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Abstract

This paper presents findings of a study that discloses key features of the Dutch R & D network in the area of catalysis, a
sub-domain of industrial-relevant chemistry. The input comprises empirical data on collaborative research publications,
informal network ties, and formal R&D linkages. The study aimed at identifying all public and private sector research
organisations involved in the network, characterising their R&D output in terms of international scientific papers and
patents, and describing and analysing relational and positional dimensions of their interorganisational network. The results
provide an overview of Dutch activity within the worldwide cognitive landscape of catalysis R&D ~ from both a scientific
and technological perspective. The interorganisational relationships reveal a strong and integrated network comprising many
universities, public research labs, and private enterprises. The results of a mail survey held among academic and industrial
researchers who are active within the network not only corroborate these empirical findings, but also elicited relevant
criticisms conceming the efficiency and effectiveness of the network, and provided useful suggestions for its improvement.
The paper concludes by looking at the benefits of this methodology, which links external quantitative information and
qualitative expert opinions, as an analytical tool for government S&T policy and R & D management purposes.

1. Convergence of academic research and corpo-
rate R&D

ogy are now recognised to be of vital importance in
the major knowledge-based economies (OECD,
1992). The traditional divide between basic and ap-

Starting in the early 1980s, a revolution has taken
hold of publicly financed research in many industri-
alised countries, based on the notion that scientific
and technological knowledge and know-how have
become a critical factor in modern knowledge-driven
societies. Applied science and science-based technol-
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plied research, between academic and industrial re-
search — and to some extent between science and
technology is becoming obsolete (Narin and Noma,
1985); it is superseded by a distinction between
research into new areas at the research frontier and
research targeted towards improving and developing
industrial products and processes (Brooks, 1994).
According to Gibbons et al. (1994), “scientific and
technological knowledge is coming to be produced
in new ways... The familiar discipline-based, inter-
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nally driven, individually dominated structures that
currently dominate the universities and the public
sector laboratories are yielding to practically ori-
ented, transdisciplinary, network-dominated, flexible
structures that are characteristic of the mode of
organisation of science and technology in the most
advanced sectors’’. The S& T knowledge infrastruc-
ture is now characterised by a stronger reliance on
academic—industry relationships with an emphasis
on applied academic research and basic technologi-
cal research — in addition to academia’s task of
training and supplying personnel as well as basic
scientific knowledge.

A new type of academic knowledge production
has emerged that specifically contributes to meeting
industrial needs (Mansfield, 1995). The main objec-
tive of this convergence between public research
institutes and the business sector is to help to de-
velop or improve products and processes of eco-
nomic value (Faulkner, 1994); these innovations are
now regarded to be one of the major driving forces
in domestic and global economic competitiveness.
Many universities and other public research labs
have now entered both short-term and long-term
research partnerships with industry — a shift that
might well prove detrimental to some sectors of
curiosity-driven academic research (Feller, 1990;
Dasgupta and David, 1994). New types of S&T
policy measures and R&D management practices
are evolving in the wake of this re-orientation of the
public S&T system. A concomitant growth has oc-
curred of R&D support activities at relevant inter-
faces between science, technology and R & D-based
production (e.g. university /industry networks, trans-
fer agencies). Most industrialised countries and re-
gions have implemented S& T programmes based on
concerted actions that aim at initiating and fostering
collective knowledge building and problem solving.
Many of these programmes involve formal institu-
tional networks connecting R&D activities at uni-
versities, public research organisations and innovat-
ing science-based firms.

S&T policy analysis has followed suit — the
traditional linear models of ‘‘demand pull’”’ and
‘“‘technology push’’ have now been replaced by evo-
lutionary models that describe and analyse these
developments in terms of interacting and co-evolving
networks of institutions and techno-economic infras-

tructures (Nelson and Winter, 1982; Dosi et al.,
1988; Leydesdorff and van den Besselaar, 1994).
These networks provide a relatively efficient way to
link universities or public research institutes to in-
dustrial needs. Evaluation studies of national net-
work activities based on these models have given
ample empirical evidence that formal and informal
R &D links between the public and private research
sector do indeed foster knowledge diffusion and
contribute to innovative activities (e.g. Callon et al.,
1992; Faulkner and Senker, 1994). Many of those
R & D networks transcend national borders — on their
own accord or as a result of S&T policy measures.
The EU programmes and Eureka for example have
been particularly instrumental in helping create and
foster public/private R&D networking within the
European Union (e.g. Dahl and Lahlou, 1991; Larédo,
1995; Malacarne, 1995).

2. Public / private R&D linkages in the Nether-
lands

Dutch S&T policy nowadays is characterised by
terms such as ‘‘utilitarian science’’ and ‘‘prioritisa-
tion’’. One of its corner-stones is the aim to optimise
the utilisation of scientific and technological knowl-
edge within areas of economic importance through-
out the entire Dutch S&T system. Establishing new
institutes and R&D networks to support, enhance
and extend the interaction between the Dutch univer-
sities, public research institutes and corporate labs
has therefore become an important item on the agenda
of S&T policy makers.

A survey study by Bureau Bartels (1994) indi-
cates that about 80% of Dutch industrial R&D is
carried out by the firms themselves. The remaining
20% is done through collaboration and subcontract-
ing. About 50% of the external R&D involves pub-
lic sector research institutes (universities: 35%, other
labs: 15%). The larger Dutch corporations, with their
own labs, are most prone to appropriate knowledge
through these public/private R& D links, mainly to
supplement their own in-house R&D. Small and
medium-sized enterprises (SMEs) in the Netherlands
tend to be more reluctant and use other sources of
information such as clients and suppliers (Brouwer
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and Kleinknecht, 1994). The findings are confirmed

by figures on R&D expenditure from the latest

Dutch S & T Indicators Report which show that Dutch

public research on the whole makes only a relatively

small contribution to R&D in the Dutch private
sector (Tijssen et al., 1996a). The enterprises con-
tributed about 16% of the funds going into the entire
public R&D sector in 1993, which is relatively high
compared with other advanced OECD countries.

