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PART I 

Theoretical Backgrounds 

& 

Research Issues 



Locations and Innovative Activities 

CHAPTER 1 
Locations and Innovative Activities 

1.1 Introduction 

In virtue of the increasingly developed communication conveniences between locations, 

various international business activities have been paid greater attention. This is 
especially true when locations with low-cost materials and labour that can serve as 

alternative locations for production. In such locations, many products can be imitated by 
indigenous firms and their technologies. In contrast, firms tend to centralise R&D 

activities within their home headquarter (HQ) because of strategic or practical reasons. 
This can be seen when HQ tries to keep the capability of developing core technologies 
under home country control. Relevant knowledge for innovation is not so easily 

transferred or imitated in new locations supporting corporate R&D. When firms 
accumulate strategically important knowledge that is "sticky and embedded" within 

their home country, MNEs are always reluctant to decentralise R&D, and more eager to 
centralise it in a specific location, e.g. home country (e.g. Patel & Vega, 1999). 

However, the ruling of such rigidly home-location-embedded R&D activity has 
recently been challenged. Increasingly, recent international R&D trends have shown that 
R&D activities can be distributed over different locations. MNEs can no longer rely only 

on internal knowledge or home-country technologies if they intend to keep their 

advantages. They should be more active in looking for and moving to innovative 
resources that may be embedded in other locations. Although knowledge is still sticky, 

some location-specific knowledge is still able to be mastered by foreign affiliates, and 

shared with intra-firm-units in different locations (Cantwell & Iammarino, 1998; 

Cantwell & Janne, 1999; Dunning, 1992). The debate caused by the sticky relationships 

between knowledge, R&D, and location encourages us explore the possibilities for local 
(e.g. national, regional) policies, as well as firm strategy issues. 

The central idea in European Commission (EC) regional policy is that of "cohesion", 

related to the harmonious and balanced integration of the territory of the Union. The EC 

aims to stimulate this by supporting cooperation at the cross-border, transnational and 
interregional level. In order to achieve interregional cooperation, each region should 

dedicate resources for exchanging, cooperating, or networking with regions in other 

member states of the EU. Thus, cohesion policy tries to improve the development in poor 
regions and keep advantages in developed regions. Through the balance of development 

in different regions, resources should be shared to promote the competence of the whole 

EU. 
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However, there are some debates about the execution of this cohesion policy (e.g. 
Bachtler & Wishlade, 2004). Difficulties in reaching the goals lie in whether or not 
knowledge can be transferred between locations and how compatible the goals at EU 
level are with the policies at regional level. Cooperative relationships between regions 
will generally lead to higher competitiveness within the entire EU. Nevertheless, when 

resources and knowledge are shared across national (or regional) borders, the richer 
regions may see their relative strength and competence weakened. From this view, 

regional or national governments might see advantages of spillovers being kept within 
the region or an even narrower area. Thus, the immense effort of developing poorer 
regions via knowledge-sharing still may face some resistant forces across national 
borders. It thus becomes critical to consider how regional policymakers make coherent 

policies (especially in the fields of science, technology, innovation and education), how 
each region shapes a unique role for itself, as well as how the regional policies could be 
made coherent at the regional, national, and EU level. 

Besides the policy perspective, many academic researches have paid attention to the 
rising international R&D activities. This work focuses on different levels of aggregation, 
and addresses the issues surrounding the 'stickiness' of knowledge discussed above. It 
thus goes into the debate of R&D mobility, and encourages us to investigate the 

relationships between, knowledge, innovation and locations. At the more aggregate level, 
issues focus on explaining the overall phenomena of innovative activities on a 

macro/national or meso/regional environment and industrial development (e.g. Arbonies, 
2004; Cohen & Paul, 2005; Cooke et al., 1997; Feldman, 1999). For example, the studies of 

innovation systems or industrial cluster focus on explaining the impacts and 
development of local system or area. They show that various interactions between firms, 
research institutions, governments, or industrial actors in specific locations shape specific 
ways to learn experiences, share knowledge, and develop locational advantages 

(Lundvall, 1992, Nelson, 2000). These studies tend to show the differences in locational 
characteristics and relative advantages "between locations" (Cantwell & Iammarino, 

2003a). 

