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Abstract

The traditional hypothesis whereby multinational companies exploit their competitive advantages abroad implies that foreign activities are "pushed" by companies' specific assets, previously accumulated in the country of origin.  Contemporary analysis argues that multinationals' R&D activities can be "pulled" by the desire to acquire knowledge concentrated in global centers of excellence.  This paper examines the development of global innovation networks and the determinants of the location of R&D activities. It first discusses the emergence an international division of innovation processes (IDIP).  It then examines the case of French multinationals and studies both the location of their R&D units and on the geographical distribution of their technological alliances.  This empirical part relies on statistical sources and on a series of interviews with the R&D directors of major French companies. Results suggest that the United States has a specific role in the global innovation networks of French companies as a source of competence in the high-tech sectors.
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Introduction
R&D has become more internationalized since the 1980s, sometimes at a very rapid pace.  This is the case for French companies in particular.  This change has come even though the traditional factors of centralization of R&D within parent companies persist. Can it thus be explained as the logical consequence of the growing internationalization of production operations and the importance of foreign markets?  Or has the internationalization of R&D taken on a dynamic of its own, with the location of knowledge and factors that govern technology transfer as a major driving force?  The question of access to knowledge developed within clusters of excellence has in particular aroused a great deal of interest among researchers and those responsible for innovation policies.

The traditional hypothesis whereby multinationals exploit their competitive advantages abroad implies that international activity is "pushed" by companies' specific assets, previously accumulated in their country of origin.  Recent trends nevertheless suggest that multinationals' R&D activities could on the contrary be "pulled" by the desire to gain access to the knowledge in global centers of excellence.  This evolution worries national authorities insofar as it indicates that corporate R&D investment is becoming relatively more mobile and can reinforce cluster effects to the benefit of a limited number of regions.  This leads to a fear of delocalization of R&D units and, conversely, a desire to attract certain types of technological and scientific activity.  These concerns are particularly present in Europe, where authorities fear the transatlantic brain drain (of researchers and entrepreneurs) and seek the best ways of developing innovative clusters.  In this context, it is important to identify the determinants for the geographical distribution of R&D activities, more especially for those aimed at acquiring new skills.

This paper studies the internationalization of innovative activities by drawing on two strands of literature: the evolution of innovation processes on the one hand and the location of R&D activities by multinationals on the other hand.  A clear understanding of the organization of R&D activities and innovation sources is indeed an important input for the analysis of the geography of companies' innovation networks.  In this perspective, one contribution of this paper is to take into account both the location of R&D units and the geographical distribution of R&D alliances.  The empirical part draws on both statistical sources and on a series of interviews with the R&D directors of major French groups.  These interviews made it possible to evaluate the scope of the groups' internationalization of R&D, but above all to tackle questions relating to the determinants for the location of the different activities.  They also provided information on the organizational structure of corporate networks and on the role of the different partners within these networks.

Part one discusses the emergence of an international division of innovative processes (IDIP), stemming from both the context of globalization and changes in the innovation processes themselves.  Part 2 and 3 focus on the case of French multinationals and examine whether they have developed such an IDIP.  Part 2 discusses the increasing role of foreign R&D units and part 3 considers the different components of the global innovation networks, including in particular R&D alliances. The conclusion discusses the relationship between the IDIP, global R&D networks and changes in national innovation systems.

1. International division of innovation processes

Over the past two decades, multinationals have not only expanded their capability to create and disseminate new technologies, but have also increasingly developed a capability to tap into foreign innovation systems or take advantage of lower R&D costs in some emerging countries, thereby contributing to the emergence of an international division of innovation processes.

1.1 Factors behind the decentralization of R&D activities

The literature traditionally contrasts centripetal forces, which justify the centralization of R&D in the multinationals' country of origin, with centrifugal forces, which explain a certain dispersion for firms with the oldest and most developed presence abroad (Pearce 1989, Pearce and Singh 1992, Cantwell 1997).  Globalization has changed the balance between centrifugal and centripetal forces, which are analyzed below in terms of the supply of R&D skills and demand for adjusting to markets.

Historically, the centralization of research activities resulted from both the supply and demand factors that influence the location of R&D being favorable to the country of origin.  The case of the United States in the 1960s, on which Raymond Vernon (1966) built the theory of the product life cycle, offers a particularly clear illustration of these interactions: the American market was a pioneer for a great many innovations in the post-war period (demand factor), and the United States possessed the bulk of world technological capacity (supply factor).  More generally, the need for interaction between R&D, strategic services and product development units explains why R&D has, historically speaking, been centralized in the country of origin, a tendency that was reinforced when economies of scale were large (supply factor).  Moreover, the latter can explain why centralization was maintained in historic laboratories, even when their performance began to fall off (Grandstrand et al. 1993).  Table 1 indicates that in the face of this set of centralization forces, the need to adapt to local demand was traditionally the main incentive for the decentralization of certain operations. Adequate local technological capabilities were a necessary supply factor for such a decentralization to occur effectively. Thus, as the result of both supply and demand factors, only a few development-related activities were located near foreign production units, and only if these units were sufficiently large.  

Table 1. Increasing strength and diversification of decentralization factors of multinationals’ R&D since the 1980s*

	Factor of
	Supply
	Demand

	Centralization
	( Strong technological capabilities of the country of origin

( Economies of scale in R&D
	( Country of origin is a leading market

	Decentralization
	( Local technological capabilities

( Attractive innovation clusters abroad

( Lower cost abroad for some R&D activities
	( Adaptation to local markets and conditions

( New leading markets abroad


* Decentralization forces that appeared in the context of globalization are in bold. 

As multinationals matured, the traditional factors of decentralization have become more influential. Adaptation to local markets has become relatively more important, and as foreign subsidiaries developed their own production activities, their requests for specific adjustments to local conditions began to be heard. Multinationals have thus progressively invested in development centers or even research units in countries of establishment.  Moreover, technical support centers for production units abroad became stronger, and in particular became capable of conducting development activities
.