However, this source of funding has dropped from

24% in 1985. On the other hand, there are signs that

R&D ties between academia and science-based in-

dustry in the Netherlands seem to be strengthening.

Industry funded only 2% of academic research in

1993 — which is very low compared with most other

OECD nations — but this particular contribution to

public R&D has almost doubled in comparison since

1990. Scientometric data from the same indicators

report also show comparatively low numbers of pub-

lic /private co-authored research articles in interna-
tional scientific and technical journals in many disci-
plines (including chemical technology) in compari-
son to the UK, Germany, Denmark and Belgium.

Further analysis indicates a dominant position of the

largest Dutch multinational firms in the linkage be-

tween public research and industrial R&D in the

Netherlands (Tijssen et al., 1996b).

Public/private R&D networks are not a new
phenomenon in Dutch S&T policy. From the 1980s
onward, a series of support programmes was launched
by the Dutch government to help mobilise, organise
and manage collaborative R&D activities involving
Dutch universities and Dutch firms within formal
networks. They were meant to achieve three types of
objectives:

- stimulating and directing transfer of scientific and
technological knowledge between the public and
private sector;

- co-ordinating and concentrating collaborative R&
D efforts aimed at creating and sharing strategic
competences among firms;

- conducting R&D geared specifically towards
demonstration projects and industrial innovation.

These dedicated networks have become an important

and fairly successful organisational vehicle within

the Dutch S&T system. However, the present state
of Dutch S&T (as indicated above) and a further
need for enhancing the level of public/private inter-

action has given rise to policy studies which deter-
mine key features of these networks and to assess
their efficiency and effectiveness. It is within this
S&T policy context that this study on catalysis
R &D should be placed.

3. Study of the Dutch catalysis R & D network

This empirical study set out to describe R&D
collaboration and networking in catalysis, a very
important sub-field of the Dutch chemical industry
with a fairly long industrial R & D history. ! The area
of chemical products is one of the research-intensive
industries which are characterised by innovations
that are directly linked to technological advances
based on results of fundamental scientific and engi-
neering research (Pavitt, 1984; Rosenberg and Nel-
son, 1994). R&D activities and technological
progress within the area of catalysis are considered
to be of great importance for key sectors in the
Dutch economy, in particular its large (petro)chem-
ical industry 2 and the food industry. R &D linkages
between the public sector institutes and enterprises,
which are focused on applied research with identifi-
able and commercial applications, have traditionally
been an important vehicle for creating strategic com-
petences in this area.

"The term catalysis refers to the phenomenon in which a

relatively small amount of substance (a ‘‘catalyst’”) alters the
velocity of a chemical reaction. Catalysts augment the rate of the
reaction without being consumed, i.e. the substance can be recov-
ered essentially unaltered in form and amount at the end of the
reaction. About 90% of the reactions in industrial chemical pro-
cesses involve catalysts.
Catalysis R&D is an interdisciplinary subject area located at the
interface of chemistry, chemical engineering, and biotechnology.
Three sub-domains can be discerned: heterogenous catalysis (dif-
ferent physical states), homogeneous catalysis (chemical catalysts
and reactants have the same physical state - solid, liquid or
vapour), and bio-catalysis (enzymes). This particular study will
focus on heterogenous catalysis, the largest of these three sub-do-
mains.

2 Dutch chemical firms employ about 90,000 people and have
an annual turnover of about 30 billion US dollars. Dutch industry
is an important supplier of heterogencous catalysts (e.g. Akzo,
Engelhard, Norit), with a 20% share of the 3 billion dollar annual
turnover worldwide.
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It is for the above reasons that this particular area
was selected as a test case for developing and apply-
ing an instrument to provide relevant empirical infor-
mation on public/private R&D networks. In this
pilot study we have adopted an institutional approach
by emphasising the linkages between the public re-
search organisations and companies through joint
research papers, R&D contracts, formal or informal
contacts, and joint participation in institutional ar-
rangements. The prime objectives can be sum-
marised in terms of three methodological issues:

1. to develop a robust methodology for collecting
and integrating quantitative data and qualitative
information in order to describe and analyse key
features of R&D networks in applied scientific
areas like catalysis;

2. to assess the validity and usefulness of that
methodology by confronting the findings with the
views of subject experts. This issue deals specifi-
cally with the question to what extent external
(bibliographic) information can describe catalysis
R&D activities satisfactorily, in particular as re-
gards the structure of institutional relationships
underlying the R&D network;

3. to provide S& T policy-relevant information about
the catalysis network and its participants: Who
are the key R&D organisations? What type of
network linkages connect the organisations? Is the
network ‘‘strong’’ (i.e. the number of active link-
ages)? Is the network ‘‘complete”” (i.e. do all
main organisations participate)? Is it a coherent
interlinked network? How do the network activi-
ties supported by government-financed pro-
grammes fit into the relational structure?

4. Methodology

4.1. Introduction

The two-tier analytical procedure used in this
study started with collecting scientific and technolog-
ical information on Dutch catalysis R&D research
papers and patents, and the subsequent quantitative
(scientometric) analysis of their content. This was
followed up by a survey of subject experts that was

aimed at generating information which could be used
to correct and enrich the scientometric data. The
main methodological steps in this procedure (defini-
tion of catalysis research, data collection, and data
analysis) hinge on the choice of various information
sources, and the way the bibliographic information
retrieved was handled. This section will specifically
elaborate on the selection of relevant bibliographic
data sources, and the lexical and statistical analysis
of that information.

