics of the biotechnology field.

Hypothesis 1: Firms participate in projects that are focused on

market applications.

Hypothesis 2: DC’s are more likely to be involved in projects

than DBF’s.

Hypothesis 3: The intermediate outcomes of DBF’s are closer to

the market than the intermediate outcomes of

DC’s.
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Dedicated > Diversified
Biotechnology Corporations
Firms

^
^

Universities

Hypothesis 4: There is knowledge transfer from DBF’s to DC’s.

Hypothesis 5: There is knowledge transfer from universities to

DBF’s and DC’s.

Hypothesis 6: DBF’s obtain more intermediate outcomes from

universities than DC’s.

The next two hypotheses are based on the specifics of EC networks. In the case

of task interdependence there must be knowledge transfer for the project to

function properly. One unit can only do its part of the work when it receives

inputs from other units. In the case of task differentiation, knowledge transfer is

of a different nature. Researchers are working on the same issues and using the

same approaches and therefore they can learn from each other. There is additional

knowledge transfer in a more indirect manner: one contributes to a common pool

of knowledge that can be accessed by others. Therefore I posit:

Hypothesis 7: Knowledge transfer is most likely to occur in projects with task

interdependence.

Hypothesis 8: Knowledge transfer is most likely to occur in projects with no task

differentiation.
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DATA AND METHODS

The analysis is limited to the 99 projects that are described in the Progress Report

1994. Data was obtained from this progress report and the catalog of contracts,

and, on-line, from the CORDIS databases at the European Commission Host

Organization in Luxembourg18. Collaborators form the University of Grenoble

and I held semi-structured interviews with 38 people, most of them industrial

participants. Additional data was obtained from company reports. The firms are

located in Belgium, Germany, Denmark, Spain, France, the United Kingdom, the

Netherlands, Ireland, Italy, and Sweden.

There are 47 participants from 35 industrial firms in 27 projects. This means that

some firms are associated with more than one project and that most projects have

more than one firm. Carlsberg, Novo-Nordisk, and S&G Seeds are found in three

projects. Danisco, Genencor, Irish Sugar, Keygene, Roussel Uclaf, and Zeneca are

found in two projects.

The number of firms per project is described in the following table:

NUMBER OF FIRMS NUMBER OF PROJECTS

0
1
2
3
4
5
6

72
14
8
1
3
0
1

18 At the beginning of this study I cooperated with the Dutch TNO Centre for
Technology and Policy Studies (C. Enzing and W. van Dalen) that worked on a similar
project.
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The identification of firms

This was problematic in a few cases because of the classification of some

organizations. Some organizations that seemed to be a company appeared to be

research institutes. This applies to Gica genetique (CNRS) in France, Cab

International Mycological Institute, BIBRA International, Horticulture Research

International, Glynn Research Foundation in the UK, Institut für Genbiologische

Forschung, Proggentec, Deutsche Sammlung von Mikroorganismen und

Zellkulturen, Gesellschaft für Analysetechnik und Consulting in Germany.

These institutes play an important role in the biotechnology community. They have

many contacts with industry and universities and they are involved in many EU

projects. However, they will not be included in my analysis because my focus is

on knowledge transfer from the perspective of the firm19.

The contacting of firms

Not all participants could be reached: some firms did not respond, some refused

to cooperate. This applies to Agronomica, Diagen, Servier, Danisco, Eniricherche,

Analyticon, and I.K.T. - Nekazal Ikerketa Eta Teknologia. One firm, Heligenetics,

went bankrupt during the period of the duration of the project.

Some participants changed function or employer. In project 30295 there are three

industrial participants (Zeneca, Nickerson, and Beckman Instruments). The three

researchers that were involved left their firm. Nickerson discontinued the research,

Zeneca maintained a post-doc but will not continue the research in the future, and

Beckman does not really do research.

19 We suggest that the Commission considers further research on the role of
these non-academic research institutes in the biotechnology network.
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The researcher from Rhone-Poulenc Rorer that participated in project 20316

resigned. According to one manager:

The project was out of our research theme. We do not receive money from the EC.
We do not do anything. We do not participate.

There are also cases in which the original researcher left and someone else took

over. This applies to Abon, Unilever, Danisco, and Irish Sugar.

It is also possible that the researcher stayed but the firm did not really became

involved in the project. MOGEN did not sign the final contract for project 30075

and did not participate.

Finally, there were two researchers (projects 30254 and 30274) that worked in a

part of a firm (Gist-Brocades) that was sold to a US-Finnish joint venture,

Genencor. The two BIOTECH projects were continued however.

After excluding these cases there were 2 other cases for which there was not

sufficient information. We retain 37 cases of firms that are involved in 25

BIOTECH projects.

ANALYSIS

The biotechnology community is not only a network of various actors, I saw that

the actors themselves change. This change occurs through various mechanisms.

Organizations grow; people move across organizations: between firms and between

the public sector and industry. Some firms, or parts of firms, change ownership.

As one manager of Zeneca in the area of plant biotechnology said:

I looked in the organizational chart of 1991. Maybe 20% of the people are in the
same position. It is a very dynamic time for the companies in this area and there
is a hugh change in research areas, programmes, size. That is the nature of the
industry we are in. That is one of the issues for the EC. It is not clear what is the
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total size of the industry that will benefit from plant biotechnology.

A lot of knowledge transfer occurs by personnel flow. We send out in the aca-
demic world and we get back in. That side of the technology interaction is a very
positive thing.

