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Abstract

This paper reports on the international research and development (R&D) investments of German multinational corporations (MNCs). The paper is based on a detailed empirical survey of laboratory sites established by 49 German MNCs. Participating firms account for about 46% of all German enterprises with international R&D activities and approximately 66% of the nations’ privately funded R&D expenditures in 1999. The findings indicate that the timing and organization of German owned overseas R&D investments more closely resemble Japanese than US or Swedish firms. Furthermore, in line with prior studies, German MNCs increasingly invest in international R&D for resource as opposed to market seeking motives. The paper also finds significant differences with regard to the laboratory’s mission and its geographical location on the one hand, and its internal and external embeddedness, on the other. 
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1. Introduction

Often tied to the question of a nation’s or a firm’s competitiveness, the internationalisation of research and development (R&D) has spurred considerable research interest in the past. Following Ronstadt’s (1978) and Behrman and Fischer’s (1980) pioneering studies, a series of authors explored various aspects of foreign direct investment (FDI) in R&D (e.g. Brockhoff and Schmaul, 1996; Casson and Singh, 1993; Dalton and Serapio, 1993; Dunning 1993; Håkanson and Nobel, 1993a/b; Asakawa, 1996; Wortmann, 1990; Westney, 1993; Zander, 1994; Kuemmerle, 1999a; Granstrand, 1999; Pearce, 1989). These studies provided valuable insights on the firms’ motivations to internationalize their R&D activities, on the location of R&D activities and, to a lesser extent, on issues of coordination and control of international R&D networks.


However, generalizeability of these findings still remains limited, mostly due to the research design applied. With some exceptions (e.g., Kuemmerle, 1999a; Asakawa, 1996; Pearce, 1989), most of the early studies build on small samples using interview techniques (e.g. Behrman and Fischer, 1980; Ronstadt, 1978; Beckmann, 1997; Wortmann 1990), or rely on aggregated (e.g. governmental) data (e.g. Frost, 1998; Hirschey and Caves, 1981). Interviews and in-depth studies are useful as they provide valuable knowledge on the motivations of international R&D and other ‘why’ questions, but seldom generate quantitative or representative pictures. Studies building on aggregated data are able to quantify FDI, but fall short to incorporate firm level factors. Some of these shortcomings have already been addressed by scholars using large sample and firm level studies (e.g. Asakawa, 1996; Florida, 1997; Håkanson and Nobel, 1993a/b; Kuemmerle, 1999b). However, until today, research in this field still remains fragmented and geographically biased. Thus, while we are already well informed on Anglo-Saxon, and more recently on Japanese international R&D investments, European research so far has been rather limited. Inside Europe, most available studies concentrate on small developed nations like Sweden and Finland (Granstrand, 1999; Håkanson and Nobel, 1993a/b; Koskinen, 1999), and provide little information on Europe’s leading industrial nations like Germany, France and Italy. 

In an attempt to close this gap, this paper reports on the international R&D investments of German MNCs. Based on a detailed empirical survey of laboratory sites established by 49 German MNCs, it presents data on 134 overseas R&D investments. With a combined R&D spending of 26.1 billion Euros the surveyed firms account for approximately 66% of the nations’ privately funded R&D expenditures in 1999.
 Specifically, this paper addresses three pertinent research questions:

First, by focusing on the internationalisation of R&D in German firms it sheds additional light on the question whether the level and pace of internationalization in R&D is indeed a global phenomenon - apart from the situation in Anglo-Saxon and some small European countries (e.g. Sweden, Holland, Switzerland). This question deems particularly important for policy makers, as the scope and internationalization patterns of R&D in large European countries like Germany might significantly differ from smaller European nations. Swedish firms, for example, were found to follow a sequential investment path from culturally close to culturally distant locations, however no such evidence was found for Japanese firms (Grandstrand, 1999). Furthermore, the presence of a large technological home base, might be a co-founding factor of technological internationalization per se (Gerybadze and Reger, 1999).

Second, building on our empirical data, we compare and contrast the different motivations and triggers of overseas R&D investments from a German perspective and investigate whether different laboratories follow distinct organisational patterns. Motives for FDI in R&D have been widely researched (e.g. Håkanson and Nobel, 1993a; Pearce, 1989) and some authors have recently noted a shift away from market-seeking investments towards resource-seeking investments (Kuemmerle, 1999b; Chiesa, 1996). These authors have made convincing, albeit contradictory, claims on various organizational and location characteristics of such investments (e.g. Kuemmerle and Roosenbloom, 1999; Håkanson and Nobel, 1993a; Pearce, 1989; Aoki, 1990; Kenney and Florida, 1993). By providing additional empirical evidence, this study contributes to this research.