Table 1 also indicates that new factors of decentralization have appeared since the '80s.  These new factors result from both changes in innovation processes and the gradual adoption of global strategies by companies.  On the demand side, in the context of innovation-driven competition, companies have located technological outposts, design centers or technical centers in leading markets, where new practices and new markets are emerging (Gerybadze and Reger 1999, Doz et al. 2001).  Yet in some fields, from niches in foodstuffs to the mobile Internet, market leaders have not necessarily been the countries of origin of incumbent multinationals.  Symmetrically, the new supply-driven factors of dispersion rely on the existence of specific local skills.  The existence of such skills in foreign countries, notably within innovation clusters, constitutes a factor of dispersion, the importance of which has been gradually recognized since the 1980s. Initially, the analysis of technology sourcing was stimulated by the observation of R&D investments in the U.S by Japanese multinationals in the 80s.  Empirical studies on their subsidiaries and acquisitions in the US only partially confirmed the hypothesis of technology sourcing (Kogut and Chang 1991, Hennart and Park 1994, Eun et al. 1996). But a number of studies have described technology sourcing as a more general behavior, including in particular from European companies (Almeida 1996, Gerybadze and Reger 1997, Sachwald 2000).  

Outsourcing of R&D activities also contributes to dispersion.  To the extent that companies contract some R&D activities out, the international extension of the process constitutes a logical evolution. Since the 1990s, the combination of globalization and the growing role of innovation as a factor of competitiveness have led to major changes in the way companies manage R&D.  Innovation has absorbed more resources in most sectors and the amount of funds devoted to R&D has elicited growing interest in managing and streamlining this activity.  This has been particularly true for R&D-intensive sectors like pharmaceuticals.  Moreover, innovation has relied on bodies of more diversified knowledge (Grandstrand et al. 1997).  As a result, innovation practices have gradually moved away from the dominant paradigm, where R&D and the complementary assets of manufacturing and marketing were highly internalized (Arora and Gambardella 2001).  As research has become more complex and has drawn on a greater number of fields of knowledge, cooperative practices have developed.  Numerous public and private actors cooperate regularly in R&D.  Cooperation between private institutions and companies has also been encouraged within the framework of innovation policies so as to reinforce technology transfer between universities and companies.  Thus, the development of networks of technological agreements since the 1980s has been an organizational response to the growing need for diversified skills felt by companies faced with the twofold imperative of change and innovation.

The division of labor between small and large companies constitutes a particularly important aspect of the division of innovation processes.  In a number of sectors, the new small-sized companies have been an important source of ideas and inventions.  In high-tech sectors such as biotechnology and information and communication technologies, they have been crucial links in the innovation process.  In particular, they are well-suited to developing applications on the basis of emerging ideas that have come straight from academic circles.  Biotechnology is one of the sectors where innovation relies the most directly on scientific research, but this trend is more general
.  In the context of globalization, which tends to reduce the cost of the various types of international transactions, the division of labor between start-ups and existing companies, or between suppliers and customers, has taken on a global dimension.  This international division of innovation processes (IDIP) appears as a major factor for reinforcing the forces of dispersion identified in table 1.  The establishment of relations with foreign start-ups, which have developed within unique clusters, is one of the best means of accessing essential technological resources in the high-tech sectors.  Moreover, the externalization of development activities explains the emergence of the possibility of "relocating" certain operations in countries where wages for technicians and engineers are low (India, China, Taiwan, Central Europe).

Thus traditional factors of dispersion have strengthened, while new factors have appeared since the 1980s.  Economies of scale in R&D operations continue to argue for centralization, even increasingly so as R&D costs tend to grow.  But the diversification of sources of skills and a growing capacity to divide innovation processes work in favor of dispersion or at least concentration in several centers, some of which are located outside the country of origin.

1.2 Foreign sources of innovation

The share of R&D activities that multinationals conduct abroad is rising (Reger 2001, Zedwitz and Gassmann 2002), leading to an increase in the share of foreign companies' R&D expenditure in different countries (Dalton and Serapio 1999).  As a result of the specific characteristics of the American innovation system, the United States seem to attract many R&D units from multinationals, including European ones in particular.

Global innovation and local innovation systems

The role that R&D units play within multinationals' global innovation networks has been analyzed on the basis of patents.  Patents contain information that makes it possible to identify the location of inventors and thus to distinguish it from the nationality of origin of the company filing the patent.  Information available on each patent also makes it possible to trace the work on which inventors have relied through the previous patents they refer to.

Since the end of the 1980s, a growing share of the patents registered by multinationals has resulted from R&D conducted outside the country of origin, and notably in their foreign subsidiaries (Cantwell 1997, Le Bas and Sierra 2002).  However, this tendency varies greatly among the multinationals of different countries.  For example, Japanese companies continue to centralize the bulk of their R&D in Japan, whereas the European companies that internationalized rapidly during the 90s have substantially increased their share of R&D conducted abroad.  This is particularly true for German and French companies (Cantwell and Harding 1998, Cantwell and Janne 2000).  The trend for European companies suggests that the internationalization of R&D follows globalization strategies and that a large share of innovative activities appears to be linked to the development of production abroad.

Based on empirical research that uses information referred to in patents, however, it appears that R&D units abroad rely on the technological resources of the country of establishment, and even more specifically on the region where the subsidiary employing the inventor is located (Almeida 1996, Frost 2001).. By identifying the references in the patents registered by foreign semiconductor companies deriving from R&D conducted by their American subsidiaries, Almeida (1996) showed that the latter rely to a large extent on the work done in the United States, particularly with regard to units located in the Silicon Valley.  Foreign companies from the semi-conductor industry, where the United States has a technological lead
, draw on local technological resources, especially when these resources are rich, as is the case with the Silicon Valley cluster (Porter 1998).

In a cross-sectoral study, Frost (2001) carefully studies the relationship between the existence of a technological lead and the propensity for foreign subsidiaries to rely on work done in the United States and in the different American states.  He examines references to patents for more than 10,000 US patents deriving from work done by foreign subsidiaries in the US.  He tests the determinants of the probability that patents registered by foreign subsidiaries operating in the United States will refer to patents of US origin, thus relying on the local scientific and technological environment
.  The probability of a reference to a patent of US origin (vs. any other origin) depends positively on the existence of a US comparative advantage for the technology in question.  Similarly, the probability that a reference will refer to a patent invented in the country of origin depends positively on the existence of a comparative advantage for the country of origin. Frost (2001) further shows that the technological advantage of the individual American states has a positive influence on the probability that foreign subsidiaries will rely on local resources.

These various findings emphasize the importance of the local scientific and technological environment for corporate innovation, while suggesting that multinationals are capable of drawing on these local environments to nourish their innovation processes.  From an organizational point of view, companies rely on their local presence through subsidiaries and possibly R&D units.  These units serve in particular to establish cooperation with local partners, customers, suppliers and actors within the local innovation system.

