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Abstract 

Institutions performing research often collaborate with each other, and firms are no exception. In recent years, 
research laboratories have been collaborating more frequently; again, firms are no exception to this trend. In this 
paper, the extent of corporate research collaboration is measured by counting jointly authored papers published by 
34 major European and Japanese firms in the pharmaceuticals, chemical-pharmaceuticals and electronics sectors. 

In our analysis, we first examine the changing research output of the companies during the 1980s using scientific 
publications as an indicator of research capability. We then compare the patterns of research collaboration by the 
companies. We find that European firms collaborated on 52% of their papers in 1989, up from 31% in 1980. For 
Japanese firms, the figures are lower - 33% in 1989 compared with 22% in 1980. Thus, there is a gap and a growing 
divergence between the rates of collaboration for European and Japanese firms. The explanation seems to be the 
increasing intra-European collaboration by European firms, and a striking growth in collaboration with domestic 
universities by European electronics companies. These differing collaborative patterns give some indication of the 
sources of technical opportunities available to firms in Europe and Japan. 

1. Introduction 

An understanding of the links between a firm's 
research and the outside world is increasingly 
necessary in any a t tempt  to understand the inno- 
vation process as technology becomes more com- 
plex and R & D  budgets more constrained. A 
fruitful f ramework for conducting such an analy- 
sis is that based on the concept of national inno- 
vation systems. This approach focuses attention 

• Corresponding author. 

on the links between firms and other institutions 
producing science and technology, and highlights 
the contribution that the public sector makes to 
innovation. According to Nelson and Rosenberg 
(1994), two proponents  of this framework, univer- 
sities should be incorporated in economists '  mod- 
els of growth because academic and other pub- 
licly funded research produces the new findings 
that offset the diminishing returns to R & D  im- 
plied by conventional economic models. How- 
ever, research links between firms and universi- 
ties or other public sector laboratories vary widely, 
and analysing them has proved a considerable 
challenge. They can, however, be explored quan- 
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titatively using bibliometric indicators. This in- 
volves examining papers published in scientific 
and technical journals which have been co- 
authored by corporate and public-sector re- 
searchers. This article analyses the jointly au- 
thored published research output of large 
Japanese and European firms to map their main 
research links. 

The use made by various industries of univer- 
sity research was the subject of a survey by re- 
searchers at Yale University (Klevorick et al., 
1995). The survey distinguished between 'old' sci- 
ence, or science acquired when firms hire gradu- 
ates and used to solve more routine technical 
problems, and 'new' science, or the latest findings 
at the research frontier. Although many indus- 
tries draw upon the scientific knowledge of their 
employees, only a few have strong links to current 
university research. Rosenberg and Nelson (1994) 
synthesised the results of several studies to arrive 
at the following conclusion: 

"university research in the engineering and 
applied sciences is strongly servicing only a 
limited range of industries, specifically, those 
connected with electronics, chemical products, 
health and agriculture." (1994, p. 346.) 

These are the industries that publish the most 
papers in the open scientific literature, and they 
are therefore the ones examined here. More 
specifically, we have chosen to focus on the re- 
search output of large science-based firms in the 
electronics, pharmaceuticals, and chemical- 
pharmaceuticals 1 sectors. Besides carrying out a 
bibliometric analysis, we have also conducted in- 
terviews with research managers in most of the 
companies. 

In previous examinations of industrial re- 
search, links with outside organisations featured 
prominently. Early studies of technological inno- 
vation demonstrated that successful innovations 

l These are companies traditionally classified as 'chemicals' 
but which are increasingly diversifying into pharmaceuticals as 
well, for example BASF and ICI (before its demerger into ICI 
and Zeneca). 

are characterised by (amongst other things) links 
to external sources of scientific or technical infor- 
mation and advice. It has been argued that basic 
research facilitates successful innovation because 
it creates external links (Freeman, 1991; Roth- 
well, 1992). But why does basic research enable 
links to be established between corporations and 
other researchers? Economists argue that acquir- 
ing external knowledge costs money. Even if the 
'supplier' does not charge, companies must invest 
in basic research to acquire the capability to 
recognise, assimilate and exploit knowledge cre- 
ated elsewhere (Cohen and Levinthal, 1989; 
Gambardella, 1992). Innovation studies bear out 
this assessment, suggesting that, when a firm 
needs to solve a technical problem, researchers, 
especially those with PhDs, are able to gather 
information from personal contacts in academe 
(Gibbons and Johnston 1974; Angell et al., 1985; 
Advisory Board for the Research Councils, 1986). 
Investing in basic research ensures that the firm 
has researchers in-house to make those links. The 
history of US corporate research laboratories also 
supports this point. Initially, the main purpose of 
corporate research laboratories was to identify 
and evaluate external technology. There was then 
a period when they concentrated more on inter- 
nal technological development, but in recent years 
they have again been emphasising links with ex- 
ternal sources of knowledge (Mowery, 1989; 
Freeman, 1991). 

However, the links between scientific research 
and innovation are rather indirect, therefore it is 
not the task of this article to draw conclusions 
concerning success in product or process innova- 
tion, let alone industrial competitiveness. Instead, 
we have two rather more modest aims: to begin a 
detailed empirical comparison of national innova- 
tion systems and the links between the con- 
stituent institutions; and to examine the dynamics 
of the system, looking at how the patterns change 
over time. We see this as preliminary work in an 
area that will grow in importance as the technical 
state-of-the-art (e.g. access to databases) ad- 
vances, allowing more complete data to be anal- 
ysed and a fundamental understanding of the 
dynamics of national innovation systems to be 
obtained. 
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2. Comparison of published research output 

Before focusing on the research collaborations 
of companies, we need to look first at the output 
of scientific publications produced by European 
and Japanese companies. In particular, we will 
consider how similar their research capabilities 
are in three aspects: the volume of publications; 
the fields in which the companies have been 
publishing, and how basic their research has been. 

We might expect differences between Euro- 
pean and Japanese companies for several rea- 
sons: 

(i) Japan has previously not been very strong in 
more basic technological research (Gamota and 
Frieman, 1988); 

(ii) Japan's scientific capability as reflected in 
publications and citations, although strengthen- 
ing, has been weaker than that of leading Euro- 
pean nations (Hicks, 1993); 

(iii) many Japanese believe that at present they 
are not creative enough nor contributing suffi- 
ciently to world science. 

On the other hand, there are reasons why we 
might expect similarities. Major Japanese firms 
are often now at the technological frontier and 
feel that to advance further they must exploit 
opportunities created by more basic research. To 
remedy their perceived weakness, they have be- 
gun to invest more in basic research during the 
1980s (e.g. Science and Technology Agency of the 
Japanese Government, 1991). Company research 
might also look similar in these advanced nations 
because science is, par excellence, an interna- 
tional pursuit, and so the scientific environment 
and its constraints are broadly similar in Japan 
and Europe. 