Third, the study takes a closer look at the laboratories’ external and internal ties. Efficient linkages within the firm, as well as towards the local research community have been found vital to the laboratories’ performance (Asakawa, 1996; Jaffe, 1989; Ambos and Reitsperger 2004). While the respective tie strength will vary with the laboratories primary mission (Howells, 1990; Kuemmerle, 1999a), evidence from Japanese MNCs indicates that country of origin can be an important moderator (Asakawa, 1996). Building on our data of German R&D investments in over 20 countries, this paper adds to the field by further probing into the possibility of regional and country of origin effects. 

The paper proceeds in four steps: Following a brief description of the database (section 2), section 3 investigates the geographical scope and the internationalization of German owned R&D investments over time. Section 4 turns to the motivations and missions of these R&D investments and explores several organizational contingencies. Section 5 informs on the laboratories’ external and internal linkages. In the concluding section, section 6, we summarize our results and discuss implications for research policy as well as further studies in this field.

2. The Survey

2.1 Sample 

The German top 500 listing, as published by ‘Die Welt’, was used to determine the number of German firms with overseas R&D investments.
 Telephone pre-contacts with all 500 enterprises revealed a total number of 106 firms who indicated to operate overseas R&D sites. These firms subsequently form the population under investigation. Data collection took place in Fall 2000. In all cases, respondents were senior R&D managers at headquarters, who were generally believed to be most knowledgeable about the topics surveyed. Using a standardized mail survey, detailed responses on type of R&D investment, integration, and links to the local research community were determined. The final instrument was pre-tested in nine firms using cognitive interviews, and was judged suitable. Only with respect to laboratory budget, minor modifications deemed necessary to accommodate the various industries under investigation. All managers were contacted by phone before the questionnaire was mailed out. Two telephone reminders, the offer of an executive summary and the invitation to participate in a workshop on the topic at the authors’ home university ensured a high response rate. These efforts led to a response of 46,23% (49 firms) providing data on a total of 134 R&D units.  

2.2. Firm Characteristics

Table 1 contrasts the sample against the census (106 firms with overseas R&D investments) and the German top 500 as a whole. As might have been expected, Germany’s R&D spenders are considerably larger in terms of revenues and employees than the average top 500 firm. Comparing the sample with the population, sampled firms appear to be somewhat smaller in terms of revenues spent. Yet, a careful examination of the individual firms revealed that this mean (revenue) difference is mainly caused by a few large firms. In fact, when we compare the joint R&D budget of sampled firms with published data (Stifterverband, 2001), it becomes apparent that our 49 firms alone account for roughly two-thirds of all privately funded R&D spending in 1999. This provides confidence in our sample’s representativeness for Germany’s international R&D activities as a whole. 

----------------------------------------------------

Insert Table 1 about here

----------------------------------------------------
A breakdown by industry indicates that, common for German industrial activities, machinery accounts for the largest part (31%), followed by automotive, chemical and pharmaceutical industries (see Figure 1). These figures are well in line with earlier German studies (Schmaul, 1995 and Boehmer, 1995), and reflect the high predominance of medium technology sectors in Germany. 

----------------------------------------------------

Insert Figure 1 about here

----------------------------------------------------

With only 49 firms accounting for two thirds of Germany’s privately funded R&D spending, our data confirms the leading role of MNCs in conducting industrial R&D. Similar to Håkanson and Nobel (1993a), who show that the top 20 MNCs in Sweden account for up to three quarters of the nations R&D budget, German R&D seems to be highly concentrated in a few large corporations, too. In fact, our results also support Gassmann and Zedtwitz (1999) who suggest that the world’s 50 largest firms account for about 44% of the triads R&D spending. 

2.3. Laboratory Characteristics

Table 2 provides detailed data on the individual R&D laboratory. In terms of size and budget, individual R&D laboratories varied widely. 34.5% of the laboratories had less than 20 employees; approximately 24.6% had more than 20 but less than 50, another 26.2% more than 50 and less than 200, while another 14.6% had more than 200 employees. R&D budgets of laboratories show a similar diversity (see Table 2). 

----------------------------------------------------

Insert Table 2 about here

----------------------------------------------------

A separate analysis for the seven major industry subgroups indicates that overseas laboratories in the automotive, pharmaceutical and telecommunication sectors are quite large in terms of full-time  personnel employed. Laboratories in the chemical and machinery sectors, in turn, are rather small (about 40% of them employ less than 20 people). These findings allow us to draw some tentative conclusions regarding laboratory size across industries. Optimal laboratory size in foreign environments has already been investigated by Kuemmerle (1998). In his study on pharmaceutical and electronic firms, Kuemmerle could show that the optimal laboratory size was significantly larger for electronics as opposed to pharmaceutical firms. Without data on success, we are not able to make assumptions about an optimum, but only compare average size. However, following a population ecology logic our results tend to support Kuemmerle’s findings that (optimal) size might be dependent on industry. In particular, it appears that R&D intensive industries like electronics seem to have much larger laboratories than overseas labs in the chemical and machinery sectors. 