Type of firms

Following Barleyet al. (1992), the firms where classified as follows:

DEDICATED
BIOTECHNOLOGY FIRMS

DIVERSIFIED CORPORATIONS

Abon
Agronomica
Analyticon
Cambridge Antibody Technology
Cayla
Diagen
Genencor International
Heligenetics
IKT
Immunotech
Ingenasa
Innogenetics
Keygene
LTRC
Mogen
Nickerson Biocem
Plant Genetic Systems

Astra
British Sugar
Carlsberg
Danisco
Eniricherche
Irish Sugar
Novo-Nordisk
Pierre Fabre
Raffinerie Tirlemontoise
Rhone-Poulenc Rorer
Roussel Uclaf
S&G Seeds
Schering
Servier
Smithcline Beecham Biologicals
Unilever
Zeneca

SUPPLIERS OF GOODS: Beckman Instruments (UK)

DBF’s represent 41% of the cases of industry participation, DC’s 57% (hypothesis

2).

Type of firms and type of research

In this section I will discuss the type of research that characterizes each type of
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firm.

The dedicated biotechnology firms (DBF) are small: their turnover is less than 10

MECU and they have less than 100 employees. Almost all employees are involved

in research and they often act as a technology supplier to other firms. These

organizations are a typical example of a field in which basic science and

technological applications are strongly linked. This leads to a specific type of

research: on the one hand there are knowledge inputs from developments in

biology and chemistry but on the other hand there is also a need for short term

commercial applications. Because of its small size and high level of specialisation,

a DBF will not be able to finance long term basic research. I suggest to refer to

this type of research asfocused research.

The main characteristic of the research of diversified corporations (DC) is that not

all research is in the area of biotechnology. Furthermore, all firms are active in

more than one group of products, or they are part of a diversified holding. The

DC’s have more turnover and more employees than the DBF’s. The DC’s buy the

technology of the DBF’s and sell to consumers. The range of research activities

is large: they can perform research that is similar to a DBF but they are also able

to fund more long term research. In addition, the DC’s work on several area’s at

the same time. So, the DC’s have aresearch portfoliothat is diversified, both with

respect to type of research and areas of application.

Suppliers of goods (SG), especially equipment, play an important role in the

biotechnology community. In the sample, I found only one such firm but this is

probably due to the fact that instrumentation was not a specific topic in BIOTECH

1. The SG sells to both industrial and non-industrial labs. It maintains a close

relationship with these labs in order to market its products but also to obtain ideas

for new products.
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How firms become involved in BIOTECH projects

A firm can take the initiative for a project, contact other firms or research

organizations and become the coordinator of the project. This happened only in

three cases (projects 20089, 20367, and 20063). In one case (30001) the project

coordinator worked at a university at the time of the start of the project but

continued the project when he moved to industry.

In all other cases a firm is approached by a university or research institute. Most

cases have a history that can be quite long as these examples illustrate:

CARBANK (30001) is a completely international project. It was started 10 years
ago by a meeting sponsored by the US Department of Energy. We are now in the
third grant (BAP, BRIDGE, BIOETCH).

The department of the coordinator of project 30254 has a research collaboration
with a biotechnology firm since 1983. At a certain moment they decide that they
need a larger scale to compete with the US and Japan. 15 groups in Europe are
contacted and nine decide to start to collaborate. Two years later they decide to
submit a BIOTECH project.

85% of the firms knew at least one other participant before the project was

submitted.

Firms know other partners from previous EU, EUREKA or national research

programmes or they have another type of previous contact or they are introduced

by others. When firms want external expertise they look for the best in the world

(not only in the EU!). However, one firm said:

You might be in touch with the second best. Then, you don’t go to the best
because you know the other for a long time and you trust him.

So, the decision making about partnerships is not completely systematic and logic.

Personal factors play an important role. I will deal later with the reasons firms

give for their R&D cooperation. There is an ideal model that says that firms

decide about cooperation in the light of their business strategy and technology
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strategy. At this point I want to indicate that the decision making is not always

managed. Large firms that have many research projects have no idea how the total

network of their R&D cooperation looks like. As one manager put it:

How does a project start? Most of it doesn’t happen through a managed process
but happens through the network.

Sometimes there is no clear decision making at all. After a visit from the

coordinator, a firm started to participate in a project under the BRIDGE

programme. Then:

The transition from BRIDGE to BIOTECH has been a little unclear for us.

You were on the list at a given moment?

Yes.

But someone has to sign for that?

Sure, but is was obscure. I think this happened: our firm was in a hectic period,

full of restructuring. At a given moment the file turned up in a bunch of papers

and someone said, ‘oh, this costs nothing, let’s sign it’. It wasn’t a conscious

decision to sign or not to sign.

Of course, the decision making depends on the size of the investment. In the

previous case the firm acted as a spectator in the project. They did not receive

money, nor did they pay money. There was just an exchange of idea’s. If a project

demands a significant matching for a longer period of time, a higher level of

control will be involved.

Position of BIOTECH project in the firm

A BIOTECH project will only be a part of the total R&D activities of a firm.

Valentin (1994) carried out a survey among companies that participate in EC

Framework projects. From that report I conclude that the objectives of EC projects

are quite similar to the objectives of the average in-house R&D project. The

dimensions on which the EC projects most frequently exceed the average project
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are ‘anticipated novelty of technology produced by the project’, ‘readiness to move

into technologies that are new to the company’, and ‘complexity of decision-

making required to undertake and carry out the project’. The dimensions on which

the EC projects least frequently are seen to exceed the company average R&D

projects are the inclination to ‘reorganize R&D activities and decision making’

along with ‘anticipated commercial results of the project’.

In theory there are several ways in which the BIOTECH work is integrated with

the rest of the R&D. This depends on the actual involvement in the project.

Usually each participant will receive funding for a post-doc to carry out the

majority of the activities. Sometimes the investment is larger and more people are

involved. In other cases there is no post-doc and the work is performed part-time

by the permanent staff.