Location of European R&D within the American innovation system

Companies draw effectively on local environments to nourish their innovation processes, even more so when this environment is rich in the relevant technological fields. In this connection, the United States, owing to the richness and openness of its innovation system, is capable of attracting a substantial share of foreign investment driven by a search for scientific and technological skills.  This does not imply that FDI in the United States or even R&D subsidiaries are primarily motivated by technology sourcing
. Sectoral studies and a number of corporate surveys, as well as empirical research on the basis of patent data, suggest nevertheless that America's technological and scientific resources attract R&D investments in specific fields, such as biotechnology or electronics (Florida 1997).  European companies seem particularly attracted by the resources of the US innovation system in high-tech sectors where America enjoys a considerable technological lead, namely health technologies on the one hand and information technologies on the other hand
.

According to a recent survey of 209 US, Japanese and European multinationals, securing access to foreign technology is the primary reason that European companies give for internationalizing R&D – even more important than monitoring market leaders (Reger 2001).  Adjusting to local markets is also an important factor, but relatively less so for US companies.  In his study of foreign subsidiaries in the US semiconductor industry, Almeida (1996) identified more systematic access behavior to local technological resources for European companies than for Asian ones.  This finding dovetails with analyses that underscore the role played by transatlantic cooperation agreements in securing access in the semiconductor field (Hobday 1993) and electronics more generally (Mouline 1999, Giarratana and Torrisi 2002).  The large number of biotechnology laboratories that German and French companies operate in the US also suggests that this technological domain is subject to access behavior to the resources of the American innovation system in this field.
 Lastly, a study of takeovers of high-tech companies by European groups in the US suggests that access to technology constituted an important motivation (Inkpen et al. 2000).

2. Foreign R&D by French companies

The discussion above suggest three hypotheses, which we now examine in the case of French multinationals. First, as French large firms rapidly internationalized in the late 1980s and during the 1990s, they should have increased their foreign technical centers and development units. Second, internationalization of R&D by French firms should to a lesser extent be driven by technology sourcing, more specifically in the United-States. Finally, we should observe the location of some foreign R&D units in emerging countries due to cost considerations.

Box. Methodology and data

The study of the innovation networks of French companies is based on complementary types of data, including in particular information on the location of R&D units and the geographical distribution of technological alliances. For R&D units and the organization of global networks, sources include recent surveys of French companies and a series of interviews conducted by the author in 2001 and 2002. The analysis of technological alliances is mainly based on the results of the French CIS2 survey on innovation practices (see tables 4 and 5).

Interviews

Interviews have been conducted in the following firms: Air Liquide, Alcatel, Alstom, Aventis, Faurecia, Bouygues, Danone, Essilor, Gaz de France, Ondeo, Renault, Rhodia, Saint-Gobain, Sanofi, Synthélabo, STMicroelectronics and Thomson Multimedia. Most of these interviews have been conducted with R&D directors and sometimes with more than one person in the firm. Some data from interviews has then been updated.

Questions have been asked about the location of R&D units and its evolution. The role of M&A in the process has been specifically examined. Interviews have also paid particular attention to the role of cooperative agreements in the innovation process and their geographical distribution, to study the role of cooperation within global innovation networks, following the analysis presented in the first part of the paper.

The importance of M&A as well a restructuring since the 1980s has been a problem for this survey. A number of companies have not been able to indicate precisely the evolution of the geographical distribution of their R&D since the 1980s because the frontiers of the firm evolved dramatically. Some companies have thus focused on changes since the latest large restructuring (typically in the 1990s). Interviews have generally been more satisfactory with respect to explanations and qualitative indications than with respect to precise and complete data. This is why the paper does not provide complete tables on data such as the evolution of the geographical distribution of R&D units. It rather relies on both data from some interviews and data from other surveys of French companies.

2.1  Internationalization of R&D in the 90s

French companies rapidly internationalized their R&D activities at the end of the 1980s and during the 1990s, as they expanded rapidly abroad.  The survey conducted by Madeuf et al. (2000) of 27 groups shows that these groups have set up a large proportion of their R&D centers abroad since the 1980s
.  The interviews conducted by the author with French multinationals (see box 1) confirmed this shift, but showed that the precise timing has varied among groups.  In some cases, internationalization progressed apace during the 1980s, whereas for others real change came in the 1990s.  For still others, the share of foreign R&D has increased gradually during the 1980s and 1990s.  For example, in 1980 L'Air Liquide had no R&D spending abroad, but spent 22 percent of its R&D budget abroad in 1990 and 44 percent in 2000. 

In 1999, the 27 groups covered by the Madeuf et al. survey (2000) spent one-third of their R&D budget abroad.  In their survey of some 40 groups in 1999, Larédo and Mustar (2001) obtained a slightly smaller share (30 percent), whether it be as a share of R&D expenditure or staffing. The interviews conducted by the author show that the share of R&D abroad, which can also be assessed in terms of staffing
, varies greatly depending on the group.  In 2000, R&D was still heavily concentrated in France as far as Danone and Bouygues were concerned, whereas Aventis had more than 60 percent of its R&D abroad, and Alstom 70 percent.  Between these extremes, Sanofi-Synthélabo spent 32 percent of its R&D budget abroad.  STMicroelectronics, owing to its dual national origins, concentrated more than 80 percent of its R&D staffing in France and in Italy, with five percent in the US and 8 percent in India.

Patent data reflect this internationalization of R&D for large French multinationals.  The share of foreign inventors in their US patents grew from less than 10% in the early 1980s to 18 percent at the end of the decade and 33% for 1991-95
. Data based on all USPTO patents granted to French companies indicate a lower share of foreign inventors since most firms do not conduct R&D abroad, but show the steep increase over the last decade. In 1990, 5.1% of the USPTO patents granted to French firms had at least one foreign inventor, while this ratio had grown up to 18.4% in 2002 (table 2). 

Table 2. The increasing role of foreign inventors : international comparisons

	Country of origin of the patent holder
	Patents with at least one foreign inventor , in % of the total of patents*
	Total number of patents     in 2002

	
	1990
	2002
	Increase 2002/1990

(1990 =100)
	

	France
	5.1
	18.4
	363
	3,874

	Sweden
	8.7
	20.3
	233
	1,772

	UK
	9.8
	18.6
	190
	2,624

	Germany
	5.4
	13.3
	246
	10,776

	United States
	6.5
	9.1
	140
	89,191

	Korea
	1.4
	4.0
	286
	3,807

	Japan
	1.1
	3.9
	354
	35,333


* Patents granted in the US (USPTO) for which at least one of the inventors resides in a different country from that of the firm holding the patent.

