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Abstract

Firms use R&D partnerships to access knowledge and build global R&D networks. This article develops an integrated
framework to examine the determinants of the choice of partners with which firms co-operate on R&D. This resource-based
perspective underscores the interactions between three major questions: why co-operate, who does and with whom? It argues
in particular that the choice of partners is dictated by the complementary resources which the latter command. The framework
is then expanded to predict the relative efficiency of R&D co-operation with different partners, including suppliers, clients,
rivals, academic institutions and foreign firms. The empirical analysis, which is based on responses to France’s version of the
second European community innovation survey (CIS-2), strongly supports the overall framework of analysis.
© 2002 Published by Elsevier Science B.V.

Keywords:Co-operation; R&D partnerships; Innovation; Resource-based theory of the firm; European R&D consortia

1. Introduction cal partnerships. Since transactions involving the exs
change of knowledge are notoriously imperfect, theys
In the context of the emerging knowledge-based tend to be embedded in various types of alliances:
global economy, both supply and demand for technol- More frequent and diverse knowledge exchanges haxe
ogy have been increasing at the world level. Since the thus constituted one major driving force behind thes
late 1980s, the role of innovation as a factor of com- growing number of domestic and international tectwo
petitiveness and the accelerating pace of technologi- nological alliances since the 1980s. 41
cal progress have combined to make firms deepen and This article focuses on inter-firm co-operativei2
broaden their innovative capabilities. Firms have al- agreements as one of the major modes firms use 40
located increasing resources to R&D to speed up the access knowledge and build global R&D networksu
pace of innovation and diversify their technological The relative flexibility of co-operative agreementss
capabilities. Firms have also designed new R&D prac- has been underscored as one of the main reasons 4or
tices, including both internal organisational changes their remarkable development since the 198Gsglut, 47
and the building up of complex networks to deal with 1988; Ciborra, 1991; Teece, 1992; Gomes-Casseres,
growing outsourcing and various types of technologi- 1996; Sachwald, 199&trategic and organisationalss
perspectives have further shown that the choice ef
* Corresponding author. co-operative R&D, rather than internal R&D, eqg-s:1
E-mail addresssachwald@ifri.org (F. Sachwald). uity relationships or outsourcing, depends on the

0048-7333/02/$ — see front matter © 2002 Published by Elsevier Science B.V.
doi:10.1016/S0048-7333(02)00159-2
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characteristics of the technologies involved, as well ‘literature-based alliance counting’ d&tand tests the o7

as on the characteristics of firms’ competenédies. set of hypotheses on the reasons for co-operation asd
This article does not focus on the choice of R&D the profile of R&D partnersSection 4then exam- 99

partnerships among the diverse organisational andines the relative efficiency of R&D co-operation withoo

inter-organisational arrangements that firms use to the different types of partners. The conclusion sunw

acquire technology, but rather on the choice of part- marises the results and discusses theoretical and pal-
ners. It shows that the choice of R&D partners with icy implications. 103

a specific profile depends on the type of complemen-

tary R&D resources firms seek to access, which, in

turn, depends on their own profile. Partnerships have 2. The why—who framework of R&D 104

developed in particular between high-tech (HT) start CO-operation 105

ups and larger incumbents, but also between suppli-

ers and clients in various sectors, and more rarely A large proportion of the literature on technologicabs

between competitors. At the same time, firms tend alliances has focused on the issue of the motivatian

to enter various co-operations with universities and for co-operation. In view of the increasing complexes

public institutes, including as part of large research ity and multi-disciplinarity of research, firms seek toms

consortia. Furthermore, since national innovation access complementary resources from beyond thedr
systems tend to nurture specific creative activities boundaries. In this context, R&D partnerships have

and more generally reflect national specialisation beenanalysed as organisational answers to the require-

patterns, R&D networks may have an international ments of innovation-based competition and rapid teahs
dimension. nological change, the ‘why’ issue being related to the:

The contribution of this article to the analysis of forms taken by co-operation. Interactions between the
R&D co-operation is threefold. First, it develops an Mmotivation for co-operation and the profile of partnerss
integrated framework which relates the set of ex- have been less systematically explored. This sectian
ternal R&D resources firms target to the choice of reviews the literature with the view to establish a setab
partners. This resource-based perspective underscore§ypotheses relating the motivation for co-operation 1o
the interactions between three major questions: why the profile of partners. Some of these hypotheses hae
co-operate, who does and with whom? Second, this already been discussed in the literature and the piat-
framework is used to predict the relative efficiency POSe here is to build an integrated framework, whicke
of co-operation with different types of partners to relates the R&D resources firms seek to accesszs-
innovate. Third, the empirical analysis is based on a Why co-operate?—to their own profile—who cors
French survey of firms’ innovation practices, which operates ?—and to the profile of their partners—witbs

provides a large sample of observations. Co-operation whom? 126
on R&D is defined as a firm’s behaviour rather than
measured by a count of technological partnerships as2.1. Why co-operate on&D? 127
in databases on alliances.

The paper is organised as followSection 2dis- The literature has extensively discussed the matis

cusses the results from the literature on the interactionsvations for entering into co-operative agreements as
between the motivation of alliances and the profile of organisational forms. The transaction cost perspectige
partners. This discussion is used to build the integrated studies the circumstances under which co-operatige
framework that relates the profile of co-operating firms agreements are the most efficient form of organization
with the profile of their partners, including suppliers, (Stukey, 1983; Hennart, 1988, 199Robertson and 133
clients, rivals, public institutions and foreign partners. Gatignon, 1998). In depth studies of the attributes a#
Section 3describes the data, explains differences with the knowledge involved and of the characteristics ob

the innovation process itself have further contributegh

1 For different perspectives and types of empirical support, see
(Kogut and Zander, 1993; Nagarajan and Mitchell, 1998; Narula, 2 This term is used bydagedoorn (2002jn his presentation of
2001). the MERIT-CATI database.
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to the analysis of the role of internalisation in the tion technologies has increased from 40 to 80% of tive
evolution of firms’ capabilities. Besides, the logic  total between 1980 and 1998The positive influence 179
of transaction cost minimisation does not capture of R&D intensity on the propensity to co-operate haso
many of the strategic advantages of alliances, and been recently confirmed for large cross-sectoral sam-
strategic management perspectives are complemen-ples of German and Spanish firmiZi¢sch and Lukas, 182
tary (Foss, 1994; Gulati, 1998; Tidd and Trewhella, 2001; Bayona et al., 2001The first hypothesis be-1s3
1997; Sachwald, 1998; Hagedoorn et al., 2000the low is thus included to start building our integratetgs
resource-based perspective, partnerships are drivenframework, in which theguantityandquality of R&D 185
by a logic of strategic resource needs and, this ap- resources influence both the propensity to co-operate
proach is well suited to studying simultaneously the and the propensity to co-operate with specific partners.

motivations of alliances and the characteristics of
partners.