4.2. Information sources

The first main source comprises printed matter
available in the public domain. This provided us with
a first overview of on the R&D activities and co-ac-
tivities of institutes in the area of catalysis. It con-
cerns three types of documented information:

1. Bibliographic information on the international sci-
entific literature. The following databases were
used to retrieve relevant research publications in
international scientific and technical journals and
proceedings series: Chemical Abstracts (chem-
istry), and Compendex (engineering). Compendex
publications dealing with catalysis research were
selected according to two selection filters: (i)
titles of publications containing the term *‘cataly-
sis”” or variations and extensions thereof (e.g.
““catalytic process’”); (ii) indexer-given keywords
explicitly referring to the term catalysis and/or
its variations. The delimitation within Chemical
Abstracts was based entirely on its subject classi-
fication system. In this case all publications were
selected that were assigned to the section ‘‘Catal-
ysis, Reaction Kinetics, and Inorganic Reaction
Mechanisms™ (i.e. code 67). The institutionally
co-authored publications in the selection were
used as a proxy measure of collaborative R&D as
well as an indicator of R&D network linkage. >

2. Bibliographic information on the international
patent literature. Relevant patents were retrieved
from the database of the European Patent Office

* The address information on the affiliation of the co-publishing
authors was retrieved from the Science Citation Index, a database
compiled by the Institute for Scientific Information (ISI).
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(EPO) according to a pre-selected set of Interna-
tional Patent Classification (IPC) codes (Korevaar
and van Raan, 1992).

3. Reports issued by two Dutch government organi-
sations involved in financing catalysis
public /private R &D activity: IOP Catalysis * and
the Netherlands Technology Foundation (STW). °
These documents contained the full list of public
R &D organisations and companies participating
in each R &D project concerning catalysis.

The second main information source concerns a
nationwide survey held among the catalysis R&D
community in the Netherlands. The survey consisted
of a mail questionnaire and interviews conducted
both before and afterwards. The mail questionnaire
was distributed among universities, public research
institutes and private companies active in co-author-
ing catalysis research publications and /or participat-
ing in those two government-supported R&D net-
works. This source of input was used not only to fill
in missing bibliographic details, but also to elicit
information on relevant features of the networks that
were not covered by the bibliographic sources. The
main objectives of the survey were:

4 Innovation oriented research programmes (IOP) are among
the largest government initiatives in terms of funding. IOPs are
funded by the Ministry of Economic Affairs and aim at initiating
and fostering academic—industry relationships by sponsoring aca-
demic research for pre-competitive applications. Each 10P con-
sists of a number of projects, each with a separate steering
committee including at least one representative of Dutch industry.
Catalysis research in the Netherlands receives additional govem-
mental support through IOP Catalysis, which was launched in
1989 with a budget of about 6 million US dollars and involved
about 30 researchers (PhD students mainly). The programme dealt
mainly with heterogenous catalysis. The second part of the pro-
gramme started in 1994 with twice that budget and covers all
sub-domains of catalysis (see footnote 1).

% STW’s main mission is to support research projects within the
engineering sciences, with the explicit aim of funding academic
research for pre-competitive industrial relevance. STW projects
are focused on applied research and industrial applications. Each
research project is accompanied by a board consisting of represen-
tatives of Dutch firms with an interest in (potential) use of the
research output, and linking the academic research organisation(s)
involved to several companies. The 1993 /94 budget of STW for
catalysis research amounted to about 2 million US dollars.

- to validate the findings of the scientometric anal-
ysis of the research and patent literature;

- to uncover formal network links which were not
listed in the other bibliographic sources;

- to identify organisations that had recently entered
the network (and their network partriers and link-
ages);

- to identify the underlying network of informal
interorganisational links;

- to classify each R&D link according to four
dimensions:

1. the main activity: R&D resulting in a joint
public research publication; R&D with other
types of output; organisational /managerial ac-
tivities;

2. its prime objective: for example, seeking or
giving advice, supervision or co-ordination of
R &D activities /projects;

3. the direction of the transfer of knowledge
and/or goods: two-way or one-way;

4. the administrative status of that contact (i.e.
formal or informal, where formal contacts are
based on signed agreements).

4.3. Scientometric mapping

Quantitative data resulting from the lexical analy-
sis of the bibliographic information can be used to
produce images (*‘scientometric maps’’) of the cog-
nitive structure underlying a corpus of research liter-
ature (Tijssen and van Raan, 1994). In this study we
applied ‘‘co-word analysis’’ to the data array of
co-occurrence links between selected words in those
texts. Co-word analysis is one of the more traditional
scientometric techniques to unravel and display the
cognitive relationships hidden within co-occurrence
data (Callon et al., 1983). This approach is based on
the assumption that the co-occurrence frequency of
each pair of words provides a proxy of the strength
of their cognitive relationship, where cognitively re-
lated words will co-occur more frequently in texts
than those without such a relationship.

The input for the co-word analysis comprised of
the most frequently occurring titlewords or indexer-
given keywords in the selected catalysis research
literature (i.e. in Compendex and EPO patents). Co-
word maps were obtained by combining multidimen-
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sional scaling and cluster analysis techniques. ® Sep-
arate maps were made for the co-word data retrieved
from scientific publications in Compendex (the **sci-
ence map’’), ' and for co-word data based on the
selected patent literature (the ‘‘technology map’’).
The data-analytical procedure generates ‘‘clusters’
of words, that is mutually exclusive sets of strongly
interlinked words for which the within-cluster link-
ages are stronger than those with words outside the
cluster. These clusters represent the most prominent
R &D themes in the literature. The distances between
and within the clusters of words are indicative of the
relative strength of cognitive linkage between them:
clusters and words with relatively high levels of
co-occurrence are located close to one another. These
two-dimensional geometric maps portray the under-
lying relational structure of the co-occurrence links
between words and clusters. As such, this spatial
configuration represents relevant features of the main
cognitive structure of worldwide catalysis R&D — as
manifest in the public domain.

Two types of labels were added to each cluster in
this cognitive landscape. First, the list of Dutch
R & D organisation(s) with catalysis
publications /patents that included one or more of
those words. 8 Second, the list of words occurring
less frequently in the selected publications /patents,
but which nevertheless have relatively high levels of

® The cosine index was used to compute the relative strengths
of each co-occurrence link for each of the most frequently occur-
ring words. The data matrix of resulting pairwise values was fed
into the SPSS multidimensional scaling programme (ALSCAL) to
generate the spatial coordinates for each word. SPSS cluster
analysis (complete linkage clustering) was used to further group
these words in clusters.