The data examined here are bibliometric. 2 
Companies in each sector were chosen because 
they publish large numbers of papers or have a 
reputation for performing more basic research. 
Table 1 lists the 34 companies that were in- 
cluded. The companies are 'unconsolidated',  in 
other words, we have not included subsidiaries or 

2 The economic motives behind firm publishing are ex- 
plained in Hicks (1995). 

Table 1 
European and Japanese companies included in study a 

Sector Europe Japan 

Pharma- Glaxo Daiichi 
ceuticals Roche Eisai 

Sandoz Fujisawa 
Smith Kline-Beecham b Sankyo 
Wellcome Shionogi 

Takeda 

Chemical- BASF Asahi Chemical 
pharma- Bayer Kyowa Hakko 
ceuticals Ciba Mitsubishi Kasei 

Hoechst c Mitsui Toatsu 
ICI Sumitomo Chemical 

Electronics GEC Fujitsu 
Philips Hitachi 
Plessey d Matsushita 
Siemens Mitsubishi Electric 
STC e NEC 
Thomson Sony 

Toshiba 

a The companies not interviewed were BASF, Daiichi, Eisai, 
Fujisawa, Plessey, Sankyo and Sandoz. 
b We included the laboratories of both Smith Kline French 
and Beecham. These two companies only merged at the end 
of the period considered here. 
c The Hoechst data include papers from Behringwerke, a 
wholly owned pharmaceutical subsidiary. 
d GEC and Plessey have since merged. 
e Now BNR Europe. 

overseas laboratories. Data were compiled from 
the Science Otat ion Index (SCI) on articles and 
notes 3 published in the years 1980, 1984 and 
1989. The rationale here was that we wished to 
cover a reasonable period (e.g. 10 years) to iden- 
tify significant trends. 1989 was the most recent 
year for which data were available before the 
fieldwork in Japan. Initially 1984 was the earliest 
year for which we had access to data, but subse- 
quently statistics back to 1980 became available 
on CD-ROM. The limit of 3 years was largely 
dictated by technical constraints at the time the 

3 In the SCI, publications are classified into a number of 
categories including 'articles', 'notes', 'reviews', 'letters', 
'meetings abstracts' and so on. We chose to include only the 
first two of these categories because we are primarily inter- 
ested in publications reporting substantial new research find- 
ings. 
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Table 2 
Number  of papers in journals scanned by Science Citation Index (SCI) 

Number  of papers 

1980 1984 1989 

Percentage change in number  
of  papers since 1980 

1984 1989 

Pharmaceuticals 
Europe 594 522 1028 - 12 73 
Japan 360 290 508 - 19 41 

Chemical-pharmaceuticals 
Europe 973 745 1094 - 23 12 
Japan 195 231 328 18 68 

Electronics 
Europe 719 616 1064 - 14 48 
Japan 692 744 1273 8 84 

All sectors 
Europe 2286 1883 3186 - 18 39 
Japan 1247 1265 2109 1 69 

Entire SCI database 6 19 

empirical work was performed. Comprehensive 
time-series data would obviously be superior, and 
technical advances should make this possible in 
future. 4 For the present, we note that the trends 
reported here are broadly consistent with aggre- 
gate data in the US National Science 
Foundation's Science Indicators (National Sci- 
ence Board, 1993). 

2.1. How much did the companies publish during 
the 1980s and what were the trends? 

Table 2 shows the number of papers published 
by the companies in 1980, 1984 and 1989. In 
1989, European and Japanese pharmaceuticals 
and chemical-pharmaceuticals groups differed 
substantially, with the European firms publishing 
between two and three times as many papers as 
the Japanese. This is perhaps not surprising since 
European pharmaceuticals and chemical-phar- 
maceuticals companies are larger than their 
Japanese counterparts. In electronics, the Euro- 
pean and Japanese groups published fairly similar 
numbers of papers, though the Japanese corpora- 

4 Fur ther  details of  the methodology can be found in Hicks 
et al. (1992). 

tions began the decade publishing 4% fewer pa- 
pers than the Europeans and ended it publishing 
about 20% more. 

The number of papers published by most com- 
panies increased substantially over the decade, 
though the number of publications often de- 
creased between 1980 and 1984. 5 The penulti- 
mate column in Table 2 show the percentage 
change in the output of papers between 1980 and 
1984. All three groups of European companies 
together with the Japanese pharmaceutical com- 
panies published fewer papers in 1984 than in 
1980. The most likely explanation is that more 
basic research in European companies was appre- 
ciably affected by the economic downturn at the 
start of the 1980s while that in most Japanese 
corporations was not so adversely affected. 6 

5 Informal checks which were made on paper  counts  in 
1983 and 1985 indicated that this was not  a statistical artefact 
but a significant trend over the first part  of  the 1980s. 

6 Available evidence indicates that, in real terms, R&D 
expenditure in the U K  electronics and chemical industries 
increased in the early 1980s (although other  industries suf- 
fered decreases) (Central Statistical Office, 1989). One  possi- 
ble explanation is that R&D funding in the chemicals and 
electronics sectors in the U K  may have been redirected away 
from more basic research. 
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Notwithstanding the drop between 1980 and 
1984, most of the companies ended the decade 
publishing substantially more than at the begin- 
ning. The percentage increases between 1980 and 
1989 are listed in the final column of Table 2. 
Over this period, the number of papers in the 
3 500 leading scientific journals covered in the 
SCI database grew by 19%; of the various cate- 
gories considered here, only European chemical- 
pharmaceuticals has a lower rate of growth (12%) 
(however, firms in this sector published more 
than any of the other groups in 1980, and in 1989 
they were still in second place). Japanese chemi- 
cal-pharmaceuticals publishing grew by 68% over 
the 9 years, European pharmaceuticals by 73% 
and Japanese electronics by 84%. These compa- 
nies were dynamic members of the scientific com- 
munity during the 1980s, increasing their scien- 

tific output three to four times faster than the 
world average. 

The above results suggest that these compa- 
nies together make a significant contribution to 
publicly available scientific and technical knowl- 
edge although their research efforts appear vul- 
nerable to firms' economic fortunes. Despite a 
drop in the early 1980s, companies in all sectors 
increased their publishing substantially over the 
decade. This increase does not seem to be solely 
a European or a Japanese phenomenon, nor is it 
specific to one technology or industrial sector. 

2.2. In what fields do the companies publish? 

To compare the fields in which companies 
publish, we classified papers on the basis of the 
journals in which they were published, using a 
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scheme developed by CHI  Research. 7 Fig. 1 
summarises the distribution of company papers 
across scientific disciplines. There  are six graphs, 
each of which displays the number  of papers in 
individual fields in 1980 and 1989 for each group 
of companies (for example, European pharma-  
ceuticals or Japanese electronics). 8 The graphs 
reveal that, unlike universities, companies tend to 
specialise in either physical sciences or biomedi- 
cal sciences. The patterns are closely related to 
the technological base of the companies with 
pharmaceuticals companies specialising in clinical 
medicine and biomedicine and electronics com- 
panies in physics. The chemical-pharmaceuticals 
firms spread their publications rather  more evenly 
across fields especially in Japan. 