Hypothesis 1. The propensity to co-operate on R&Dss

The resource-based perspective suggests that firmds higher for firms from sectors with relatively highss

conducting expensive, risky or complex research
projects will seek R&D co-operation. In turn, these
firms tend to be concentrated in high-tech sectors.
Sectoral studies broadly support the idea that R&D is
a major area of co-operation in high-tech or emerging
industries. Incumbents may use alliances to enter new
product areas or technological fields, as they allow
them to expand their knowledge sources with limited
investment exposure. Incumbents can thus test the
importance of the new market or technology as well
as evaluate strategic solution8lifchell and Singh,
1983. Such behaviour has been well documented
in the pharmaceutical industry, where incumbents
have extensively resorted to alliances in order to ex-
pand their knowledge base in biotechnologisg@no
et al., 1988; Arora and Gambardella, 1990; Powell
and Brantley, 1992; Sharp et al., 199€onversely,
entry by new biotechnology firms is eased by vertical
alliances with pharmaceutical, chemical or marketing
firms, which possess complementary ass&ba(
et al., 1994; Calabrese et al., 2000n the emerg-
ing multimedia fields, where speed to market and
innovative product combinations constitute major
competitive strengths, firms actively knit networks
of complementary assetsGomes-Casseres, 1996;
Quélin, 1996.

In the MERIT-CATI database, the proportion of
“R&D partnerships* in pharmaceuticals and informa-

3 Kogut and Zander (19933tudies the role of complexity and
tacitnessNagarajan and Mitchell (199&ndNarula (2001 )studied
the impact of the extent to which new knowledge is related to
core R&D resources or to more peripheral assets.

4 Which includes joint ventures and other inter-firm agreements
that “contain some arrangements for transferring technology or
joint research” Hagedoorn, 2002p. 491).

R&D intensity. 190

191

The strategic need for high R&D efforts may alsm2
explain intra-sectoral co-operative patterns. During tha
1980s, electronic products at the earliest stages of the
life cycle exhibited a higher number of R&D alliancess
(Cairnaca et al., 1992). Similarly, among a sample nb
new American semiconductor firms, the most innos7
vative ones and those faced with the fastest paceisaf
technological change exhibit a higher propensity te
co-operate on product developmemtigenhardt and 200
Schoonhoven, 1996 201

Hypothesis 2. The propensity to co-operate on R&DRo2
is higher for firms that draw the most on scientifims
resources to innovate, as opposed to firms further awey

from the technological frontier. 205
206

The literature on innovation and technology transs?
fer has established that access is not sufficient to leamn
from external knowledge sources, adequate abscup-
tion capacity being a necessary compleméhen 210
and Levinthal, 198p Absorption capabilities dependi1
on specific investment, including in particular the ex:2
istence of an R&D department and enough qualifiect
personnel. Internal R&D capabilities have thus a coms4
plex influence on the propensity to co-operate. Qs
the one hand, co-operation may become necessary.he-
cause internal resources are insufficient to meet the
firms’ strategic objectives. On the other hand, the exs
istence of adequate absorption capabilities increase

5 The share of R&D partnerships in aerospace and defense has
rather decreased since the 1970s, which may be related to the
shrinking of defense activities in the 1990s, while IT activities
have expanded.
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the returns firms can expect from access to external Vertical R&D co-operation is thus hypothesised tms
resources. This second effect has been found to bebe an integral part of the innovation process, espes
stronger in biotechnologyAfora and Gambardella, cially so now that firms tend to focus on a smalleso
1990 and in a survey of UK firmslL{owe and Taylor, set of businesseBresnahan (1999%mphasises thiszs1
1998. feature in the case of the computer industry by forgs
ing the notion of ‘co-invention’ involving buyers ands3
sellers. 264

Rivals may nevertheless possess complementasy
R&D resources. They may also be attractive partness
to team up with in order to reduce costs and risks
for large projects. They are however potentially darss
gerous because they sell on similar markets and mey

This section relates the above set of hypotheses onaccess the firm's own R&D resources through collairo
the prof"e of firms that choose to Co-operate on R&D oration. The industrial Organization literature has dex

to Comp|ementary hypotheses on the prof”e of their Veloped models to analyse both the incentives and the
partners. risks of and R&D co-operation. They draw attentiosrs

to the risks involved in co-operation, related to irva

2.2.1. Partners with the right complementary voluntary ‘outgoing spillovers’ to partner€ssiman 27s
resources and Veugelers, 1998 Such considerations suggests
The resource-based perspective considers that thethat co-operation between competitors is particulasy
necessity for complementary resources is a key driver fisky and should be limited to two types of casess
of inter-organisational co-operatiénit suggests that  first, when a particularly strong common interest has
the adequate partners should possess the resourceBeen identified and, second, when the co-operatian
which the firm is seeking. The latter may be classified concerns far-from-market research leading to genesic

into two broad categories, depending on the needsresults. . 282
of the partners. If partners aim at reducing costs and The tension between the resource consideratiosms,

risks through economies of scale and rationalised in- Which constitute an incentive to co-operate, and the
novation processesthey will pool similar resources ~ Tisks involved, which may inhibit co-operation, isss
to the alliance. If partners aim instead at managing Stronger in the case of alliances with rivals since risks
technological convergence such as in the multimedia are lower with suppliers and clients. In high-tec
nexus or inter-dependence among innovation pro- sectors, firms may nevertheless co-operate with 2ds

Hypothesis 3. The propensity to co-operate on R&D
is higher for firms with stronger absorptive capabi-
lities.

2.2. And with whom?

cesses, they will combineomplementaryesources.
This distinction is crucial for choosing the right
partners.

Suppliers and clients play an important part in the
innovation process as they can contribute crucial in-
formation on technologies, users’ needs and markets.
Hence, innovation requires vertical interactions and

communication flows. The latter may be more im-

vals as they feel strong incentives to pool R&Bss
resources and/or integrate networks in order to estado-
lish standards. The literature has amply documented
such casesMariti and Smiley, 1983; Garrette ands2
Dussauge, 1995which may give the impression thates
co-operation with rivals is frequent. 294

Hypothesis 4a. Vertical R&D co-operation is more29s

portant in some sectors and may be organised in dif- frequent than horizontal CO-Operation with rival firmags

ferent ways, but the general need is quite pervasive.

6 This perspective is widely adopted, explicitly or implic-
itly, by the management literatureR¢berts and Berry, 1985;

Hypothesis 4b. Horizontal co-operation with rival 298

firms is more frequent in high-tech sectors. 299
300

Kogut and Chang, 1991; Gomes-Casseres, 1996; Eisenhardt and  Co-operation with public partners does not invohae1

Schoonhoven, 1996; Doz and Hamel, 1998; Mowery et al., 1998
7 This rationale for R&D co-operation has been explored from

different perspectives, including industrial organization models

(Katz, 1986; Jacquemin et al., 1985

commercial risk. Public research institutions do net
seek commercial applications and tend to focus on the
most generic or basic end of the R&D complex. Cope4
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sortia involving a large number of firms, including ri-

vals, tend to focus on this type of research and have of-

ten been supported by public fundsachwald, 1990
Sakakibara, 1997, 2001a,Branscomb and Keller,
1999. More generally, when co-operative research is
supported by public funding, it is designed in order to
maximize disclosure and spillovefts.

Hypothesis 5. Co-operation with public research in-
stitutions is most attractive to firms that conduct R&D
at the technological frontier.