Source : OCDE, patent data base

Table 2 further shows that the internationalization of R&D has been more rapid for French firms than for firms from other developed countries. As a result, French firms have now reached a relatively high degree of internationalization of their R&D activities. 

Development activities are traditionally more dispersed than applied research (Zedtwitz and Gassman 2002) and it is interesting to look at the pattern of internationalization of French firms in the different R&D activities. Our interviews suggest that this pattern depends on R&D intensity. In low-tech sectors, virtually all research is concentrated in France.  This is the case with Danone in foodstuffs and with Bouygues' construction activities.  These companies essentially do development work abroad to adapt their products to the different markets.  Danone centralizes its applied research on nutrition, food security and sensorial analysis in France.  Development units are organized within a worldwide network, and some specialized sectors deriving from acquisitions can be maintained abroad, such as a cheese development center in Italy.  In medium-tech sectors, basic research also remains highly concentrated in France.  For example, Rhodia conducts 90 percent of is basic research in France, in the fields of mineral synthesis or physics-chemistry for example, yet some research work is done in the small unit set up in New Jersey.

As a consequence, in low- and medium-tech sectors, the location of foreign development  units is largely determined by the geographical breakdown of productive activities.  Besides, in such cases, corporate acquisitions play a decisive role in the existence of R&D centers in a given country
.  This type of center is subject to restructuring, for companies generally seek to streamline the structure of their R&D worldwide following a series of acquisitions.  For example, Faurecia followed this pattern in its expansion process in automobile equipment markets. Essilor, which produces glasses and optical products, is another example. Essilor went international in the 1980s, particularly by buying up prescription laboratories in the US, which now account for 40% of its turnover.  Its core skills are optics and refraction, two fields in which R&D is centralized in France, and materials chemistry, for which capacities are divided up between France and the US
.  Technological capacities in the US make it possible to adjust better to market needs for coatings and optical glass finishing.  Thus, Essilor's R&D has kept a traditional structure, relatively centralized in France, which accounts for 90% of the group’s patents.  R&D activities outside France are primarily located in the US and are linked to the group's commercial development.

If the laboratories controlled following acquisitions can compete with units of the parent company and if their global local market is large enough, they can become global centers of excellence in some technological fields.  For example, Saint Gobain kept Norton's R&D capacities after buying the company in 1990, with two units specialized in ceramics in the US.  The group also retained the R&D units of Certain Teed, and set up a development center and an R&D center in the US.  The share of the groups' R&D conducted in the US jumped from 10% in 1982 to 20.7% in 2000, whereas the share of European R&D outside France has remained stable at 15%.

In cases where foreign laboratories have become global centers of excellence, it is the R&D units that work in the same fields in the countries of origin that are likely to feel the effects of the streamlining process.  For example, after a merger between Rhône Poulenc and Hoescht and the establishment of Aventis, the new pharmaceutical group proceeded to restructure its clinical development operations, followed by its research laboratories.  At the close of this process, the global center for clinical development was located in the US, the regional European center was located in the Paris area and the Asian regional center in Tokyo.  This schema entailed the closure of the development center sited in Germany.  Aventis has also organized its research laboratories according to a global schema, in which each of the integrated research centers, Bridgewater in the United States, Frankfurt and Paris, specializes in a certain type of pathology.  This restructuring process has been accompanied by the phasing-out of research on certain diseases.  For example, Aventis is dropping its research into anti-infectious agents in France, where the specialization process has simultaneously led to an increase in funding for oncology.  When this restructuring process ends in 2004, the share of Aventis' R&D spending in the US will have increased to about one-third, like the share in France, the remainder being divided up between Germany (25%) and Japan (7%).

The case of Aventis illustrates the aforegoing general discussion of determinants for the location of R&D units in relation to table 1.  On the demand side, the size of the American pharmaceutical market is a fundamental factor of attraction.  Moreover, the leading world market is also a market leader in many fields, owing to high prices and the Americans' capacity to buy innovative drugs featuring high margins
.  On the supply side, the economies of scale that could benefit the laboratories of the European groups in the countries of origin are offset by the quality of medical research in the United States.  The size of the US market and the quality of research in health explain why Aventis opted to locate one of its three world research centers in the US.  By organizing into three world centers of excellence, one in each of its two countries of origin and one in the United States, the company combines economies of scale and specialization depending on the quality and specific characteristics of the local scientific and technological fabric.  Although history and accumulated capacities do work in favor of the country of origin, as multinationals organize their R&D networks at the global level, these factors carry less weight in present location decisions.  For example, Aventis chose to concentrate its cancer research in the Paris area both for historic reasons
 and to benefit from the quality of the scientific and hospital environment.  Likewise, STMicroelectonics has invested large sums in R&D in France due to the quality of electronics research in the Grenoble area
.  The company's 2002 investment in a Crolles-based research center for technologies used to manufacture semiconductors was made in cooperation with Philips, Motorola and the Taiwanese founder, TSMC.  The objective is to share the cost of research and the development of production technologies for the new generations of semiconductors.

The desire to limit R&D costs, which leads companies to streamline their research capacities, is particularly pronounced in the pharmaceutical sector.  R&D costs have skyrocketed over the past twenty years, and optimizing R&D activities has become a major concern for companies.  For example, Aventis is seeking to reduce the cost of its R&D infrastructures and hence limit the number of sites.  Historically, this same concern checked the internationalization of R&D, but today streamlining is viewed on a world scale.  As can be seen from table 1, cost savings can even boost the internationalization of R&D.  Insofar as companies are in a position to divide up the innovation process, they start to entrust highly standardized operations to centers located in countries where technicians and engineers earn less than in the country of origin.  This trend is gaining ground, for the time being primarily in electronics and telecommunications.  For example, Alcatel has set up R&D units in China, not only due to the development of the Chinese market, but also to benefit from the low wages of local engineers. STMicroelectronics has also located R&D activities in India to save costs.  Conversely, the high salaries of researchers in the US, particularly in Silicon Valley, have made some French groups decide not to invest there.

To sum up, the location of R&D units abroad by French firms is still motivated by the traditional adaptation objective (table 1) in low- and medium-tech sectors, while new supply factors have gained weight in high tech sectors. 