Other work takes a more micro-view in looking at how a multinational enterprise 
(MNE) starts R&D investment in other locations, and how MNEs manage inter-locational, 

inter-organisational or inter-personal knowledge flows (Dunning & Narula, 1995; 
Kuemmerle, 1999). The studies of MNEs' behaviour focus on different R&D strategies, 

e.g. cooperative partnering (Duysters & Hagedoom, 1996; Gulati, 1998; Hagedoom et al., 
2000), strategic R&D goals (e.g. Dunning & Narula, 1995), and location decision (Comet 
& Rensman, 2001, pp.37-41; Kumar, 2001; McKelvey, 2003; Niosi, 2004). Further, some 
studies apply aggregated data from micro behaviours to explain innovative activities on 

different levels, e.g. industry, region or nation (e.g. Cantwell, 1998). Location is playing 
an increasing role since an attractive location should possess specific advantages for R&D. 

Considering these different research approaches, as well as the above discussion on 

the EU's cohesion policy, we find two critical opinions that stress the importance of the 
studies in this research. The first regards R&D and its relationships with location. R&D, 

which creates knowledge flows between different locations (or countries), becomes an 

important cross-border activity, and firms are increasingly developing knowledge 
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internationally (e.g. Verspagen & Schoenrnakers, 2004). The second point is the necessity 
of applying different theories and integrating analysis at different levels of aggregation 
to explain inter-relationships between location and the mobility of innovative activities 

(e.g. Hagedoorn et al., 2000; McCann & Mudambi, 2004). 

Furthermore, studies from different levels of aggregation may provide us with 

complementary ideas to explain the relationships between locations, as well as those 
between locations and innovative activities. Past studies, based on meso/macro view, 

pointed out the importance of interactive learning within a specific region/nation (Florida, 
2000; Lundvall, 1992) and express the relative hierarchical positions between different 
innovation systems (Cantwell & Iammarino, 2003b). Yet they failed to provide empirical 

evidence for how interactive micro-behaviours (e.g. firms or individuals) impact the 
linkages between different locations in Europe. On a micro level, organisational studies 
mostly consider how international R&D strategies (positively) influence the performance 
of innovations, e.g. higher profit or more patent output. But few studies show the 

evidence of the relationships between MNEs' innovations (micro) and regional 
development (meso) (Granstrand et al., 1993). 

Applying such a multi-level perspective, we are encouraged to discuss not only the 

"globalisation" and mobility of R&D activities across nations/locations (regional level), 
but also the "localisation" of MNEs' innovative activities (micro level), which include 
various interactive relationships between MNEs and local actors/environments. 

Globalisation trends indicate locational patterns and the relative attractive conditions of 
different locations. Localisation turns to observe micro behaviours, e.g. tapping into 
locally embedded resources (MNEs' R&D unit) or establishing related local networks. 

These localised behaviours have different impacts on the local industrial actors or 
consumers, which lead to a specific regional innovation system (RIS). This stresses the 

importance of regional studies (e.g. from network theory, cluster studies, or 
agglomerations) to discuss the globalisation phenomena, and expressing the linkages 
between locations and relative advantages in different locations. In addition, integrating 

regional studies together with organisational studies, this thesis addresses not only firm 

knowledge flows between different locations, different actors, or different internal units, 

but also the impacts of innovative activities (micro level) on the locational development 

(meso/macro level). 

In this chapter, we review and summarize these relevant research streams on both 

macro/meso and micro levels. Based on the different theories, we try to formulate our 

research questions that are examined in consequent chapters. In the second section, we 
discuss the importance of location issues from different theoretical backgrounds, e.g. 

geographic economics, industrial cluster, network theory, and internationalisation studies. 
Some of them address the meso view and some of them the micro view. In addition, we 

integrate different ideas to discuss the interactive relationships between different levels. 
Section three turns to the micro view by taking the MNE as the unit of analysis, and we 

review here the development of international business studies and summarize the critical 

locational factors that are important for innovative activities. In the fourth section, we 

focus our attention on the role of MNEs' subsidiaries during the innovative activities. 

