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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.
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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











zj i

k
zjk

pj

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.

181



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.
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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.
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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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