An investigation of local R&D budgets supports this notion (Table 2): In three industries, pharmaceuticals, electronics, and semiconductors, more than half of the overseas laboratories spend more than 20 million Euros per annum. Laboratories in the chemical and machinery sector, in turn, usually do have a rather moderate budget of up to five million Euros. The capital intensity in the former industries is well documented in the literature and our results seem to support this notion. Our findings might also serve as an indication of the type of work undertaken in these laboratories. All three industries are characterised by global competition, with standardized products usually aiming for world markets. Investments in these sectors will have to be large enough and self-sufficient to cater for such a global market. Small R&D centers, aiming for local product adaptation will not be able to fulfil these tasks. The small budgets in chemical and machinery, in turn, might reflect the high proportion of adaptive and less capital intensive work, which takes place in these laboratories. We will come back to this issue in section 4, but meanwhile turn our attention to the internationalization process itself.

3. Geographical Scope and Internationalization over Time

The internationalization of firms has for long been a prime research interest in international business (Vernon, 1966; Dunning, 1970). Thus, following our first research question, this section takes on the issue of geographical expansion of international R&D in German firms. In particular, we will investigate and contrast Germany’s international R&D activities with earlier studies in different countries. Moreover, we use the empirical data to test for the existence of a cultural or geographic path-dependence.

3.1. Geographical Scope 

Prior studies could show that R&D activities are not equally distributed around the world, but tend to reside mostly in developed nations (Gassmann and Zedtwitz, 1999; Schmaul, 1995). Our data clearly supports this notion for German MNCs. About 42.2% of the sampled R&D laboratories are located in Europe, i.e. in relative proximity to the German headquarters. Additional 37.9% are located in North America, 14.5% in Asia, the remaining 5.4% are located in other regions (Table 3). As Table 3 reveals, locations of German R&D investments closely mirror the pattern of other country studies. Only one country, Sweden, appears to be an exception to this pattern (Håkanson and Nobel, 1993a). With about 63%, Swedish MNCs hold a much higher percentage of R&D investments inside Europe, as for example, German or British firms. According to Håkanson and Nobel (1993a), Sweden’s historic position at the time of the survey could well explain this phenomenon: Sweden just lately joined the European Union, and, when contrasted with German and UK internationalisation strategies, might have been more prone to establish product development capabilities within the union. Further studies on Swedish R&D investments would be necessary to investigate whether this trend has changed recently, but for the moment it appears that Sweden constitutes a rather exceptional case. 

----------------------------------------------------

Insert Table 3 about here

----------------------------------------------------

Within our German sample notable differences can be observed in the distribution of R&D investments in different industries. While automotive and machinery sectors most closely mirror the overall picture, chemical and pharmaceutical investments are heavily skewed towards North America. For the electronics and semiconductor industries, both industries with a high percentage of offshore production, Asia appears to be an above average location. The remaining industries, labelled as ‘others’, appear to be among the most Eurocentric (see Table 5). Few studies provide a breakdown by region and industry, but evidence from Finland suggests that this tendency also holds for other samples (Koskinen, 1999). 

----------------------------------------------------

Insert Table 4 about here

----------------------------------------------------

3.2 Patterns of Internationalization over Time

Internationalization theorists usually assume that firms’ global expansion strategies follow a common path (Forsgren, 1989; Johanson and Wiedersheim-Paul, 1975; Johanson and Vahle, 1977; Yoshino, 1976). Johanson and Vahle (1977), in particular, argue that firms will first move to culturally close environments before entering more distant markets. Similarly, scholars like Kogut and Singh (1988) could show that entry modes, and FDI depend on the cultural distance of the home and the host market. R&D literature, in contrast, has rarely addressed these issues (notable exceptions include Håkanson, 1992 and Granstrand, 1999). Looking at Swedish MNCs, Håkanson (1992) found cultural distance to be a major determinant of the location of foreign R&D. Granstrand’s (1999) data seems to confirm this pattern for Swedish, but not for Japanese MNCs. Using the laboratories’ age and Kogut and Singh’s (1988) cultural distance index
, we first performed a correlation analysis. No relationship was found, thus indicating that cultural distance does not seem to influence the internationalization process of German R&D investments abroad. We will discuss these results in section 6. However, it seems interesting to note that there does not seem to be a uniform European way of internationalization. If at all, German firms, closer resemblance the Japanese than the Swedish case. 

