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Abstract

Judging by the large R&D-active companies that have slimmed down their research labs in recent years, it would seem
that corporate research is increasingly managed as an economic asset that is predominantly driven by market forces and
ruled by IPR strategies. Has this development significantly affected industry’s basic research and interactions with research
communities in the public sector? This paper examines the global trends in an underdeveloped source of information on
corporate science: their research articles published in the international scientific and technical journals.

Statistical analysis of some 290,000 corporate research articles published in 1996-2001 indicate that, contrary to large
increases in patenting and growth in patent citations to research literature, the numbers of research articles that list author
affiliate addresses in the corporate sector have declined steadily, especially for those articles authored exclusively by industrial
researchers. More detailed analysis of trends in the bio-pharmaceuticals sector and semiconductors sector show sector-specifi
publication trends and patterns related to specifics of their innovation processes.

Overall, these observations provide factual evidence indicating that corporate research is in an on-going process of structural
change characterised by a stronger emphasis on the appropriation and commercialisation of in-house research results.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction (Barney, 199). The realization of the firm’s primary
role as a knowledge creatgras well as knowledge
This paper is framed in the resource-based view of applicator, has led to knowledge-based theories of the
the firm. Among the many resource-related factors that
influence a flrm s organisational c_:or_npetlt_l\_/e adYa”' 1 Conceptually speaking, “knowledge” is defined as a relational,
tages ar?d busmess_ performance is its ability to iNNO- interpretive structure to process and understand a diversity of con-
vate, to improve existing processes and products, andcrete data and other types of information such as tacit experience

to produce new goods and services for the marketp|aceand skills. Knowledge represents a synthesised aggregate of infor-
mation, deriving its meaning from information and vice versa. In
practice, “knowledge” and “information” have fuzzy boundaries
* Tel.: +31-71-527-3960; fax#31-71-5273911. and are used interchangeably. For ease of reading, this paper will
E-mail addresstijssen@cwts.leidenuniv.nl (R.J.W. Tijssen). adopt the unifying word “knowledge” to denote both concepts.
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firm (Grant, 199%, where R&D-intensive technology the production, protection and dissemination of their
companies generate, accumulate and apply scientificresearch-based knowledge.
and technical knowledge to produce incremental or  This article presents results of an empirical study
breakthrough technological innovations. The intri- of world-wide quantitative data on corporate research
cate relationship between investments in scientific outputs, suggesting that the balance is shifting in
research, technological development, tacit knowledge favour of knowledge protection and appropriation,
resources, and technological innovations is generally rather than production and disseminati@ection 2
recognized to be an important driver of the competi- elaborates on the relevant concepts and economic is-
tive advantage of those firms. There is empirical evi- sues associated with this “knowledge flow balance”
dence that a firm’s R&D efforts may directly improve in the corporate research sect8ection 3describes
its ability to innovate Griliches, 1979, and indi- the main features of the information sources and an-
rectly help the company to absorb outside knowledge alytical methods. The main findings are presented
(Cohen and Levinthal, 1990both of which having in Section 4 followed by tentative conclusions and
a profound impact on its productivityH@all, 1996. some cautionary remarks in the final section.
The research base is acknowledged to be a critical
element of a firm’s innovation capability that is fed
by continuous interaction with external information
sources such as universities and other public researc
institutions. Empirical studies have shown that many
corporate technical inventions and related innovations
depend upon external scientific progresafsfield,
1991, 1995; Beise and Stahl, 1999; Tijssen, 2002
Traditionally, the creation of scientific knowledge
and associated technical know-how was viewed as
a linear process in which firms endogenously seek
out and apply these knowledge inputs, in the form
of R&D efforts, to generate commercially valuable
innovative output. Recent developments in evolu-
tionary economics view this process as the outcome
of context- and firm-specific learning processes that
bring in their pre-existing competencies, experience
and knowledge David and Foray, 1995 The link-
ages and interactions among the economic agents
who produce, diffuse and adopt this knowledge are
seen as crucial for the commercialisation of knowl-
edge inputs into innovative outputs. The “distributive
power” of a company (a concept introduced by David
and Foray) within innovation systems, has become

key for staying competitive. ongoing: companies have prioritised R&D to stay

Owing to this interactive and semi-open knowl- " .
) ' competitive on the long run, but at the same time many
edge creation system, the same firms that produce the . . :
large firms have downsized their central research

knowledge do not always appropriate the expected -

. labs Coombs and Georghiou, 2002 As a result,
returns of their R&D efforts. Voluntary knowledge ¢ 9 02
transfers or involuntary spillovers of scientific and - _
technical knowledge may be absorbed and utilized The central Iaboratorl_es tend tq perjorm_ t”he core researc_h
by other firms. especially in the case of explorator serving the whole enterprise, especially “basic” core research with
y_ o ! p . y _p : y a longer-term objective. However, application-oriented core re-
scientific and technical research. R&D-active firms search may also be attached to production units or in the case of

therefore face the problem of effectively balancing multinational companies the central units in different countries.

2. Knowledge appropriation and knowledge
popillovers

2.1. Corporate basic research: life-blood
or bleeder?

After the golden age in the 1960s and 1970s, and
following the cutbacks and short-lived upswing in
corporate science spending in the late 1980s and early
1990s (e.gRosenberg, 1990a gradual re-orientation
of business strategies and IPR policies took off in
the mid 1990s when industrial research labs became
“leaner and meaner”. Labs became smaller, more
de-centralised, and their scientific and business per-
formance more closely linked to corporate strategic
planning and investor confidence. Many of those
structural changes started either in Japan or the United
States. Researchers and engineers in the labs were
made more accountable for their actions and research
outputs, including material for research articles pub-
lished in the journal literatureBuderi, 2000a; Varma,
2000. Further empirical evidence indicates that this
evolution in the industrial research landscape is still
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industrial research now seems to be more than everprojects are often reduced to schedules of no more
driven by new business creation and the commerciali- than 2 or 3 years, where corporate research portfolio’s
sation of research outcomes into marketable products,now balance short-term deliverables with long-term
processes and services. As the introduction of new objectives. The largest firms have developed various
products has increased vastly and lead times haveorganisational and management models to balance
diminished, corporate research endeavours are nowthe needs of business groups and the R&D agenda of
also assessed and evaluated continuously in terms ofthe central research laboratori€u@eri, 2000kp.
quality, productivity and (potential for) value creation. This process of “marketisation” of corporate re-
Faced with increasing competition and shorter search places a stronger emphasis on protection of
development cycles, companies’ innovation strate- research findings and exploitation of intellectual
gies include collaboration with major sources of property rights, especially in the case of findings
new knowledge creation around the world. This is of (potential) commercial or strategic value. Once
most marked in the new research-intensive sectors scientific or technical information is disseminated
like biotechnology where the underlying science is intentionally (or spilt over unintentionally) into the
extremely dynamic, the technologies are strongly public domain competitors are free to benefit. In fact,
science-related and the development often takes placeone may argue that firms ought to perform only the
atthe interface between different disciplines and fields. most essential basic research, closely guard valuable
Knowledge derived from scientific research or engi- results, and commercialise it rather than making it
neering research provides an invaluable understand-public through publications or otherwise. Hence, why
ing and theoretical base for those innovation-oriented do firms still bother to invest in longer-term research
corporate R&D activities. The benefits of research are when those large expenditures and commercial risks
derived not only from in-house applied research, but may outweigh business advantages? More importantly
also from basic researcM@nsfield, 1981; Griliches,  for this study, why should corporate researchers still
1986. Basic research is usually a costly activity with want to publish their findings in the open literature?
uncertain strategic benefits or monetary gains and Providing answers to these questions requires further
has therefore always been a small part of corporate examination of the economic relevance of corporate
R&D—on average some 10% of the business R&D knowledge bases, the role of scientific and technical
expenditures are devoted to research with a long-termresearch in absorbing relevant knowledge, and intri-
orientation, which is traditionally confined to the large cate relationships between knowledge appropriation
R&D-active technology companies and their central strategies and dissemination practices.
laboratories. An increasingly large share of the funding
for those laboratories now comes from business groups2.2. Knowledge bases and absorptive capacity
and product divisions through contractual agreements
about programs and costs, a fraction ranging up to an  \ainstream economic theory considers scien-
estimated 75% in the case of the large US companiesijfic knowledge a uniformly available public good
(Larson, 200} Since many of the science-intensive that can be transferred and learnt at little cost.
companies are now operating in rapidly changing tech- Non-appropriability and  indivisibility of knowl-
nology areas and markets, the term “basic research” eqge, coupled with inherent uncertainty as to the
is often no longer appropriafeLong-term research  regyits of basic research, to were supposed to lead to
under-investment by firms in basic sciendé¢elson,
Applied research of a more ad hoc nature, can also be carried 1959; Arrow, 1963. True enough, cutting-edge basic
out in an operational department such as in an industrial design research tends to be expensive and risky, and once re-
department, quality control department of production department. g\|ts are written down (“codified”) and made publicly