2.2 The attractiveness of the United-States for R&D activities

Overall, French firms have located an increasing share of their R&D in the United States, and their American units seem quite productive in terms of patents. The share of French patents for which at least one inventor is located in the US has increased particularly rapidly, from less than 1% in 1990 to 7.3% in 2002.
 Table 3 shows that American inventors represented 40% of French patents’ foreign inventors. This share is higher than the share of the United States in French FDI position or in the number of French controlled R&D units abroad. This may be explained by the fact that French firms have invested in sectors that generate relatively more patents, but also by the fact that their R&D units in the United States are focused on research.

Table 3. Geographical distribution of foreign inventors of U.S. patents delivered to French firms1 in 2002, in %.

	Inventor’s country of residence
	All technologies
	Pharmaceuticals
	Biotech.
	ICT
	Optics
	Vehicles

	All foreign inventors, of which
	18.4
	23.5
	25.0
	27.4
	36.3
	9.7

	 - United-States
	39.8
	48.0
	44.8
	40.6
	57.6
	33.3

	 - Germany
	27.6
	16.0
	13.8
	33.0
	33.3
	50.0

	 - UK
	5.7
	10.0
	6.9
	3.6
	6.1
	0


1. Patents for which at least one inventor resides in a foreign country.

Source : OCDE, patent data base

3 further shows that the share of American inventors tends to be particularly high in fields in which the U.S. has a technological advantage. Such is the case in pharmaceuticals and biotechnology in particular. The role of American inventors is also particularly high in the optical field. In ICT, the share of the American inventors is only slightly above the average for all technological fields, which may be due to the relatively good position of France and other European countries. In particular, German inventors have an above average contribution in ICT. The influence of local  technological strength is also clear in the case of automobile technologies. The share of all foreign inventors is quite low in a sector where France has a traditional comparative advantage. Moreover, the contribution of German inventors is particularly high. 

French companies clearly follow the trend that has emerged at the world level, which consists of setting up outposts to monitor technologies or the practices of world leaders.  This tendency does not affect high-tech sectors only. Danone has adopted this approach with regard to health concerns and environmental concerns.  Access to innovative companies is handled via joint ventures or acquisitions, with arrangements that respect the independence and creativity of the foreign units (in the US and in New Zealand).  In high-tech sectors, the goal of outposts is also to identify possible technological partners, which are often start-ups.  This is one of the duties of the sentinel outposts that Bouygues maintained for its telecom activities in Silicon Valley and Japan.  Monitoring outposts, regardless of their specific duties, are small in size.

Thus, the determinants of the location of R&D units depend on their objectives, including inside a given country.  Laboratories striving to gain access to specific scientific and technological resources must fit into the clusters of excellence.  This does not imply that cost variables are completely left aside.  For example, Silicon Valley is a place that some companies consider too expensive in comparison to other areas in the United States.

3. Innovation networks of French companies

R&D units abroad are but one of the components of the global innovation networks of French companies.  The large French companies earmark a growing share of their research budget for partnerships and outsourcing contracts, the international distribution of which must also be studied. Results show that the geographical distribution role of R&D alliances, especially between Europe and the United-States, depends on the characteristics of national innovation systems. 

3.1 R&D cooperation and access to foreign innovation systems

The specific role of cooperation with foreign academic institutions

Table 4 shows that French companies follow a quite general pattern of R&D cooperation. They enter technological cooperation with their customers and suppliers, and much less frequently with their competitors.  Competitors nevertheless cooperate in phases upstream of research and with regard to standardization processes.  Consequently, large firms have a high propensity to cooperate (table 4) through various types of R&D cooperation agreements and with different types of partners.  Table 4 shows that R&D cooperation is more frequent in high-tech sectors, but French firms in some medium-tech sectors, such as chemicals or the automobile industry, also have a relatively high rate of cooperation (Miotti and Sachwald 2003).

Table 4. Propensity to cooperate in R&D by French firms1
	
	Firms’ characteristics

	Propensty to cooperate with
	All firms
	More than 500 employees
	High tech 2
	Patent in 1994-96
	New product in 1994-96

	All types of partners
	33.6
	66.8
	52.7
	47.4
	40.2

	
	
	
	
	
	

	Clients
	15.0
	27.9
	23.5
	21.8
	20.9

	Component suppliers 
	11.6
	33.5
	22.2
	18.9
	16.8

	Rivals
	4.3
	15.4
	12.8
	7.1
	5.5

	Universities, institutions
	13.3
	37.6
	22.1
	25.8
	16.2

	
	
	
	
	
	

	Number of firms1
	9,832
	717
	608
	3,044
	4,377


1. Results from the French CIS2 survey on innovation practices. The survey includes questions on cooperation practices as part of their innovation process. Answers indicate whether firms do cooperate or not, but do not include information on the number of alliances by firm. The number of innovating firms that answer the question on cooperation is 2,378 in the sample (figures in the table are weighted). The propensity to cooperate is the ratio between the number of firms that cooperate and the total number of firms in each category.

2. OCDE classification.

Universities and the different public research bodies play an increasingly important role in corporate innovation networks.  In the case of France, relations between public laboratories and firms have intensified since the 80s (Mustar 1994, Larédo and Mustar 2002).  Table 4 indicates that for the larger firms, public bodies are the most common partners for cooperative research.  Companies that rely on sources close to science in their innovation processes and that register patents tend to cooperate particularly intensely with public bodies.

The companies interviewed as part of our survey all confirmed the importance of cooperation with public bodies, including foreign ones.  When questioned as to the role of cooperation in their R&D activities, companies did not always mention other types of partners or did so more marginally, even though relations with customers on foreign market leaders are sometimes viewed as very important.  This is the case for example with L'Air Liquide, for the development of the use of nitrogen for semiconductors in Japan.  According to Danone, R&D cooperations are geared to research (some two-thirds of the cases) rather than development, a factor which underscores their role upstream of the innovation process.  This characteristic is very pronounced in the case of cooperation with public bodies.

The international scope of cooperation with public laboratories depends in particular on the extent to which companies have internationalized their R&D.  For example, STMicroelectronics, which concentrates 80% of its R&D staff in its two countries of origin, participates in some 40 cooperation arrangements with public laboratories in France, some 40 in Italy, and around one hundred in all.  This is primarily due to the fact that it is often R&D units that establish ties with foreign universities near their place of establishment.  The internationalization of cooperation can however be more pronounced than the internationalization of R&D units.  This is the case with Gaz de France, for example, which does practically no research abroad but spends a considerable share of its R&D budget on international cooperation agreements, particularly ones with public laboratories abroad.