Subsequently, to investigate whether German R&D expansions follow a geographical path, we performed a cross-tabulation. As with cultural distance, tracking the geographic expansion over time does not produce a clear pattern (Table 4). If at all, Asian investments are somewhat skewed towards the right. This may serve as an indication that firms first set up sites in Europe and the US before moving to the Far East. Thus, on an aggregated level there seems to be no clear pattern how German firms expand their R&D activities abroad. 

----------------------------------------------------

Insert Table 5 about here

----------------------------------------------------

While no geographical or cultural sequence of expansion could be detected, the overall analysis of Table 5 indicates that internationalization in itself is a rather recent phenomenon in German firms. Other than Swedish MNCs, who already experienced sharp increases in international R&D during the 80ies, internationalization in German firms appears to be a phenomenon of the 90ies. Just over the last ten years, German firms established as many overseas R&D sites as in the last 50 years combined. Thus, while the principle trend indeed mirrors that of Swedish and US firms (see Håkanson and Nobel, 1993a; Dalton and Serapio 1993), the timing rather seems to mirror that of Japanese R&D investments. 

4. Resource- vs. Market-Seeking R&D Investments

There have been several undertakings to investigate the motivations of international R&D (Håkanson and Nobel, 1993b, Pearson et al. 1993; Brockhoff and Schmaul, 1996; Dalton and Serapio, 1993; Eto, 1991; Pearce, 1989). Some of these authors identify up to 20 motives, which are usually grouped into two to five classes. Using a factor analysis to group 21 motives, Håkanson and Nobel (1993b) show that R&D investments of Swedish firms may be classified as market driven, research driven, politically motivated, production support driven, or driven by a combination of the above (multi-motive). Others, like Medcof (1997), identify even more missions, which indeed leads to some confusion on how to classify investments (see Brockhoff, 1998; Ambos, 2002). However, despite some dispute, there seems to be a consensus that international R&D investments can be divided along the prime purpose to seek resources, and thus to augment the firms’ existing stock of knowledge, or to support offshore markets, and thus to exploit headquarters’ existing stock of knowledge (Kuemmerle, 1997; Chiesa, 1996; Hedlund and Rolander, 1990, Ambos and Schlegelmilch, 2002). 

The theoretical foundation of the latter type of investment probably dates back to Vernon (1966), who argued that firms might gain competitive advantage through exploiting their technology. Market uncertainties, dividing consumer tastes, a preference to internalize technological know-how and a fear to reveal core competences to potential competitors led firms to set up own R&D laboratories (Håkanson, 1990; Hymer, 1976, Vernon, 1966). Empirical support is found in Ronstadt’s (1978) ‘technology transfer unit,’ Pearce’s (1989) ‘support laboratory’ and Chiesa’s (1996) ‘exploitation laboratories’, which may all be viewed as serving this need. In our study, we followed Kuemmerle (1997) and labeled this type of R&D unit capability exploiting (CBE).

More recently, scholars underline the importance of research- or resource-driven R&D (Cantwell, 1989; Florida, 1997; Chiesa, 1996; Kuemmerle, 1997; 1999b). These authors argue that firms invest in overseas R&D to augment the current stock of knowledge. This is achieved by tapping into local ‘pockets of knowledge’. Empirically, this notion is captured in Ronstadt’s (1978) ‘global technology unit,’ Håkanson and Nobel’s (1993b) ‘research units’ or Chiesa’s ‘exploration laboratories.’ Again, following Kuemmerle’s (1997; 1999b) terminology, we may call this type of laboratory capability augmenting (CBA). 
Addressing our second research question, our survey asked respondents to indicate the focus of each laboratory (% of personnel at the laboratory working on CBA activities versus CBE activities). Respondents were provided with definitions of the concepts, and wherever possible, a cross check using face to face interviews was performed to increase internal validity of our measure. Table 6 reports on the overall motivations of the sampled R&D laboratories. As in Kuemmerle (1999b), our data indicates that R&D laboratories seem to follow a clear mission. Only a few (eight) units have a joint focus on capability augmenting and capability exploiting tasks. The remaining laboratories focus either on the exploitation of corporate capabilities or the augmentation of the firms’ capabilities. 

----------------------------------------------------

Insert Table 6 about here

----------------------------------------------------

Inspired by Chiesa (1996), Kuemmerle and Roosenbloom (1999) and to further investigate differences among these apparently distinct missions, we performed a series of additional tests. As indicated by the authors, the distinct and different motivations to establish one or the other type of R&D laboratory are usually reflected in its core management processes. In particular, the staffing (e.g. nationality of the laboratory leader, the percentage of personnel with PhDs), the co-location with local production, as well as the proximity to local research institutions (treated in section 5) can be linked with one of the two missions. 