2.2.2. Why choose foreign partners?

The dynamic global competitive environment and
efforts by firms to expand and reorganize their inno-
vative capabilities have led to reconsidering a num-
ber of results from the economic literature on multi-
nationals and on national innovation systems. Evolu-

medical equipment{obday, 1994; Sharp et al., 199449
Veugelers, 1995; Mouline, 1999; Sachwald, 2D00 sso0

Hypothesis 6a. Co-operation with American partnerssi
is more frequent in sectors where the US has a cosme
parative advantage, especially in high-tech. 353

Hypothesis 6b. Firms conducting research at thess
technological frontier co-operate more with Americass

partners. 357
358

National innovation systems and technological spss
cialisation are closer between European countries themn
between European countries and the US, co-operatian
R&D. As a result, intra-European R&D co-operatiogs2
will typically not aim at poolingcomplementarye- 363
sources. It may however be used to psohilar re- 364
sources in order to reduce costs. 365

tionary and resource-based perspectives emphasize the

stickiness of innovative capabilities. The latter evolve Hypothesis 6c. R&D co-operation of French firmsses

along specific trajectories, which depend on both ge- With European partners aims at sharing the costssef

ography and history as firms’ capabilities are em- innovation. 368

bedded in national systems of innovation. Yet, in the

context of globalization, as firms strive to access ex-

ternal resources through webs of technology trans- 3. Testing the determinants of choice

fer and learning, they act upon national trajectories. of partners

Likewise, as internationalization provides access to

foreign systems, innovative activities become some- This section describes the data and presents ihe

what less dependent on the innovation system of home empirical test of the why—who framework developexis

countries. above. 374
International co-operative ventures can provide  The empirical work is based on the French CISs2s

firms with access to country-specific advantages em- survey conducted in 1997 by the SESSI (Ministry afs

370
371

bedded in their partners and R&D co-operation can
be viewed as a vehicle for tapping into the compara-
tive advantages of foreign countries. The nationality
of R&D partners should thus depend on the relative
technological strength of their country in the relevant
fields. From this perspective, there is a broad distinc-
tion between European firms and American firms as
the US tends to be closer to the technological fron-

Industry) and covering manufacturing firms locatexd
in France. Questions related to innovation practices
over the period 1994-1996. Albeit non-compulsory
the survey features an outstanding response ratessof
85%. The sample of 4215 firms gives a reliable imagea
of the behaviour of the manufacturing firms with mors2
than 10 employeedThe survey includes a questionss
on whether firms have co-operated in order to inne4

tier in a number of high-tech sectors. Studies based vate, meaning active participation in joint R&D aness
on diverse data sources indeed show that Europeanprojects (contracting out is thus excluded). Firms thab
firms tend to choose American partners in sectors co-operate in R&D are innovative, i.e. they have statext
where the US has developed the strongest technolog-that they innovated over the 1994—-1996 period (prces
ical advantages, such as biotechnology, electronics or

_ 9 The sample weighted with the expansion coefficient repre-
8 Which corresponds to the suggestions of theoretical models on sents 20,997 firms; firms with more than 500 employees are all
the role of disclosure within alliance&#tz, 198§. included.
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uct, process, patent). The innovative sample includes largely rely on public sources to identify allianceg?
2378 firms (9832 when weighted). and thus tend to be more exhaustive on operatiens
from large firms, and probably too on firms fromzg
the largest countries. National surveys, such as the
one used here provide a better coverage of smallar
firms, which tend to have a smaller geographicab
reach. As indicated ifable 2 large firms and firms 433
in high-tech sectors are more likely to choose foreigsu
partners. 435

The table also indicates that among foreign paste
ners, French firms tend to first choose EU partness:

(67%). Firms from inter-related groups of firms AS @ result, intra-European alliances are substase
also tend to have a relatively high propensity to fially more frequent than transatlantic alliances-ss
co-operate (49%), but their major partners are other more than twice as much for all firms. The share efo
firms from the group. This means that firms consider intra-European technological partnerships is on the

that co-operation within groups involving subsidiaries contrary lower than the share of transatlantic ones
does indeed constitute co-operation. From the point of in the MERIT-CATI databasé The source of this 443

view of inter-firm co-operation, however, intra-group difference may also be the more systematic coverage
co-operation has to be considered as a specific case©f smaller firms in the CIS survey. Large firms ands
Competitive risks are a priori much lower, which high-tech firms exhibit a relatively higher propensitys

3.1. Scope of &D co-operation in France

According toTable 1 a third of the firms choose
to co-operate in R&D. This is substantial but also
means that only a minority of firms enter into R&D
co-operation as part of their innovative process. The
proportion is substantially higher for firms from
high-tech sectors (53%§) and for the largest firms

may for example be an incentive to co-operate for
relatively small firms from a group. The specific con-
tribution of intra-group R&D co-operation may also

be different in nature.

The propensity to co-operate with competitors
is particularly low, which confirms that firms tend
to avoid R&D co-operation with rivalsHypothesis
48).11 Conversely, Table 1 confirms the more im-
portant role played by clients and suppliers in the
innovative process. Co-operation with academic or-
ganisations, which is substantial, is markedly more
intense for the largest firms and for patenting firms.

Table 2indicates that firms co-operate first with
French partners. The domestic scope of the major-
ity of technological partnerships has been under-
scored mainly in the case of the U&Y, 1997,
Hagedoorn, 2002 but may actually be a quite general
phenomenon. The reason for this different observa-
tion may be due to the type of data used in differ-

ent studies. Databases on technological partnerships

10 Kleinknecht and Reijnen (1992pported a different result but

to team with American partners. 447

Fig. 1 further describes the data set. It shows ins
particular, that R&D co-operation is relatively intenses
in mid-high-tech (MHT) sectors, such as chemicais
and automobiles. It means that R&D co-operation st
France is not strongly concentrated in high-tech sesz
tors, which actually reflects the structure of the Frengdz
industrial activities in France. 454
3.2. Test design 455

The different tests below are built on a similar dese
sign in order to test the integrated framework devebr
oped above. Dependent variables are dummy vass
ables, which are equal to 1 when a firm co-operates
on R&D with certain types of partners. The same sgb
of independent variables is used to successively test
the different hypotheses—with the exception of onpe
variable in the test of the geographical origin of parss
ners. This design results in a set of logit specificationss
which allows a clear interpretation of the influence aés
the different independent variablEsThe regression 4ss

used a broad classification to distinguish sectors and did not really COefficients estimate the impact of the independest

isolate high-tech industries (their Table 3 includes such aggregates
as chemicals and plastics and does not isolate electronics for 12 In the 1980s and 1990s, but not in the 1960s and 1970s

example).

11 For similar observations se&\((, 1997 and sectoral studies.
According to data not restricted to R&D alliances, co-operation
between rivals is relatively more importanfeugelers, 1996

according toHagedoorn (2002)

13 A multi-nomial specification has been run, but interpretation
was difficult and this design is more satisfactory to test successively
the whole set of hypotheses and reflect on the framework.
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Table 1
Propensity to co-operate on R&D among innovating firms by type of partner (%)

Partners Firms' characteristics

All frms®  Groups >500 In high-tech secfor Patent in 1994-1996  New product in 1994-1996

All types of partners 33.6 49.0 66.8 52.7 47.4 40.2
Within group$ 16.9 33.6 50.1 31.6 24.8 21.8
Clients 15.0 20.9 27.9 235 21.8 20.9
Suppliers of components 11.6 17.3 33.5 22.2 18.9 16.8
Suppliers of equipment 8.8 13.2 28.9 16.6 14.6 11.9
Competitors 4.3 7.3 154 12.8 7.1 5.5
Universities, institutions 13.3 19.8 37.6 22.1 25.8 16.2
Number of firm$§ 9832 4766 717 608 3044 4377

alnnovative firms of the survey with more than 10 employees; weighted numbers (unweighted total is 2378). The propensity to
co-operate is the ratio of the number of firms that co-operate over the total number of firms.

b OECD classification.