3 ) . ) i ; :
Industrial basic research, loosely defined as research not rg available every company can enjoy the knowledge
lated to current corporate products, covers both longer term sci-

entific research and engineering research. This kind of research is

often driven by a strategic vision of the market with a 3-5 year tional way; the commitment to research is long-term, but the re-
time horizon. In certain fast moving technology areas, the terms search projects and programmes themselves may have short term
“research” and “long-term” are no longer coupled in the tradi- objectives and deliverables.
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freely. Firms may therefore be reluctant to invest since
knowledge may to spillover easily from first-movers

and innovating firms to other firms that can free ride
on the efforts of the innovators. Hence, firms have
relatively little incentives to engage in basic research,
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and history-dependent process, the current set of skills
and expertise owned by a company are critical for the
nature and direction of learning processes that aim to
enhance the knowledge base of the company in the
future. Hence, the ability of a firm to use the results of

or so it is argued. Several researchers have questionedesearch efforts made by other firms, or other public
whether spillovers of valuable knowledge occur as research organisations, is contingent on its ability to
easily as portrayed by Nelson and Arrow. Economic understand them and to assess their economic poten-
research in the 1980s and 1990s have challenged thesdial, an ability affected by the size of a company and
assumptions and concluded that firms require an ap-its access to complementary assé&v(n et al., 1987;
propriate knowledge baeand need to perform their  Teece, 198) Thus, although scientific information
own basic research in order to absorb and appropriateis indeed cheap to transmit and re-use (but often
‘free’ scientific information and technical know-how very costly to produce), the capacity to understand,
(Mowery, 1983. interpret, modify, extend and apply that information
Knowledge creation based on scientific and tech- requires an extensive knowledge infrastructure, net-
nical information is a complex and cumulative pro- works and equipment. These institutions and facilities
cess. For firms to absorb and assimilate codified are very expensive, especially if one wants to keep
scientific and technical knowledge requires a certain abreast of the results of leading edge research and
measure of learning-by-doing and support by appro- participate at the frontiers of international science.
priate levels of tacit knowledgéNglson, 1989; Pavitt, = Lack of tangible or intangible investments (in the
1991). Firms need a research base—either in-house form of human capital) in a relevant area of exper-
or externally—which covers all resources from which tise early on may therefore inhibit the development
new scientific and engineering knowledge can be of technological knowledge and innovations by the
drawn. To do so, the intensity and effectiveness of company in that area at a later stage. The optimum
these research-related interactions is determined to alevel of internally-generated research knowledge and
large extent by the firms’ own commitment in learn- skills versus externally sourced knowledge and tech-
ing activities and the ability of firms to recognise nologies, and the related optimum level of protection
and appreciate the value of new, external informa- versus publication of internally-generated knowledge,
tion (ranging from generic science to new production will depend on the strategy and level of development
equipment), to assimilate it, and exploit its eco- of the firm. However, all firms are users of the exist-
nomic potential through commercialisatio@ohen ing stock of knowledge, whatever the flow into that
and Levinthal (1989, 199Mave labelled this ability  stock for which they are responsible. So even for the
the “absorptive capacity” of the firm, and argue that most developed and sophisticated firms, absorptive
especially when learning is difficult, a firm’s ability to  capacity will remain significant.
internalise, modify and apply external basic research
for its own commercial gain is a function of its R&D  2.3. Co-operation, networking and
investment. Given that learning is a highly localised knowledge flows

P — _ The most effective way for companies to evaluate
A company’s knowledge base comprises of the accumu- anq monitor key outcomes of their in-house research,

lated sum of knowledge on which the advance of a company d th tential of ext | h is to b
relies—including not only codified knowledge, but also tacit and assess the potential ot extérnal research, 1S 10 be

knowledge and knowledge embedded in equipments, instruments, 2N active participant in research communities—either
production plants and organisational structures and managementlocally, domestic, or on the global level. However, the

routines. The former refers to knowledge that has been reduced to private sector engages in scientific research only when
a written and_ transmittable f_orm, V\{hlle the latter re_fers _to knovyl— expected private returns from it rise above a mini-
edge that exists (sub)consciously in the human mind, is acquired | . Obvi lv. the busi tor h |
through experience, imitation, and observation, and can be trans- mum level. VI_OUS Y’ e usiness sec .OI’ TdS always
been engaged in scientific research primarily out of

ferred only by personal contacbévid and Foray, 1995; Nonaka | '
and Takeuchi, 1995 self-interest. Moreover, in-house R&D efforts alone
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might no longer able to create enough economic value can be seen in the rise of institutionalised co-operative
to warrant large expenditures in basic research given structures such as inter-firm joint research ventures
the uncertain outcomes of exploratory scientific and and university-industry strategic research partnerships
engineering research. In order to reap economies of (Hagedoorn et al., 2000By transforming industrial
scale and scope beyond the reach of a single com-R&D problems into research topics for basic research,
pany, or to off-set their own slimmed-down corporate many public—private research partnerships and joint
research programs, many large R&D-active technol- research ventures benefit the research agenda’s of
ogy firms have increasingly turned to outsourcing and academic researchers and engineers. Hence, the con-
sub-contracting long-term research to universities, or nection to academic science and scientific networks
are now engaged in joint research ventures, thus cre-shapes both scientific advances and technological
ating a new “industrial ecology” of corporate R&D progress.
(Coombs and Georghiou, 2002vhere the public sec- The emphasis on access to external sources, and
tor research has become a major source of new scien-the view of knowledge as the outcome of interactive
tific knowledge and advanced technical skills through learning processes, implies the existence of knowl-
various diffusion channelsS@lter and Martin, 2001 edge flows that link different sources of new scientific

Firms that are in the business of developing new and technological information and its potential users.
products are more likely to find public research to These flows of know-how and information include
be an important source of information than firms voluntary dissemination, intentional transfers, as well
that innovate in order to improve their existing as accidental or unintended spillovers. There are many
products Arundel and Garrelfs, 1997 Many large communication channels and routes for these knowl-
R&D-based companies have forged stronger informal edge flows to materialise. For examp&nckburn and
relationships and formal (contract-based) linkages Henderson (1998puilding on Cohen and Levinthal's
with public sector research organisations, and indus- notion of absorptive capacity, suggest that the degree
try now largely relies on universities and research to which firms are connected to universities is an im-
institutes to explore of new avenues of research and portant factor for utilising those external knowledge
generation of new knowledgeMgyer-Kramer and  flows. The general findings from their research sug-
Schmoch, 1998 OECD data confirm this trend, in-  gest that three major types of connections and modes
dicating that larger shares of corporate funding for for knowledge flows exist: (1) research publications
basic research are being spent on joint ventures with and co-authorships; (2) proximity to star scientists;
external research partners, especially within the local and (3) human resource movements. In the following
or domestic university sectdrindeed, several large  we will focus on linkages and flows embodied in
bio-pharmaceuticals companies, like Pharmacia, Syn- research publications to describe recent world-wide
genta and Amgen, have closed multi-million dollar output trends within an increasingly ‘networked’
deals in the late 1990s with US universities to obtain system of corporate basic research.
(exclusive) access to results of frontier basic research.

The nature of the knowledge-generation pro- 2.4. Corporate research papers in the
cess itself seems to be evolving towards a more open literature
network-embedded process with a stronger empha-
sis on the interplay between knowledge-demand Research labs of firms have to deal with the trade-off
and knowledge-supply, as well as increased levels between sharing and protecting scientific information.
of transdisciplinarity of the research projects, and a On the one hand, publishing research findings in the
larger degree of heterogeneity of the actors involved scientific literature would seem very much at odds with
(Gibbons et al., 199 This pervasive development industry’s tendency to privatise scientific and techno-