" The co-word structure on the worldwide science map was
based entirely on Compendex publications. Compendex was pre-
ferred over Chemical Abstracts for its broader subject scope, and
for its off-line availability which significantly reduced the cost of
constructing the necessary (large) co-word data matrix (a CD-ROM
version of Chemical Abstracts was not available at the time).
However, on-line information from Chemical Abstracts was used
for retrieving additional data on Dutch publication activity.

8 Including Dutch subsidiaries and branches of foreign firms
(e.g. Exxon, DOW and Engelhard).

co-occurrence with one or more of those high-
frequency words on the map. °

5. Results
5.1. Worldwide cognitive structure of catalysis R & D

The scientometric study pertains to publication
activity in the period 1991-1993. The literature
searches generated well over 10,000 scientific publi-
cations worldwide. The Dutch share amounts to 570
publications (i.e. those with at least one affiliate
address referring to a Dutch organisation). As for the
patenting activity, the worldwide output in 1991-
1993 amounted to 2465 EPO patents of which 115
patents were taken out by Dutch organisations.

Fig. 1 juxtaposes the 1993 science map (Fig. 1(a))
and the 1993 technology map (Fig. 1(b)). Similar
maps were made for 1991 and 1992, which show
more or less the same configuration of words and
clusters. The complex network of co-word relation-
ships within the 1993 research literature was broken
down into six main clusters. The core cluster (cluster
1) on the science map comprises the term ‘catalyst’’,
and is surrounded by clusters representing more spe-
cific R&D themes (e.g. on polymers, car exhausts,
and electrochemicial applications). The (network of)
themes investigated by the international scientific
community thus appear to be closely organised
around the core subject matter in this area: the
catalyst itself. The lists of Dutch organisations in the
boxes linked to each cluster point out that most of
the publication activity is accounted for by 10 organ-
isations. The private sector is represented by three
large multinational companies (Shell, DSM and
Philips). The most active representatives of the pub-
lic sector are the three Dutch technical universities
(Eindhoven, Twente and Delft) and four of the gen-
eral universities (Amsterdam, Utrecht, Groningen and
Leiden).

® The Dutch publications selected in Chemical Abstracts are
added to clusters according to their titlewords and keywords. All
selected publications are indexed by the keyword *‘catalysis’’. So,
if they do not contain any of the other selected words they are, by
default, linked to the main cluster (i.e. including *‘catalysis’’).
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Fig. 1. (a) Science map of worldwide catalysis research, 1993.
Based on international research papers. Boxes list the top 5 most
actively publishing Dutch organisations (above the threshold of
one publication) in decreasing numbers of papers. The additional
box linked to cluster 3 lists additional words that co-occur fre-
quently with words in that cluster.

The grey-shaded clusters indicate relatively high
levels of Dutch publication output compared with the
worldwide output. The diagonally striped clusters on
the map indicate under-activity on the part of Dutch
researchers. Even though Dutch research is under-
represented in the cluster dealing with catalysis-re-
lated polymer research (cluster 3), we do see quite a
few organisations involved in publishing with a rela-
tively large share of companies: Technical Univer-
sity Eindhoven (4 publications), University of
Groningen (3), Shell (3), University of Utrecht (2),
Philips (2), and DSM (2). This cluster is, by way of
example, also labelled with its most related key-
words, i.e. those with co-occurrence frequencies just
below the threshold value for inclusion on the map.
This research theme is further characterised by the
keywords ‘‘photopolymerisation’’, ‘‘polymethyl
methacrylates’” and ‘“polyester’’.

The technology map, based on the patent litera-
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Fig. 1. (b) Technology map of worldwide catalysis R&D, 1993,
Based on EPO patents. Boxes list the Dutch firms with patents.
The additional boxes linked to clusters 3a and 3b list additional
words that co-occur frequently with words in that cluster.

ture, exhibits a similar kind of cognitive structure. '°
This outcome illustrates the close cognitive interrela-
tionship between the scientific and technological do-
main (the most noticeable difference at the cluster
level concerns the absence of patenting activity re-
ferring explicitly to electrochemistry). Shell’s patent-
ing activity across the entire spectrum of catalysis
R&D, in combination with its widespread publica-
tion activity, is illustrative for the key position that
this multinational company holds in both knowledge
domains.

Returning to the previous example on the sub-do-
main of catalysis-related polymer R&D, the map
shows that the closely linked words derived from

1 We refrained from highlighting the clusters according to
relative Dutch patenting activity because of the small numbers of
patents involved which yield statistically unreliable results.
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patents are split into three sub-clusters (3a-3c). Re-
lated words with less strong ties, such as ‘‘poly-
olefin”’, “‘styrene’’, ““vinyl’’ and ‘‘acetic’’, further
disclose the content of these clusters. Adding the
names of the Dutch firms which apply for patents in
these sub-domain reveals the presence of Shell and
Akzo Nobel. Although the numbers of patents in-
volved are small, it is interesting to note that, in
contrast to Shell, Akzo Nobel is not represented in
the 1993 science map — nor in the 1991 and 1992
maps. This outcome raises questions concerning dif-
ferences between the R&D strategies and publica-
tion strategies that both firms pursue. The following
section will in fact reveal that Akzo Nobel and Shell
are both quite active in R&D networking, but that
Akzo Nobel is much less visible in terms of scien-
tific publication output or patenting.

Further comparison of both maps indicates that
the overall correspondence between Dutch scientific
publication activity and patenting activity only holds
true for the clusters 1, 2 and 3. The relatively large
Dutch research effort in clusters 5 and 6 has not
(yet?) resulted in EPO patenting activity of Dutch
firms in the corresponding technological clusters —
that is, as far as captured by the words that were
used to characterise these R&D themes. Note that
certain types of catalysts are difficult to patent. They
are considered ‘‘proprietary catalysts’’ by Dutch in-
dustry and their development is kept secret. Never-
theless, such a striking discrepancy should warrant
close attention of management involved in running
public /private R&D programmes.