The degree of specialisation can be assessed 
by calculating the percentage of papers in the 
main field. In 1989, the pharmaceuticals compa- 
nies published 58% of their papers in clinical 
medicine, an l the electronics companies about 
50% of their papers in physics. However, the 

7 This classification into broad disciplines was developed by 
CHI Research for use in the report, Science and Engineering 
Indicators, prepared by the US National Science Board. The 
journal classification was last revised in 1986. We are grateful 
to CHI Research for providing us with the journal categorisa- 
tion list. 

s In almost all cases, the 1984 data point was located in the 
same place or lower than the 1980 point. Therefore, to 
enhance the legibility of the graphs, the 1984 data have not 
been plotted. 

chemical-pharmaceuticals companies published 
no more than 1 /3  of  their papers in any single 
field. Over time, pharmaceuticals and electronics 
companies have become more specialised in their 
main fields while chemical-pharmaceutical com- 
panies have not. 

Chemistry is the only scientific field in which 
all three industrial sectors publish. Nevertheless, 
it is not the main field even for chemical-phar- 
maceuticals companies, and publishing in chem- 
istry did not increase appreciably between 1980 
and 1989 at least for European companies. 
Chemistry would thus seem to be a pervasive 
research field in both physical and biomedical 
science-based companies. Yet it is not the focus, 
either in the sense of being the largest scientific 
field or the fastest growing. 

2.3. H o w  basic is the research? 

The European and Japanese companies do not 
therefore differ greatly in the amount they pub- 
lish nor in the fields they research. Conceivably, 
Japanese companies might be performing less 
basic research. The conventional way of measur-  
ing the level of  effort in basic research is to look 
at expenditure. However, individual companies 
may interpret the definition of 'basic research'  
quite differently and therefore expenditure fig- 
ures may not be comparable,  especially across 
countries. Our  data enable us to analyse 'basic- 
ness'  in a different way. We used a classification 
(again constructed by CHI  Research) of journals 
in the SCI into four levels according to how basic 

Table 3 
Level definition and prototype journals 
(a) Physical sciences 

Level Name Prototype journal 

1 Applied technology 
2 Engineering sciences 
3 Applied research 
4 Basic science 

(b) Biomedical sciences 

Journal of the Iron and Steel Institute 
Journal of Nuclear Science and Technology 
Journal of Applied Physics 
Physical Review 

1 Clinical observation 
2 Clinical mix 
3 Clinical investigation 
4 Basic science 

Journal of the American Medical Society 
New England Journal of Medicine 
Cancer Research 
Journal of Biological Chemistry 
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is the research they report; Level 4 is the most 
basic and Level 1 the most applied. The scheme 
is illustrated in Table 3 which displays the names 
of the levels and prototype journals in each level 

in both the physical and biomedical sciences. This 
approach to assessing whether the research is 
more or less basic is far from perfect. It involves 
assuming that all papers in a given journal are 
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equally basic. There is also an element of subjec- 
tivity in classifying a journal at a particular level 
on the four-point scale. Nevertheless, the advan- 
tages of this measure of 'basic-ness' are that it is 
independent of company definitions and can be 
applied consistently across countries. 

Fig. 2 summarises the percentage of papers in 
each level. There is one graph for each industrial 
sector on which is plotted the Japanese and Eu- 
ropean company data for 1989 together with the 
overall distribution for SCI database in 1986 (the 
only year for which statistics exist) for compara- 
tive purposes. The latter shows that the largest 
proportion of papers fall in Level 4 (the most 
basic category). As the SCI database is domi- 
nated by publications from universities, and as 
these papers tend to be more basic, this is per- 
haps not surprising. Of the three industrial sec- 
tors, electronics companies produce the lowest 
percentage of the most basic (Level 4) papers. 
This is partly because pharmaceuticals (and to a 
lesser extent chemical-pharmaceuticals) are more 
closely linked to the science base than electronics 
technologies (Narin and Olivastro, 1992), and 
partly because several of the electronics compa- 
nies carry out research related to heavy electrical 
equipment or power generation, neither of which 
is very closely linked to science. 

European and Japanese corporations are 
broadly similar. The basic-applied profiles of 
pharmaceuticals companies differ the most, with 
the Japanese apparently emphasising basic re- 
search considerably more than the Europeans. 
This effect seems to be due to a dearth of more 
applied pharmaceuticals papers published by 
Japanese companies in the journals scanned in 
the SCI. There could be two reasons for this: 
first, if Japanese clinical medical research is of 
lower quality, that would prevent it being pub- 
lished in the international literature (Fukushima, 
1989); secondly, from our interviews it would 
appear that there are differing co-authorship con- 
ventions in the two regions. In particular, 
Japanese companies may not co-author much of 
the clinical research that they fund to maintain 
the appearance of a separation between industry 
and medicine, a characteristic of the Japanese 
system. 

3. Collaborative research 

We now turn to an analysis of co-authored 
papers as indicators of collaboration. Before do- 
ing this, we ask the following questions: why do 
firms seek research partners? And what kind of 
collaboration underlies co-authored papers? We 
use the answers to these questions in interpreting 
the co-authorship data, a process we begin by 
examining rates of co-authorship and how these 
changed over time. In the final sections, we exam- 
ine the data in more detail, describing trends in 
company co-authorship with other companies, 
with hospitals, government laboratories and other 
public sector laboratories, and with universities. 

3.1. Why do firms engage in research collabora- 
tion? 

Klevorick et al. (1995) have argued that, to 
understand the determinants of technical ad- 
vance and R & D intensity in an industry, we must 
empirically investigate not only appropriability 
and patent protection but also technical opportu- 
nity. They observe that economic models of R&D 
imply diminishing returns. In these models, as 
applied research and development projects are 
completed, they draw upon and hence deplete 
the pool of technical opportunities available for 
future exploitation. However, since some indus- 
tries have sustained high R&D intensities and 
rates of technical advance over time, they hypoth- 
esise that pools in such industries might be re- 
plenished in some fashion. Klevorick et al. point 
to three sources of new technical opportunities: 
advances in scientific understanding and tech- 
nique; technological advances made by other in- 
dustries or institutions; positive feedback from 
the industry's own technological advances. They 
believe that, of these three sources, advances in 
scientific knowledge constitute the most impor- 
tant. They point in particular to two types of 
scientific advance. First, there are the results of 
past research, embodied in the stock of knowl- 
edge and used in technical problem-solving. Sec- 
ondly, there arc new opportunities arising in the 
latest research. 

We would argue that research collaboration is 
one mechanism through which companies access 
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technical opportunities arising from past and cur- 
rent research. R&D managers in the firms exam- 
ined were asked about their motives for research 
collaboration. The managers gave two main types 
of reason: 

1. Research efficiency: (a) the firm cannot do 
everything itself, (b) reducing costs and risks by 
sharing them with other partners, (c) taking ad- 
vantage of cross fertilisation and synergy (more 
commonly expressed by Japanese than European 
companies). 

2. Access to technical opportunities: (d) help- 
ing in the recruitment of high quality researchers, 
(e) acquiring skills in a new area, or gaining 
access to technology and knowledge. (f) entering 
a network and building relationships, (g) gaining 
early warning of where things are starting to 
happen (more common in European than 
Japanese firms). 