The BIOTECH project can be part of a larger portfolio of research on a given

subject. Due to the ‘open’ nature of the programme this part will deal with

fundamental and long term aspects of the problem. Another possibility is that there

is no direct relation between the BIOTECH project and other ongoing work. In

this case a firm might want to explore a certain area and wait for results before

it funds more research. BIOTECH research can also be ‘analogous’ to company

research. In relation to project 30174 a researcher of Novo Nordisk says:

The strains that are used for BIOTECH are not used for anything else. That is the
way we are trying to keep things separated. So there are academic strains. We use
them to test idea’s. If something interesting comes out of it we transfer this to our
industrial strains.

Other contacts with BIOTECH partners

Once a BIOTECH project starts a firm can have bilateral contacts with the other

participants. These contacts can be the continuation of links that already existed

or new links can be formed in order to extent the BIOTECH work.
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In 49% of the cases the firm has an additional project with one or more BIOTECH

partners.

Other external partners

The partners that a firm knows from a BIOTECH project are only a part of the

total R&D network of a firm. For DBF’s this network is smaller than for DC’s

that have more funds for external research. DC’s are also able to apply a wider

range of R&D contacts. Some research is contracted out, other links are more

informal. DBF’s are often themselves contracted by DC’s.

To summarize, a BIOTECH project has to be seen as embedded in the larger

internal R&D structure of the firm and in the wider network of the firm’s external

contacts.

Type of networks

We collected data on several characteristics of the 27 projects that include firms.

One project,Plant molecular genetics for an environmental compatible agricul-

ture, is an outlier. It has 149 participants and the EU contribution is 23798 KECU.

For the other 26 projects the following characteristics apply:

Minimum Maximum Average

EU contribution
(X 1000 ECU)

47 6194 1446

Duration
(months)

12 36 32

Participants 3 56 12

Most of the projects (59%) with firms are in the area ofcellular and organism
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approaches. This is also the area that comprises the largest number of projects in

general.

Our main interest in classifying the projects is to determine their degree of market

orientation (hypothesis 1). According to EC rules all projects are ‘pre-competitive’

which means that after a project is completed additional R&D has to be carried

out to arrive at a prototype. However, we can identify some projects that are more

clearly oriented towards market applications than other projects.

When firms were asked wether they consider their project basic or applied almost

all choose the latter. Of course, when we consider the theoretical discussion about

the integration of science, technology, and innovation it comes as no surprise that

firms have difficulties in making this distinction. When a researcher from

Immunotech described the R&D of his firm he said:

It is really difficult to use the classification basic research and development. Basic
research and development are completely linked in our business. For example, in
1995, a Ph.D. dissertation was defended and the product was in our catalogue six
months later.

The Commission distinguishes four different modalities of cooperation. These are

described in the introduction. I put these modalities in increasing degree of market

orientation: Concerted action, Basic research projects, Generic research projects,

and Projects of technological priority. I would expect that the distribution of the

27 projects with industry is skewed towards the last two categories.

Projects by modality of cooperation (percentages):

MODALITY PROJECTS
WITH INDUSTRY

N=27

PROJECTS
WITHOUT INDUSTRY

N=72

Concerted action
Basic research
Generic research
Technological priority

11
44
26
18

18
71
8
3
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When I follow the classification of the Commission I find that in the 27 projects

with industry participation,basic projects are the most frequent. However, in

comparison to projects without industry, there are relatively moregeneric and

technological priorityprojects and fewerconcerted actions. This confirms my

expectation: firms participate in projects that are market oriented.

The classification in terms of modalities is quite general and it is not always clear

why a specific project is in one category and not in another. Therefore I used

other criteria to investigate the differences between projects. I looked at the

keywords that describe the projects (from the CORDIS Results database). I made

two lists of keywords, one for the projects with industry and one for the projects

without industry. There are two types of keywords: subject descriptors and market

applications. I use these keywords as indicators for he type of research and the

type of market applications respectively.

Subject Descriptors (frequency):

PROJECTS WITH INDUSTRY PROJECTS WITHOUT INDUSTRY

27 Genetics
15 Cell biology
11 Biochemistry
8 Microbiology
7 Botany
5 Immunology
4 Agriculture
4 Pharmacy, pharmacology
2 Information transmission
2 Information acquisition
2 Biological interactions
2 Toxicology
1 Physiology
1 Information storage
1 Forestry
1 Veterinary science

35 Genetics
31 Biochemistry
25 Cell biology
16 Microbiology
15 Immunology
7 Biophysics
6 Veterinary science
5 Pharmacy, pharmacology
4 Toxicology
3 Pathology
3 Information acquisition
2 Information storage
2 Information storage
2 Information transmission
2 Botany
2 Biological interactions
1 Information analysis
1 Zoology
1 Conservation
1 Surgery
1 Protection technologies
1 Soil science
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The four most frequent keywords are the same for both types of projects and they

are almost in the same rank order.

Market Applications (frequency of keywords):

PROJECTS WITH INDUSTRY PROJECTS WITHOUT INDUSTRY

22 Genetic, protein engineering
20 Animal, plant breeding
17 Pharmaceutical products
10 Agricultural chemicals
9 Drug delivery systems
8 Farming
7 Immunological products
5 Horticulture
2 Fine chemicals
2 Biological pest control
2 Foods, drinks
2 Diagnostic reagents
2 Pollution abatement, control
2 Fermentation
1 Information network management
1 Ecosystems modelling, simulation
1 Workstations
1 Database management systems
1 Forest management

49 Pharmaceutical products
40 Genetic, protein engineering
26 Drug delivery systems
25 Immunological products
12 Animal, plant breeding
7 Farming
5 Agricultural chemicals
4 Diagnostic reagents
3 Environmental monitoring
3 Database management systems
3 Impact assessment
1 Horticulture
1 Foods, drinks
1 Fine chemicals
1 Integrated information systems
1 Wildlife conservation
1 Pollution abatement, control

The top seven keywords are the same but there is a different rank order.

We conclude that projects with industry and projects without industry have a

similar knowledge base and a slightly different market orientation. I was not able

to pursue a more detailed analysis to interpret the nature of this difference.