CInter-related groups of firms including subsidiaries (50% threshold).

468 variables on the probability that the firm will conduct way for other types of partners: clients or customeess

469 co-operative R&D, either in general or with specific public institutions. 486
470 partners. In the case of foreign partners, the sample is reduced

to firms co-operating with American and/or Europeass
w71 3.2.1. Dependent variables firms in order to specifically identify the determinantss

472 The dependent variable in the first test is a dummy of the choice of an American or of a European partnedo
473 variable which is equal to 1 when the firm co-operates In the test of the determinants of R&D co-operation:
474 to innovate, whatever its partners. It thus provides with US partners for example, the dependent vase
475 @ general perspective on the determinants of R&D able is a dummy which is equal to 1 when firmas
476 CO-operation and a sort of baseline for the other co-operate with American partners and 0 otherwises
477 tests, which address the hypotheses on the choiceThe sample is further restricted to French firms, as fags
478 Of partners. They are conducted on the sample of eign subsidiaries tend to co-operate with their parend

479 firms which co-operate and each singles out one company. 497
450 type of co-operation. To test for the determinants of
481 CO-operation with rivals for example, the dependent 3.2.2. Independent variables 498

452 Variable is a dummy variable which is equal to 1 if Four sets of independent variables are includedsas
483 the firm co-operates with rival partners, and 0 other- determinants of the propensity to co-operate in R&Bp
134 Wise. The dependent variable is designed in the samethey relate to sectoral characteristics, firms’ character-

Table 2
Geographical distribution of partners, in percentage of the firms that co-operate oA R&D
Nationality of partner Firms’ characteristics
All firms® >500 In high-tech sectbr Patent in 1994-1996 New product in 1994-1996
French 83.3 88.4 87.0 85.6 83.0
European 44.3 69.4 57.4 51.8 50.4
American 19.9 45.3 36.4 29.3 25.3
Japanese 6.5 19.1 12.1 10.7 8.7
Others 9.2 145 16.5 10.5 11.4

aAs indicated inTable 1 these represent 33% of the total of innovative firms.
b Innovative firms of the survey with more than 10 employees; weighted numbers (unweighted total is 2378).
¢ OECD classification.
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Riniing

Clothing, leather

Tedie

Wbod and peper

Vet warking

Housshoid expiprrent

Mecherical equiprent

Mneral products
Bectrical and electroric equiprrent

Adtarchile

Chemicls and plasiics
Aercerece, ship- andrain-fuiiding
Prarmeceuticals, coselics and deaning

Bectrical and electronic componerts

150% 200% 0%

A0Fe B 0% 400% 450 500%

Fig. 1. Propensity to co-operate on R&D among innovating firms, by sector. Note: Ela 1, the propensity to co-operate is the ratio
of the number of co-operating firms to the total number of firms. The average propensity in the total sample isT2BI&%).(

istics, obstacles to innovation and public funding. The
focus of the discussion below is on R&D variables,
which are central to our hypotheses.

3.2.2.1. Sectoral variables.In order to test
Hypothesis 1 sectoral R&D intensity variables are
introduced. Dummy variables are included to indi-
cate whether the sector to which the firm belongs
is high-tech, mid-high-tech, mid-low-tech (MLT) or
low-tech (LT), using OECD classificatiorig. 1

introduced in the equation of the propensity to cets
operate with American firms, and a positive impact s
expected. 521

522
3.2.2.2. Firms’ characteristics. Most statistical stu- 523
dies show that the propensity to co-operate in R&2
is positively related to the size of the firnBdyona s2s5
et al., 2001; Fritsch and Lukas, 2901 Veugelers s26
(1997) goes deeper into this issue by exploring ther
interactions between internally financed R&D exss

above suggests to expect a positive influence of both penditure and co-operation. She finds that big R&»

HT and MHT on the propensity to co-operate.

The discussion above argues that the propensity to 4 Kleinknecht and Reijnen (199&pund no influence of firms’

co-operate with partners of a given country should de-

pend on their competitive advantagéypothesis 6a
is based on the idea that firms’ competitive advan-

size on the propensity of Dutch firms to co-operate in R&D (except
for co-operation with research institutes). This surprising result
may be due to the fact that the estimate of the probability to
co-operate included other independent variables positively related

tage are related to national cpmparative advantage. _Ato size, in particular the propensity to export and the existence of
measure of the US comparative advantage (USCA) is an R&D laboratory in the firm.
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spenders have a significantly higher probability of 3.2.2.3. Obstacles to innovationR&D co-operation se7
co-operating, but that smaller innovative firms are is motivated by not only the need to draw on compless
more likely to co-operate than larger ones. In other mentary external resources but also by the risks aad
words, the most relevant variable would not be the costs of innovation. It may help in overcoming a nunazo
size of the firm but the research orientation of firtAs.  ber of specific obstacles to innovation. Co-operative
Furthermore, the existence of a permanent R&D struc- behaviour may thus be positively related to a numbes
ture within firms positively influences their propen- of obstacles to innovation. The following ones are i3
sity to co-operate Kleinknecht and Reijnen, 1992; cluded with dummy variables: cost of innovation, higdra
Veugelers, 1997Colombo and Garone, 199Bayona risks, and lack of market information. Variables amgs

et al., 200). constructed with firms’ answers in the CIS survey @i
Having no data on the amount of R&D spend- questions about obstacles to innovation. 577
ing, we include both the size of firms (log of the 578

number of employees) and an indicator of their ab- 3.2.2.4. Public funding. Public funding tends tos7o
sorption capacity (dummy variable for internal R&D) have a positive influence on firms’ R&D spendsso
as independent variables. They should both have aing. Veugelers (1997xonsiders that public fundingss:
positive influence on the propensity to co-operate thus has an indirect influence on the propensity 4@
(Hypotheses 1 and)3*“Science”, is introduced to  co-operate in R&D. The European innovation podss
test Hypothesis 2 its value varies between 0 and 9 icy as well as national schemes sponsor co-operative
as the firm draws more heavily on external sources R&D projects, which may constitute a further insss
close to scientific research, including patents, uni- centive to co-operate. The survey questionnaire dess
versities and research institutes. Science should pos-not allow distinguishing this specific source of R&DBs7
itively influence the probability to co-operate on funding. As a consequence, equations include a peis-