First, as an antecedent to the laboratories’ mandate to augment and create new knowledge we would expect a higher proportion of PhDs in capability augmenting laboratories (Kuemmerle and Roosenbloom, 1999). Similarly, we would expect local managers to be more inclined to link up with local research institutions, and capability augmenting laboratories should have a higher proportion of local managers (Asakawa, 1996; Kuemmerle and Roosenbloom, 1999). Using our empirical data, we tested these two propositions using OLS and logistic regression respectively. Results only support the claims with regard to the percentage of PhD’s in the workforce and the percentage of expatriates in management positions, but not with regard to the local director. The higher percentage of PhD’s is not surprising and does not need any further elaboration. Similarly, as would have been expected, capability augmenting laboratories inherit much less corporate expatriates than capability exploiting laboratories. This, however, does not hold with regard to the local R&D director. 

Second, clearance was sought on whether German firms expand their R&D activities along the lines of their foreign manufacturing units, or whether R&D investments follow an independent trajectory. Literature already produced some, albeit conflicting, evidence on that matter. Pearce (1989) and Håkanson and Nobel (1993b) found that R&D laboratories of British and Swedish MNCs increasingly exist in isolation and separated from the firms’ production network. By contrast, scholars investigating international R&D investments by Japanese firms found consistent support for a production-laboratory clustering (Aoki, 1990; Imai, 1991; Kenney and Florida, 1993; Nonaka, 1992). 

German firms again seem to resemble the Japanese rather than the Swedish case. As Table 7 reveals, 79% (103) laboratories are physically attached to a local production site. Thus, indicating that German firms, like their Japanese counterparts, tend to cluster R&D in close proximity to offshore production facilities. In principle, two plausible explanations are at hand. First, German firms, traditionally strong in engineering, might generally possess more decentralized manufacturing, thus co-allocation might be a simple coincidence. However, a closer look at the Japanese case might lead to a second explanation. Usually, following a global strategy, Japanese firms were late in internationalizing their R&D functions. Thus, early overseas R&D investments mainly performed product adaptation in overseas plants. Production co-location might therefore vary with the laboratories’ mission. As shown in Table 7, the number of capability augmenting laboratories without a local production is disproportionately larger. These findings give some support to the argument that laboratory mission might be an explanatory variable. The picture becomes much clearer when analysed along the time dimension. While only 21% of all R&D sites appear to be unbundled from local production, 73% of these units were established within the last ten years. These findings not only explain the internationalization pattern of German R&D, but also support Håkanson and Nobel’s (1993b) as well as Pearce’s (1989) notion that future investments will place less importance on the location of local production facilities. 

----------------------------------------------------

Insert Table 7 about here

----------------------------------------------------

5. Internal and External Ties 

Prior research indicates that a high degree of embeddedness is crucial to the success of R&D (Frost et al. 2002, Ambos and Reitsperger, 2004). As with other organizational characteristics, capability augmenting and capability exploiting laboratories seem to follow different logics. Jaffe (1989), for example, suggests that co-location of university and industrial R&D in the US has a significant payoff in terms of productivity of innovation. In addition, Kuemmerle (1999b) could show that firms’ capability augmenting laboratories may be found in close proximity to so called ‘magnet-institutions’, usually a high caliber research university or an industrial think tank. These institutions provide the necessary stimulus, personnel and resources crucial to excel in research. Capability exploiting units, in turn, have been found to benefit from a close customer intimacy, thus intensive relationships to local costumers might be expected (Kuemmerle, 1999b). 

To investigate the third research question, our survey asked respondents to indicate the type and intensity of ties to eight external and four internal cooperation partners (for details see Ambos and Reitsperger, 2004). Table 8 reports the mean strength of these relationships for all 12 network partners. In addition, a composite measure, assessing the total external and internal network density (embeddedness) was calculated.
 Using an independent sample t-test, our results show strong support for earlier notions that tie-strength depends in part on the lab mission (Grandstrand, 1999; Pearce, 1989; Kuemmerle, 1997, 1999b). In particular, results show that capability augmenting laboratories are much closer linked with private research institutions and universities, whereas capability exploiting laboratories have a strong and above average link to customers and local production sites. No significant differences were found with respect to the other network partners. When examining the overall level of interaction, interestingly, internal network partners receive higher scores than external partners. 