The answers point to the concern of managers 
with R&D efficiency and with access to technical 
opportunities, both those from past research 
(through recruitment) and from the latest re- 
search. Other analyses have found a similar em- 
phasis on accessing technical opportunities 
through links with the science base. For example, 
a UK government working party investigating in- 
dustrial research found that both recruitment and 
the need to access current opportunities are im- 
portant motives for firms to collaborate with uni- 
versities: 

1. For many companies, the primary purpose 
of sponsoring research in universities is to de- 
velop and maintain working relationships with 
individuals, teams or centres of recognised excel- 
lence or particular expertise, to keep in touch 
with developments in particular fields. In this way 
companies keep intellectually alert and are able 
to move quickly into new areas as and when 
potential for commercial development is per- 
ceived. 

2. Recruitment: "Companies seeking to recruit 
a small number of first-class science graduates 
each year. . .  [find] this to be an effective means of 
making contacts." (Advisory Board for the Re- 
search Councils, 1986, pp. 33 and 36.) 

Writing from a management perspective, 
Rubenstein (1989) relates university linkages to 

the minimum viable size for a corporate research 
effort. He argues that companies tend to spe- 
cialise in the primary discipline underlying their 
technology and 

"have only token groups in the other fields to 
serve as scouts and early warning mechanisms. 
This means that, in order for a reasonable 
sized... [corporate research laboratory] to pro- 
vide adequate coverage of fields of potential 
relevance to the company, as well as those of 
obvious importance, they must maintain strong 
contacts with the university community... Most 
frequently [the] payoff is not in the form of an 
identifiable new product or process but comes 
in more subtle forms, such as increased sophis- 
tication of the company's total technology base, 
the avoidance of technical blunders, and early 
warning of opportunities or threats from new 
developments in science and technology." 
(1989, pp 53-55 - original emphasis.) 

These analyses suggest that firms need links 
such as collaborative research with universities 
and other public sector laboratories to access 
technical opportunities. 

3.2. What type of  co-operation underlies joint pa- 
pers? 

In the following analysis, institutionally co- 
authored papers, that is, those listing an address 
other than the company's own laboratory, are 
taken to indicate some type of successful co-oper- 
ation. However, precisely what is indicated by 
co-authored papers remains rather unclear. 9 
Therefore, the type of co-operation underlying 
the co-authored papers from companies was in- 
vestigated by interviewing a sample of the papers' 
authors. Company researchers listed among the 
authors of 1989 co-authored papers were asked 
to describe the contribution made by each 

9 See Katz and Martin (1996) for a discussion of the extent 
to which co-authored papers represent an adequate indicator 
of collaboration. 
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Table 4 
Nature of collaboration underlying co-authored papers from Japanese companies 

All collaborations 

Number % 

Foreign only 

Number % 

Person seconded 39 35 11 52 
From company 26 10 
To company 13 1 

Joint research - i.e. work at both sites 32 29 5 24 
Sample preparation/analysis division of labour 12 3 
mentioned 

Idea/experiment division of labour 22 20 0 0 
Subcontract, money for experimental work 14 0 

Other 18 16 5 24 
Co-ordinated by outside organisation 10 1 
Former employee, student or joint 8 4 
appointment 

Total 111 100 21 100 

party. 10 Information was obtained from nine lab- 
oratories on 156 co-authored papers published in 
1989, from which usable accounts were obtained 
for 111 collaborations. 

Several methodological points should be noted. 
First, exchange of money was not explicitly inves- 
tigated as a factor affecting collaboration, but 
money may well have been transferred from the 
company to the co-authoring institution in many 
cases apart from those where the co-authoring 
institution was another company. Secondly, the 
company's perception of each collaboration has 
been examined and not collaboration per se. For 
example, when more than two co-authoring insti- 
tutions were listed, often information was ob- 
tained on only one (the one with which the corpo- 
rate researchers had links). In addition, our clas- 
sification of the type of collaboration depends on 
which aspects of the work the respondent men- 
tioned in their response to an open-ended ques- 
tion. Thirdly, one of the categories of collabora- 

1o Only Japanese companies were surveyed, and those in- 
cluded differ from those examined in the rest of the paper 
because the survey was conducted during a larger study. The 
companies included in this survey are Asahi Glass, Fuji, Kao, 
Mitsui Toatsu, Nippon Steel, NTT, Sagami Chemical Re- 
search Center, Takeda and Toshiba. 

tion ( 'person seconded' H) sometimes overlaps 
with the other categories. In several cases, joint 
work began at the university to which a corporate 
researcher was seconded and then continued in 
both the corporate and the university laboratories 
upon the researcher's return to the company. 
These situations have been classified under the 
heading of 'person seconded', even though they 
might also qualify as 'joint research'. In contrast, 
work co-ordinated by an outside organisation was 
always classified as such even if secondment of 
staff was involved. 

Table 4 shows the results on the different 
forms of collaboration. Although not specifically 
mentioned in the table, discussions with aca- 
demics accompanied most if not all research ex- 
changes, including small research contracts, and 
indeed company scientists generally see this as a 
major benefit of collaborative research. This sup- 
ports the hypothesis that collaborative research is 
one way to access new technical opportunities. 
Even if the results reported in the joint paper do 
not necessarily open up new technological oppor- 
tunities, company scientists can often obtain help 

11 In other words, collaborations where one or more re- 
searchers transferred temporarily from one laboratory to an- 
other. 
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Table 5 
Trends in collaboration over the 1980s 

369 

1980-1989 % increase in 

Total Non- Collaborative 
papers collaborative papers 

papers 

% of papers that 
are collaborative 

1980 1989 

Pharmaceuticals 
Europe 73 29 144 
Japan 41 11 153 

Chemical-pharmaceuticals 
Europe 12 - 26 85 
Japan 68 37 135 

Electronics 
Europe 48 3 230 
Japan 84 64 167 

All sectors 
Europe 39 - 3 133 
Japan 69 45 156 

38 54 
21 38 

35 57 
32 45 

20 44 
19 28 

31 52 
22 33 

with solving technical problems and gain some 
idea of what is happening in the field through 
open-ended discussion with their collaborators. 

Table 4 highlights the importance of second- 
ment, with more than one-third of the joint pa- 
pers involving long-term (1 year or so) or short- 
term (several weeks to a few months) personnel 
exchanges. Some exchanges were not motivated 
by the desire to access technical opportunities, 
for example where a doctorate was obtained, t~ 
or where the instrumentation available at the 
host site was used (particularly when the com- 
pany was the host). However, other exchanges 
were primarily for exploring new opportunities, 
for example where the company sought to learn 
about new areas (such as high-temperature su- 
perconductivity) in the laboratory of a leading 
professor, or where they needed to learn about 
specific pieces of instrumentation (in one or two 
cases with the aim of developing the technology 
in the company). 

12 Most of the young researchers recruited by Japanese 
companies have a masters as their highest degree rather than 
a doctorate. 

However, secondment of researchers was not 
the sole form of collaboration. Jointly performed 
research, in which experimental work took place 
at two (or more) sites without any mention of 
personnel exchange, was almost as frequent as 
secondment, accounting for 29% of the co- 
authored papers. In some of these, the desire for 
R & D  efficiency seems to have been paramount, 
for example where researchers had met at profes- 
sional society meetings, had several discussions 
on topics of mutual interest and collaborated 
because they shared interests and could comple- 
ment each other's inadequate facilities. In other 
cases, the company's interest in technical oppor- 
tunities was made explicit. One company wanted 
to make atomic level observations of their materi- 
als to investigate crystal dislocation. The company 
had a sophisticated instrument, while the profes- 
sor did not have much instrumentation but was 
very knowledgeable about atomic structure. They 
therefore decided to collaborate. 