logical knowledge. Obviously, in many instances it

. _ o _ is in the self-interest of industrial actors not to pub-

The fraction of bqsmess fu_ndlng in the OECD' countries of lish since that could be beneficial for their competi-
research conducted in the university sector has increased from ) )
1.4% of the total business R&D funding to 1.7% during the years tOrS. Industrial researchers and engineers would seem
1995-1999 QECD, 2000. to have little incentive to disseminate results of pro-
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prietary research that might be interesting and help- knowledge as a public good, but also act as PR vehicle
ful to outsiders. On the other hand, each year many and as a gateway in a two-directional knowledge dif-
thousands of research documents related to, or directlyfusion pathway between the firm and scientific com-
originating from industrial research, do become public munities the outside world: in the case of low rivalry
knowledge. In fact, more than 10,000 research articles conditions, firms may expect reciprocity exchange ef-
alone are published annually in international scientific fects where publications may induce further research
and technical journals (se®ection 4. Clearly, writ- by others’ This “open science” mechanism produces
ing publications for these peer-reviewed journals costs a pool of knowledge that can be used freely by the
valuable time and corporate money whereas the com- international scientific community from which corpo-
mercial benefits would seem uncertain or are some- rate researchers draw very heavilaffe, 198%.
times marginally at best. So why do industrial research ~ Naturally, companies will tend to publish only a
labs act as quasi-academic research labs and publisHraction of their research findings that are of inter-
these large quantities of papers? est to the relevant scientific and engineering research
Nelson (1990)argued that firms have many good communities. Firms will carefully balance their de-
reasons to publish (selected) results of their researchsire for secrecy and their willingness to share and
endeavours of low competitive value: to maximise vis- disseminate information. It will usually be decided
ibility and link up to the scientific community, but to keep (potentially) valuable information in-house,
also to establish intellectual claims and legal rights. and only by exception will a more open publication
Hicks (1995)points out that the corporate research policy be enforced in which some key information
papers in the open literature may also signal R&D is shared or exchanged. The latter will involve the
capabilities to (potential) partners and suppliers. Ad- screening of manuscripts and partial dissemination of
ditional incentives of more recent data include R&D research results, imposing strict conditions on access-
management objectives such as: attracting private cap-ing research material and outcomes, and enforcing
ital and public research funding, and gaining a repu- of delays in publication. Given the strategic nature
tation and enhanced credibility for doing high quality of industrial research and the importance of intellec-
(basic) research in order to attract first-rate researcherstual property rights, these publications should there-
and technicians. As such, publications not only repre- fore mainly be seen in the light of corporate business
sent the firm’s production of scientific and technical strategiesZucker et al. (1998asked how a firm'’s link-
ages to scientific networks affect its overall economic
O N . performance and more specifically its technological
The rule of “scientific priority” in the scientific communication . L
process identifies the prime knowledge producer and the moment progr_ess, partIC_UIarly n mStanc_es when novel tech-
of publication and builds a reputation, which is crucial for ob- Nologies are science-based. With respect to the role
taining recognition in the scientific community, receiving tenure, Of research publications in these linkages, respondents
entering networks and receiving grants. Granting researchers au- indicated that especially in periods when there is a
tho!'ship_s and associated ‘moral’ intgllectual propert_y rights of shift in technological paradigm to one closely linked
their _frmts of labour, rather than granting them exclusive intellec- to science, publications by the leading firms are cru-
tual rights to the knowledge, resolves with the “knowledge market ™~ LI .
dilemmar, where researchers need to be efficient and productive Cial for mobilising relevant in-house research and ex-
in their research efforts while having little or no chance of keep- ternal research to make a successful transition.
ing the financial rewards for themselves. It enables the creation  \Whatever explains corporate scientific publishing,
of a private asset for the ‘discoverer’ resulting from the very fact it is obvious that publishing is not the main purpose of

of giving up exclusive rights. The need to be identified and rec- . dustrial h d . d fi blish
ognized as the discoverer impels the speedy and full disclosure Industrial researchers and engineers, and firms publis

(Dagupta and David, 1994This reward mechanism creates races Much less research articles than comparable public
or competitions, still involving full release of the knowledge. Full  sector institutions (universities, research institutes
disclosure also acts as a quality control system since publicly pub- and government laboratories) with the same volume
lished results can be duplicated and checked by other scientists.

The rule of priority combined with the open science system guar-

antees dissemination without reducing motivation, while improv- 7 Similar reasons may exist for companies to reveal (research-
ing the quality of research and cumulative and collective scientific based) innovation-related information (see ekprhoff et al.,
advance. 2000.
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of research resources and working in the same fields national scientific and technical journals. The next
of science. Moreover, if firms do decide to publish, section turns to the further introduction of the latter
many of these papers are likely to be co-authored with type of research publication.
researchers in the public sector. In the case of joint re-
search partnerships with public sector organisations,
the corporate sector is also bound to apply slightly 3. Information sources and methodology
less restrictive strategies in view of their partner's
dissemination-oriented research missions, their in- 3.1. Bibliometric analysis of corporate basic research
centive structures and their IPR policies. Companies
are therefore often willing to tolerate some measure  General trends in the output of basic research ef-
of (informal) spillovers from their academic partners forts within large science-intensive technology firms,
to the scientific community. Corporate sponsors of or for that matter entire science-based industries, can
public research engaged in contract-based (“formal”) be gauged from statistical analyses of the quantity
co-operation will often negotiate the first rights (of of papers published in international peer-reviewed
refusal) to the fruits of research and the scientists scientific and technical journals. This literature-based
must delay publishing to allow companies a head (“bibliometric”) approach produces a large body of
start for commercialising through filing for patents or quantitative data that provides a statistically robust
by other mean&.Scientific co-operation with public  frame of reference for analysing the changing contri-
research organisations on a more “informal” personal bution of the corporate sector in research communi-
basis are more likely to generate jointly authored ties. These data enable comparisons between (parent)
research papers, especially in the case of academiccompanies, while aggregation of those firm-level
partners who have strong incentives to publish re- data allow for comparisons between associated in-
sults related to research sponsored by industry, or dustrial sectors. The view taken in this study is that
conducted in co-operation with corporate sector. Irre- the analysis of joint publications provides comple-
spective of the nature of contractual agreements, in mentary statistical information to that provided by
the process of producing these co-authored scientific surveys of industrial sectors, regions or countries.
papers, researchers are likely to exchange tacit andThe numbers of co-authored papers originating from
embodied elements of knowledge and sKliShese (informal) joint research ventures—either intra-firm,
co-authored research papers therefore not only gaugeinter-firm and public—private—enables a range of sta-
the production of new collective knowledge, but also tistical analyses on the volume and composition of
the absorption of external knowledge by the company co-operative corporate basic research. The underlying
during knowledge creation and codification processes. assumption is that co-publication data are a reason-
In most areas of international open science, the ably good, albeit partial, indicator of collaborative
main channel of disclosure of codified knowledge is research activity—and co-operation-based knowledge
that of conference proceedings or research articlesflows and exchange—their main advantage being that
published the quality-controlled peer-reviewed inter- quantitative information is available (over time) for
specified firms and their (primary) business sectors,
8 One of the main arguments for patenting of the results of basic as well as related scientific fields. However, biblio-
science is that in many cases the absence of protection will deter metric statistics and indicators should be handled with
any econ(_)mic use of thege ideas, that_ is commercial _applicati_ons due care as a reliable source of conclusive empirical
at industrial scale by business enterprises. Implementing a scien- _ . - .
tific discovery or idea requires substantial R&D investments that eVId?nce on aCtuaI_SCIentlfIC co-operatld(a(z and_
business enterprises will be ready to make if they have access to Martin, 19973. For instance, our database contains
the knowledge on an exclusive basis. With no protection, such as several journal articles listing 10 companies or more in
patents or exclusive patent licensing contracts, investors will not the author list; content analysis of these “corporate re-
feel immune from knowledge spill-overs and imitation, which will search network” papers indicates that these papers are

add to uncertainly and deter any such venture. in fact tto f l d di inat ientifi
9 These informal contacts are also likely to include the transfer of Infact meantto formalise and disseminate scientimc or

additional tacit or codified non-published information to companies t€Chnical standards (e.g. protocols for clinical trials)
(e.g.Cohen et al., 2002 rather than results of joint scientific research activities.
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Bibliometric studies of corporate publication out- pers covering all industrial relevant fields of science,
put in international journals conducted as early as and the major research-base firms and industrial sec-
the 1970s have provided empirical data on trends in tors. The bibliometric study presented in this paper
the publication output in the 1980s up until the mid is restricted to the internationally visible production
1990s, especially for the US industry (emall and of corporate research papers covered by the large
Greenlee, 1977; Halperin and Chakrabarti, 98 he multidisciplinary bibliographic databases compiled
findings revealed significant increases in the 1980s andby Thomson-ISI. These ISI databases, especially the
early 1990s, resulting in a 5-10% share of the cor- Science Citation Indé and the web-based version
porate sector in the global scientific output. Several Web of Scienc®, provide the best source of informa-
studies have focused on large firms, a single indus- tion to identify the basic research activity across all
try, or the distribution over papers across industrial countries and fields of science. The statistical analy-
sectors within one country (e.gdicks et al., 1994; ses were done with CWTS's tailored version of the
Godin, 1996; Tijssen et al., 1996; Hicks and Katz, Thomson-IS| databases. The research papers include
1997. However, in spite of the growing policy inter-  all document types that, in varying degrees, originate
est there have been to my knowledge no attempts to from original basic research: research articles, review
gather systemic data to analyse the nature and extentarticles, research notes, and letters (editorials, book
of world-wide output levels and trends at the level of reviews, etc. are omitted). The vast majority of those
industrial sectors and countries. papers are research articles. CWTS assigns each pa-

Returning to the major socio-economic forces im- per in its database only to those (main) organisations
pacting upon basic research and publication strategieswhere the address information refers unmistakably to
of modern-day industrial researchers (i.e. the three the respective organisatidfl.