However, the difference between the two types of projects seems to be smaller that

appears from the modalities defined by the EC.
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Based on the dimensions size, task differentiation, and task interdependence I

determined three types of projects.

TYPE 1 TYPE 2 TYPE 3

NUMBER OF PARTNERS Large Small Large

TASK DIFFERENTIATION No Yes Yes

TASK INTERDEPENDENCE No Yes No

Type 1

Large projects in which partners perform similar tasks that are not interdependent.

A typical example is the sequencing of genome (yeast (20063) orArabidopsis

(30075) orBacilus Subtilus(30272). Each partner sequences a particular part of

the genome. The results are collected in one site.

Type 2

Small projects in which partners have different tasks that are related. Examples are

projects the projects on protein secretion in Bacillus Subtilis (30254) and antibody

fragments (20367).

Type 3

Large projects in which partners execute different tasks but these tasks are not

interrelated. For example the project on the biotechnology of extremophiles

(30274). There exists a sub-type in this category: project that are characterized by

the fact that the coordinator has only a administrative task (as opposed to projects

that have a central coordination). The number of partners is large and there is no

task interdependence. In this sub-type there are projects with and without task

differentiation. TheAMICA project is an example of this type. However, some

large projects can be described as a collection of small independent sub-projects

(such as 20316). Some of the sub-project can then be reclassified as type 2.
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Our classification produced the following results:

Type 1: 7 projects

Type 2: 12 projects

Type 3: 8 projects

Total: 27 projects

Type of roles

Until now I allowed only specialized, one way knowledge transfer. Universities

only send knowledge, DC’s only receive knowledge. DBF’s both send and receive

knowledge, but not with respect to the same organization. There are 15 cases of

potential university/DBF interaction, 21 cases of potential university/DC interac-

tion, and 10 cases of potential DBF/DC interaction.

I want to extend this scheme on two points: I allow for two-way knowledge

transfer and I include the possibility that there isno specific knowledge transfer.

This means that firms can play three roles in BIOTECH projects:

1 Supplier of expertise: In this case a firm provides know-how, instrumentation or

living material (bacteria, seed) to other partners.

2 User of expertise: In this case a firm receives know-how, instrumentation or

living material from others.

3 Potential interest: In this case there is no specific exchange: a firm monitors the

project without active participation. Potential contacts are identified.

We observed the following distribution. Note that one firm can perform different

roles in one project or from one project to the other.
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Role 1: 16%

Role 1 and 2: 46%

Role 1 and 3: 3%

Role 2: 3%

Role 3: 14%

Not classified: 19%

Almost half of the cases include two-way knowledge transfer.

DBF’s and DC’s are found in all roles. From the fact that there are 14 cases in

which a DC supplies expertise I conclude that the model of knowledge transfer is

indeed more complex than the one initially hypothesized.

A number of cases will be investigated in detail when I come to the discussion of

the nature of knowledge transfer.

Type of network and knowledge transfer

In order to test hypotheses 7 and 8 I use the three types that have developed in the

section about the types of networks. Therefore I transform the hypotheses in the

following way. Knowledge transfer is most likely to occur when there is task

interdependence (type 2). This is based on the idea that additional expertise is

needed to solve a problem. Similar tasks (no task differentiation) implies that

knowledge about comparable issues can be exchanged (type 1). Finally, type 3

networks will show little knowledge transfer since people are working on different

tasks that are not related. So I expect an increasing level of knowledge transfer

from type 3 to type 1 to type 2.

The intensity of knowledge transfer is determined by counting the number of times

a firm performs role 1 (supplier of expertise) or 2 (user of expertise) in a project.

This frequency is divided by the frequency of the three types of networks in order

220



to determine which type of network has the highest level of knowledge transfer.

The results are:

Type 1: 1.86

Type 2: 1.33

Type 3: 2.00

This means that the type 3 network has the highest average knowledge transfer

from or to firms. These results are the opposite of what I expected. It could be that

the structuring of tasks that is described in the progress report does not coincide

with the actual work that is being carried out. This could lead to different patterns

of knowledge transfer than I expected.

Nature of knowledge transfer

Knowledge transfer is embodied in a variety of exchanges: living material,

instrumentation, scientific papers, and people. These exchanges can lead to a

variety of results: new research themes, new methodology, new living material,

new instruments, and new knowledge. These results can then be integrated in new

products and processes.

Intermediate outcomes

The measurement of the intermediate outcomes of knowledge transfer provided the

following results:

1) Quantity and quality of research findings published by company scientists

All projects have produced progress reports that describe the (interim) results of

the projects (Progress Report 1994 Vol. II, Detailed Presentations). The level of

detail varies between reports but in most cases the contribution of each partner can
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be determined. Results are exchanged during meetings where all partners give

presentations about their work. These meetings are held at least once a year for

all projects.

In the CORDIS database RTD-RESULTS, in which results from EU projects are

recorded, I found only four records (out of 105) relating to firms:

New approach for oral vaccinationby Center d’Immunologie et de Biotechnologie

Pierre Fabre.

Functionally optimized antibody fragmentsby Unilever Research Laboratorium.

BCG vaccine for immunity against intracellular parasitesby Innogenetics NV

CarbBank: a complex carbohydrate structural databaseby Carlsberg Laboratory.

The first three results are described asmethodology, skill, know-how, the last one

asprocess, prototype.

It turns out that the firms in these projects are coordinators. These are the only

projects in which a firms is the coordinator. In the other 23 projects, firms are

participants. The database, at least for the BIOTECH programme, is probably

biased towards coordinators.

There is currently a debate about the use of scientific publications as an indicator

of industrial R&D. From one point of view firms publish or co-publish articles

after a certain delay in order to show their scientific reputation and to attract good

researchers. From another point of view industrial researchers are not judged by

their scientific output but by their technical problem solving performance.