In 20% of co-authored papers, one institution 
contributed the original idea or theoretical 
knowledge, and the other performed the experi- 
ment. Such a division of labour is not dissimilar 
in nature to a research contract. Concern with 
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R & D efficiency was visible here too, for example 
when a university was asked to perform clinical 
tests on a dermatological product. In other cases, 
technical opportunities apparently motivated the 
work. For example, a company was interested in 
the initial picosecond or so of a particular pro- 
cess, and the university had invented a technology 
capable of recording the early stages of that pro- 
cess. The university thus had equipment and 
knowledge which the company wanted but lacked. 
In another example, a professor had developed a 
method for analysing flows of materials that the 
company considered useful in studying the be- 
haviour of flows of molten material in a blast 
furnace. In yet another case, a company wanted 
to develop a new polymer structure; they asked a 
professor to determine the structure of their sam- 
ples because the professor was an expert at using 
X-rays to determine crystal structure. 

Overall, Table 4 indicates that collaborations 
in Japan take a wide variety of forms. This is a 
commonly recognised feature of industry-univer- 
sity links in the West, suggesting a certain similar- 
ity between Japanese and Western collaborative 
linkages. The collaborations can also be traced to 
a variety of motives, among which access to tech- 
nical opportunities features prominently. 

3.3. Trends in collaborative research 

Let us now turn to consider the trends in 
co-authorship over the 1980s. Collaborative re- 
search increased sharply over the decade as is 
clear from Table 5. The first column shows the 
percentage increase in the total annual produc- 
tion of papers between 1980 and 1989 (discussed 
earlier and taken from Table 2). The next two 
columns address the question: which component 
increased most, collaborative or non-collaborative 
papers? In every case, the number of collabora- 
tive papers increased far more than non-col- 
laborative papers. Only in the case of European 
chemical-pharmaceuticals companies did the 
number of collaborative publications fail to at 
least double between 1980 and 1989. European 
electronics companies exhibited the most rapid 
growth, with a tripling in the number of collabo- 
rative papers. In contrast, the number of non-col- 

laborative papers published by European chemi- 
cal-pharmaceuticals and electronics companies 
fell or remained approximately static. The largest 
increase in non-collaborative papers was 64%, 
recorded by Japanese electronics companies. Yet 
even this is less than the smallest percentage 
increase for collaborative papers. 

What fraction of the companies' research ef- 
forts are devoted to collaborative research? The 
last two columns in Table 5 report the percentage 
of total papers that are collaborative. In both 
Japan and Europe, chemical-pharmaceuticals 
companies collaborate most, with electronics 
companies collaborating least. Japanese compa- 
nies began the decade collaborating proportion- 
ally less than European companies (22% com- 
pared with 31%). By the end of the decade, the 
gap had widened (to 33% compared with 52%). 
Initially, the difference was largest in the phar- 
maceuticals sector while in the chemical-phar- 
maceuticals and electronics sectors Japanese and 
European companies collaborated at about the 
same rate. By the end of the decade, however, 
there was a substantial gap in all sectors, with 
European groups collaborating on between 44% 
and 57% of their papers and Japanese groups 
collaborating on 28% to 45% of their publica- 
tions. 

The difference between Japanese and Euro- 
pean companies in the rate of collaboration can 
be labelled the 'collaboration gap'. This and the 
diverging rate of collaboration between Japanese 
and European companies over the 1980s charac- 
terise these data. In what follows, we examine 
why there is such a gap and why it has grown. Is it 
because Japanese companies collaborated less 
abroad? After all, Japan is geographically rather 
distant as well as being linguistically and cultur- 
ally quite separate from other advanced scientific 
nations. Alternatively, is it because Japanese uni- 
versities are weak, so the level of collaboration 
with domestic universities has been low? Or are 
there other causes? At the same time, we will 
examine in more detail the dramatic growth in 
collaboration during the 1980s. Does this reflect a 
strengthening of domestic or foreign networks? 
And in which sectors are most of the collabora- 
tive partners? Are companies forging research 
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links with other companies, with universities, or 
with other types of research institution such as 
government laboratories and hospitals? 

3.4. With whom do the companies collaborate? 

will be double counting of those papers with both 
types of partner. 

3.5. Is there a theoretically predicted rate of collab- 
oration? 

To answer these questions about collaboration, 
we have classified co-authoring institutions by 
sector and by country or region. Institutional 
addresses have been categorised first as univer- 
sity, industry or 'other' (e.g. government laborato- 
ries, hospitals, charities) and secondly as domes- 
tic or foreign. To look for any evidence of 
'Europeanisation' in collaborative networks, in 
certain cases the foreign category was subdivided. 
To do this, the foreign institutions collaborating 
with European companies were classified as ei- 
ther inside or outside Europe (defined here to be 
the EU and Switzerland). t3 Analysing patterns of 
collaborative research is by nature a complex 
task. Even if we exclude totals and averages, any 
interpretation involves 135 permutations of (a) 
European and Japanese companies in (b) three 
industrial sectors collaborating with (c) university, 
industry and 'other' institutions which may be (d) 
domestic, foreign or (in the case of the European 
companies) European in (e) 1980, 1984 and 1989. 

The figures discussed below are for the per- 
centage of the total number of papers that list at 
least one address from a particular category, such 
as universities, or domestic industry. When col- 
laborations are classified in this way, a single 
paper with two or more institutional co-authors 
can be counted more than once. For example, a 
paper with co-authors from a domestic university 
and from a foreign university would be counted 
in both the domestic universities' percentage and 
the foreign universities' percentage. As a result, 
the two percentages for collaboration with for- 
eign and domestic universities cannot be simply 
added together to obtain the total percentage of 
papers with an academic co-author, since there 

13 Switzerland is not a member of the European Community 
(EC) or the European Union, but the industrial systems are 
closely linked and for the purposes of this study we classified 
Swiss institutions as European. 

Although it is impossible to predict the rate at 
which companies should collaborate with other 
institutions, in larger countries a greater propor- 
tion of collaborators would normally be expected 
to be domestic. Scientists in countries that pub- 
lish a higher percentage of the world's scientific 
literature should on average be more likely to 
collaborate with institutions in the same country, 
because a larger percentage of potential partners 
work there. As Japan has more scientists and 
engineers than individual European countries, we 
might expect Japanese companies to collaborate 
proportionally more with domestic institutions 
than European firms (although possibly offsetting 
this is the fact that Japanese companies collabo- 
rate less overall). 