Finally, we summarize the research issues that are explored in later chapters. 

5 



On Explaining Locational Patterns of R&D Activities by MNEs 

1.2 Region as the Unit of Analysis - Development within Region and 
Linkages between Regions 

In the past few years, "location" has been the buzzword to explain the mobility of 

innovative activities between different regions or nations. Technological development 
and economic growth in specific locations are facilitated by local R&D investments. On 

the other hand, attractive local conditions, e.g. agglomeration economies, also act as 
positive driving forces to encourage new innovative activities to move in. Studies at the 
supra-region I supra-nation, macro or meso level can guide us in comparing locations. 
Macro studies or supra-national studies emphasise specific national institutional factors 
and social shaping customs (Etzkowitz & Leydesdorff, 2000; Freeman, 2002; Pavitt, 1998) 
that accumulate a unique scientific base for innovative activities. Meso studies focus 
more on the development of local industrial clusters and various intensive interactions 
between local actors, e.g. universities, research institutions, private firms, and customers. 
Studies from such diverse backgrounds all point out that the resources within the 
location (e.g. continent, nation, or region) play a very critical role for innovative activities. 

In this section, first we try to discuss how important location is for firms' innovative 

activities. Secondly, we explain the reasons and necessity to focus on the regional level 
not national level. On the regional level, we try to explore not only the development of 
specific innovation systems, but also the interactions between regions. Therefore, in the 
third part, we discuss how local interactions between different levels stimulate regional 
development. In the fourth part, because of the existence of different interactive patterns 

within different areas, we further discuss the process of relative advantages building in 

regions. Here we explore what roles different RlS play and how these different regions 
exchange resources with each other within the whole network. 

1.2.1 Location matters for firms' innovations 

On a micro level, the so-called OLI model (Ownership, Location, Intemalisation 

advantages) (Dunning, 1980; 1988), has expressed that location is one of the critical 
factors to extend business into foreign countries. Locational advantages demonstrate that 

the unique and locational-specific resources a firm possesses (e.g. lead market 
information, human resources or natural resources), can be integrated and utilized by 

MNEs to facilitate and expand their international business (e.g. Eriksson et al., 1997; 
Johanson & Vahlne, 1977). MNEs' international investment is encouraged by local 
attractive factors, which may then be internalised as the internal resources embedded in 
subsidiaries of MNEs. 

In the early international business (ffi) studies, "what to do" (choice of functional 

activities, e.g. marketing or manufacture) and "how to do" (choice of entry mode, e.g. 
licensing, FDI, joint-venture) are the two main research issues. Yet the issue about 
"where to go" (choice of location) has been neglected. Only recently, researchers have 
begun to discuss the increasing trend of R&D internationalisation as well as that of 

diversified distributed R&D sites, which are affected by the "globalisation" phenomenon 
(e.g. Cantwell, 1999; Dunning and Narula, 1995; Le Bas & Sierra, 2002; Narula & 

Duysters, 2004; Patel & Vega, 1999). Because diversified factors within the environment 

6 



Locations and Innovative Activities 

shape local competence advantages and resources (Porter, 1990; Porter & Sterm, 2001), 
more locational-specific technological knowledge can only be absorbed and accumulated 
within local areas. Moving R&D to foreign countries requires the support of more local 
resources, implying that the "location" decision holds higher importance for MNEs. By 

applying a patent database, Verspagen & Schoenrnakers (2004) have found that MNEs' 

R&D activities are strongly concentrated in specific regions and showed the importance 
of geographical distance for knowledge flows (also found in Jaffe & Trajtenberg, 1993; 
Maurseth & Verspagen, 2002). Innovative activities require knowledge input for further 
development. Therefore the availability of knowledge and resources within a location is 

a critical determinant when MNEs' decide on an R&D site. 