“C”s: Competitiveness, Co-operation, and Commer-  The analysis covers all research papers listing at
cialisation), the aggregate-level bibliometric data on least one author affiliate address referring to an organ-
their research papers in international journals allow us isation that CWTS classified as belonging to the “cor-
to address the following sets of key questions: porate sector”. The demarcation of this sector follows
the OECD definition: “all business enterprises, organ-
the 1990s forced science-based industries to com- isations apd institutipns whose primary act_ivity Is the
o ! . . commercial production of goods and services (other
mercialise their research efforts and to shift their . ; .
than higher education and medical care) for sale to the

focus from being a ‘science-performing industry’ : : S o
towards operating as a ‘science-using industry’? general public at an economically significant price.
More specifically, has the published research out.- This institutional delineation includes public enter-
put of the corpo’rate sector dropped, and has the prises, public—private consortia, private non-profit in-

number of co-authored research papers increased o CWTS has developed a thesaurus of company names based

at the same time? on a (semi-)computerized routine to identify research papers that
2. How has this re-orientation impacted to co-operative list private sector organizations. This routine scans the information

research ventures of firms, especially those with on the affiliate addresses of authors listed in the bibliographic

other firms—as opposed to partnerships with public records. The current version of the database includes some 40,000

sector research institutes and universities? In other different main organisations assigned to the private sector, the vast
Institu universiies : majority of which are business enterprises. All large science-based

words, has the share and composition of jointly companies with substantial publication outputs are included. The
authored corporate research papers changed? number is a lower bound since private sector organisations are only
3. And to which extent are the observed trends included if: (1) their name in the address includes an acronym in

sector-specific? Do we find different trends in the the suffix or prefix indicating their official legal status (Inc., Ltd.,
major science-based industries? GmbH, etc.), and/or (2) they are identified as a for-profit business in

other sources (mainly websites or the Dun & Bradstreet database).
The “error rate” of this categorization—in terms of “missing” non-
coded cases of business companies—cannot be determined due to
o . . lack of decisive information, which is especially the case for very

Providing answers to the above questions requires small companies that were not present in those two sources and
a comprehensive database of corporate research paproduce(d) only one or two research publications.

1. To what extent have the competitive pressures in

3.2. Databases and definitions
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stitutions, government-owned non-profit companies. equipment and expertise each entity contributes the
Also included are private non-profit R&D organisa- underlying research effort and writing the paper. Our
tions mainly serving the business enterprise sector, or basic assumption therefore is that each author, and
privately funded research institutes and other R&D associated organisation, made a non-negligible contri-
performing institutiong? bution. Consequently, we adopt a counting scheme in

Data cleaning, unification, and consolidation of which each paper is fully allocated to each of the main
those papers to parent companies, was done usingorganisations listed in the author address heading.
information on websites and occasionally Dunn & It is important to stress that an unknown fraction of
Bradstreet's Who Owns Whom Directory of corporate the corporate research papers are probably not exclu-
affiliations. The data were consolidated in mid-2002, sively basic research-oriented; they will also relate to
in most cases at the “main organisational” level of the application-oriented (“strategic”) research as well, and
legal entity (i.e. parent companies, R&D labs, uni- perhaps to a certain degree also “applied” research that
versities, research institutes, etc.). Corporate researchis directly related to technological development. Since
laboratories, majority-owned subsidiaries and other universities are generally accepted to be the major lo-
corporate affiliations are included as much as possi- cus of curiosity-driven “blue sky” basic scientific re-
ble in the immediate parent company, the ultimate search, corporate papers listing at least one university
domestic parent company, or company group. Jointly are assumed to more basic research-oriented as com-
owned laboratories are assigned equally to the parentpared to co-publications listing non-university public
companies. Major mergers, acquisitions and divesti- sector research organisations. The papers jointly au-
tures are taken into account as much as possible.thored with non-university research organisations, and
Companies added to the parent through mergers andespecially those with other firms, are assumed to rep-
acquisitions in the years 1996-2002 were renamed to resent strategic research rather than basic research.
the current parent company to ensure compatibility = The publication output analyses distinguish six
over time. Foreign branches and foreign subsidiaries types of industrial research papers: in addition to
of multinational companies are labelled with the con- papers that were authored solely by one private sec-
solidated name of the domestic ultimate parent. Each tor organisation, we define the following mutually
(parent) company is linked to the country of location exhaustive categories of jointly authored research
mentioned in the author address. papers:

Counts of co-authored papers are defined at the
level of these main organisatiohEach organisation
is defined at the highest aggregate level—the main ®
organisational level. They are assigned to the country ¢
of location as listed in the affiliate address on the
research publications. Dividing up a paper between ¢
the participating units (researchers, organisations,
countries) is to some extent arbitrary—there is no
fair method to determine how much money, effort,

e two firms exclusively;

three of more firms exclusively;

one company with public sector organisations—

including one or more universities;

one company with public sector organisations—

excluding universities;

e two or more firms with public sector organisations—
including one or more universities;

e Two or more firms with public sector organisations—

11 |n contrast to the OECD'§rascati Manualdefinition of the excluding universities.

business enterprise sector, the current version of the CWTS delin-
eation excludes non-profit institutions that are market producers 33
of goods or services, specifically in the medical care sector (e.g. ~
hospitals, clinics and medical practitioners in private practices),

as well as other non-profit institutions serving business (e.g. trade ~ Sector-level analyses will deal with two R&D-
associations and chambers of commerce). ' intensive high-technology industrial sectors: (1) bio-
12 For example, a industry/university research paper written by pharmaceuticals; and (2) the semiconductors industry.

five researchers: two from different Pfizer labs, one from a Phar- Both h terised by st lati hios bet
macia lab, and two from different research groups at Cambridge oth are characterised by strong refationsnips between

University, it will increment the count once for Pfizer, once for esearch, technological development and innovation.
Pharmacia, and once for Cambridge. Both involve difficult learning environments where

Industrial sectors
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research-based scientific and technical knowledge research-performing companies in these sectors, and
play an important role in knowledge creation and ex- not necessarily so for the sector as a whole, which
ploitation. Basic research in the bio-pharmaceuticals includes many high-tech start-ups, SMEs, or diversi-
industry explores the genetic and bio-molecular mech- fied companies that are also classified in another pri-
anisms of diseases in relation to designs of drugs. For mary business sector. Nonetheless, given the number
semiconductors, basic research includes the physicsof selected companies and the fact that the selection
of solid-state devices and the chemistry involved in includes the main R&D actors in these industries as
manufacturing integrated circuits. Corporate in-house well as being the main contributors of research papers
longer-term research plays a stronger role in the in international journals, we expect a reasonable cov-
bio-pharmaceuticals industry, where a firm'’s progress erage of published basic research outputs by the entire
and competitive position is closely tied to advances in industrial sector.

basic research and knowledge appropriation through
patenting. The expected benefits of basic research
for design of drugs are therefore much higher, than
for example the design of new materials of semi-
conductors.

These sectors are defined in terms of a representa-
tive set of firms that were selected from two public
databases previously or currently available on the In-
ternet:

e “R&D Scoreboard 2001” compiled by the British
Department of Trade which covers the annual ac-
counts of the 500 largest R&D-spenders world-wide
in the period 1996/97-2000/2001ht{p://www.
innovation.gov.uk/projects/rdcoreboard/

databasé/

“TR Patent Scorecard 2002", a joint effort Tech-
nology Review and CHI Research Inc., cover-
ing firm-level R&D-performance data based on
CHI's analyses of their USPTO patents granted
in 1996—-2001{ttp://www.technologyreview.com/
scorecards/pater®002.asjp

4. Results of the analyses

4.1. Diverging R.D output trends

To what extent are recent shifts in the marketisa-
tion of industrial R&D, as described i&ection 2
visible in the corporate R&D literature? If the major
business enterprises in the advanced industrialised
countries have indeed spent the same amounts on in
basic research in the 1990s, but have become more
focused on strategic/applied research rather than basic
research, and now promote the protection and ex-
ploitation of science-based knowledge rather than dis-
semination in the open literature, we should expect to
find at least some of the following trends in the avail-
able empirical data: (1) more corporate researchers;
(2) declining budgets for basic research; (3) more
patents—especially science-based patents; (4) less re-
search papers in the international scientific literature;
(5) less research co-operation with other companies;
and (6) more co-operative linkages with universities
and other public sector research organisations.