This assumes, of course, that all potential col- 
laborators represent equally attractive partners. 
Since the Japanese share of the world total of 
scientific publications is somewhere between 8% 
and 13% (depending on which database is used), 
this model would predict that 8-13% of the 
Japanese collaborative papers would be with do- 
mestic collaborators and the remainder with for- 
eign partners. In reality, the numbers are almost 
exactly the opposite; 88% of collaborative papers 
for Japanese companies have a domestic collabo- 
rator's address on them while 18% have a foreign 
address. 14 In short, it would seem that not all 
potential partners are equally attractive. Other 
studies of the factors affecting collaboration con- 
firm this conclusion. In particular, they suggest 
that the rate of collaboration falls off strongly 
with geographical distance and with differences 

~4 Note that the percentages do not sum to 100% because 
for some papers there are both domestic and foreign collabo- 
rators. For European companies, the corresponding figures 
are 60% domestic and 49% foreign. If Europe is defined as 
the home 'country', then 88% of collaborative papers have a 
domestic collaborator and 20% have a foreign collaborator. 
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Table 6 
Collaboration with domestic companies. Percentage of total 
papers averaged over 1980, 1984 and 1989 

Sector Europe (%) Japan (%) 

Pharmaceuticals 1 2 
Chemical-pharmaceuticals 3 5 
Electronics 2 8 

Table 7 
Collaboration between electronics companies and other do- 
mestic firms. Percentage of total papers 

Sector Europe (%) Japan (%) 

1980 1 6 
1984 2 9 
1989 3 10 

in language, history and culture; closer and more 
similar partners are much more attractive to each 
other (Katz, 1994; Luukkonen et al., 1992). Un- 
fortunately, at present we cannot calculate pre- 
cisely how collaboration depends on distance and 
therefore what deviations from the norm, if any, 
we are seeing. 

3.6. Collaboration with companies, hospitals, gov- 
ernment laboratories and other public-sector organ- 
isations 

We will first examine collaboration with com- 
panies, followed by 'other '  institutions in the same 
country and finally 'other '  institutions abroad. 
The next section will then analyse university col- 
laboration. 

Table 6 shows the percentages of papers listing 
another domestic company address. The percent- 
ages are mostly very small. This is no surprise; as 
we have seen, companies specialise in their re- 
search so the candidates for collaboration are 
restricted to a small number of firms doing simi- 
lar types of research. These will often be direct 
competitors, thus ruling out collaboration. The 
results reveal that Japanese firms collaborate 
slightly more with each other than do their Euro- 
pean equivalents. Hence, neither the overall col- 
laboration gap nor the divergence that we noted 
above is explained by collaboration with other 
domestic companies - indeed, any gap here is in 
the opposite direction. 

The largest difference between Japanese and 
European companies is in electronics, where 
Japanese corporations participate extensively in 
MITI programmes. However, upon inspection of 
the titles of the papers, the collaborations turn 
out to be primarily in the areas of power-gener- 
ating equipment and nuclear energy. For exam- 

pie, Toshiba and Tokyo Electric Power might 
collaborate on power systems research. Table 7 
summarises how the collaboration data for elec- 
tronics companies varied over time. The rate of 
collaboration with domestic companies increased 
steadily in both Europe and Japan. This is partic- 
ularly noteworthy for the Japanese companies 
since, as we saw earlier, the number of non-col- 
laborative papers increased appreciably (by 64%) 
over the same period. In absolute terms, the 
number of papers with a domestic company listed 
as a co-author increased from 44 to 122, i.e. 
almost tripling over the decade. 

Collaboration with foreign companies is less 
frequent, corresponding to under 5% of the total 
number of papers, and in Japan the figure was 
zero in some cases. Drawing conclusions from 
such small numbers is therefore rather haz- 
ardous. Nevertheless, the European companies 
do seem to collaborate with foreign companies a 
little more than their Japanese counterparts, and 
this may have increased over time. Therefore,  
collaboration with foreign companies makes a 
minor contribution to the gap and to the diver- 
gence discussed earlier. 

Figures on the percentage of papers that list 
the address of a domestic hospital, government 
laboratory or some other public-sector institution 
are listed in Table 8. Overall, there is more 
collaboration with these institutions than with 

Table 8 
Collaboration with domestic hospitals, governmental laborato- 
ries and other institutions. Percentage of total papers aver- 
aged over 1980, 1984 and 1989 

Sector Europe (%) Japan (%) 

Pharmaceuticals 10 3 
Chemical/pharmaceuticals 7 7 
Electronics 6 4 
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Table 9 
Collaboration with foreign hospitals, government laboratories 
and other institutions. Percentage of total papers 

Sector 1980 (%) 1984 (%) 1989 (%) 

Pharmaceuticals 
Europe 5 8 15 
Japan 0 0 3 

Chemical-pharmaceuticals 
Europe 5 6 9 
Japan 1 1 2 

Electronics 
Europe 2 3 5 
Japan 0 0 1 

industry, except in the case of Japanese electron- 
ics companies. However, the only contribution to 
the collaboration gap evident in this table is for 
the pharmaceuticals sector where European firms 
collaborate quite frequently with domestic hospi- 
tals. The difference may in part reflect the differ- 
ence in co-authoring conventions mentioned ear- 
lier, whereby Japanese companies tend not to 
appear as co-authors on clinical research that 
they fund in Japanese hospitals. There is no clear 
trend in these figures so this form of collabora- 
tion makes no contribution to the divergence 
noted above. 

In contrast, collaboration with hospitals, gov- 
ernment laboratories and other public-sector in- 
stitutions in foreign countries does contribute to 
both the gap and the divergence, as can be seen 
from Table 9. In all three industrial sectors, Eu- 
ropean collaboration is higher and the difference 
between European and Japanese collaboration 
grew over the decade. Is this because European 
companies collaborate with institutions outside 
Europe? Or are they collaborating more inside 
Europe? In other words, is this an aspect of 
globalisation or of European regionalisation? 

Table 10 displays the figures needed to ad- 
dress this question. The European data are split 
into two categories: institutions within the EU 
(together with Switzerland) and those outside. 
The table indicates that the companies collabo- 
rate with partners inside Europe at a slightly 
higher rate than they collaborate with those from 
outside Europe. Also, the rate of collaboration 

with institutions outside Europe almost equals 
the Japanese rate of foreign collaboration. This 
means that intra-European collaboration almost 
entirely accounts for the gap between European 
and Japanese collaboration with foreign, 'other' 
institutions. Furthermore, intra-European collab- 
oration increased over the decade, contributing 
to the divergence between European and 
Japanese rates of collaboration overall. We might 
say that European companies have an extra com- 
ponent to their foreign collaboration (intra- 
European collaboration) which is unavailable to 
the Japanese and which contributes to both the 
overall gap and the divergence between Europe 
and Japan. 