5.2. Dutch R&D organisations active in catalysis
R&D

Table 1 presents a list of all Dutch organisations
(at main organisational level) that were active in the
area in 1991-1993 and a classification of their R&D
activity. This overview distinguishes between three
interrelated aspects of R&D activity, each captured
by the associated indicators presented between
brackets:

« scientific research (publishing a research paper
included in Compendex or Chemical Abstracts
databases);

- technological development (applying for a EPO
patent);

- R&D network activity (participation in formal
R&D projects of the STW and/or IOP pro-
grammes).

The organisations are classified according to their

main institutional sector: (i) universities, (ii) other

non-university public institutes, and (iii) companies
and private research labs.

The list comprises 29 firms and private labs, 10
universities, and 5 public research labs and other
(semi-)public organisations. The table shows the
““classical’’ distinction between the industrial sector,
with its emphasis on patenting activity, and public
sector organisations focusing on scientific publica-
tion output. Both sectors are alike in their high
degree of network participation. The selection in-
cludes the five major producers of catalysts (Shell,
Akzo Nobel, DSM, Engelhard and Norit), but also
all five major Dutch multinational industrial corpora-
tions (i.e. Shell, Akzo Nobel, DSM, Unilever and
Philips). This clearly indicates the strategic impor-
tance of catalysis as a relevant sub-sector for the
Dutch chemical industry as a whole. Overall, these
findings seem to point out that at least four large
multinational firms (i.e. Shell, Akzo Nobel, DSM
and DOW) should be considered core actors within
Dutch catalysis R&D. These firms show significant
R&D activity on all counts: they are not only very
active in corporate R&D in terms of publishing a
substantial part of their scientific research and tech-
nological advances in the open scientific and techni-
cal literature, but they are also extensively engaged
in networking with public research institutes.

This finding corroborates results from other stud-
ies of public/private R&D co-operation, which in-
dicate that these large firms are not only engaged in
basic catalysis research to meet longer term in-house
R&D objectives, but must also invest in basic re-
search to create the capability to recognise, absorb
and exploit external scientific knowledge (e.g. Hicks,
1995). To this end, industrial researchers release
information through publications in the open litera-
ture to signal the existence of tacit knowledge and
other resources, thus building credibility needed to
find partners in knowledge exchange and to improve
their links with researchers in the public sector.

Table 1 also shows that the large majority of
Dutch publicly funded research organisations were
engaged in network activities as well as in scientific
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Table 1
Duich R & D organisations by type and level of R&D activity and output, and by institutional sector (universities, U; non-university public
organizations, P; firms, F), 1991-1993

Scientific European R & D projects
publications patents 0P STW

Formal R & D nerworks and publications and patents
Shell (F) 69 75 9
Philips (F) 20
Akzo Nobel (F)

DSM (F)

DOW (F)

KEMA (F)

Unilever (F)

Exxon (F)

Formal R & D networks and publications
Technical University of Eindhoven (U) 118
University of Utrecht (U) 93
Technical University of Delft (U) 89
Technical University of Twente (U) 78
University of Amsterdam (U) 67
University of Leiden (U) 40
University of Groningen (U) 27
University of Nijmegen (U)

Free University of Amsterdam (U)

Agricultural University of Wageningen (U)

TNO - Netherlands Organisation for Applied Scientific Research (P)
Formal R & D networks and patents

Engelhard (F) 3 4
Publications and patents

Gastec (F) 2 2
DSM Andeno (F) 1 2
Formal R & D networks

Solvay Duphar (F)

Quest (F)

Gist Brocades (F)

Norit (F)

Hoogovens (F) 2
Comprimo (F) 1

Dyson Refractories (F)

Fluor Daniél (F)

ECN — Netherlands Energy Research Foundation (P)

TIM (F)

Publications

FOM - Foundation Fundamental Research on Matter (P) 11
SEP (P) 2
VROM (P) 1
Patents

General Electric (F)

Unichema (F)

Aqualon (F)

Eskla (F)

National Starch (F)

Neste Oy (F)

Stork (F)

Toyo Engineering (F)

UOP (F)
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publishing. At least seven out of all 13 Dutch univer-
sities are very active in catalysis R&D in terms of
publication output. The lack of patenting by the
universities is partially due to their general reluc-
tance to take out patents in view of the relatively
high costs and risks involved, but also follows from
agreements with industrial partners concerning intel-
lectual property rights and commercial exploitation.
The four ‘“‘outliers’” in the public sector are ECN
and FOM (both large applied research institutions),
SEP (a public utility organisation), and VROM (the
Dutch ministry dealing with environmental policy).
None of them were directly engaged in industrial-rel-
evant catalysis R&D.

About two-thirds of the firms are active in the
public /private R&D projects within the STW or
IOP programmes. The large firms are strongly pre-
sented. About a quarter of the firms in Table 1 are
involved in network activity, but show no sign of
scientific activity in terms of (co-)publishing interna-
tional research papers, nor are they active in patent-
ing. This includes some large innovative firms with
R&D interests mainly in other industrial sectors
(e.g. the steelworks company Hoogovens) and some
smaller firms manufacturing catalysts (e.g. Norit).
An explanation for these low R&D profiles could be
the time-lag between carrying out successful R&D
and disseminating results in the open literature. On
the other hand, it may also indicate a ‘‘free rider”’
attitude, or the absence of any immediate short-term
interests in this area. Another quarter of the firms
seem only to generate patents. Again, both large
R &D-intensive firms, such as Stork, and smaller
enterprises are represented. This collection of firms
might be of interest as future potential participants
within the R&D network. In fact, Gastec, one of the
two firms which not only took out patents but also
(co-)published some scientific papers, did become a
participant in an IOP project in 1994.