Analysis of the CWTS database shows the follow-
ing outcomes. World-wide some 290,000 corporate re-

A join of both databases for the two industrial sec-
tors resulted in the following sets of companies, which
includes most of the large and scientifically leading

firms across the globe:

e Bio-pharmaceuticals: 87 firms (55 North America,
16 Asia, 16 Europe).

e Semiconductors: 75 firms (51 North America, 21
Asia, 3 Europe).

The two lists of companies, and their countries of
headquarters, are presented in Appendices A.1 and
A.2. Each set includes those selected firms that pub-
lished at least one research paper in 1996—-2001 in-
dexed within the ISI/CWTS database. Note that both

search articles were published in 1996-2001, which
amounts to 6.5% of the world-wide publication output.
The total publication output by the corporate sector
shows a 12% decrease during the interval 1996-2001
and this annual decline is accelerating in recent years
(4% in 2000; 10% in 200132 Meanwhile, the share of
public/private co-authored articles has risen from 57
to 68%. As for research inputs, according to OECD

13 Resulting in a significant decline of industry’s share in the
world-wide scientific literature, from 7.0% in 1996 down to 5.6%

sets are assumed to be representative only for the largen 2001.
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Fig. 1. Diverging R&D output trends—world-wide (1996 100). (*) We assume a 2-year time lag between trends in volume of researchers

and R&D outputs published in the open literature. The numbers of researchers in the business sector within the OECD refer to the
period 1994-1999 but are superimposed on the 1996-2001 time-axis for ease of comparison. Data sources: USPTO US Patent Statistics
Report—Summary Table; US Science and Engineering Indicators 2002; EPO Annual Reports 2000 and 2001; ISI/CWTS database; OECD,
MSTI database November 2001.

figures its member states spent on average about 0.4% The longitudinal analysis shows steadily increas-
of their GDP on basic research in the mid and late ing numbers of industrial researchers (an unknown
1990s OECD, 200). However, country-level data on fraction of which being involved in basic scientific
the share of the business sector is lacking, or difficult and engineering research) in conjunction with a di-
to compare, often due to shortcomings in the some- vergence in the output trends between the two major
what ambiguous concept “basic research” as defined classes of codified R&D information: large growth
in OECD’s Frascati ManualGeullec, 200114 More rates of patents versus a gradual decline of research
detailed information exists for only a few countries, papers in the journal literature. Moreover, we observe
including the US where the business sector itself col- a significant growth rate in patent citations to the
lects data l(arson, 200R'° Fortunately, the OESO  scientific literature, which underlines the observed
provides more comprehensive data on the quantity of emphasis on commercialisation of science-based in-
researchers in the business sector. Using the trends ordustrial R&D® The divergence between both types
the total number of researchers in the OECD member of R&D-output is of fairly recent date: the decline
states in the years 1994-1999 as a baseline, we can exef corporate publishing has been a very gradual pro-
amine various R&D output trends in 1996—-2000/2001. cess up until 2000. Given the rate of divergence and
The results are presentedhigy. 1 average time lag between research inputs and pub-
lished outputs, this bifurcation process must have
14 OECD background papers contain provisional data pointing started in the mid-1990s, which seems to coincide
towards decreases in the US and Japan for corporate expenditure\yith anecdotal evidence from other sources (see

for basic researchQECD, 200). . L . .
15 Corporate R&D expenditure by US-based companies has in- Section 2.} The results also exhibit a deterioration

creased by some 10% each year in the second half of the 1990s,Of inter-company co-publications which has dropped
Data collected by the US National Science Foundation show that by 25% since 1996, while the numbers of indus-
basic research accounted for 9% of the total corporate R&D spend- try/university co-authored articles has gradual fallen
ing in 2000, shorter-term (“applied”) research at 20%, and the pack to the 1996 level. So, it would appear that one

remainder of 71% for technical developmeNSB, 2003. From . . L P
1995 to 2000, aggregate R&D expenditure increased by 63%, but of the main factors dnvmg the decllnlng DUbllcatlon

basic research rose by 142%afson, 2001 The exceptionally

strong growth rate is claimed to be a reflection of increased funds 16 The exponential growth of patent citations to research pa-
for corporate profits and available cash for future investments and pers in international scientific and technical journals in the years
risk taking, decreasing product cycle times and strong competition 1996-1998 is in part due to changes in the US patent law in 1995
in increasingly global markets. (NSB, 2002 pp. 5-53).
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Fig. 2. Trends in corporate research publication output world-wide, and world-wide trends in institutionally co-authored research publications
(1996 = 100). Data source: ISI/CWTS database.

output relates to whether or not research partners are The general decline in the number of co-publications
involved in corporate basic research, and the type of listing at least one company is in contrast with the
partners involved. co-publication trends in the university sector, and a
Fig. 2 exhibits a further breakdown of the trend second institutional sector covering the public sec-
data by the various categories of co-authored researchtor research institutes and government laboratdfles.
papers, as well as temporal changes in the numbersBoth public research sectors show a steady increase
of single-company authored articles. The largest slide in co-publication activity, where the growth rate of
occurs for research papers listing only one company. the research institutes surpasses that of the univer-
We find an accelerating rate of decline in which the sities. However, despite the larger growth rate, the
share of these papers has dropped significantly from co-publication output between companies and re-
36 to 26% between 1996 and 2001. Co-publications search institutes is decreasing at a faster pace than the
involving pairs of companies are also in rapid decline. corporate-university co-publication activity. Hence,
However, the drop in papers originating from research
partnershlps mVOIVIng.thre? or more firms is Sma”_er research institutes. These contributions may become explicit in
than for pairs, suggesting different knowledge creation e acknowledgements or are added more implicitly in the list
processes and appropriation regimes in corporate re-of references to relevant prior research articles by the academic
search partnering depending on the number of firms pl%rtnerS- o _
involved. It would seem that the larger the number of  'he overall data for the co-publication outputs in the three
. . institutional sectors (universities, public sector research institutes,
partngrs involved, th.e_ more the research will be. of a and companies) contain double counts owing to the nature and
generic “pre-competitive” nature and results are likely gefinition of these joint publications. For instance, university
to be (partially) transferred into the open literature for co-publications are defined institutional co-publications at the main
strategic reasony. organisational level (i.e. excluding collaboration within organisa-
tions) that include at least one author address referring to a uni-
_ versity. Hence, these university co-publications overlap with the
17 Although these corporate co-publications do not list authors co-publications for the public sector research institutes and/or cor-
from the public sector, the research efforts reported in these papers porate sector in those cases where organisations from those other
may well include significant contributions from universities or  sectors are listed in the author address(es).
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corporate co-authoring seems to be focusing more decline since 1996. Since non-university public sector
and more on the university sector, hinting a gradual researchers are less active in basic research and less
shift towards more joint ‘basic’ research with aca- driven by publishing papers in the international jour-
demics and less joint ‘application-oriented’ research nal literature, their numbers of joint papers with indus-
in collaboration involving non-academic scientists trial researchers are now also decreasing significantly.
and engineers at the public research labs. Overall, we see a pattern, similar to the trend found
When universities are engaged in research part- in the inter-company partnerships, where the number
nerships with industry they act mainly as producers of partners involved in public/private co-publications
of basic knowledge and advanced technical skills is inversely correlated with the rate of decline.
(and associated human capital in the form of Ph.D.
students and researchers), while industrial researchs 2 Research output trends by industrial sector
partners focus on the transfer, absorption and as-

similation of that knowledge and know-how. This  opyiously, the overall trends depictedfigs. 1 and
relatively clear-cut division of labour and responsi- 5 hide a large degree of variation. It stands to rea-
bilities, in Cor!junction With_industry’s r_levgr_-ending son that the underlying (changes in) volume of ba-
need for new inputs of leading-edge scientific knowl- gj¢ research and/or decreasing publication activity will
edge, instruments and skills, ensures a fairly stable vary by industry. A recent bibliometric study kym
quantity of joint research papers with academics. The (2001) using research articles in international journals
quantity of industry-university co-authored publica- 4nq USPTO patents, indicates a strong link between
tions showed a 13% g?m_ during 1996-2000, which 14th outputs in the bio-pharmaceuticals sector but a
then slipped back to 6% in 2001. Due to the larger \yeaker relationship in the semiconductors industry.
rates of decline of the other categories of corporate | jm argues that these differences are due to sector-
papers, the fraction of these articles moth(_a corporate |eye| differences in the relevance of basic research for
outqu has mcreased. stegdlly fro,m 48/t> in 1996 10 jnnovations in conjunction with firm-level differences
58% in 2001. Coupling industry's increased need i, apsorptive capacity of knowledge spillovers.