Ré&D. lic funding dummy, which is equal to 1 when the firnse
The market share of each firm is also included in benefits from R&D subsidies. 590

log form as it influences incentives to innovate and

may thus increase the propensity to co-opetétei- 3.3. Results 591

nally, since descriptive statistics ihable 1 under-

score the extent of intra-group R&D co-operation, The equations have a good explanatory power amnd
we incorporate group as a control variable. It is a strongly support the set of hypotheses which build cass
dummy that is equal to 1 when the firm belongs to a integrated framework of interpretation of co-operatives

group. Group should influence positively the propen- R&D. 595
sity to co-operate. Besides other reasons, both the size
of the firm and its integration into a group may have 3.3.1. Propensity to co-operate oi&B 596

a positive influence on co-operation as they indicate  Table 3presents the results of the first test on the de7
access to a substantial pool of resources which areterminants of R&D co-operation, which may be comes
complementary to R&DB’ sidered as a reference points for the other testsson
co-operation with specific partners. 600
The hypotheses founded on the resource-based the-
15 Interestingly in this perspectivéyrora and Gambardella (1990) ory of the firm and the need to access complemene
found no statistically significant influence of the size of biotech- tary R&D resources are strongly supported. Firnas
nology firms on their propensity to co-operate with firms or uni- " high-tech. but al f id-high-tech ) t
versities. On the contrary, the number of patents had a positive 'O NIGN-t€CN, but alSo from mid-high-tech Secloesa
influence on the number of partnerships. tend. to co-operate more than firms in !ess R&p iRes
16 The role of R&D co-operation in oligopolistic sectors has tensive sectordHypothesis L Moreover, firms which eoe
been emphasisedDglapierre and Mytelka, 1998Sakakibara, conduct R&D close to the technological frontier alsw?
2001a.b. o exhibit a higher propensity to co-operate on R&EBs
Lowe and Taylor (1998%uggest that the positive influence of H thesi Th itive int ti bet .
size on the inward licensing could be due to the fact that it is a ( ypothesis 2 e POS' Ive interac 'O_ns ?Wee” In6o9
proxy for complementary assets that are necessary to benefit from t€rnal R&D capabilities and co-operation with externado

licensing. partners are also confirmeHdypothesis  The exis- 611



612

614
615
616
617
618

620
621
622

624
625
626
627
628
629
630
631
632
633
634
635

ARTICLE IN PRESS

10

Table 3
Determinants of R&D co-operation

Variable name Coefficient P> x2
Constant —6.8836 0.0001
Size 0.8103 0.0001
Group 0.5461 0.0001
Public Funding 0.4059 0.0001
Permanent R&D 0.2921 0.0061
High-tech 0.2739 0.0390
Mid-high-tech 0.1551 0.0761
Science 0.1526 0.0001
Market share 0.1069 0.0174
Lack of technological information 0.1315 0.1428
High cost 0.0340 0.7071
High risk —0.0449 0.6146
Lack of market information —0.0389 0.6424
McFaddenR? 27.73 -

log Likelihood —2424.88 -
Probability (LR stat) 0.000 -

Sample: 2378 firms (weighted: 9832).

tence of an internal laboratory in a firm substantially

increases its probability to co-operate on R&D. Over-

all, the set of variables indicating a strong research ori-
entation of firms substantially increase their propensity
to co-operate Interestingly, variables related to the var-
ious obstacles to innovate, including costs and risks,
do not influence the propensity to co-operate.

The test also confirms results from previous empir-
ical work discussed above, such as the positive influ-
ence of size and public funding. A high market share
also stimulates co-operation on top of the size effect.
So does belonging to a group, as suggestethine 1

3.3.2. Choice of partners

In order to examine the more specific determinants
of co-operation with each type of partner, the sam-
ple is now restricted to firms that co-operatable 4
clearly shows that co-operation with different types of
partners is driven by quite different factors.

Co-operation with rivals, which is relatively
rare Hypothesis 4p is substantially more likely
in high-tech sectors and, to a lesser extent, in
mid-high-tech sectorsHypothesis 4h Conversely,
vertical co-operation is relatively more frequent in
low-tech sectord® Vertical co-operation involves

18 The coefficient of mid-high-tech is negative and that of

high-tech is non significant, which means that the sectors where
vertical co-operation is relatively more frequent are low- and

mid-low-tech.

L. Miotti, F. Sachwald/Research Policy 1607 (2002) 1-19

firms which consider that the lack of market infotss
mation constitutes an obstacle to innovation and they
might resort to co-operation with clients in particusss
lar to alleviate these problems. Firms that co-operate
with rivals do not face similar obstacles. Ratheno
they cite R&D costs as an obstacle to innovatiosw
This tends to confirm that rivals team up in ordes
to exploit economies of scale and reduce individuab
costs of innovation in high-tech sectors, as argued
above. 645

According to Table 4 permanent R&D does notsss
significantly influence the relative propensity tes7
co-operate with private partners. On the contrary,sit
strongly influences the propensity to co-operate withy
public institutions. Firms which co-operate with pubsso
lic institutions are not concentrated in R&D intensives1
sectors. They tend, however, to draw on close ¢
science resources to innovatdypothesis 5 Con- 653
sequently, they exhibit different features from firmsa
that co-operate with rivals, which are concentratesh
in high-tech sectors but do not focus specifically @bs
frontier R&D in their respective sectors. This mass?
be related to another contrasting feature betwesa
the determinants of the two types of partnershipss
firms co-operating with public institutions do notso
encounter cost obstacles to innovation (the cost vasit
able has a significantly negative impact), while it 2
the case with firms which partner with rivals. Osss3
the contrary, firms that co-operate with public instées
tutions consider that insufficient market informatiosss
constitutes an obstacle to innovation. This may b
because their R&D activities aim at more radical imse7
novation for which markets are still uncertain. Theses
firms may not devote much resources to marketisgy
either. 670

Overall, these empirical tests strongly support osm
framework. In particular, they show that more- 672
search orientedirms are more likely to co-operates
on R&D. Our results further suggest that conductimsgs
research close to science and exhibiting high R&dzs
intensity are two different ways to be research osirs
ented: each requires specific types of resources, which
explains co-operation patterns. Using the above diss
tinction (Section 2.2.}, we may say that co-operatiors7e
with rivals aims at poolingsimilar resources to facesso
high R&D costs, while co-operation with universitiess1
targetscomplementaryesources to work at the teches2
nological frontier. 683
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Table 4
Determinants of R&D co-operation according to type of partner
Variable name Coefficient(> x?)

Vertical co-operation Co-operation with public institutions Co-operation with rivals

Constant —5.529 (0.000) —6.907 (0.000) —7.635 (0.000)
Size 0.898 (0.000) 0.748 (0.000) 0.727 (0.000)
Group —0.358 (0.007) —0.296 (0.100) 0.299 (0.344)
Public funding 0.158 (0.140) 0.585 (0.000) 0.583 (0.001)
Permanent R&D —0.034 (0.810) 0.528 (0.034) —0.037 (0.903)
High-tech —0.135 (0.401) —0.394 (0.039) 0.585 (0.012)
Mid-high-tech —0.216 (0.050) 0.090 (0.410) 0.131 (0.498)
Science 0.008 (0.734) 0.342 (0.000) 0.005 (0.901)
Market share 0.068 (0.220) 0.094 (0.161) 0.060 (0.548)
Lack of technological information 0.032 (0.767) 0.049 (0.704) 0.108 (0.561)
High cost 0.048 (0.656) —0.221 (0.091) 0.496 (0.008)
High risk 0.150 (0.164) —0.075 (0.563) 0.065 (0.729)
Lack of market information 0.191 (0.059) 0.228 (0.066) —0.042 (0.812)
McFaddenR? (%) 20.80 29.95 21.39
log Likelihood —1408.76 —975.64 —549.43
Probability (LR stat) 0.000 0.000 0.000

Sample: 1060 firms (weighted: 3300).