5.3. Unravelling the Dutch catalysis R & D network

The network structure of institutional relation-
ships between Dutch organisations was analysed from
two perspectives: (i) co-authored scientific publica-
tions and shared patents, and (ii) joint participation
in the two formal public/private R&D networks.
Each type of information is represented by a set of

connective lines and superimposed on the same dia-
gram depicting the configuration of R&D organisa-
tions (see Fig. 2(a) and (b)). The relative locations of
the various organisations in these diagrams was de-
termined by all their interorganisational ties (either
co-publications, formal network links, or informal
links). !' The combined interorganisational network
encompasses 92% of the organisations listed in Table
1. 2 Fig. 2(a) displays the core of the network based
on co-publications and shared patents in the period
1991-1993. It concerns only the interorganisational
links representing two or more joint research publi-
cations (displaying all links would generate a highly
interconnected network that would be too complex to
represent in print). This part of the network com-
prises one co-patent link and 18 co-publication link-
ages. The mixture of the various kinds of organisa-
tions on this map is in itself indicative of the strong
interrelationships between public and private sector.
Clearly, industrial researchers in the four core com-
panies (Shell, DOW, Akzo Nobel and DSM) are
noticeably involved in co-authoring scientific publi-
cations. Shell is one of the central network nodes in
this respect. These high levels of co-publication ac-
tivity by firms occur predominantly in relation to the
Dutch universities and other public labs such as
FOM. There are only a few interfirm R & D linkages,
which is not surprising in view of the fierce competi-
tion between some of the companies. Obviously,
scientific publications present only the tip of the
iceberg in this area. It may well be the case that
some institutions (e.g. SMEs) produce hardly any
publicly available scientific papers considering the
time and effort involved in writing such a publica-
tion, and/or in view the strategic and commercial
interests that might be at stake. Moreover, results
that are published may be disseminated by each of
the partners in separate scientific publications instead
of co-authored papers.

Complementary data on R&D network linkages

"' The relative location of the organisations on the map is based
on the multidimensional scaling (MDS) analysis of the data matrix
containing the number of network links and co-publications shared
by the pairs of organizations.

"2 The remaining 8% of the Dutch organisations without any
R&D links of this kind were discarded from further analysis.
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are provided in Fig. 2(b). This map is based on
formal joint participation in the R&D projects (STW
or IOP) according to the 1991-1993 data. This
network diagram portrays the various network links
between firms (as participants within the same STW
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or IOP projects) and the links between the firms and
public research organisations. The links represent
three or more co-participations in those projects,
irrespective of the kind of participation (which may
vary from active involvement in carrying out R&D
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Fig. 2. (a) Dutch R&D organisations in the field of catalysis. Main relational structure of co-publication and copatenting activities,
1991-1993. Universities—bold; other public R& D organisations—bold italics; firms—plain print. Connective lines: - - - 1 co-patent;
> 2 co-publications < 6; M B B > 6 co-publications.(b) Dutch organisations in the field of catalysis. Main relational structure of formal
R&D network links, 1991-1993. Universities—bold; other public R & D organisations—beld italics; firms— plain print. Connective lines:
--- > 2 joint STW and IOP projects; — — — > 2 joint projects (STW only); > 2 joint projects (IOP only).




1288 RJ.W. Tijssen, J.C. Korevaar / Research Policy 25 (1997) 1277~1293

to the passive role of absorbing information as a
member of a project steering committee).

The IOP and STW network show a considerable
degree of overlap — not only do they involve the
same set of major actors in the field, they also share
a significant fraction of the R&D linkages between
those firms and public sector organisations. More-
over, these two formal networks tend to cover most
of the interorganisational research links as indicated
by co-publications. This outcome can in part be
explained by the fact that many of these linkages
represent long-standing R&D relationships that are
embodied in both formal network participation and
co-publication activity. Note that Shell and DSM
share a great number of R&D links with the re-
search organisations in the public sector, whereas
Akzo Nobel is mostly linked to other firms — which
is largely due to joint membership of IOP and STW
steering committees.

Results from the mail survey (see Section 5.5)
reveal that not all ties among the R&D organisations
are formalised (i.e. arrangements based on written
contracts). In some cases there are just informal
contacts. This additional ‘“hidden’’ network of infor-
mal R&D ties is quite different from the previous
two structures. Most of these links concern public
research organisations. The University of Amsterdam
appears to be one of the major actors in the informal
network. Only five firms indicate that they are also
engaged in informal R&D relationships (Shell,
Exxon, Kema, Engelhard and Comprimo). In those
cases where strong informal links exist but are not
accompanied by formal interorganisational links, it is
not unlikely that some ties will eventually lead to
joint participation in formal government-financed
R &D networks such as STW and IOP.

5.4. Characterising the catalysis R & D network

The above information concerning the catalysis
R&D network can be summarised in terms of the
following key characteristics:

- Institutional range — the network is heteroge-
neous, that is, all types of R &D organisations are
present (universities, public research labs, private
research labs). The range of firms comprises both
large multinational companies and SMEs. The
results of the survey also indicate that the net-

work is complete, in terms of all relevant cataly-
sis R &D organisations being represented.

+ Network density and structure — the network can

be described as interconnected. 1t constitutes a
relatively tightly knit structure of interorganisa-
tional relationships without any noticeable subsets
or cliques. The core of this network consists of
four large multinational firms and a group of
about eight universities. Firms like Shell and
DSM are core nodes in the R&D network with
many links to universities and other public R&D
institutes. There are only a few explicit interfirm
R &D linkages.
R&D objectives — the network is of a hybrid
type which comprises not only public/private
R&D network activities geared toward basic
technological research and corporate R &D needs,
but also an academic network linking university
researchers.