To summarise, in our search for the origins of 
the gap and divergence between the rates of 
co-authorship of European and Japanese compa- 
nies we have found contributing factors. Collabo- 
ration with other companies, however, is not one 
of those factors - indeed, the pattern runs counter 
to the general one, with Japanese companies 
collaborating a little more with other domestic 
companies than do European companies, particu- 
larly in the electronics sector. Collaboration with 
foreign companies contributes a small amount to 
the gap and divergence. Collaboration with hospi- 
tals, government laboratories and other organisa- 

Table 10 
Collaboration with foreign hospitals, government laboratories 
and other institutions. Percentage of total papers 

Sector 1980 (%) 1984 (%) 1989 (%) 

Pharmaceuticals 
Europe 

In Europe 3 5 11 
Outside Europe 3 4 5 

Japan 0 0 3 

Chemical-pharmaceuticals 
Europe 

In Europe 3 4 6 
Outside Europe 2 2 3 

Japan 1 1 2 

Electronics 
Europe 

In Europe 2 2 4 
Outside Europe 0 1 1 

Japan 0 0 1 
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Fig. 3. Collaboration with universities - percentage of papers with at least one co-author from a university. 

tions contributes more substantially. Domesti- 
cally, the largest gap is in the pharmaceuticals 
sector and can be traced to more collaboration 
with hospitals by European companies. Collabo- 
ration with foreign hospitals, government labora- 
tories and other institutions contributes notice- 
ably to both the gap and the divergence, largely 
because of the extra component of intra- 
European collaboration by European companies. 
We now turn to the largest group of co-authored 
papers, those listing a university address. 

3. 7. Collaboration with universities 

Fig. 3 shows the rate at which the companies 
collaborate with domestic and with foreign uni- 
versities, and how this changed over the 1980s. 15 

The figure contains 12 graphs, each displaying 
the percentage of papers with a university collab- 
orator for European and Japanese companies in 
1980, 1984 and 1989. European data are plotted 
with a heavy continuous line and Japanese with a 
light dotted line. The first row of graphs gives the 
rate of collaboration with universities as a whole, 
the second that for domestic universities only, 
and the third that for foreign universities. For 
European companies, the rate of collaboration 
with universities outside Europe (and Switzer- 
land) is plotted separately on the graphs in the 

is For comparison, Science and Engineering Indicators - 
1993 reports that articles co-authored with a university grew 
from 22% of industry articles in 1981 to 32% in 1989 (Na- 
tional Science Board, 1993, see Appendix table 5-26, p. 429). 
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third row as a heavy continuous line, while total 
foreign collaboration (whether with another EC 
country or further afield) is shown with a light 
continuous line. The graphs in the first column 
give the data for all sectors combined. The graphs 
in the other three columns display the data for 
each industrial sector separately. Thus graph 
number 7 (the numbers are in top right hand 
corner of each graph) indicates the rate at which 
companies in the chemical-pharmaceuticals sec- 
tor collaborated with domestic universities. 

Beginning with Graph 1, we can see that col- 
laboration with universities contributes substan- 
tially to the gap and divergence between the 
overall rate of European and Japanese collabora- 
tion. The gap is not accounted for by the level of 
collaboration with domestic universities. Domes- 
tic and foreign collaboration are separated in the 
graphs immediately below (Graphs 5 and 9) re- 
vealing that rate of collaboration with domestic 
universities is approximately equal in Europe and 
Japan. Rather, European firms collaborate 
slightly more with partners outside Europe than 
Japanese companies do with foreign partners. 
However, overall foreign collaboration is substan- 
tially higher due to the intra-European compo- 
nent of foreign collaboration. As we saw in the 
previous section, this pattern also characterised 
collaboration with 'other' institutions (govern- 
ment laboratories, hospitals, etc.). This overall 
picture, however, obscures certain sector-specific 
patterns. 

In the pharmaceuticals sector, there seems to 
be no gap or divergence (Graph 2). This is be- 
cause Japanese companies collaborate with do- 
mestic universities at a substantially higher rate 
than do European companies. Foreign collabora- 
tion fits the pattern described above, in which 
collaboration outside Europe is similar but some- 
what higher than the foreign collaboration of 
Japanese companies, and European overall for- 
eign collaboration is much higher because of the 
intra-European component. Intra-European col- 
laboration grew substantially over the decade in- 
creasing from 5% to 13% of total papers which 
corresponds to a jump from 28 to 131 papers. 

In the chemical-pharmaceuticals sector, there 
appears to be little evidence of a gap, but some 

support for divergence in the latter part of the 
1980s (Graph 3). Japanese companies began the 
decade collaborating at a marginally higher rate 
with universities but ended it collaborating at a 
lower rate. Again, we see that collaboration with 
domestic universities was higher in Japan than in 
Europe. In addition, we see the now familiar 
pattern of foreign collaboration, though this time 
European and Japanese companies collaborated 
with foreign universities at about the same rate at 
the beginning of the decade. By the end, how- 
ever, collaboration with universities outside Eu- 
rope was a little higher than Japanese foreign 
collaboration, and the total foreign collaboration 
for European companies was noticeably higher. 
In this sector, each component of collaboration 
by European companies with universities in- 
creased: domestic, intra-European and outside 
Europe. 

Electronics is perhaps the most unusual sector. 
Graph 4 shows a dramatic divergence between 
the European and Japanese data. At the begin- 
ning of the decade, the European and Japanese 
companies were collaborating with universities at 
approximately the same rate. By the end of the 
decade, there was a considerable gap. The Euro- 
pean companies had reached a rate of collabora- 
tion comparable to that in the other sectors while 
for Japanese companies the rate of collaboration 
remained relatively low. If we look first at foreign 
collaboration, we see the same pattern as before, 
although in electronics the rate of collaboration 
outside Europe equals the rate of foreign collabo- 
ration of Japanese companies. If we then add in 
the additional component of intra-European col- 
laboration, the rate of total foreign collaboration 
for European firms appreciably exceeds that in 
Japan. Although the rate of collaboration outside 
Europe has scarcely altered, the rate of intra- 
European collaboration has doubled from 4% to 
8%. 

The most striking trend, however, is in rate of 
collaboration with domestic universities. For 
Japanese companies, the rate remained level at 
about 12%, while for European electronics com- 
panies it increased from 6% to 22%. It is this 
increase in domestic university collaboration that 
accounts for much of the divergence seen in the 
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overall sectoral figures in Graph 4. It  also ac- 
counts for a substantial component  of the overall 
trend in Graph 1 because the Japanese electron- 
ics companies produced more than half of the 
Japanese papers. 

This raises another  question. What is more 
unusual: that the rate of collaboration with do- 
mestic universities increased so much for Euro- 
pean companies or that it changed so little among 
Japanese companies? Inspection of the increase 
in absolute number  of papers provides an answer. 
Japanese  electronics companies doubled their 
output of  papers that also had a domestic univer- 
sity address from 79 in 1980 to 165 in 1989. This 
is a little less than the approximately 250% in- 
creases in the other sectors, but not markedly so. 
The reason that the rate of collaboration did not 
change is that papers produced by the companies 
alone (i.e. with no collaborators) grew by 64%, 
the largest increase. On the other hand, Euro- 
pean electronics companies published well over 
400% more papers with a domestic university 
address in 1989 than 1980. 16 This is substantially 
more than the increase of approximately 90% in 
the other sectors. Non-collaborative papers in- 
creased by just 3%, so the rate of collaboration 
increased substantially. Thus, Japanese compa- 
nies substantially increased their non-collabora- 
tive work while European companies exhibited an 
enormous increase in collaboration with universi- 
ties. 