The sharp increase in the number of cooperation arrangements with public laboratories and the possibility of working with foreign teams throughout the world have led some groups to try to organize such cooperation arrangements at the world level.  Here, the aim is both to ensure the quality of the foreign partners and to endeavor to centralize somewhat the cooperation process and the knowledge generated.  For example, Faurecia selects its cooperation arrangements with public laboratories, focusing on those it considers the best ones.  Alcatel maintains around one hundred cooperation arrangements with public laboratories throughout the world, which are often close to research centers abroad.  The company feels that this trend is not entirely satisfactory as it is too meticulous.  Hence the initiative of a world program for partnerships with public institutes, such as the Heinrick Hertz Institute in Stuttgart or some American university centers (Texas, North Carolina).  Here, the goal is also to establish a hierarchy and to give priority to those strategic partners with whom the company chooses to develop closer relations.  Such relations also exist with some laboratories in France, such as INRIA.  At Aventis, each research center is relatively autonomous, particularly in terms of cooperation.  Nevertheless, Aventis has set up a technological committee, composed of R&D managers from different sectors of the group's activity, which seeks in particular to identify synergies between outside partners.

European vs. transatlantic R&D cooperation

Cooperation agreements, particularly with public laboratories, offer an excellent means of accessing the specific capacities developed by innovation systems abroad.  Accordingly, R&D cooperation is an interesting variable to observe when evaluating changes in access behavior to foreign scientific and technological resources.  From this perspective, our survey stresses the specificity of cooperation arrangements within the framework of EU research programs.  Companies that claim to participate actively in such arrangements and find them useful, such as Renault, Saint Gobain and Danone, are very large groups
 that are not concentrated in high-tech sectors.  Cooperation arrangements give companies access to the research systems of the other European countries, and thus to a vast body of scientific and technological resources.  For example, European programs enable French companies, through partnership with their counterparts, to become better acquainted with the best European university centers.  They also offer bodies for coordinating research upstream, thus making it possible to avoid overlapping. European programs therefore appear as opportunities to implement scale effects thanks to the sharing of certain costs and information on the research networks of the different European countries.  European programs have also facilitated the coordination efforts needed at the standardization phase.  This function is of interest to various companies, ranging from the automobile industry to information technologies.  For example, Alcatel considers that pre-competitive programs provide opportunities to work on additional topics, but also to exchange views with competitors on questions relating to standardization
 and network interfaces.

European programs have facilitated public-private research partnerships on a European scale.  They have also boosted cooperation between the major groups and their suppliers as far as research is concerned.  As for technologies where the US has developed a clear lead, French companies nevertheless seek access to the resources of the US innovation system.  This is the case in particular with biotechnologies and certain fields relating to information and communication technologies, such as computers or software.  Thus, outside expertise in terms of the biotechnologies on which Danone relies may be broken down as follows: 50% in France, 25-30% in the rest of Europe and the remainder in the US.  More generally, owing to its biotechnology capacity, the US is a major source of skills in this field. Aventis has signed a major alliance with Millennium Pharmaceuticals to develop new drugs spawned by biotechnologies.  In addition to its various alliances in pharmaceuticals and biotechnologies, Aventis has a partnership in another field of excellence for the US, software, with the California-based company Entelos, specialized in simulations of biological processes (Aventis 2000). Such alliances should be related to the high share of American inventors in French patents in pharmaceuticals and biotechnology. Whether it be due to the location of research units in the US or the result of transatlantic cooperation, some 13% of the inventors of patents for the major French pharmaceutical groups were American in 1987-96 (Gambardella et al. 2000), i.e. before Aventis was set up and its research was redirected to focus on the United States as explained above. From data in table 3, we can see that more than 11% of all French patents in pharmaceuticals and biotechnology have at least one American inventor – against 7.3% for all technological fields. There is no way to evaluate the rate of foreign inventors in the patents of French pharmaceutical groups on the basis of the overall rate at the national level, but it is probably substantially higher than 13%.  

The answers to the questions relating to R&D cooperation in the CIS survey confirm the specific nature of transatlantic cooperation in securing access to scientific and technological resources in high-tech sectors.  According to these replies, significantly fewer companies maintain international cooperation ties than cooperate with French partners, especially when these partners are geographically distant (table 5).  In particular, transatlantic partnerships are twice as rare as European partnerships.  This gap is smaller for the large companies, but remains quite substantial.

Table 5. Geographical distribution of R&D partners, as a % of firms that cooperate in R&D1
	
	Firms’ characteristics

	Nationality of the partner
	All firms2
	More than  500 employees
	High tech 3
	Patent in 1994-96
	New product in 1994-96

	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


1. As indicated in table 4, they represent 33% of the total of innovating firms in France.

2. Innovative firms of the survey with more than 10 employees; weighted numbers (unweighted total is 2,378).

3. OCDE classification.

This geographical hierarchy seems logical, but the profile of French companies with US partners (public or private) is peculiar and suggests that even though transatlantic partnership arrangements are few in number, they are particularly effective in terms of innovation thanks to the access they provide to the American innovation system.  Miotti and Sachwald (2003) show that the transatlantic partnerships of French companies are concentrated in high-tech sectors and in sectors where the US enjoys a comparative advantage.  Moreover, they concern companies working at the technological frontier
 and say that they encounter difficulties due to the lack of technological information.  Conversely, companies that cooperate only with European partners tend to belong to the medium- to high-tech sectors and appear to be driven a desire to share R&D costs rather than a search for access to technological resources.  They state that cost constraints have been a problem in their innovation process, but not for want of technological information.  The profile of companies that cooperate with US partners suggests that they seek access to the scientific and technological resources concentrated in the US.  Moreover, estimates show that engaging in R&D cooperation with American partners has a positive influence on the propensity to register patents (Miotti and Sachwald, 2003).  Cooperating exclusively with European companies only has a positive impact on the ratio of new products to turnover, while cooperating with French partners has no impact on either of these two indicators of innovativeness.