According to one industrial researcher in my sample:

For university groups publishing means surviving. For firms it means additional

222



bother. I need the authorization of four people. So, even if I do part of the work
I am not always a co-author. When I was still at the university I published six
articles a year, now it’s one article a year. That’s not how I am evaluated. My boss
will not say: ‘great, you have four articles this year’, but rather: ‘doesn’t he has
enough work to do, since he is writing articles’.

Publishing means extra work and maybe the disclosure of proprietary knowledge.

In my view the publishing strategy depends on the type of firm. Large pharma-

ceutical companies can be characterized in the first way but diversified companies

in plant biotechnology are characterized by the second view. DBF’s are

somewhere in between.

The progress reports include lists of publications but authors from industry are

scarce. Furthermore, these lists sometimes refer to work that was performed before

the project started. Interviews did not reveal a strong commitment to publishing

results based on the BIOTECH project.

2) Difficulty of translation of technical problems

In most firms the translation of the findings of other research centres into problem

solutions in the firm is not problematic. However, there are some other problems.

As we have seen, there are occasions in which the research in a company is

different from and not integrated with the work of others. In such a case there will

not be attempt to translate the knowledge. Another problem is that there is no

clear link between the BIOTECH research and potential applications. In some

cases it is to early to judge wether a development will be successful.

The problem with this category is that it has to include knowledge transfer from

firms to universities. For instance, With respect to project 20529 Keygene

declares:

We are a ahead in the specific task that we carry out in this project. The other
participants are following us from a distance. They can hardly provide us with
useful information. To some extent they benefit from our knowledge.
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3) Number of patents filed

We did find only one case of a firm that applied for a patent based on work in a

BIOTECH project. It was a joint application by Ingenasa related to project 20290.

In project 30254 the firms obtained a patent from a university in exchange for

extra research contracts. In project 30174 the firm was offered a licence by a

university but the firm didn’t see any needs.

BIOTECH projects are used by firms to evaluate possible technological oppor-

tunities, without investing heavily in the area. Since the link between BIOTECH

work and other R&D of the firm does not exist or is a long term issue it was not

possible to indicate the research dead ends avoided or the estimates of cost

savings.

The exchange of material and the visiting of each other’s lab is the most frequent

way in which knowledge is transferred: in 78% of the cases there is an exchange

of material and in 35% of the cases there is an exchange of people.

Distance to the market

I tried to measure how the intermediate outcomes relate to marketable products.

I asked the firms whether the results are linked to a potential product and in what

stage of development the product is.

In two cases a firm produced a new product based on a BIOTECH project (the

same firm that applied for a patent, project 20290; and LTRC in project 20358).

This is quite surprising since the work is supposed to be pre-competitive.

Carlsberg participated in the production of a database (project 30001). This is the

product of the project but it is not directly related to the main product of Carlsberg

(beer). It is a research tool that is also accessible to others. A similar and indirect
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link between research and application is Carlsberg participation in the sequencing

of yeast (project 20063). The project is about normal bakers yeast and not the,

more complicated, Carlsberg yeast used for the brewing of beer. However, the two

yeasts contain more or less the same genes and altering the genes will have an

influence on the taste of beer. This is however not applied yet, due to the

unfavourable public opinion. There are other examples, where the BIOTECH

project is about a certain plant or microorganism that is of no commercial interest

serves as a model for plants or microorganisms that are of commercial interest

(projects 30254 and 20529).

In two cases did the firm expect to obtain a product (Smithkline Beecham in

project 20321 and Innogenetics in project 30238). In the other cases there is no

direct relationship to products. Basically the projects aim to improve the under-

standing of biological systems and processes. In these cases more research is

needed to asses wether the research results will have commercial applications in

the future.

Examples of complex research networks

With the following two examples I want to show the complexity of the research

cooperation of various firms and research institutes. In project 20367 Unilever

coordinates a project with a German, French, and Dutch research institute. The

Unilever researcher describes the project as a circle:

We and the Germans provide the protein. The French solve the structure of the
protein. We use the structure to modify the protein. Then the structure of the
modified protein is determined. The Dutch provide additional knowledge about the
minimum size of the protein.

The core of a sub-project (C2) of project 30400 consists of six organizations: a

Dutch and a British university, a French research institute, and a British, a Danish

and a Belgian firm. The researcher from the British firm described part of the
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project in the following terms:

The Dutch group is the coordinator. They are the ‘hub’. The French characterize
genes, alter their properties and send them into the Dutch lab. The Dutch lab alters
the genes so that they work in plants and we put them in plants and feed the
results back in the hub. The Belgian firm analyses the kind and amount of product
that we obtain.

The examples illustrate how firms, universities and research institutes are

integrated in a complex network of knowledge exchange. This means that there

is no simple division of labour between these organizations.

Overall evaluation by firms

Firms see the BIOTECH projects as a way of getting in touch with the research

community in Europe. They want to be in close contact with fields that are

important for there commercial activities. Of course there are other ways of

obtaining this access. The question then is: what is the difference between the

research carried out under BIOTECH and other research?

In line with the literature about technological innovation, I find that most of the

knowledge that is used in the innovation process is produced in the firm itself.

When firms do look for external sources of knowledge it has to do with research

that is far from commercial applications. Or, a firm might have very specific

research or testing needs for which it does not want to maintain an internal

capability. The first type of research is usually what motivates firms to participate

in BIOTECH projects.

The results that firms expect from the projects are general in two respects: some

of the knowledge that is obtained has to be developed further (internally) in order

to be of applicable; some knowledge is general in the sense that it does not relate

to the specific problems of the firm but it can be adapted in further developments.

Firms use BIOTECH projects to select potential partners for this further
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development.

Most of the firms have a positive attitude towards BIOTECH projects. Some firms

believe that the European Commission should be more careful about parts of the

projects that are confidential. This is related to the criticism of firms towards

projects with a large number of participants. These projects are difficult to manage

and it is difficult to protect the outcomes.