3.3.3. International R D co-operation sults aboutHypotheses 6a—6tend to confirm this 701
Table 2clearly showed that French firms co-operate prediction. 702
first and foremost with French partners. It also sug- Table 6gives the results of the equations on thes
gested that the more distant the partner, the lessdeterminants of R&D co-operation with US partnersas
likely the co-operation. All firms exhibit these pat- on the one hand and EU partners on the other hans.
terns, but the largest ones and firms from high-tech As explained above, the sample is reduced to French
sectors co-operate relatively more with distant for- firms that co-operate with EU and/or US partn&ts. 707
eign partners from the US and Japaable 5further Results strongly supportypothesis 6aas the 7os
shows that firms which co-operate with geographi- technological and comparative advantage variables
cally distant partners also co-operate with French and have a sizeable positive impact on the propens
European partners. sity to co-operate with American partners. Firmai
This observation may be related to the above dis- co-operating with American allies are concentratec
cussion to say that domestic and European partner-in high- and mid-high-tech sectors. Moreover, theys
ships are easier to strike and that partnerships with belong to sectors in which the US exhibits a comta
American or Japanese firms are entered into only when parative advantageHypothesis 6bis also strongly 715
the stakes are high enough. There would thus be asupported. Actually, “science” has not been includeds
hierarchy of R&D co-operation. The following re- as an independent variable because nearly all firnos
that co-operate with the US use external sources7of

Table 5 innovation close to science. Accordingly, firms thate
Geographical hierarchy in R&D partnerships co-operate with the US may be considered as works
Firms that Firms that also No. of firms ing clqser to the technological front|er_ than other
co-operate with  co-operate with firms, including those that co-operate with Europeare
France UE US partners. On the contrary, firms co-operating withs
UE 88% - - 330 ST
us 890/(; 69% _ 171 19 Tests have not been conducted for partnerships with Japanese
Japan 90% 71% 65% 71 firms because very few cases are left once subsidiaries of Japanese

groups in France are eliminated.
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Table 6
Determinants of R&D co-operation with US vs. EU partners
Variable name Coefficient(> x?)

Co-operation with US partners Co-operation with EU partners
Constant —9.268 (0.000) —5.938 (0.000)
Size 0.759 (0.000) 0.666 (0.000)
Group 1.496 (0.050) 0.565 (0.040)
Public funding 0.741 (0.012) 0.496 (0.008)
High-tech 1.225 (0.003) 0.050 (0.867)
Mid-high-tech 1.064 (0.002) 0.400 (0.063)
US comparative advantage 0.303 (0.057) 0.012 (0.929)
Lack of technological information 0.761 (0.013) —0.124 (0.544)
High cost —0.441 (0.179) 0.435 (0.032)
High risk —0.354 (0.276) 0.081 (0.692)
Lack of market information 0.464 (0.136) 0.105 (0.596)
Market share 0.282 (0.084) 0.319 (0.001)
McFaddenR? (%) 36.71 27.88
log Likelihood —174.458 —403.648
Probability (LR stat) 0.000 0.000

Sample: 422 firms (weighted: 1565).

US or EU partners all tend to have an internal R&D as the one iTable 2° but the results on the determiss1
capability. nants of co-operation with US partners are similar. tse
The French firms, which choose to co-operate with particular, the lack of technological information hass
American partners, tend to consider that lack of tech- a significant positive impact, as well as US compars4
nological information constitutes an obstacle to inno- ative advantage. One difference for the large firms7is
vation. This observation, along with the other techno- that belonging to mid-high-tech sectors increases the
logical variables, strongly suggests that they are seek- probability to co-operate with US partners, while thez
ing access to crucial complementary R&D resources high-tech variable is positive but not significant. 758
through their transatlantic partnerships. On the con- In conclusion, French firms co-operate relatively litso
trary, they do not consider that they face cost obstaclestle with American firms, but do so to access high quako
to innovate. This is in stark contrast to the French ity complementary R&D resources close to the tecte
firms that concentrate on intra-European co-operation nological frontier in high- and mid-high-tech sectorss2
since the latter mention cost rather than technologi- These resources should thus be particularly efficiest
cal obstacles. This suppottl/pothesis 6caccording to enhance the innovative capabilities of French firnss
to which French firms resort to intra-European part-
nerships in order to share costs rather than access
specific R&D resources. This conclusion is rein- 4. Efficiency of R&D co-operation with different 765
forced by the fact that intra-European co-operations partners 766
are not concentrated in high-tech sectors but rather

in mid-high-tech industries, in which a number of A5 a complement to the analysis of the determis
European countries hold traditional comparative npants of co-operation with different partners, we nows
advantages. explore the relative efficiency of co-operation withso

Since large firms co-operate relatively more with gitferent partners. The dependent variables are two
American partners, a similar test has been run on the

sample of French f'rms with more than 500 employ- o Group and permanent B.D variables have not been included
ees that co-operate with EurOpea_n and/or US pe}r_tnersbecause nearly all large firms belong to groups and have permanent
(not reproduced here). The equation not as significant R&D.
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Table 7 of partner. The estimates ifable 7will thus serve as 795
Determinants of patenting and product innovation a sort of baseline, as did those Table 3in the case 796
Variable name Coefficient(> x?) of the determinants of co-operation. 797

Equations have very good overall explanatorys

Patenting Share of innovative ) h
products in turnover power and variables have the expected impact ©n
Constant —7.538 (0.000) 6.837 (0.000) mnoyatlon._Slze, market s_hare, permanent R&D as
Size 0.914 (0.000) 0.987 (0.000) public funding all tend to increase the probability ter1
Group —0.062 (0.572) —0.080 (0.433) patent. Although public funding does not influence thex
Public funding 0.449 (0.000) 0.010 (0.917)  share of innovative products in turnover, belonging $as
Permanent R&D 1.279 (0.000) 0.497 (0.000) 3 high-tech sector does. Sectoral variables do not o
Science 0.484 (0.000) —0.075 (0.592) fl th ity t tent. which be duests
High-tech ~0.190 (0.189) 0.274 (0.038) uence the propensity to patent, which may be dues
Mid-high-tech 0.016 (0.858) 0.061 (0.482) the fact that the dependent variable is the probabilits
Co-operation 0.213 (0.012) 0.191 (0.018) to patent, rather than the number of patents. Interest-
Market share 0.201 (0.000) 0.231 (0.000)  ingly though, the proximity to science has a posities
McFaddenfR? (%) 30.13 30.12 impact on patenting, while it does not influence thes
log Likelihood —2275.98 —2528.68 h fi fi ducts in t
Probability 0.000 0.000 share of innovative products in turnover. 810
(LR stat) In both equations, R&D co-operation exhibits a sig:1
Sample: 2378 firms (weighted: 9832). nificant positive impact on the propensity to innovate.2