The findings of the statistical analysis and the qualitative assessments made during the survey of the major groups both underscore the specific nature of research cooperation with American partners.  The most common form of R&D cooperation is with suppliers or customers in France.  It consists of focusing on the ordinary innovation process, which relies to a large extent on the company's internal skills.  Conversely, transatlantic partnerships, which are much less common, usually concern work done further upstream in technological fields that complement work done by the French group.  Such partnerships involve companies that are very active with regard to innovation, that register patents and that derive a relatively large share of their turnover from new products.  The above-mentioned contrast between intra-European cooperation and transatlantic cooperation in the case of the French companies corroborates the findings of the research conducted at the European level.
  This can explain why the larger companies that have access to transatlantic cooperation sign many technological agreements with American groups, more than they do on an intra-European basis, particularly in high-tech sectors (Hagedoorn 2002).

3.2 Integration of global innovation networks

Studying the different channels for the internationalization of the R&D activities of French companies allows us to tackle the question of changes in global innovation networks and to discuss the hypotheses put forward by the literature.  This latter part analyzes the formation of the real innovation networks that are integrated at the world level and enable French companies to set up an IDIP.

Geographically differentiated innovation networks

As recalled in the first section, the internationalization of R&D stems schematically from two major types of determinants, the need to adapt to foreign markets on one hand and the attraction of local technological environments on the other hand.  Various authors have sought to establish a link between each of these determinants and the types of laboratories abroad (Kuemmerle 1997, 1999, Florida 1997, Patel and Vega 1999, Le Bas and Sierra 2002).  The overwhelming majority of R&D units abroad are dedicated to development work (Zedtwitz and Gassmann 2002).  French companies are no exception and their R&D centers abroad are also to a large extent development centers (Madeuf et al. 2000).  Our survey emphasized that this characteristic is less pronounced in high-tech sectors, thus confirming the sectoral diversity of the way in which multinationals organize their R&D (Gerybadze and Reger 1999, Zedtwitz and Gassmann 2002).  Globally, as the majority of R&D centers abroad are dedicated to development, they are by definition laboratories destined to exploit the home base.

However, our survey indicates that French multinationals are influenced by the strengthening of supply factors that encourages companies to locate some research units in the most favorable foreign environments.  Both the survey and the discussion of these determinants summed up in table 1 highlighted the growing attraction of centers of excellence, where multinationals can now set up laboratories more easily.  The R&D units that French multinationals set up or reinforce to turn into centers of excellence specialized at the world level are designed to augment the capacities of their home base (Home Base Augmenting - HBA).  Their location is justified by a desire for access to cutting-edge scientific and technological capacities developed locally.  The survey underscores that HBA-type units are not specialized in fields where the parent company has no skills, but rather feature higher-quality R&D capacity than it could develop in the country of origin.

Acquisitions have played an important role in the sharp increase in the number of foreign R&D units owned by French multinationals.  These acquisitions have often been driven by a desire to secure market access and buy market share.  Under these circumstances, if acquisition substantially increases a company’s market share in the foreign country, it can justify maintaining existing R&D units, which must then be integrated into the multinational's global network.  In the case of smaller acquisitions, the survey showed that R&D units must offer specific competences to persuade the parent company to keep them.  The process of streamlining R&D activities that follows acquisitions can generate major foreign units, which will be, according to their skills, essentially HBE or HBA, like the world centers of excellence that certain French multinationals now possess.

The study of the determinants for the location of centers has underscored the key role of the local scientific and technological environment.  From this point of view, it is interesting to note that the companies we interviewed have set up very few HBA centers abroad in recent years, and primarily in the United States.  This is the case with the center of excellence that Aventis located in Bridgewater when the company restructured its R&D worldwide as described above.  This is also the case with TMM, which opened a center specialized in digital equipment and the Internet in Princeton, and for Rhodia, which set up a center in New Jersey.  In these last two cases, location was determined by the proximity of prestigious universities.  However, owing to excessively high salaries and the volatile job market in California, TMM had ruled out the possibility of locating on the West Coast, which could have seemed logical.  Rhodia also has a specialized center in Japan, designed to take advantage of cutting-edge local skills in the fields of rare earth on one hand and catalysts for the needs of the electronic industry on the other hand.

The analysis of the role of the R&D agreements shows that they can be broken down into two major categories.  The first, which primarily consists of agreements with customers and suppliers, involves development and standardization efforts.  The second concerns research activities upstream and primarily encompasses cooperation agreements with universities and public bodies
.  The findings of the analysis of the R&D cooperation of French companies are consistent with those of the survey concerning R&D units with regard to the geography of these two types of partnerships.  Companies that maintain R&D cooperation ties with American partners tend to be in high-tech sectors and seek skills concentrated in the United States, particularly in universities and scientific bodies.  Agreements can also cover cooperation with leaders in sectors where American companies are particularly competitive.  The cooperation between TMM and Microsoft in the field of game consoles can serve as an illustration in this context.  In medium-tech sectors, French companies tend to establish cooperation ties with European partners in order to benefit from economies of scale.

Globally integrated networks

Accordingly, our joint analysis of R&D units abroad and the international agreements of French multinationals underscores the establishment of integrated global innovation networks.  Traditionally, the integration of multinationals’ R&D capacities was handled by centralizing them in the country of origin.  This centralization concerned only development activities, and transfers of technology towards these units tended to be internalized to a very large extent.  This internalization and the intensity of transfers to subsidiaries most often closely controlled by the parent company were due to considerations relating to transaction costs and learning capacity (Kogut and Zander 1993, Desai et al. 2002).

The rapid internationalization of French companies from the second half of the 80s onwards, along with changing needs and innovation practices, drove the dispersion of R&D in the 1990s.  French multinationals have now entered a phase of streamlining their R&D activities to form global networks.  The integration of these networks is designed to combine adapting to markets, the traditional aim, with access to specific skills localized abroad, and to control costs.  The latter two objectives are particularly important in high-tech sectors, where R&D costs are relatively high.  For example, streamlining R&D operations is a major goal for Aventis.  Cost control efforts were also behind recent decisions to site R&D capacities in countries that are emerging in the electronics industry.  For Renault, rationalizing R&D capacities worldwide is a less pressing goal; after signing an agreement with Nissan, initial coordination efforts have concentrated on procurement and the development of new models.

The integration of global R&D networks does not concern only the geographical dimension.  IDIP is developed through various modalities.  The analysis of the French case has underscored in particular the interactions between R&D units and cooperation agreements.  Companies seek to coordinate their various activities at the world level as the number of foreign units and the diversity of R&D partnerships have increased.  This explains efforts to streamline and hierarchize, with the establishment of centers of excellence and networks of preferred R&D partners.  These networks may also include start-ups in which the parent company has an interest or even controls, but which it leaves a certain amount of independence in order to preserve their creativity.