- Organisational strength — the network is strong
in the sense that it is firmly embedded within the
Dutch S&T system. The entire network encom-
passes, and is reinforced by, two formal R&D
networks (STW and IOP). These public/private
networks accompanied by auxiliary formal net-
works connecting catalysis researchers at the uni-
versities serve as the academic backbone in terms
of knowledge exchange and diffusion within the
public research system. '

5.5. Survey among Dutch R & D organisations

As regards the mail survey, 60 questionnaires
were distributed among relevant representatives of
organisations on the maps (senior researchers and
R&D managers mostly). The questions dealt with
their R&D-related contacts involving other Dutch
organisations. The sample included seven universi-
ties, 13 companies, and two publicly financed re-
search labs. The response rate was 75% and more or
less the same for each of these three sectors. Half of

1 Pertains to a section of SON, the Foundation of Chemical
Research, and the Research School for Catalysis (NIOK). These
two academic networks are discussed in detail in Korevaar et al.
(1994).
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the interorganisational R & D contacts were classified
as formal, another 25% were informal. The status of
the remaining 25% was not sufficiently clear or
unknown. About 70% of the formal contacts were
concerned with exchange of scientific knowledge
and technical know-how. The other 30% dealt with
R &D activities such as the chemical specification of
catalysts, development and joint use of instruments
and machinery, joint contract research, and the use
of software. On the whole, most formal and informal
contacts pertained to activities related to joint fund-
ing of R&D projects and research commissioned by
industry (45%), and the exchange of knowledge and
goods (34%).

The results of the survey were also used to assess
the coverage of the 1991-1993 data concerning for-
mal network relationships as indicated in the IOP
and STW programme reports. Using the input from
the catalysis research community as a benchmark,
74% of those formal R&D contacts were identified
through these documents (other contacts involved,
for example, EU-financed R&D programmes). A
total of 38 R&D contacts were added by the survey
respondents. This addition unearthed two Dutch or-
ganisations which are to some extent also active in
catalysis R&D: Novem (the Netherlands Agency for
Energy and the Environment), a semi-public R&D
transfer agency, and the Dutch branch of the US firm
Dupont.

The catalysis researchers were also asked to check
the set of scientific co-publications that were identi-
fied in the literature searches and to add missing
publications. The results of this validation showed
that our procedure succeeded in identifying 93% of
their joint publications in 1991-1993.

The questionnaire included a question regarding
views on the functionality of public /private collabo-
ration in R&D projects of the STW and IOP pro-
grammes. In general, the findings indicate that the
participants on the one hand tend to value the inter-
action between the public and private sector, but on
the other hand criticise the effectiveness and effi-
ciency of these projects due to administrative com-
plexity, lack of timeliness, organisational constraints,
and ambiguities about (legal) terms and conditions.

Two general problems were voiced relating to
fundamental differences between the R&D objec-
tives in the public sector and in the private sector.

- Universities express the need for additional basic
research, whereas firms argue that academic re-
search is often too theoretical to be of immediate
use.

» Researchers in the public sector stated that firms
should define their R&D objectives more clearly,
whereas the private sector researchers complained
about the fact that public research organisations
sometimes fail to specify their abilities to meet
those objectives.

In addition, the following critical comments were

given with regard to propriety issues and bureau-

cracy related to network activities:

+ Managerial and organisational network activities
take up too much time.

+ Bureaucratic delays regarding formal application
procedures for government funding are partly re-
sponsible for universities being unable to keep up
with the pace and needs of corporate R&D.

- The effectiveness and efficiency of university—in-
dustry collaboration is hampered by protective
measures of firms regarding their own strategic
R &D knowledge.

+ Intellectual property rights of the partners are
sometimes not sufficiently dealt with in the R&D
funding contracts.

The following main suggestions were offered for

improving the way in which R&D in those networks

could be organised and conducted:

+ Separate lines of government funding should be
integrated into one central funding agency (the
Dutch Ministry of Economic Affairs for example
uses three R&D programmes for distributing
funds to industry).

« A separate funding programme should be launched
for R&D dedicated to industrial innovation in-
volving exclusive contracts between only one firm
and one or more public research organisations
(‘*focused partnerships’”).

« Dutch industry should be granted a larger say in
developing, implementing and executing R&D
programmes.

In sum, these findings suggest that there still seems

to be ample room for improvement within Dutch

catalysis R&D network arrangements. Particularly
with respect to the amount of red tape involved in
projects financed by Dutch government agencies, the
match of industrial R&D needs and public sector
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research capacity, and legal ambiguities concerning
propriety issues.

6. Discussion

This case study was primarily meant to develop
and validate an instrument for collecting and inte-
grating both quantitative and qualitative data on na-
tional R&D network activity. The study was not
designed to be a fullyfledged study of the Dutch
catalysis network covering all actors in detail and all
relevant aspects of their interorganisational relation-
ships. Several methodological points shouild there-
fore be noted. First, the analytical level was re-
stricted to the main organisational level. Hence, data
concerning lower levels of aggregation (e.g. univer-
sity departments and separate company research lab-
oratories), or pertaining to individuals or separate
R &D outputs (research papers and patents) were not
taken into consideration. This limitation rules out a
number of interesting additional ways of disclosing
further information on cognitive links between scien-
tific and technological activity and the R&D organi-
sations active in those domains. For example, by
examining the references made in patents to research
papers, identification of individuals who publish sci-
entific papers and file for patents (e.g. Noyons et al.,
1994), or by analysing the citation or co-citation
links between papers or researchers (e.g. Penan,
1996).

Moreover, the results of the analysis provide no
indication of the size and scope of those organisa-
tions in terms of R&D portfolios, budget or person-
nel. In this particular case, it is important to know
that some of the Dutch chemical companies employ
a substantial R&D workforce — the Shell R&D labs
in the Netherlands alone employ about the same
number of industrial researchers as all chemistry
faculties of the Dutch universities combined.

Each source of information we used in this study
is subject to certain limitations that deserve some
elaboration in order to appreciate the usefulness and
validity of these results. First of all, it is well known
that publicly available published matter suffers from
some fundamental drawbacks when used to represent
the cognitive structure of an industrial-relevant field

like catalysis R&D. The most important constraints

of publications as an information source are:

- they represent yesterday’s state-of-the-art, due to
time-lags involved in printing and disseminating
publications;

- they tend to emphasise the formalised R&D con-
tacts and network linkages;

- not all research results are published in the open
scientific literature, particularly in areas where
R &D findings can be of great strategic or com-
mercial value;

- technological developments and artefacts are of-
ten protected by secrecy or other means of appro-
priation instead of by patents.