Some firms express their concern about the mixture of basic and applied research.

In their view, it should be clear what the objectives of government policy are: it

should be clear how many funding is to be provided for basic research and how

many funding is provided for applied research. There is a concern about the

emphasis on industry participation in public sector research. This emphasis might

lead academics to define everything that they do as applied research. Independent

research training might also be in danger when industry is involved in every aspect

of academic research. This is not a role firms want to play.

DISCUSSION

Most of the participants in the BIOTECH programme are from universities or

research institutes. Only 6% of the participants are from industrial firms. They are

active in 27% of the projects.

In this project I focused on firms and measured 1) the intermediate outcomes of

BIOTECH projects and 2) the link between intermediate outcome indicators and

commercial applications. With respect to the first point I found that a strictly

quantitative assessment of the outcomes provided limited information. Exchange

of material and, to a lesser degree, the exchange of people, is the most frequent

mechanism in which knowledge transfer is embodied. Furthermore, there are

important indirect outcomes of the projects. In this sense, the outcome of a project

is not specific knowledge but general knowledge about the field. This general
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knowledge can stimulate further projects that do result in specific knowledge.

However, I also found that it is not very clear if and how a BIOTECH project is

embedded in the portfolio of research projects of firms. With respect to the second

point, the link between intermediate outcome indicators and commercial applica-

tions, I found that such a link is very weak.

Based on the linear innovation model and on the specific characteristics of the

biotechnology field, and the specifics of EC networks I formulated a number of

hypotheses about knowledge transfer. Hypothesis 1, firms participate in projects

that are focused on market applications, is not confirmed because I could not find

significant differences between projects with and projects without firms.

Hypothesis 2, diversified corporations (DC) are more likely to be involved in

projects than dedicated biotechnology firms (DBF), is confirmed. Hypothesis 3,

the intermediate outcomes of DBF’s are closer to the market than the intermediate

outcomes of DC’s, and hypothesis 6, DBF’s obtain more intermediate outcomes

from universities than DC’s, were difficult to test because of the problems

described above. I confirmed hypotheses 4 and 5 (there is knowledge transfer from

DBF’s to DC’s; there is knowledge transfer from universities to DBF’s and DC’s).

However, I also found that in addition to this knowledge transfer there is also

knowledge transfer in the opposite direction. This confirms the alternative model

that I suggested.

I reformulated hypotheses 7 (knowledge transfer is most likely to occur in projects

with task interdependence) and 8 (knowledge transfer is most likely to occur in

projects with no task differentiation) on the basis of an empirical classification of

research networks. I had to reject these hypotheses but it should be noted that I

had to use quite restricted measures of knowledge transfer. Also, some of the type

3 networks are in fact a collection of type 2 networks. It might well that small

projects with task interdependence and task differentiation have significant

knowledge flows, both in volume and impact.

We found conclusive evidence to support the interactive network model. There is
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not only knowledge transfer from universities to firms but also vice versa. There

is an overlap between academic research and industrial research. This does not

mean that all differences between the two have disappeared completely. Between

DC’s and universities there is a ‘common area’ that is populated by DBF’s and

research institutes. The following examples illustrate the differences and

similarities between industry and academia. The R&D department of Carlsberg is

a special case. For historic reason it includes departments that perform funda-

mental research that is related to beer. One researcher said:

This is really organized as a small university. Each person has the opportunity to
contact other people with the same interest. About fifty percent of the people
working here are short term guests, from various countries. We can publish freely.

One of the reasons that Novo Nordisk entered project 30174 is ‘to find an

arrangement for having a better contact to academic groups that are among the

best’.

We also have a chance of trying to let these very academic people think a little bit
more industrial. And trying to let them understand some of the industrial needs.
Thus there might be a chance that some of their work might be more easy for us
to use in the future.

This ‘thinking industrial’ appears to vary amongst biotechnologists:

It depends on the participant. X is very good in understanding industrial problems.
He has a lot of industrial contacts, not only with us. He is interested in feedback
from industry. The Y and Z group are very academic. They do their research. If
industry can use it, then it’s ok. If they can’t it is not their problem. They are not
that easy to convince to think a little bit more industrial.

As the following examples indicate it is not allways the type of work but rather

the way it is carried out that makes a difference between academic and industrial

research. As a manager from CAT put it:

What we find prevailing in the academic world is: well, tomorrow, we can do it
tomorrow. Whereas in the commercial world: no we do it today. And we analyze
the results tomorrow. I find that I am more on the same wavelength with other

229



companies than with academics. It just takes to long.

A researcher from Keygene talks about the flexibility of the work:

Almost on a daily basis we ask ourselves: where do we stand with respect to our

objective? Do we have to adjust? If we have to, we have to do it today and not in

half a year. Or after a year. Universities have funding for a period of three years.

At the end of this period they can come to the conclusion: ‘the result has not been

fully obtained. But that’s a characteristic of doing research’. We can’t do that.

This sense of planning is confirmed by a researcher from British Sugar:

I suggested to have a progress report every 2 months but they couldn’t understand
why we should have a progress report every 2 months. I guess that is the industrial
point of view. Here we have progress reports every 4 weeks. The managers
summarize it and send it up to the board so that they can monitor progress.

Paradoxically, although there is an integration of science and technology in the

biotechnology field and a decrease of functional differentiation this does not mean

that everything is applied and that there are only short term innovations in

biotechnology. Also, the strategic importance of BIOTECH is different for the

various organizations in the field. For large firms the financial support of the EC

is not significant. They are more interested in the access to the knowledge

network. For the DBF’s this financial aspect is more important and the technology

is also more central to their activities. Although I held only a few interviews in

universities and research institutes I suspect that their strategies are different from

the firms. BIOTECH (and other biotechnology programmes) funding becomes an

important source of funding and knowledge transfer. However, I am not convinced

that these programmes will change the research strategies of these research groups.