for research co-operation with universities, and the Fig. 3 exhibits the breakdown of the various types
output-rewarding incentive systems in the academic st corporate research papers for both sectors, disclos-
community, would seem to ensure a sustained flow of jnq some sector-specific characteristics and develop-
industry/university researf:h papers reflectmg knowl- ments (the underlying data are presented in Appendix
edge flows from academia to their partner firms for B.2). The large bio-pharmaceuticals companies pro-
their in-house research, technological development y,ced a staggering 55,962 papers in 1996-2001
and further commercial use, as well as contrlputlng displaying a remarkably high propensity to produce
knowledge to the world-wide research community.  tiple-company papers that remained fairly stable
_ Intgrestmgly_, mdgstry/umversny co-publications i the years 1996-2001. This would seem to indi-
involving multiple firms are less affected by the ¢ 5 sustained tendency on the part of these (large)
general downturn compared to single company co- fiyms to take part in inter-company or intra-company
publications with universities. As the size and hetero- |osearch alliance

geneity of public/privqte research_ alliances and  The large semiconductors companies, producing a
networks grows, especially those aimed at produc- (o) of 15,641 papers, exhibit a very large growth of
ing scientific or .technlcal knowledge to be shared papers from partnerships involving one company and
amongst all (major) partners, the more prone these gne non-university public research organisation. Al-
part_ners_hlps seem tq be to dl_ssemmate_research 'nfor'though the number of these papers is fairly small (51
mation into the public domain—most likely also to 2001), the volume has risen by some 30% since

satisfy the participating academics who need to com- 1996 and remained stable. Furthermore, the quantity
ply to publication output-driven rewards systems (e.g.

lesse_n, 1998 In cor_1tra_st, the volume of joint PAPEIS 19 1he set of inter-company co-publications includes co-authored
involving _research |nstltutes, or other non-acgdemlc papers listing different national affiliates or subsidiaries of the
partners in the public sector, do show a noticeable same (ultimate) parent company located in different countries.



722 R.J.W. Tijssen/Research Policy 33 (2004) 709-733

Bio-pharmaceuticals

120 A

110 s
100 -
NSNS
b \.\-
60 ; ‘

1996 1997 1998 1999 2000 2001
—&— | company —&— 2 companies
—&— 3 or more companies —>— 1 company-universit(y)(ies)

—6— 1 company-res. institute(s) —X%— Companies-universit(y)(ies)
—+— Companies-res. institute(s)

Semiconductors

160 -
150

140 P
130 b = o
120 - Mﬁ
110 / L

0 >

60 : \'\'
1996 1997 1998 1999 2000 2001
—&— | company —&— 2 companies
—a— 3 or more companies —>— | company-universit(y)(ies)

—O6— | company-res. institute(s) —¥— Companies-universit(y)(ies)
—+— Companies-res. institute(s)

Fig. 3. Trends in corporate research publications world-wide by field (£9960). Sources for company selection: “TR Patent Scorecard
2002” (Technology Review and CHI Research Inc.); “R&D Scoreboard 2001” (British Department of Trade). Data source: ISI/CWTS
database.

of papers listing several companies and one or more throughs into useful innovations, which reduces their

research institutes remains stable. This sector-specificneed to invest heavily in their own longer-term re-

finding ties in with the results oLim (2001) sug- search. R&D-based semiconductors firms seem to
gesting that semiconductor firms depend primarily have increased their investments in pre-competitive
on applied knowledge rather than basic knowledge. research at research institutes in the public sec-
In the semiconductors industry, many intermediate tor, rather than boosting in-house basic or strategic
steps are required to transform basic scientific break- research, or engage in strategic research ventures



R.J.W. Tijssen/Research Policy 33 (2004) 709-733 723

with other firms. The technology-oriented research  Fig. 4 displays the general output trends per in-
institutes in the public sector, rather than general uni- dustrial sector broken down by the “triad” regions
versities or technical universities, are sought out by in which the company is located, i.e. Europe, North
the semiconductors industry as the main sources of America (predominantly US), and Asia (predom-
applied scientific knowledge. inantly Japan). The underlying data are presented
Similarly to the overall picture presentedkig. 2, in Appendix B.22° The results inFig. 4 display
these two graphs are likely to hide marked differ- at least one striking difference in the case of the
ences between the large firms, especially between Bio-pharmaceuticals sector, where Asia exhibits a
science-based first-moving “innovators” and the noticeable growth of joint publications involving
“followers” that spend less of their resources on R&D companies and public research institutes, as opposed
and basic research in particular. However, given the to the marked decline in North America. On the
lack of this kind of firm-level data, we can only whole, public—private co-publication frequencies re-
assume—for now—that in view of the increasing main fairly stable in Asia, whereas both Europe and
international competitive pressures in both sectors, North America display a gradual drop in output.
and the business practices shared by the major firms,Given the relatively small quantities of publications
there is no compelling reason to believe that large in some cases it is too early to draw any definitive,
companies active in the same fields and competing and statistically sound, conclusions. Nevertheless, it
in the same local or global markets, are adopting seems fair to assert that Asian firms are acting dif-
fundamentally different strategies for enhancing the ferent than their counterparts in the Western world
commercial pay-offs of their research efforts. with respect to their partnering in the public sector.
Apart from the remarkable rise of European research
publications in 1999 and 2000 listing three of more
4.3. Breakdown of research output trends by triad ~ companies (which may well have resulted from an
region insignificant annual fluctuation), each triad region
shows the same significant downward trend in cor-
Corporate research activities follow to a certain de- porate publication output that originates from firms
gree “universal”’ scientific methods, rules of conduct exclusively.
and research output dissemination strategies, but also In the semiconductors industry, we observe the
adhere to common business practices and economicsame differences in trends between Asia and the
rationales (e.g. optimising cost-effectiveness of re- US2! Public—private co-publication activity is clearly
search efforts and enforcing IPR regimes). This being on the rise in Asia, especially co-operation involving
the case, to what extent do different industrial research non-university research institutes. In contrast, the re-
cultures, national R&D environments and innovation search output of US companies is characterised by
systems that exist across the globe impact on the mag-declining quantities of public—private research papers,
nitude and trends in publication output of industrial most notably those involving non-university research
researchers in peer-reviewed international scientific institutes. In both cases, the rates of changes are
and technical journals? This geographical dimension significant.
of industrial research has attracted a great deal of The increasing importance of collective research
policy interest in recent year, especially with respect mechanisms, both among companies and well as
to the effectiveness of public policies and mecha- among academia and companies, is now generally
nisms to support public—private research co-operation acknowledged to be one of the fundamental global
(OECD, 2002. The publication output of corporate changes taking place in the way (science-based)
researchers at firms active within the same indus-
try, but located in different countries or continents, 20 Due to the small quantities of publications, resulting in large
may shed some empirical light on these geographical annual _out‘put f_Iuctua_ltions, the_two_categories .Of public—private
differences, especially with respect to joint research ::O-publ!catlons |r.1v.oIV|ng non-university research institutes are col-
. : ] apsed into one joint category.
ventures _between firms and public—private research 21 gyrope is left out of this analysis given the small number of
co-operation. semiconductor firms based in European countries.
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Fig. 4. Trends in corporate research publication output by field and triad region &99®). Data source: ISI/CWTS database.
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Fig. 4. Continueg.

technological innovation is brought abou®ibbons case-study empirical confirmation that this rise in out-
et al., 1994; OECD, 2002 Judging by these empir-  put results in part from government programmes that
ical data in these two science-based industries, the promote university-industry research collaboration.
direction or pace of this evolution differs across the His findings show that several Japanese R&D pro-
globe: the American and European companies appeargrammes, such as the Next Generation Programme,
to be downsizing the basic research efforts or at least have been instrumental in increasing the number
restricting the dissemination of results in interna- of public—private co-publications in international
tional journals, whereas their Asian competitors seem journals.