This striking increase in collaboration with do- 
mestic universities by European electronics com- 
panies is rather  unexpected. During the 1980s, 
high-profile EC programmes were implemented 
with the aim of increasing intra-European collab- 
oration. The bibliometric results raise the ques- 
tion of whether  those programmes might have 
had a more local (i.e. national) effect. To check 
this hypothesis, funding acknowledgements were 
examined on all available 1989 papers produced 
by European electronics companies in collabora- 
tion with a domestic university. There  were 240 
papers in total of  which 127 were available. Of  

16 The number of such papers was 46 in 1980 and 238 in 
1989. 

these, 50% acknowledged a funding source. 17 
Only 6% acknowledged EC funding. Previous 
work in the biotechnology area indicates that 
approximately 75% of EC-funded papers ac- 
knowledge EC funding. 18 Even if EC support 
was completely absent in 1980, the subsequent 
increase in funding from EC programmes could 
not account for the sharp rise in collaboration 
with domestic universities by European electron- 
ics companies. 

Another  factor to take into account is that 
during the 1980s in Japan there were a number  of 
' third sector'  research organisations in areas rele- 
vant to the electronics companies. These are co- 
operative research facilities such as the 'Key Tech 
Centres '  to which companies send employees to 
work on frontier research. Research papers pro- 
duced in these organisations tend not to list the 
company addresses. In European countries, such 
organisations either do not exist or are less com- 
mon, and this structural difference may lower the 
measured rate of collaboration by Japanese com- 
panies in comparison to the European.  In other 
words, Japanese  companies may have less need to 
co-author papers  because some of their joint re- 
search is undertaken in these ' third sector'  organ- 
isations. 

To summarise, collaboration with universities 
contributes to both the gap and divergence be- 
tween the rates of co-authorship for European 
and Japanese industry. There  are two main 
causes. First, intra-European collaboration by 
European companies forms an extra component  
in foreign collaboration that their Japanese coun- 
terparts lack. In t ra-European collaboration grew 
particularly rapidly over the 1980s. Secondly, Eu- 
ropean electronics companies dramatically in- 
creased the number  of papers co-authored with 
domestic universities during the 1980s while 

17 This is a slightly higher percentage giving such acknowl- 
edgements than general papers. The acknowledgements in 
papers immediately after the examined papers were also 
checked. Of 79 non-American papers, 24 or 30% acknowl- 
edged their funding sources. By contrast, 61% of the 28 
American papers acknowledged their funding sources. 

18 Grant Lewison (Policy Research in Science and Medicine, 
Wellcome Trust), personal communication (1994). 
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Japanese companies sharply increased the num- 
ber of papers published without an institutional 
co-author. The net result is that the rate of col- 
laboration with domestic universities diverged 
sharply for this sector. 

4. Conclusions 

These Japanese and European companies 
boast substantial research capabilities, publishing 
large numbers of papers in the international sci- 
entific literature. Although our data are limited 
to 3 years, there seems little doubt that the firms 
increased their published output over the 1980s, 
notwithstanding the recession's apparent effect in 
Europe early in the decade. They publish in 
similar scientific fields, and in both the pharma- 
ceuticals and the electronics sectors firms have 
increased their degree of research specialisation. 
Even allowing for the shortcomings of our indica- 
tor of 'basic-ness', their research seems to be 
equally basic. The only exception is in the phar- 
maceuticals sector where co-authoring conven- 
tions may differ in Japan, thereby reducing the 
apparent presence of firms in more applied clini- 
cal research. 

The implications of these results are two-fold. 
Firstly, they do not support the idea that the 
scientific research of Japanese companies is 
somehow different from that of European firms. 
The Japanese firms analysed here publish as much 
as equivalent European companies, their re- 
search appears to be as basic as that of their 
European counterparts and it seems to be con- 
centrated in the same broad scientific fields. Sec- 
ondly, at the level of scientific disciplines, phar- 
maceuticals and electronics companies apparently 
became more specialised in their research during 
the 1980s 19_ despite the widely held impression 
of increasing interdisciplinarity and fusion. 

Research collaboration increased dramatically 

19 Again, the reader is reminded of the limitations involved 
in our classification of papers into fields on the basis of the 
journals in which they are published, but none of these should 
affect the general conclusion drawn here about increasing 
specialisation. 

over the 1980s in both European and Japanese 
companies. However, there is a gap and diver- 
gence between the rates of collaboration of Euro- 
pean and Japanese companies; that is, Japanese 
companies collaborate less than their European 
counterparts and this difference grew over the 
1980s. European companies collaborate outside 
Europe more than Japanese companies do with 
foreign institutions (although only by a small 
amount). However, foreign collaboration for Eu- 
ropean companies contains an extra component 
(intra-European collaboration) and it is this which 
accounts for most of the gap between European 
and Japanese foreign collaboration. Intra-Euro- 
pean collaboration increased over the decade, 
most notably in the pharmaceuticals sector. Al- 
though European electronics companies in- 
creased their rate of collaboration with European 
institutions over the decade, the more dramatic 
change in their collaborations was found else- 
where in that they sharply increased their rate of 
collaboration with domestic universities over the 
decade. Japanese electronics companies, in con- 
trast, substantially increased the number of non- 
collaborative papers. This accounts for a large 
part of the overall gap and divergence in this 
sector. 

If we interpret these results in light of corpo- 
rate motives for research collaboration, we could 
say that during the 1980s European companies 
were more aggressive in their pursuit of R&D 
efficiency and /o r  technical opportunities through 
research links with outside organisations. In large 
part, this may reflect differing geographical cir- 
cumstances. Japanese firms are more isolated 
which may explain why they collaborated less 
abroad, while European firms have been increas- 
ingly taking advantage of the 28% of world sci- 
ence produced on their doorsteps. However, the 
striking trends in papers jointly authored between 
electronics companies and universities lead to the 
tantalising question: were the European compa- 
nies pursuing R&D efficiency as their fortunes 
fell while the level of research in Japanese com- 
panies was so advanced that they found fewer 
technical opportunities in public sector laborato- 
ries? 

Comparing national research systems at the 
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ins t i tu t ional  level using ind ica tors  is a complex  
task  because  ins t i tu t ional  s t ruc tures  vary and  cul- 
tura l  d i f fe rences  may  also p lay  a par t .  In  this 
pape r ,  we have m a d e  a first a t t e m p t  by compar -  
ing the  r e sea rch  ou tpu t  of  J a p a n e s e  and Euro-  
pean  compan ie s  and examin ing  the i r  r e sea rch  
co l labora t ions .  O u r  resul ts  c o m p l e m e n t  analyses  
of  na t iona l  systems o b t a i n e d  th rough  o t h e r  ap-  
p roaches ,  and  ou r  con t r ibu t ion  lies in p roduc ing  
in te rna t iona l ly  compara t ive  b e n c h m a r k s  of  f irm- 
level r e sea rch  activi ty (as o p p o s e d  to ins t i tu t ional  
s t ructures) .  As  b ib l iomet r ic  analysis  advances,  
m o r e  comprehens ive  analyses  a re  becoming  pos-  
sible,  enab l ing  some of  the  ambigui t i es  o f  this 
analysis  to be resolved  and a c l ea re r  compar i son  
to be m a d e  be tween  the  di f fer ing sectora l  struc- 
tures  o f  na t iona l  r e sea rch  systems. 
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