In a final analysis, we computed means for each cooperation partner separately for each geographic region. Although only a few means turned out to be significantly different across regions, they provide an interesting picture. Differences in supplier relationships are probably most notable. Compared to their overseas counterparts, European laboratories maintain much stronger supplier relationships. Particularly, R&D laboratories in Asia as well as countries like Brazil and Australia, do not cultivate such relationships. While one could speculate that these findings result from a ethnocentric attitude of sampled firms to search for suppliers within Europe, further research is definitely called for before making any predictions. 

Similarly, there are some noteworthy differences with regard to internal linkages. American investments do have relatively weak ties to German headquarters, but much above average ties to other R&D sites in the firm. Headquarters’ relationship towards its Asian and other investments seem to be rather hierarchical. In fact, Asian laboratories are much stronger tied up with headquarters than with other internal R&D laboratories. Our study leaves open to explain why these relationships prevail. With our data it is hard to tell whether this is due to industry, laboratory or cultural factors. Yet, of all possible explanations, German cultural traits might serve as an interesting and potential useful explanatory variable in future studies. Germans are usually said to score high on uncertainty avoidance, e.g. a desire to control context that are perceived as very unfamiliar. (Hofstede, 1980). Asian cultures in turn generally accept, and probably more important, expect that power is distributed unequally. The combination of these two cultural traits might thus explain the observed relationship.

----------------------------------------------------

Insert Table 8 about here

----------------------------------------------------

6. Discussion and Conclusion

By means of a large scale empirical survey, this study set out to shed light on the foreign direct investment in R&D by German MNCs. Three pertinent research questions focusing on the process of internationalization, the underlying motivations and missions, as well as the strength of the laboratories’ internal and external ties were illuminated. This concluding section will sum up our results and advance some further avenues for research in this area. 

The internationalization of R&D is already well documented for some countries. Evidence from Germany supports many of these earlier findings, while yet introducing some interesting carvets to the debate. Like most prior studies, findings in our German sample confirm the sharp increase of FDI in R&D over the last decades. Similarly, our data also show a shift towards resource as opposed to market seeking motivations over the last years. This trend seems important as it underlines the predictions of those scholars who emphasize that the future challenges of the MNC will lie in the global sourcing, melding and leveraging of knowledge dispersed around the world (Doz, et al. 2001, Schlegelmilch and Chini, 2002). German firms apparently recognize this need, and the intensity by which they upgrade their knowledge creating capabilities abroad is significant.   

However, our analysis also indicates that at least among European firms, there does not seem to be a clear pattern of internationalization or organization. In many instances, German firms rather mirror Japanese as opposed to Swedish MNCs. Both, Japan and Germany, may be considered late movers when it comes to the timing of internationalization. Similarly, both Japanese and German firms tend to locate their offshore R&D units in close proximity to their production sites. Their pattern of internalization does not follow a distinct trajectory. Other than for Swedish MNCs, no cultural-trail (from close to distant) could be found. At this stage we can only speculate on the ‘whys’. Possibly, managers in Germany and Japan adhere to a stricter investment planning, which ultimately favors the most cost efficient solution (i.e. production site), or ends up with an investment at the most favorable location (i.e. innovative cluster). Swedish managers, in turn, might follow a more relaxed investment plan, and move from Sweden to more distant countries as opportunities arise. Alternatively, future studies might consider the possibility that Sweden’s adherence to a cultural internationalization path is in fact a cultural relict of that country. Johanson and Vahle (1977) originally developed their cultural distance concept in Sweden, and as Shenkar (2001) and Granstrand (1999) document, support in other national settings so far has been rather limited. 

Despite these general patterns, our study also confirms the importance of some organizational characteristics. As would have been expected capability augmenting laboratories are usually staffed with a higher percentage of PhD’s, which clearly reflects on the work undertaken. They are less bound to overseas production facilities, and compared to their capability exploiting counterparts, are rather young. CBA laboratories also possess strong linkages to local universities and research institutions, whereas CBE laboratories possess above average links to local customers. Our research also found that tie-strength varies much across regions. European laboratories maintain much closer relationships towards suppliers, whereas American investments seem to enjoy the highest degree of internal freedom. However, the rationale for these differences is not well understood. Thus, further research in this area would be enlightening. 
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Table 1: Sample, Population, and German Top 500

	
	GermanTop 500
	Population
	Sample

	Revenues in 1999 (Euro)
	3.671 Mio.
	7.845 Mio.
	5.507 Mio. 