to focus more strongly on basic research activities As outlined in previous sections, the changing
and/or publish more research articles in peer-reviewed patterns of collaboration may not only reflect such
international journals. The diverging Asian trend “external” country/region-specific pressures on cor-
predominantly reflects an increased focus on basic porate research, but also “internal” company/industry-
research within Japanese companies. Recent biblio-specific factors. Clearly, further case-study research
metric research byHayashi (2003)in fact provides is needed to help explain these converging trends
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between the US/Europe and Asia, as well as the de- papers with two partners and those listing three or
gree of similarity in trends between US and Europe, more partners. Assuming that the co-publications list-
and attempt to disentangle the role of internal and ex- ing many partners arise from joint ventures and con-
ternal factors that are driving public—private research sortia that are primarily engaged in pre-competitive
collaboration and corporate R&D networking within research of a more generic nature, these partnerships
the Triad regions. The pivotal policy question that have less reason to appropriate collective knowledge
remains: do the declining numbers of research papersand impose restrictive publishing strategies. In other
of the US and European companies indeed indicate words, in the case of basic research involving many
that corporate research is in decline in the Western partners, either in the corporate sector or public sec-
world? Or, alternatively, that the commercialisation tor, knowledge dissemination practices tend to be less
of corporate research is further advanced? The final vulnerable to changes in corporate research culture.
section will deal with this issue in more detalil. As for the industry’s links with non-academic research
organisations in the public sector, it is fair to assume
that these partnerships are more focused on strategic or
5. Discussion and concluding remarks applied research and therefore more affected by with-
drawals from open science. Moreover, publishing find-
Clearly, a 6 years time-span is not enough to detect ings from this kind of joint research is likely to be more
structural global changes and trends with any degree severely constrained by IPR arrangements and pub-
of certainly. However, the results of this large-scale lication strategies, as compared to industry/university
study would at very least suggest that the erosion co-authored papers, in the light of the (perceived) com-
of industry’s contribution to the open scientific and mercial value of such research findings and the greater
technical literature has gained momentum at the turn risk of unintended spillovers.
of the millennium. We might be tempted to conclude However, other organisational and socio-economic
that this recent development follows from companies factors might also (partially) explain these changes
switching their priorities to short-term research fo- within corporate research culture and its effect on
cused on areas close to the market where they canthe propensity to publish in peer-reviewed journals.
make money more quickly. These competitive pres- As state-of-the-art research has become more com-
sures to increase private rates of return, and to boostplex and expensive, and driven by tighter time sched-
commercialisation of research findings, may well have ules, research projects have become subject to stricter
redirected the goals of basic research and narrowed“costs and returns” accounting rules that focus on
the focus towards strategic and applied research with milestones, tangible deliverables and value creation.
shorter time-horizons. Indeed, companies are most As a result, the production of research articles has
likely also trying to minimise research costs by con- gone down because producing investing time and ef-
tracting out for work rather than conducting in-house forts in writing these papers has become increasingly
research. Less funding for in-house exploratory re- prohibitive, while other performance targets and R&D
search, and the downsizing of industrial research results such as patents and patent-based licenses are
labs, would account for the significant decrease of more highly rewarded and generate greater in-house
corporate research articles in the open literature, es-recognition and reputation. Alternatively, or addition-
pecially the dramatic decline in publication rates of ally, researchers may have gradually opted for other
papers where companies are the sole creator of new“easier” publication outlets with less severe refereeing
scientific knowledge, as well as the significant drops such as internal report series, contributions in confer-
in inter-company co-publications. Moreover, the rel- ence proceedings, or papers in professional jourfals.
atively minor effect on industry-university papers

can be explained by closer links with the university 22 Industry’s influence on the scientific progress in the global re-
sector search system, and its contribution to the open scientific publica-

The downturn in roorat ndin n in-h tion system, may therefore in part be hidden from public scrutiny.
€ ao u corporate spe go ouse Moreover, a firm's research partners at universities and public

basic research would also account for the significant sector research institutes might still publishing results of joint ef-
differences we observe between output trends in joint forts in international journals without mentioning the (monetary)
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Only the truly high-quality papers are still submitted appropriation regimes and more restrictive policies for
to peer-reviewed international journals, where related dissemination of findings of general scientific impor-
research papers of lesser scientific significance, or ear-tance makes researchers shy away from publishing in
lier abridged versions of the same paper, are made peer-reviewed scientific and technical journals.
public through other outlets. In the event that this is actually the case, a significant

Concluding, the whole pattern of observations fraction of the research is probably never published
point in the direction of structural changes in corpo- in the open literature, which may negatively affect the
rate priorities and strategies concerning basic researchprogress of scienc®. Moreover, one cannot rule out
leading to codified knowledge that is—in principle— the possibility that the academic partners might still be
publishable in the open scientific and technical liter- publishing results of joint efforts but refrain from men-
ature. The observed trends in the output of corporate tioning the direct involvement of industrial researchers
research articles published in recent years suggestor adding references to the sources of private fund-
that on the one hand that corporate basic research ising. If this is becoming the case, the growing part of
being downsized, but on the other hand we can seeindustry’s research efforts, its impact on academic re-
that corporate priorities concerning access to their search, and the commercialisation of research results,
research-based knowledge, and securing related intel-will be hidden from public scrutiny. Already there is
lectual property rights, are probably also getting the a strong feeling within the scientific community that
better of sharing and exchanging information with the industry’s trend towards ‘closed science’, and closer
world-wide scientific community. ties to universities, endangers the public accountabil-

The correlation and causality between diminish- ity and intellectual independence of public sector basic
ing resources for corporate basic research and theresearchNature, 2001 For this reason, several ma-
declining output levels requires further investigation. jor scientific journals, likeNature and Science have
Based on the findings presented in this paper we can-implemented editorial policies forcing authors to ex-
not rule out the possibility that science-based compa- plicitly acknowledge such ties with industry, and busi-
nies might well still be doing the same magnitude of ness interests of researchers, in statements attached to
long-term research (or maybe even more that before), their journal articleg?
but their R&D labs and research managers now op- The key question we face at this point in time is
erate in different organisational and managerial struc- whether or not these recent changes in industry’s re-
tures that are governed by rules and regulations aimedsearch publication output indicate structural and last-
at maximising the efficiency of knowledge creation ing transformations that are reshaping the world-wide
processes and broadening the opportunities for com- corporate science landscape? Or do these trends signal
mercial gains of research activities. This assumption
is backed up by general observations of US industry penditures of risky long-term research will probably be amongst
(Larson, ZOOQ as well as in_depth firm-level ana|yses the first to be scrutinized and possibly sacrificed, predicting tough
by Buderi (2000ajhat indicate “. . the extended time times ahead for many corporate research laboratories and their
horizon of central labs is why many [industrial R&D] pﬁrtTnﬁrS' . .

) L . ) ) . is trend endangers the way open science has worked, with
directors insist that basic research is alive and well—if

substantial success, for centuries where scientific discoveries have
not thriving”.2® Coupled with IPR-driven knowledge  been traditionally put into the public domain. If they are now
patented or not published, access to scientific knowledge will be
restricted, or at least will be more costly. This is especially detri-

resources supplied by the corporate sector. For this reason, severalmental to science when research tools and databases are concerned.

high-profile scientific journals, lik&ature have implemented ed-
itorial policies forcing authors to explicitly acknowledge such ties
with industry.

23 The situation caused the economic downturn after the turn of
the millennium is unclear: on the one hand, we might expect the
growth in this type of research to continue as we move further into
a new knowledge-driven economy. On the other hand, although
managers of the larger high-tech firms will try to protect research
budgets to secure longer term survival and growth, corporate ex-

As an increased number of discoveries are protected, researchers
have to spend more time negotiating access, and spend more re-
sources for paying fees and royalties. The solution is to put in
place legal provisions that allow the use of protected knowledge
“for purpose of research”.

25 g0, far about 4% of papers publishedNaturein the last two
years have the authors declared competing interiistsi(e, 200R

This share is only slightly less than industry’s 6.5% contribution
to the worldwide scientific literature (segection 4.}
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temporary adjustments of business priorities amongst process shaping the nature and direction of scientific
the science-based large firms to cope with cyclic de- progress in global science, and the co-evolution of
velopments affecting the competitive global markets public and corporate science, in terms of the free
in which they operate? The findings of this exploratory dissemination and exchange of knowledge? And have
study are obviously suggestive rather than conclusive, these changes affected industry’s absorptive capac-
and further case studies are necessary to corroboratdty of new knowledge? Given the wealth of data
the tentative conclusions with more detailed informa- contained in the large quantity of papers published
tion at the company level and industry level. Nonethe- by corporate researchers, further empirical research
less, these first empirical findings do raise a number of would certainly benefit from in-depth analyses of
important unanswered questions, and related criticism industry’s contribution to the international scientific
voiced by the scientific community regarding the neg- and technical journals.

ative impact on public research organisations in terms

of influencing basic research agenda’s, sharing of in-

formation and materials, and enforcing secrecy (e.g. Acknowledgements

Nature, 200}

More specifically, to what extent are the busi- Bert van de Wurff and Erik van Wijk are grate-
ness strategies of firms, and cost projections their fully acknowledged for their contributions to the
of in-house basic research, negatively affecting their CWTS’s Corporate Research Papers database. Thed
reservoir of new scientific knowledge and technical van Leeuwen assisted in the data processing and
know-how to explore new technological opportunities data analysis. | also wish to thank three anonymous
and generate advanced technologies? How is thisreferees for their very constructive comments.