R&D co-operation thus appears to be efficient in terras

) o ) _ ) of innovation. In order to follow on the distinction bes14
different indicators of innovation, patenting and the yeen partners, the issue is now to examine whethes
share of innovative products in turnovérThese two co-operation with different types of partners influences

types of results are quite different and require differ- ¢ propensity to innovate, or the types of innovatieer
ent resources, which may have an impact on the role jogjts. 818

assigned to co-operation in the innovation process.
Patenting requires substantial R&D efforts close to 4.2 Different partners contribute different resourcesis
the technological frontier, while introducing success- o the partnership 820
ful new products rather requires efficient interactions
between R&D and other functions, such as production  1pe exploration of the choice of partners abowe:

and marketing. shows that it corresponds to the specific profile of firras
This analysis builds on the general framework and anq 1o their specific needs. According to our framezs

independent variables are the same as in the equationgyqrk of analysis, co-operation with different partneesa
above, except for the indicators of obstacles to inno- ghoyq thus yield different results in terms of innovass

vation. New independent variables are introduced to tjon. In particular, vertical co-operation may be rathezs
take co-operation into consideration. They are dummy officient in terms of new products, while it may nat?
variables that take the value of 1 if the firm co-operates |, helpful for conducting research at the technologieas
in order to innovate, or if it co-operates with a specific  f.ontier and for generating patents. Co-operation witk
type of partner. The distinctions between partners are public institutions should on the contrary give access
the same as above: clients or suppliers, rivals, public 1o cjose to science research capabilities and shoasd
institutions, American and European firms. thus increase the ability of a firm to come up witks2
patents. 833
4.1. D co-operation is efficient
Hypothesis 7a.\ertical co-operation positively in-gs4
Following the same research design as for the deter- fluences the propensity of firms to introduce nesws
minants of co-operation, we first estimate the impact products. 838
of R&D co-operation on innovation, whatever the type
Hypothesis 7b. Co-operation with public insti- sss

21 Both are taken from the CIS survey. tutions increases the capability of firms to comss
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duct research at the technological frontier and to at the technological frontier. As a consequence, s
patent. framework predicts that transatlantic co-operation wilis
particularly influence the ability of firms to patentsss

Our results above suggest that co-operation with ri- which should not be the case with intra-Europeasy
vals is rare and mostly motivated by the need to share co-operation. a88

costs. It should thus stimulate costly research. The lat-

ter may generate both new products and patents and itHypothesis 8. Transatlantic R&D co-operation posisso

seems difficult to distinguish them a priori, so no hy- tively influences the propensity of firms to patent. ss
pothesis is made on the specific impact of co-operation 891

with rivals. In order to test this hypothesis, new independexat

The results inTable 8 are similar to those of variables are introduced. Three types of alliances ase
Table 7 and we focus our comments on the distinctive distinguished with dummy variables: co-operatians
influence of co-operation with different partners. The with French partners only, co-operation with Eues
equations clearly support bottypotheses 7a and 7b  ropean partners, and co-operation with Americass
Patenting is positively influenced by co-operation partners—which, tends to come on top of Europess
with public institutions, but not by other types of co- co-operation Table 5. 898
operation. Conversely, the share of innovative products  Results clearly suppokypothesis &s only transat- s99
in turnover is only increased by vertical co-operation. lantic R&D co-operation has a significantly positiveo

Co-operation with rivals shows no significant in- impact on the propensity to patent. Both transatlantia
fluence on innovation. The correlation tatfleever- and intra-European co-operation have a positive infhaz
theless indicates a slight correlation (12%) between ence on the share of innovating products in turnover
co-operation with rivals and both indicators of in- On the contrary, co-operation with French firms onbg4
novation. This correlation is smaller than between does not significantly influence innovation, whatevess
innovation and other types of co-operation; besides, the indicator. 906
there is a slight correlation between co-operation with Combining the results of the different tests on ther
rivals and with public institutions. Co-operation with determinants of co-operation and on its influence am
rivals may thus play an important role, but it is diffi-  innovation indicates that there does exist a hierarchyef
cult to disentangle its specific contribution, especially co-operation, as suggested in the discussiorabfe 5 910
as it is relatively rare. Results from this paper as above. Co-operation with American firms, which is1
well as what we know from case studies suggest that relatively rare, is motivated by the need to access spe-
co-operation with rivals focuses on pre-competitive cific R&D resources, and indeed serves knowledge
projects, which often also involve public funding and transfer, including close to the technological frontiera
co-operation with public research institutions. This is In contradistinction, co-operation with European firmss
the case in particular with the EU-sponsored research is motivated by cost economising and only promotes
consortia, to which French firms actively participate product innovation, albeit not as much as transatlantie

(Mustar and Larédo, 2002 co-operation. 918
This conclusion is quite complementary to that ofe
4.3. Transatlantic co-operation is more efficient Giarratana and Torrisi (2002)ho have conducted arv2o

analysis of the influence of co-operative agreemenis
Our results on the determinants of co-operation sug- O" Patenting by 15 European electronic firms over
gests that French firms resort to transatlantic R&D the period 1984-1997. They do not measure any sigs
alliances in order to access complementary resourceshificant impact of EU-sponsored co-operative agrees
in high-tech sectors where American firms tend to Ments, or of private only intra-EU agreements on thes
have strong competitive advantages. They further in- Share of these firms in world paterfsOn the con- ez
dicate that French firms seek transatlantic rather than
European partners whenever they conduct researchz Patents filed by the 15 firms are classified into 14 categories

and the performance measure is the yearly increase in the world
22 Not reproduced here. share of each firm’'s patents in each category.
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Table 8

Distinctive influence of different types of co-operation on innovation

Variable name

Coefficient(> x?)

Patenting

Share of innovative products in turnover

Constant

Size

Group

Public funding
Permanent R&D
High-tech
Mid-high-tech
Co-operation with public institutions
Vertical co-operation
Co-operation with rivals
Market share
McFaddenR? (%)

log Likelihood
Probability (LR stat)

—7.455 (0.000)
0.903 (0.000)
—0.038 (0.723)
0.429 (0.000)
1.261 (0.000)
—0.1658 (0.248)
—0.001 (0.076)
0.389 (0.000)
0.094 (0.311)
0.119 (0.433)
0.198 (0.000)
30.59

—2275.945

0.000

—6.785 (0.000)
0.978 (0.000)
—0.066 (0.511)
0.023 (0.813)
0.484 (0.000)
0.263 (0.046)
0.067 (0.446)
0.042 (0.689)
0.200 (0.024)
0.163 (0.282)
0.232 (0.000)
30.17

—2526.997

0.000

Sample: 1060 firms (weighted: 3300).

trary, R&D co-operation with extra-EU entities, which

intra-EU co-operations. They further note that Etde

means mostly US partners, positively influences the co-operation tends to focus on incremental innovaties
patenting performance of the European electronics along firms’ trajectories, especially when they apes
companies. Their interpretation is that this stark differ- sponsored by EU research funds. Such co-operatien
ence is due to the complementarity of the resources of makes it possible to share costs and introduce new
extra-EU partners with those of European firms. This products rather than explore new trajectories, whigh
interpretation is very much in line with the argument also dovetails with our own results related to the2
developed inSection 2above and with our results, distinction between the different types of innovatiomns
which underscore the cost-economising rationale for performance.Table 9 shows that co-operation withess

Table 9

The specific influence of transatlantic R&D co-operation

Variable name

Coefficient(> x?)