Global innovation networks have become much more comparable with production networks.  French companies have developed production networks that rely on subsidiaries, joint ventures and various cooperation arrangements, as well as international sub-contracting agreements (SESSI 2002).  Even though it still exists, the traditional gap between the internationalization of production and the internationalization of R&D activities has narrowed, particularly in qualitative terms.

Conclusion

The traditional contrast between the forces of centralization and the forces of decentralization of multinationals’ R&D does not account for the changes under way for the past 15 years.  Companies progressively find ways of combining the centralization of research units – which remains pronounced – with access to scientific and technological resources that are geographically more dispersed. This combination of contraries can be traced to changes in the organization of corporate R&D, both nationally and internationally.

Some studies of multinational companies announced these changes and the constitution of global innovation networks back in the late 80s (Bartlett and Ghashal 1989, Pearce 1989).  What was but an emerging trend at the time has become more pronounced, enabling many companies to back their innovation processes with a heterogeneous body of scientific and technological resources throughout the world.  French companies, which started to internationalize after their European counterparts, have caught up and have begun to set up global innovation networks.  This paper focused on the determinants of the geography of these networks and did not analyze the difficulties relating to their organization and to circulation within these networks.  The article showed that French companies have taken steps to streamline their global networks but has not analyzed the problems posed by the management of the knowledge that can be accumulated in outposts or centers of excellence.

Global innovation networks have not developed as the sole result of the expansion of the multinationals.  Rather, the emerging IDIP depends on the capacity to divide innovation processes, and more particularly on specialization of universities in research and on the role of suppliers and customers during the development phase.  The capacity to divide innovation processes is also important for the spread of R&D outsourcing, which can lead to international contracts, inter alia with emerging countries.  The internalization of transfers of knowledge was important at a time when such transfers primarily consisted of sensitive flows of intangible assets from the parent company to the subsidiaries.  The flexibility and diversity of the global networks described in the paper are partly due to changes in these flows.  Nowadays, the source of new knowledge is often outside the multinational.  Moreover, international flows tend to be composed of abstract, “non-proprietary” knowledge, as in the case of agreements with universities.  It is logical to note that multinationals do not use the same arrangement to gain access to external sources of scientific and technological knowledge as they do for disseminating their research findings to their subsidiaries.

The organization of global innovation networks and the emergence of an IDIP have impacted significantly on the location of R&D and changes in national innovation systems.  Companies find it easier to access centers of excellence throughout the world and are less affected by the limits of the innovation system in their country of origin.  At the same time, they are less interested in changing the specialization of this system because they are in a position to access skills developed in systems abroad.  Here, both the establishment of new R&D units in North America and cooperation agreements in biotechnologies or information technologies tend to strengthen and agglomerate R&D capacities in the US and to create channels for technology transfers to France.  Viewed from this perspective of changes in specialization, IDIP has had an impact similar to that of the international division of labor in general.  This suggests that the international circulation of knowledge and easier access to centers of excellence do not ensure that countries catch up with each other.  More generally, the behavior of the companies surveyed in this article indicates that the quality of the scientific and technological environment is a cluster-promoting factor that attracts R&D investment, inter alia from abroad, whereas the inverse relationship is more complex.
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� Cantwell and Mudambi (2000) show that production subsidiaries with a high volume of business activity register more patents.


� It can be measured by the references to scientific work in patents.  This trend in on the rise, particularly with regard to patents of American origin (Pilat 2002) and in the fields of pharmaceuticals and biotechnology (Albert 1998).


� Annex 1 gives the revealed comparable advantage indicator for a number of countries in 30 technological fields.


� In this case, the dependent variable is worth 1 if the reference concerns a patent of American origin.


� This can explain the findings of empirical studies on the inflow of FDI into the US (Kogut and Chang 1991, Dunning and Narula 1995, Anand and Kogut 1995) – even leaving aside the measurement problems that these studies may have encountered.


� See the table in the appendix.  The American lead appears greater if patent data is weighted by a quality indicator linked to the frequency of references to these patents (Albert 1998).


� An analysis of transatlantic cooperation in this field during the 1980s suggested this same conclusion (Sharp et al. 1994).


� The 27 groups reported 214 R&D units abroad.  Out of the 117 for which the survey had the date of establishment, 35% were opened in 1996-99, as compared with 25% for 1991-95.


� There is a very high correlation between spending and staffing.


� Estimates of the number of patents registered with the USPTO by the largest French multinationals (Cantwell and Kotecha 1994, Cantwell and Harding 1998).


� In the study by Madeuf et al. (2000), the overwhelming majority of the units came into being following acquisitions from the 80s onwards.


� Essilor also has a very small center in Japan, the by-product of a joint venture with Nikon.


� At the end of the 90s, the US market accounted for 62% of sales of new drugs, as against 21% for Europe (� HYPERLINK "http://www.efpia.org" ��www.efpia.org� ).


� In particular, the development of the Taxotère.


� Both the region and the French State have provided substantial financial backing for STMicro's investments.


� This increase is much higher than for inventors from Germany or the UK for example. Calculations from OECD patent data base, as for tables 1 and 2.


� The positive influence of R&D cooperation with public bodies on the propensity to register patents is statistically meaningful, which is not the case for cooperation with private partners, customers and suppliers (Miotti and Sachwald, forthcoming).


� Some smaller companies, as for example Essilor, were initially impressed by the European process and failed to devote the necessary time to it.


� Europe's role in promoting the GSM standard has often been stressed.


� A characteristic measured by an indicator covering the sources that companies use to innovate.


� Some are mentioned above.  In the specific case of the findings of cooperation arrangements in electronics, see (Giarratana and Torrisi 2002).


� Kuemmerle (1997, 1999) identifies two types of laboratories abroad: Home Base Exploiting (HBE) and Home Base Augmenting (HBA).


� The major companies have also signed a number of agreements with competitors that may be tied to questions of standardization or, in the context of European programs, to huge consortia for pre-competition research that include public bodies.


� The acquisition of start-ups in the new technologies in the US often resulted in failure when the parent company was unable to grant such independence (Inkpen et al. 2000, Miotti and Sachwald 2001).


� On these questions, see in particular (Bartlett and Ghoshal 1989, Weil 2000).
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