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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

53



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
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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
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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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