	Employees
	17.569
	38.111
	34.211


Source: Die Welt, Deutsche Top 500 Datenbank, own calculation

Table 2: International R&D Investments by Industry and Capital Intensity

	
	
	R&D Intensity
	
	Industries

	Employees
	Overall
	low
	moderate
	high
	
	AT
	CH
	MA
	PH
	EL
	SE
	TC
	OTH

	1 – 20 
	34.5% (45)
	38.8%   (21)
	27.6%  (8)
	25.0%    (5)
	
	15.8% (3)
	43.8% (7)
	40.7% (24)
	14.3% (1)
	25.0% (1)
	
	20.0% (2)
	60% (6)

	21 – 50
	24.6% (32)
	25.9%   (14)
	20.7%  (6)
	15.0%    (3)
	
	21.1% (4)
	25% (4)
	25.4% (15)
	42.9% (3)
	25.0% (1)
	16.7% (1)
	30.0% (3)
	10.0% (1)

	51 – 200
	26.2% (34)
	25.9%   (14)
	27.6%  (8)
	35.0%    (7)
	
	36.8% (7)
	25% (4)
	23.7% (14)
	
	25.0% (1)
	33.3% (2)
	20.0% (2)
	10.0% (1)

	>201
	14.6% (19)
	9.2%    (5)
	24,1%  (7)
	25.0%    (5)
	
	26.3% (5)
	6.3% (1)
	10.2% (6)
	42.9% (3)
	25.0% (1)
	50.0% (3)
	30.0% (3)
	20.0% (2)

	Total:
	100% (130)
	100% (54)
	100% (29)
	100%   (20)
	
	100% (19)
	100% (16)
	100% (59)
	100% (7)
	100% (4)
	100% (7)
	100% (10)
	100% (10)


	
	
	R&D Intensity
	
	Industries

	R&D Budget
	Overall
	low
	medium
	high
	
	AT
	CH
	MA
	PH
	EL
	SE
	TC
	OTH

	< 2 Mio.
	34.2% (40)
	42.6% (23)
	24.0%

(6)
	10.5%

(2)
	
	23.5% (4)
	46.2% (6)
	39.6% (21)
	20.0% (1)
	
	
	20.0% (2)
	60.0% (6)

	2-5 Mio.
	23.1% (27)
	24.1% 

(13)
	20.0%

(5)
	15.7%

(3)
	
	35.3% (6)
	23.1% (3)
	22.6% (12)
	20.0% (1)
	
	16.7% (1)
	30.0% (3)
	10.0% (1)

	5-20 Mio.
	20.5% (24)
	25.9%

(14)
	15.0%

(3)
	26.3%

(5)
	
	23.5% (3)
	23.1% (3)
	20.8% (11)
	
	33.3% (1)
	33.3% (2)
	20.0% (2)
	10.0% (1)

	> 20 Mio.
	22.2% (26)
	7.4%

(4)
	44.0%

(11)
	47.3%

(9)
	
	17.6% (3)
	7.7% (1)
	17.0% (9)
	60.0% (3)
	66.7% (2)
	50.0% (3)
	30.0% (3)
	20.0% (2)

	Total:
	100% (117)
	100% (54)
	100% (25)
	100%  (19)
	
	100% (16)
	100% (13)
	100% (53)
	100% (5)
	100% (3)
	100% (6)
	100% (10)
	100% (10)


AT = Automotive; CH = Chemistry; PH = Pharma & Biotech; MA = Machinery; EL = Electronics; SE = Semiconductors; TK = Telecom, 

OTH = other.

Table 3: Geographical Distribution of International R&D Laboratories in Prior Studies

	
	Sample
	Schmaul

(1995)1
	Boehmer (1995)2
	Håkanson /

Nobel (1993)3
	Pearce/

Singh (1991)4
	Granstrand (1999)5

	Europe:
	42,2%
	44%
	47,3%
	63%
	35%
	44.9%

	North America:
	37,9%
	27%
	21,9%
	22%
	39,6%
	52.2%

	Asia:
	14,5%
	18%
	24,1%
	4%
	26%
	2.7%

	Other:
	5,4%
	9%
	6,6%
	4%
	
	


1
Sample of 31 MNCs, 19 of them qualify as German according to OECD definition. n=84, Exact number of German offshore R&D laboratories unknown.

2 
Mixed sample of firms headquartered in US, UK and Germany. German sub-sample builds on 22 firms providing data on 60 overseas R&D investments. As in Schmaul (1995) German sub-sample includes legally independent entities of foreign multinationals. Exact number of German overseas R&D laboratories unknown. 