There are obviously also some drawbacks at-
tached to eliciting information from R&D staff ac-
tive within such a competitive industrial area. Not
only may one expect a certain degree of subjectivity
due to experts’ limited or biased views, but in this
particular case there is also the risk of (partially)
unreliable responses in order to protect company
interests. A case in point is the response to the mail
survey by one of the larger Dutch companies. Sev-
eral R&D staff members received a separate ques-
tionnaire, but it was decided by R&D management
to return only one completed questionnaire represent-
ing the “‘company view’’.

Furthermore, one should take into consideration
that a fair number of the identified R&D network
links were not initiated or promoted by S&T policy
actions, but were already present as a result of
formal long-standing relationships between Dutch
industry and the public R&D sector (e.g. some
catalysis professors at Dutch universities are also
employed part-time by Dutch firms). Clearly, these
personal ties were — and are — particularly important
in forging links that resulted in formalised interac-
tion between the public and private domain that, in
turn, enabled universities to engage in and maintain
collaborative R&D projects with industry.

Finally, some of the respondents in the survey
pointed out that formal joint R&D projects and
co-publications are indeed key elements in character-
ising public/private interaction and relationships,
but their importance should also be put into proper
perspective. There are several other important indica-
tors of interaction and knowledge transfer between
the public and private sector. Informal transfer and
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exchange of tacit know-how, skills, methods and
techniques was considered equally important, along
with exchanging and recruiting university-educated
researchers and engineers.

The above response from the catalysis research
community illustrates one of the main benefits of the
two-tier methodology: the ability of the objective
scientometric data to evoke useful information on
internal characteristics of the network from the R&D
community itself. The resulting mix, incorporating
quantitative and qualitative information, provides a
fairly reliable, valid and policy-relevant picture of
the main cognitive and institutional characteristics of
the catalysis network. Note that the success of this
study, in terms of the methodology’s efficiency and
its yield of information, should be seen in the light of
the very state of this particular network: a relatively
stable and tight-knit structure of both personal and
formal interorganisational linkages, supported by
several national programmes (which have been in
place for some years) aimed at supporting and pro-
moting public/private co-operation. The general
usefulness of the methodology, however, is not de-
termined by the institutional state of an area or the
prominence of existing socio-cognitive networks, but
depends almost entirely on the appropriateness and
quality of the input data and the willingness of the
R &D community to participate in such a study.

7. Concluding remarks

Objective and empirical information on both the
cognitive and interorganisational structure of R&D
networks, linked to accounts of the network partici-
pants themselves, provides an intelligence base that
can be put to use by several types of interested
parties and for different reasons. First of all, for
S&T policy issues, to map out key features of a
private /public network. Such an overview may pro-
vide insight into the degree of convergence/diver-
gence between the public and private sector research
activities and agendas, and the stabilisation /durabil-
ity of the network. Information on formal and infor-
mal network arrangements and activities may, for
example, show that universities have taken up their
role as suppliers of scientific and technological
knowledge for private enterprises. Conversely, it may

indicate that industry has succeeded in stimulating or
asking for relevant research activities at those uni-
versities. Background information of this kind is
particularly useful for policy making, because the
success of (future) government-sponsored
public /private R&D programmes may critically de-
pendent on whether or not a core of effective R&D
linkages already exists. In fact, decision makers at
the Dutch Ministry of Education, Culture and Sci-
ence and at the Ministry of Economic Affairs have
recently used findings of this particular study as one
of the inputs for verifying that a sufficiently well-de-
veloped R & D base exists to consider the foundation
of a new national technological institute that can act
as the bridging institute between catalysis R&D in
the public and private sectors. '* Hence, these find-
ings do not constitute a mere empirical description of
a network, but also have strategic implications as a
way of learning about, and acting upon, R&D net-
working activity. As such, the data could also be fed
into government S & T policy studies that specifically
evaluate productivity and effectiveness of R&D
linkages and partnerships.

Information on R&D networks can also provide
strategic intelligence for R&D management pur-
poses. Particularly for enterprises that are active in
those technological areas where in-house R&D is
increasingly affected by knowledge and know-how
created elsewhere, and in which academic research
contributes significantly in the development of indus-
trial innovations. Corporate industrial labs will not
only have to keep abreast of rapid scientific and
technological developments — which are becoming
increasingly dependent on trans- and interdisci-
plinary science, but also need to access opportunities
induced by the latest results of scientific research
and related science-based technologies, and try to
avoid duplication of R&D. These externalities place
a greater demand on industry’s absorptive capacity
of both academic research and corporate R&D, and
force companies to identify and to link up with other
(potentially) relevant R &D organisations. Hence, R
&D management may have a number of reasons for
wanting to know ‘‘who is doing what, and with

!4 personal communication by a spokesman of the Ministry of
Education, Culture and Science.
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whom’ - both within and outside their own net-
work. Scientific publication activity, patenting and
network relationships provide input data that may
help enterprises to assess their own position vis-a-vis
competitors, and identify who are well positioned in
promising new R&D areas. This kind of information
can be of great use for those engaged in R&D
network activities where strategic positioning and
partnering is called for to mobilise forces and to
exchange knowledge and assets (Penan, 1996). Note
that R&D networks are not only sources of indus-
trial innovation and competitive advantage to actors
within the network, but also to outsiders who moni-
tor the network and its R&D products in order to,
for instance, track down candidates who might be
able to supply complementary knowledge and com-
petence.

In conclusion, it seems that the analytical method-
ology presented in this paper provides an external
aid for unravelling and characterising both the cogni-
tive and organisational structure of a public /private
R &D network. Moreover, the results can be used as
an empirical reference base for discussing and con-
veying relevant features of such a network. Although
this case study was restricted to just one period of
time, thus producing only one set of data and static
presentations of network features, this kind of infor-
mation can obviously also be used as a baseline for
describing and monitoring the evolution of an R&D
network.
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