Some do not have an industrial orientation and BIOTECH will not change this.

Others already have an industrial orientation.
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Samenvatting

Dit proefschrift gaat over een specifieke vorm van samenwerking op het gebied

van onderzoek en ontwikkeling (O&O). Om te beginnen gaat het om gemeen-

schappelijke projecten: twee of meer organisaties (bedrijven of onderzoekinstellin-

gen) werken gedurende een beperkte tijd samen aan een nauwkeurig bepaald

probleem. Verder zijn de projecten internationaal: zij bevatten deelnemers uit ten

minste twee Europese landen. Tenslotte zijn de projecten gesubsidieerd: ofwel

door de Europese Commissie ofwel door nationale overheden in het kader van het

EUREKA programma.

In het theoretisch kader van dit onderzoek wordt er vanuit gegaan dat technologi-

sche innovatie ontstaat in een zogenaamd kennissysteem. Dit is door Holzner,

Dunn en Shahidullah omschreven als het complex van instituties, organisaties,

beroepen en hun normen, rollen en hulpbronnen die de sociale regelingen vormen

waarin kennisgerelateerde activiteiten plaatsvinden. Het kennissysteem heeft een

aantal functies waarvan er voor dit proefschrift drie van belang zijn: kennispro-

ductie, kennisgebruik en mandatering. Onderzocht wordt in hoeverre O&O

samenwerking leidt tot een koppeling van kennisproductie en kennisgebruik, in het

kader van de hierboven genoemde subsidieregelingen. Deze koppeling wordt

onderzocht door te kijken naar de relaties tussen actoren die deze functies

vervullen. Aangezien het hier niet alleen gaat om relaties tussen twee actoren maar

ook over relaties tussen meerdere actoren en over indirecte relaties, spreken we

van een kennisnetwerk. Het onderwerp van dit proefschrift luidt dan als volgt: de

analyse van gesubsidieerde O&O samenwerking in termen van netwerken.

Hoewel het proefschrift bestaat uit zes studies die ook afzonderlijk gelezen kunnen

worden zijn er vier centrale vraagstellingen:

1 Waarom en hoe komen samenwerkingsrelaties tot stand voor een

gesubsidieerd O&O project?
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2 Hoe kan de sociale structuur en de kennisinhoud van netwerken inzichte-

lijk gemaakt worden?

3 Wat zijn de eigenschappen van de sociale structuur en de kennisinhoud

van netwerken en wat is de relatie tussen al deze eigenschappen?

4 Wat is de specifieke invloed van de Europese subsidie programma’s?

Voor het beantwoorden van deze vragen wordt gebruik gemaakt van gevalstudies,

enquêtes en geautomatiseerde gegevensbestanden. De netwerken worden

onderzocht binnen afzonderlijke projecten en op het niveau van groepen projecten

in een bepaald technologiegebied. Er worden drie aggregatieniveaus onderschei-

den: het individu, de organisatie en het land. De meeste studies gaan over de

technologiegebieden biotechnologie en informatietechnologie. De resultaten van

het onderzoek kunnen aan de hand van bovengenoemde vragen als volgt worden

samengevat:

1 Een belangrijke reden voor het creëren van samenwerkingsrelaties is de

toegang tot onderzoek van anderen. Omdat het hier gaat om gesubsidieerd en dus

relatief openbaar onderzoek is de informatie die aldus wordt verkregen niet direct

commercieel toepasbaar. Bedrijven zien deze samenwerking echter als een opstap

voor verdere vertrouwelijke samenwerking. Met uitzondering van grote bedrijven

is ook de toegang tot extra financiële middelen een reden tot deelname.

Het mechanisme waarmee samenwerking tot stand komt is vrij eenvoudig:

samenwerking is gebaseerd op eerdere samenwerking, op het gebied van O&O of

op andere gebieden. Op deze wijze zijn er ook indirecte relaties: partners

introduceren partners bij andere partners. Tenslotte spelen de subsidieverleners een

rol als makelaar die potentiële partners met elkaar in contact brengt.

Als een samenwerkingsproject eenmaal is gestart hangt het voortbestaan

af van de voortdurende betrokkenheid van de deelnemers. Verder mag een project

niet te complex zijn. Bij een gebrek aan overeenstemming tussen de organisatione-

le en technische complexiteit, of als een van deze complexiteiten te hoog is, wordt
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het project onbestuurbaar.

2 De gegevens die opgeslagen worden in de openbare bestanden van de

European Commission Host Organization (ECHO) in Luxemburg vormen een rijke

bron voor de studie van O&O netwerken. Deze informatie wordt nauwelijks

gebruikt in ander onderzoek. Deze informatie kan gebruikt worden om inzicht te

krijgen in zowel de sociale als de cognitieve ‘inhoud’ variabelen en op verschil-

lende niveaus: project en programma, organisatie en land. De informatie dient

aangevuld te worden met informatie verkregen uit interviews en enquêtes. Op deze

manier kan namelijk de informatie in het gegevensbestand worden gecontroleerd.

Verder kan het aantal onderzoeksvragen worden uitgebreid, vooral daar waar het

gaat om het samenwerkingsproces en de beoordeling van projecten.

Na het verzamelen van de ECHO gegevens blijken statistische analyses als

meerdimensionale schaling en correspondentie-analyse waardevolle technieken te

zijn om de netwerken zodanig te visualiseren dat de sociale en cognitieve

kenmerken opgespoord kunnen worden. Bovendien wordt aangetoond dat netwerk

indices zoals centraliteit en clusters toegepast kunnen worden op deze twee typen

dimensies. Hierdoor is een verdere karakterisering van de netwerken mogelijk.

Belangrijker nog is het feit dat op deze manier sociale en cognitieve variabelen

aan elkaar gerelateerd kunnen worden.