Since R&D is a knowledge-intensive activity, which relies on many interactions with 

different actors, we have to address the difficulties of specific knowledge exchange 
between two sides (e.g. between different units, or between locations). Marti (2004) has 

emphasized that in a knowledge economy, organisations build sustainable competitive 

advantages not only relying on their internal intellectual capital, but also on the 
intellectual capital of other companies, such as public or private research institutions, and 

specifically those in the cluster (Porter, 1990), micro-cluster or territory where the 
company is located. In order to fulfill specific R&D goals efficiently, choosing the right 

location to access the resources is the first step to start R&D investment (McCann & 
Mudarnbi, 2004, p.493). Firms have to locate near the targeting resources because of the 
barriers caused by geographical distance and knowledge characteristics (mostly tacit). 

Concerning the perspective from transaction cost economics, two issues should be 
addressed before discussing the relationships between location and innovative activities. 

First, geographical distance is a barrier to exchange knowledge between different 
locations (Almeida & Kogut, 1999; Criscuolo, 2004, p .17; Jaffe et al., 1993; Maurseth & 

Verspagen, 2002). By applying patent citation data, these studies Gaffe et al., 1993; Jaffe et 
al., 2000; Maurseth & Verspagen, 2002) show that knowledge flows are easier and more 

intensive within a smaller area. In addition, some location-specific knowledge has been 
accumulated within local areas, but the agglomeration economies and knowledge 

spillovers might only be beneficial for local actors (e.g. Porter, 1998a; Saxenian, 1996). 

MNEs have to be involved in local industrial clusters and knowledge networks since 
only local actors gain benefit from knowledge spillovers within the geographical area 

(Porter, 1990, 1998a). The interactions of all relevant local actors, including customers, 

local firms, industrial suppliers, governments, local universities and research institutions, 

establish a learning atmosphere to accumulate location-embedded knowledge for local 
innovative activities (e.g. Lundvall, 1992; Porter & Sterm, 2001; Von Hippe!, 1988). In 
order to access the embedded knowledge, firm's innovative activities have tended to 

concentrate in specific regions where they could access resources easily. 

Secondly, firms should consider knowledge interaction as not only the transfer of 

knowledge between locations but also the transfer between different actors. The value of 

knowledge is not easily evaluated so the procedure to exchange knowledge between 

different firms is timely and costly. From the view of TCE (Transaction Cost Economics), 

the specific nature of assets (knowledge), the frequency of exchange and the uncertainties 

during a transaction determine the way in which an exchange is made. Furthermore, 
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R&D activity, relying on knowledge input, is a long-term investment, implying another 

risk for firms (Buckley & Casson, 1976, pp. 56-59; Celly et al., 1999; Chi, 1994; Llindqvist 
et al., 2000, p.97). In other words, it is necessary for MNEs to efficiently manage their 

diversified knowledge, which might accumulate/develop internally or be learnt/absorbed 

from external sources via different mechanisms (Hagedoorn et al., 2000, p.575; Kogut & 

Zander, 1993; Williamson, 1981, 1996;). Particularly, recent studies in international R&D 

have paid more attention on strategic alliances for cross-border innovative activities 
(Duysters & Hagedoorn, 1996; Man & Duysters, 2005; Narula, 2001; Narula & Duysters, 

2004; Narula & Hagedoorn, 1999). These studies emphasize the strategic importance of 

efficient and global distribution for firms' innovative activities. Based on TCE, McCann & 

Steppard (2004, p.17) have proposed that the relationships between actors during 

knowledge interactions could be explained by agglomeration, location-production 

theory, and social network theory. By understanding different relationships in different 
locations, MNEs should find the suitable location. This encourages us to explore the role 

of the locational factors and the local resources created with local actors during the 

innovative activities in more detail. 

1.2.2 Taking the "region" as the unit of analysis 

The first part of our research below applies the meso view (regional view) to discuss the 

importance of location during innovative activities. By using Europe and its "Lisbon 

Goals" as our research context, we find that often policymakers see private R&D as a 

prime way to boost regional competitiveness. This idea says that a region becomes more 

competitive by appropriating more R&D for itself and for the firms or human resources 

who may be attracted to stay in the region. The topic of "cohesion and growth in the EU 

as knowledge society" has a territorial dimension, which not only accounts for national 

borders but also increasingly regional ones. The cohesion established at smaller 

geographic levels (regional level) is a necessary complement to the one built at the 

national level. Barre (1998) has stressed that all EU countries have policies aimed at 

helping the development of S&T (Science and Technology) in more backward regions, 

and this is naturally transposed at EU level. 