Patenting

Share of innovative products in turnover

Constant

Size

Group

Public funding

Permanent R&D

High-tech

Mid-high-tech

Co-operation with French partners only
Co-operation with European partners
Co-operation with American partners
Market share

McFaddenR? (%)

log Likelihood

Probability (LR stat)

—7.017 (0.000)
0.857 (0.000)
—0.082 (0.503)
0.597 (0.000)
1.130 (0.000)
—0.167 (0.356)
0.042 (0.719)
0.065 (0.618)
0.230 (0.132)
0.362 (0.041)
0.250 (0.000)
29.23
—1577.64
0.000

—6.130 (0.000)
0.835 (0.000)
—0.005 (0.966)
0.006 (0.963)
0.527 (0.000)
0.227 (0.163)
0.062 (0.585)
—0.163 (0.210)
0.280 (0.059)
0.366 (0.035)
0.246 (0.000)
25.82

—1770.99

0.000

Sample: 1645 (weighted: 7721).
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American partners is relatively more efficient in terms efforts. This confirms the perception that verticass
of innovation, especially for more radical innovation. R&D co-operation has become an important aspeet
of the incremental, day-to-day innovative processo

Consequently, vertical co-operation is not more fres

5. Conclusion guent in high-tech sectors and does not involve firmea
working at the technological frontier. Converselygs

The empirical results above strongly support the co-operation with public institutions involves firmsoa
why-who framework which relates the objectives that draw heavily on close to science external R&fs
firms assign to R&D co-operation, the profile of part- sources. Moreover, such R&D co-operation has a pes-
ners they choose to team up with and the benefits in itive impact on patenting, while vertical co-operatiog?
terms of innovation. In other words, the very reasons only impacts the introduction of new products to thms
that explain why firms co-operate, simultaneously market. Co-operation with rivals, which is quite raregs
determine with whom they co-operate. In conclu- seems to be mostly used to share R&D costs in highe
sion, we compare these results with those of previous tech sectors—and not to work at the technological

studies before discussing their theoretical and policy frontier. 1002
implications. Similarly, technology seeking only partly exeos

plains the geographical pattern of R&D co-operatiatwa
5.1. Technology seeking and choice of partners French firms in high- and mid-high-tech sectors that

need complementary technological resources tenchd®
The empirical test of our framework has consisted team up with American partners, especially in semv
in a thorough examination of the interactions between tors where the US enjoys a comparative advantage.
the reasons for co-operation and the profile of R&D The French firms that choose European partnersien-
partners. It has focused on the technological profile of hibit quite a different profile. They tend to belongio
firms, with a detailed treatment of the R&D indicators to mid-high-tech and not to sectors where the W&
at both the sectoral and firm levels. has a comparative advantage. Moreover, they aor-
Overall, technology seeking emerges as a major mo- sider that costs, rather than technological informatiamns
tivation for R&D co-operationBayona et al. (2001) constitute an obstacle to innovation. These resuiis
who have studied the case of Spanish firms based on acombined suggest that firms which co-operate witty
similar large survey, have also underscored the impor- EU partners tend to belong to mid-high-tech sectanss
tance of technology access, rather than market accessvhere a number of European countries traditionatlyr
as a determinant of R&D co-operation. This result may enjoy a comparative advantage, such as chemicalsier
seem quite logical since such co-operation focuses onautomobileg* and where they can pool similar R&E»19
research capabilities. It is very much in line with the resources. Intra-EU co-operation is also active in same
literature on technological co-operation and in partic- high-tech sectors where European firms are quite
ular with a number of case studies and sectoral analy- competitive, such as telecommunications, but evemin
ses. It has nevertheless been somewhat blurred in morethese sectors, transatlantic co-operation has beeniery

general studies of co-operation. Indeed, another major dynamic?® 1024
rationale for co-operation is market access, especially
in foreign countries. In such cases, co-operation typi- 5.2. A resource-based perspective 1025

cally does not focus on R&D, even if it may involve

technology transfer or product development, such as Results support thevhy-who framework which 1026

in numerous international joint ventures. is founded on a resource-based perspective. Finns
Our framework nevertheless suggests that tech-

nology seeking is not the main objective of all 24 As also suggested by other studies on alliances, including

R&D co-operations. In vertical R&D co-operation Eiggr;())logical partnerships, such &achwald (1994pr Veugelers

with suppliers or clients, the objective is to pool s These sectoral details have been tested but results are not

complementary resources and access more marketeproduced. They match earlier studies suchDagsters and

information, presumably to better target innovation Hagedoorn (1996pr EU (1997)
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engage in R&D co-operation in order to comple- 5.3. Policy implications 1076
ment their internal resources and accordingly team up
with partners who control the relevant complemen-  Our results on the determinants and resultsiof
tary resources—which are not necessarily frontier international co-operation suggest that these firmgs
technologies. This resource-based perspective hascharacteristics are more important than public incens
been extended to interpret the geographical patterntives which aim at promoting a specific pattern ofo
of R&D co-operation. Firms tend to draw on their co-operation. This has clearly surfaced in the aboye
home country-specific resources in order to build up discussion of the choice of American partners oy
their competitive advantages. As a result, firms may French firms. According to this discussion and aos
view R&D co-operation with foreign partners as a results, transatlantic co-operation is more efficientdsu
way to access indigenous resources from the latter’s terms of innovation than intra-European co-operatioms
home country. We indeed found that the comparative This should be considered as part of the assessment
advantage in high-tech sectors embedded in Ameri- EU programs, which have promoted co-operative mg7
can firms is an important determinant of transatlantic search among European firms in sectors where catsh-
R&D co-operation. When viewed from this perspec- ing up with American or Japanese competitors wes
tive, cross-border R&D co-operative agreements con- considered as an important objective. In the 1988s
stitute one important aspect of the internationalization and early 1990s, it has been the case in particuladn
of R&D, which is increasingly driven by technology information technologies, and more particularly g2
seeking. microelectronics. The above results suggest that these
The resource-based perspective also accounts forco-operations may have mainly served at shariog
the matching condition in partnerships. Firms that fixed R&D costs and avoiding duplication by poolinges
engage the most in R&D co-operation, including with  resources. From this perspective, they would be simmis
rivals or distant partners, afégh-profile innovators lar to the Japanese R&D consortia of the 1970s, wien
These firms invest heavily in R&D and resort to vari- government policy emphasised large-scale projecis
ous types of transactions in order to access and use thgSakakibara, 2001a,bWhen firms rather need to aaesoo
relevant R&D resources. In particular, they have per- cess specific complementary resources to innovateon
manent internal R&D facilities and use close to science new technological areas, our results show that they
sources of information in their innovative process. tend to team with extra-European partners. 1102
Our results on this point corroborate previous studies,
which found positive interactions between internal
R&D, technology acquisition and co-operatidkréra
and Gambardella, 1990; Veugelers, 1997; Bayona
et al., 2001; Fritsch and Lukas, 200These results
also match other studies, which emphasize the need
for firms to possess technological resources in order to
acquire high-quality complementary resources. Stud-
ies on patenting strategies have emphasised in partic-
ular the need to build up a strong patent portfolio in
order to be able to engage in extensive cross-licensing Acknowledgements 1109
in some high-tech sectors such as semiconductors
(Grindley and Teece, 1997; Hall and Ham, 1299 We are grateful to Stéphane Lhuillery and twao
More generally, “firms must have resources to get anonymous referees for their useful comments. 1111
resources” [Eisenhardt and Schoonhoven, 1996
High-profile innovators are thus logically the most References 1112
active R&D partners: they possess a wide array of
high-quality R&D resources, which both makes them  arora, A, Gambardella, A., 1990. Complementarity and exterrals

attractive partners and enables them to draw and ab- linkages: the strategies of large firms in biotechnology. Thea
sorb the most from co-operation. Journal of Industrial Economics XXXVIII (June), 361-379. 1115
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