Appendix A

A.1l. Selected (parent) companies and country of headquarters—pharmaceuticals

Abbott Laboratories USA Immunomedics USA
Affymetrix USA Incyte Genomics USA
Alliance Pharmaceutical USA Invitrogen USA
Amgen USA Isis Pharmaceuticals USA
AstraZeneca UK Kowa Japan
Augustine Medical USA Kyowa Hakko Kogyo Japan
Aventis USA Ligand Pharmaceuticals USA
Biogen USA Lynx Therapeutics USA
BioMerieux France Merck & Company USA
Bionumerik Pharmaceuticals USA Millennium Pharmaceuticals USA
Biovail Canada Neorx USA
Boehringer-Ingelheim Germany Neurogen USA
Boots UK New England Biolabs USA
Bristol-Myers Squibb USA Novartis Switzerland
British Biotech UK Novo Nordisk Denmark
Caliper Technologies USA NPS Pharmaceuticals USA
Celgene USA Ono Pharmaceutical Japan
Cell Therapeutics USA Pfizer USA
Celltech Chiroscience Group UK Pharmacia USA
Cephalon USA Pharmacopeia USA
Chiron USA Promega USA
Chugai Pharmaceutical Japan Ribozyme Pharmaceuticals USA
COR Therapeutics USA Roche Switzerland
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Appendix A Continued
Corixa USA Sanofi-Synthelabo France
Corvas International USA Schering Germany
Curis USA Schering-Plough USA
Daiichi Seiyaku Japan Seikagaku Japan
Eisai Japan Senju Pharmaceutical Japan
Elan Ireland Sepracor USA
Eli Lilly USA Shionogi & Company Japan
Emisphere Technologies USA Shiseido Japan
Enzon USA Sigma-Tau Industrie Italy
Fresenius Chem-Pharm Germany Synaptic Pharmaceutical USA
Fujisawa Pharmaceutical Japan Taisho Pharmaceutical Japan
Genentech USA Takeda Chemical Japan
Genzyme USA Tanabe Seiyaku Japan
Gilead Sciences USA Tularik USA
GlaxoSmithKline UK Vertex Pharmaceuticals USA
Guilford Pharmaceuticals USA Wyeth USA
Heska USA Xoma USA
Hisamitsu Pharmaceutical Japan Yamanouchi Pharmaceutical Japan
Human Genome Sciences USA Zambon Group Italy
Hybridon USA
ICOS USA
IGEN International USA
Immunex USA

Sources: DTI's UK R&D Scoreboard 2002; Technology Review/CHI Research’s TR Patent Scorecard 2002.

A.2. Selected (parent) companies and country of headquarters—semiconductors

3Com

Acer

Adaptec

Altera

Analog Devices
Apple Computer
ATI Technologies
Casio Computer
Cirrus Logic
Compaq Computer
Conexant Systems
Dell Computer
EMC

Fujitsu

Harris
Hewlett-Packard
Hitachi

Imation

Integrated Device Technology

Intel

Intersil

Kla-Tencor

Kyocera

Lam Research

Lattice Semiconductor
Lexmark

USA
Taiwan
USA
USA
USA
USA
Canada
Japan
USA
USA
USA
USA
USA
Japan
USA
USA
Japan
USA
USA
USA
USA
USA
Japan
USA
USA
USA
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Appendix A Continued

Linear Technology
LSI Logic

Marconi

Microchip Technology
Micron Technology
Mitsubishi Electric
Motorola

Murata Manufacturing
NEC

Novellus Systems
Oce

Omron

Read-Rite

Rohm

Silicon Graphics
STMicroelectronics
Storage Technology
Sun Microsystems
Taiwan Semiconductor
Teradyne

Texas Instruments
Tokyo Electron
Toshiba

United Microelectronics
Western Digital
Xerox

Xilinx

USA
USA
UK

USA

USA
Japan
USA

Japan
Japan

USA
Netherlands
Japan

USA
Japan

USA

France

USA

USA

Taiwan
USA

USA
Japan
Japan

Taiwan

USA
USA

USA

Sources: DTI's UK R&D Scoreboard 2002; Technology Review/CHI Research’s TR Patent Scorecard 2000.

Appendix B

B.1. Trends in publication output frequencies (§&g 1)

Organisational origin of research publicafion 1996 1997 1998 1999 2000 2001

(a) 1 company exclusively 17454 15894 15308 14704 13425 11253
(b) 2 companies exclusively 2626 2484 2708 2385 2383 1916
(c) >2 companies exclusively 724 707 761 750 772 621
(d) 1 company and at least 1 univerSity 12275 12243 13011 13389 13608 12749
(e) >1 companies and at least 1 university 11334 11936 12800 13563 13077 12340
(f) 1 company and at least 1 research institute 2053 2132 2140 2177 2063 1859
(9) >1 companies and at least 1 research insfitute 2320 2415 2451 2635 2400 2269
(h) University co-publicatiorfs 275106 283060 305129 319125 327200 344777
(i) Research institute co-publicatidhs 68746 73404 78958 83805 85428 89023

aMain organisation(s) listed in author affiliate address(es).
bEach research paper is attributed in full to all (main) organisations, and their institutional sector, listed in author
addresses. Hence, papers belonging to categories (d) to (g) may also list a non-targeted institutional sectors (research institute
in case of category (d) and (e), and universities in case of (f) and (g). The frequency data are de-duplicated at the level of
institutional sectors, but will include multiple counts for cases with different sectors.
¢ Publications listing at least one university and one other main organisation (university or non-university).
4 Publications listing at least one (non-university) research institute and one other main organisation.
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B.2. Trends in publication output frequencies (§&gs. 2—9
Industry sector—country/region; organisational 1996 1997 1998 1999 2000 2001
origin of research publicatién
Bio-pharmaceuticals—World
1 company exclusively 3440 3050 2698 2526 2362 2068
2 companies exclusively 868 841 821 719 725 659
>2 companies exclusively 369 364 368 372 355 358
1 company and at least 1 university 2485 2359 2428 2321 2196 2255
>1 companies and at least 1 university 2464 2478 2538 2659 2489 2412
>1 companies and at least 1 research institute 323 346 278 317 263 257
>1 companies-research institute(s) 357 366 376 396 319 317
Bio-pharmaceuticals—Europe
1 company exclusively 866 759 619 604 510 475
2 companies exclusively 417 330 294 255 367 231
>2 companies exclusively 251 296 207 298 361 219
1 company and at least 1 university 459 409 402 397 364 374
>1 companies-university 998 922 908 961 916 859
Compan(y)(ies)-research institute(s) 170 174 165 165 139 151
Bio-pharmaceuticals—North America
1 company exclusively 1368 1355 1022 1012 964 840
2 companies exclusively 546 641 585 471 432 479
>2 companies exclusively 412 449 350 326 335 382
1 company and at least 1 university 562 517 540 497 472 521
>1 companies and at least 1 university 1128 1169 1120 1182 1095 1065
Compan(y)(ies)-research institute(s) 294 294 309 314 241 207
Bio-pharmaceuticals—Asia
1 company exclusively 369 316 391 264 299 247
2 companies exclusively 192 227 168 125 145 140
>2 companies exclusively 130 64 80 68 107 123
1 company and at least 1 university 102 111 127 116 96 95
>1 companies and at least 1 university 235 240 269 278 241 251
Compan(y)(ies)-research institute(s) 33 29 27 35 33 41
Semiconductors—World
1 company exclusively 1186 1013 1006 955 774 742
2 companies exclusively 300 272 284 275 229 222
>2 companies exclusively 86 73 89 84 91 74
1 company and at least 1 university 478 471 579 549 547 549
>1 companies and at least 1 university 586 565 676 691 697 661
1 company and at least 1 research institute 38 51 51 56 58 51
>1 companies and at least 1 research institute 84 85 83 86 83 84
Semiconductors—North America
1 company exclusively 330 297 375 305 268 218
2 companies exclusively 132 110 112 98 61 88
>2 companies exclusively 46 31 55 36 42 32
1 company and at least 1 university 122 129 146 159 139 115
>1 companies and at least 1 university 316 363 402 390 381 337
Compan(y)(ies)-research institute(s) 70 67 54 50 53 39
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Semiconductors—Asia

1 company exclusively 803
2 companies exclusively 405
>2 companies exclusively 184
1 company and at least 1 university 119
>1 companies and at least 1 university 268
Compan(y)(ies)-research institute(s) 59

705 620 623 436 500
355 383 393 304 298
183 179 192 180 150

115 140 137 148 167
257 366 369 361 387
58 a7 90 75 92

aMain organisation(s) listed in author affiliate address(es).
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