3 De sociale structuur van de netwerken lijkt op een structuur die veelvuldig

voorkomt in netwerk studies: een centrum van zeer actieve actoren die omgeven

worden door een periferie van minder sterk verbonden en minder actieve actoren.

Tevens bestaat dit centrum uit relatief grote actoren. Op het niveau van landen

vormt een kleine groep grote Europese landen steeds het centrum van de

netwerken. Op het niveau van organisaties zien wij dat grote bedrijven en grote

onderzoeksinstellingen het centrum van netwerken vormen. Echter, op dit niveau

is het netwerk niet stabiel: de organisaties in het centrum wisselen elkaar af.

Verder blijkt dat deze sociale structuur en de verandering van deze structuur

nauwelijks invloed heeft op de technische inhoud van de netwerken.

Of een project nu bestaat uit slechts universiteiten of onderzoeksinstituten,
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of bedrijven, of uit een combinatie van deze drie typen organisaties, het blijkt dat

dit nauwelijks invloed heeft op het type onderzoek in de projecten. In een project

doen deze organisaties vergelijkbaar onderzoek maar ook als de activiteiten van

deze organisaties in een groep projecten op een bepaald gebied wordt vergeleken

dan zijn de verschillen tussen type organisatie klein.

De overdracht van kennis in O&O projecten stroomt niet alleen van

onderzoekinstellingen naar bedrijven. Er is juist een sterke wederzijdse uitwisse-

ling van kennis tussen hen. Dit heeft verschillende oorzaken; soms is de kennis

gelijksoortig en soms aanvullend.

De resultaten uit de verschillende studies bevestigen het bestaan van een

interactief model van innovatie. Zij tonen aan dat er, althans voor wat betreft een

aantal moderne technologieën, een integratie bestaat tussen de functies kennispro-

ductie en kennisgebruik van het kennissysteem. Dit betekent niet dat alle

organisaties en alle landen gelijksoortig zijn voor wat betreft O&O. Integendeel,

sommige bedrijven in het kennisnetwerk zijn centraler dan andere, er zijn

verschillende clusters van bedrijven en bedrijven kunnen zich specialiseren in

verschillende technologieën en markten.

4 Het antwoord op de vraag wat nu de invloed is van de onderzochte

subsidieprogramma’s volgt uit het voorafgaande. De EG programma’s en

EUREKA stimuleren de integratie van het kennissysteem. Hierbij moet worden

aangetekend dat dit proefschrift geen evaluatie van deze programma’s beoogt. Het

onderzoek beperkt zich tot een analyse van wat er zich binnen de programma’s

afspeelt. In ieder geval geldt dat voor de nieuwe technologieën biotechnologie en

informatietechnologie de traditionele arbeidsverdeling tussen verschillende sectoren

van het kennissysteem niet meer opgaat.

De opbouw van het boek is als volgt: hoofdstuk 1 (Introduction) is de inleiding

die de samenhang aangeeft tussen de overige hoofdstukken. Hier wordt het belang

van het onderwerp aangegeven, wordt het overkoepelende theoretisch kader

ontwikkeld en worden de belangrijkste resultaten samengevat. Dit hoofdstuk bevat

ook beleidsaanbevelingen op het gebied van projectmanagement en op het gebied
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van technologiebeleid.

In hoofdstuk 2 (EUREKA and the Framework programmes) wordt

algemene informatie gegeven over EUREKA en het Europese kaderprogramma.

De twee initiatieven worden vergeleken voor wat betreft hun doelstellingen,

mechanismen, eigenschappen en evaluaties.

De hoofdstukken 3 tot en met 8 zijn afzonderlijke studies die ieder een aspect van

de kennisnetwerken belichten. Deze hoofdstukken zijn eerder gepubliceerd en in

beperkte mate aangepast om overlapping te voorkomen en verwijzingen tussen de

hoofdstukken mogelijk te maken.

Hoofdstuk 3 (Networks of countries in the EUREKA initiative) gaat over

netwerken van landen in het EUREKA programma. Dit hoofdstuk bestaat uit drie

delen. Het eerste deel gaat over de centraliteit van landen in netwerken. Het

tweede deel gaat over het visualiseren en interpreteren van de netwerken en het

derde deel gaat over het verklaren van de structuur van de netwerken.

Hoofdstuk 4 (The construction of EUREKA projects) bevat twee

gevalstudies van de beginfase van EUREKA projecten. Met behulp van de

begrippen actor-netwerk en alliantie-complexiteit wordt het al of niet voortzetten

van de projecten geanalyseerd.

Hoofdstuk 5 (The knowledge intensity of EUREKA projects) is gebaseerd

op een inhoudsanalyse van EUREKA projectbestanden in de gebieden produktie-

automatisering en milieutechnologie. Hier wordt het verband onderzocht tussen de

samenstelling van projecten en de strategische en technische doelstellingen van

projecten.

Hoofdstuk 6 (A keyword analysis of joint biotechnology projects) betreft

het EG biotechnologie programma ECLAIR en is een verdere verfijning van de

inhoudsanalyse. Er worden standaard trefwoorden gebruikt die een indicator zijn

voor de inhoud en de markttoepassingen van de projecten. Hoofdstuk 7 (A

sociocognitive network analysis of research programmes) gaat over netwerken van

organisaties en trefwoorden in het EG informatietechnologieprogramma ESPRIT.

Dit hoofdstuk bevat een theoretische uiteenzetting over sociale netwerken en

probleemnetwerken. In het empirisch gedeelte worden deze netwerken apart
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onderzocht en wordt het effect van het sociale netwerk op het probleemnetwerk

onderzocht.

Hoofdstuk 8 (Industrial participation in the biotechnology programme of

the European Community) is gebaseerd op interviews bij bedrijven en analyses van

projectbeschrijvingen. Hier staat de deelname van bedrijven en kennisoverdracht

in het EG biotechnologie programma BIOTECH centraal.
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