3 
Swedish sample of 20 MNCs. Data provided on 172 overseas R&D laboratories.

4 
British sub-sample of 35 MNCs, aggregated data provided on 174 overseas R&D laboratories

5 
Japanese sub-sample of 24 MNCs. Data provided on 109 overseas R&D investments.

Table 4: Distribution of German R&D Investments by Industry and Region

	
	
	Industries

	
	
	AT
	CH
	MA
	PH
	EL
	SE
	TC
	OTH

	Europe 
	
	47.4% (9)
	33.3% (6)
	46.6% (27)
	28.6% (2)
	25.0% (1)
	16.7% (1)
	30.0% (3)
	63.6% (7)

	North America
	
	47.4% (9)
	50.0% (9)
	32.8% (19)
	71.4% (5)
	25.0% (1)
	33.3% (2)
	40.0% (4)
	27.3% (3)

	Asia
	
	5.3% (1)
	16.3% (3)
	10.3% (6)
	
	50.0% (2)
	50.0% (3)
	20.0% (2)
	9.1% (1)

	Other
	
	
	
	10.3% (6)
	
	
	
	10.0% (1)
	


Table 5: Internationalisation of German R&D Investments over Time

	
	1940-1960
	1961-1980
	1981-1990
	1991-2001

	Europe
	6,3%
	28,1%
	9,4%
	56,3%

	America
	5,1%
	28,2%
	20,5%
	46,2%

	Asia
	12,5%
	12,5%
	31,3%
	43,8%

	Other
	20,0%
	40,0%
	
	40,0%


Table 6: Focus of Laboratories (% of activity dedicated to CBA, as opposed to CBE, 
     activity)

	0-19% CBA
	20-39% CBA
	40-59% CBA
	60-79% CBA
	80-100% CBA

	65
	26
	8
	9
	31


Table 7: Co-Location of R&D and Production Sites within Firms

	
	Capability Exploiting
	Capability Augmenting
	Total

	Production Facility at Site
	77
	26
	103

	Separate Entity
	14
	13
	27


Table 8: Internal and External Ties of German Research Centers by Mission and Region

	
	
	Mission
	
	Region

	
	mean
	CBE
	CBA
	Sign
	
	Europe
	N. America
	Asia
	other
	F-Value

	Competitors
	0.23
	0.22
	0.24
	0.77
	
	0.57
	0.23
	0.00
	0.00
	1.510

	Suppliers
	1.40
	1.44
	1.27
	0.49
	
	1.62
	1.40
	0.89
	0.80
	1.923

	Customers
	1.95
	2.09
	1.65
	0.05
	
	2.04
	2.04
	1.39
	2.20
	1.785

	Other firms
	0.59
	0.58
	0.59
	0.93
	
	0.68
	0.62
	0.44
	0.00
	1.011

	Private research institutes
	0.68
	0.50
	1.08
	0.00
	
	0.81
	0.66
	0.56
	0.00
	1.050

	Universities
	1.00
	0.82
	1.38
	0.01
	
	1.21
	0.96
	0.61
	0.60
	1.536.

	Local Authorities
	0.51
	0.48
	0.57
	0.58
	
	0.49
	0.53
	0.61
	0.20
	0.334

	External Embeddedness
	0.30
	0.29
	0.32
	0.37
	
	0.34
	0.30
	0.22
	0.17
	3.12

	Headquarters
	2.14
	2.14
	2.03
	0.60
	
	2.07
	1.88
	2.89
	2.67
	4.398

	Other internal R&D units
	1.59
	1.60
	1.57
	0.89
	
	1.57
	1.83
	1.22
	0.80
	1.985

	Local Production
	1.84
	2.07
	1.27
	0.00
	
	2.11
	1.17
	1.50
	1.20
	1.479

	Other production
	0.98
	1.05
	0.78
	0.26
	
	1.08
	0.98
	0.72
	1.00
	0.705

	Internal Embeddedness
	0.54
	0.58
	0.47
	0.02
	
	0.57
	0.54
	0.53
	0.43
	0.76


Figure 1: Industry Distribution
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� While there have been some earlier attempts to investigate international R&D investments by German firms, e.g.  Wortmann (1990), Brockhoff and Boehmer (1993), Pausenberger (1982), as well as a series of German PhD theses e.g.: Schmaul (1995), Boehmer (1995), Reger (1997) and Beckmann (1997), most of these studies suffer from the limitations mentioned above and usually draw from only a limited number of cases, or mixed and inconsistent datasets. 


� In this paper the terms R&D investments, R&D sites, and R&D laboratories are used interchangeably. 


� Kogut and Singh (1988) establish a cultural distance index using Hofstede’s (1980) cultural value dimensions. Index values are calculated by summing mean differences over four cultural dimensions after dividing the difference of i-th home and host country scores, by the variance of the i-th dimension (see Kogut and Singh for details). 


� Following Ghoshal and Bartlett (1990) and Boehmer (1995) we estimated the network density (embeddedness) by dividing the number of relationships multiplied by the perceived intensity through the potential number of relationships.
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