A "region" is a set of "relational assets", themselves actively taking part in their 

emergence and development (Barre, 1998), and thus is a useful way to explain innovative 

activities dynamically. Although the concept of dynamic learning has been expressed by 

national-level studies (Furman et al., 2002; Lundvall, 1992; Porter, 1990), interactions of 

micro-behaviours within a specific nation are somewhat neglected in the literature. The 

impacts of so-called national advantages might also be insignificant or less influential for 

local innovative activities because of large national borders that restrict advantages from 

spillovers to the firms in further locations. Specific advantages actually only occur in 

narrower areas, e.g. specific science park or industrial regions (Gerstlberger, 2004; Porter 

et al., 2001). Focusing on the regional/meso level, we could examine the differences of 

local conditions and their impact on regional development. According to Cooke (2003, 

p .3-4), a region is a critical unit of analysis to observe the impacts of clusters, institutions 

in clusters (e.g. government) and all relevant actors within the system. Regional studies 

address the implementation of the dynamic learning process at a smaller spatial scale 
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where the factor of proximity takes on an enhanced significance (Gertler & Wolfe, 2004). 
We can observe how industrial clusters are established, how clusters and actors within 
clusters make linkages with government, and how the dynamic interactions help the 
development (e.g. infrastructures) of specific locations. 

Furthermore, the impacts of regional policies on R&D behaviours might be easier 
observed than the effects of national policies. At the local level in particular, when 

knowledge transfer needs to happen or when inward FDI should be adapted, regional 
policy is far more sensitive than national policy. National innovation system studies have 
started to focus on "national" level since the institutional I governmental factors can 

mostly be distinguished by nationality (Jones & Davis, 2000; Lundvall et al., 2002). In 
addition, international business strategies usually compare "nations" when looking at 
the entry of new businesses (Beise, 2004; Casson & Singh, 1993; Harding, 2003). The 

relative advantages of both home country and host country determine the suitable 
location for new investment. They also lead subsidiaries' innovative activities to be a 

logical exploitation (positively linked to home sources) or exploration (positive to host) 
(Frost, 2001, p.120). However, such national studies pay less attention to geographical 

concentrations caused by specific industrial activities and the industrial-academic 
interactions. These industrial activities occur in specific sub-nation areas but play a major 

role in national economic and technological development. By focusing on national 
conditions, some local interactions encouraged by regional policies or critical local 

advantages might be ignored. 

In addition, the role of cities, which is strongly integrated in the regional 
environment, intensifies the importance of studies on "regional" levels (Gertler & Wolfe, 

2005). The cohesion policy in the EU tries to focus on the regional level since a "region" 
would be the appropriate level to communicate different innovations down to the EU 

citizen. According to Sirn8ic (2005, speech in Brussels), cities are responsible for 80% of 
European GOP and they home two-thirds of Europe's citizens. "City" also plays an 

influential role in the global economic system (Dicken, 1992, pp. 374-376). Most 

importantly, universities, scientific research and financial centres and skilled labour 

forces are concentrated in these specific infrastructures which facilitate the development 
of cities and areas of conurbation. These locations, i.e. so-called centres of excellence, are 

crucial for strengthening the economic competitiveness and social and territorial 
cohesion of the EU as a whole. In order to obtain cohesion, the first stage should be to 

establish a network of regional and local actors who, in these central regions, are the key 
actors to implementing policy (HUbner, 2005). In other words, the development of cities 

and its urban areas does not only express the important relationship between location 
and innovation, but also plays a crucial role among all regions within the EU. The active 

participation of specific conurbation represents the relative advantageous position of 

some specific regions, which lead all regions within the EU to accumulate 

competitiveness and thus face the challenges in the global world. Focusing on a regional 
scale aids us in better understanding the network relationships and the phenomenon of 
knowledge flows between regions. 

We take the "region" as the unit of analysis to identify the differences between 

innovation systems that are characterised by different interactive relationships between 
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various local conditions. A better understanding of the local dynamic relationships may 
lead to valuable policy implications (Cooke et al., 1997; Fritsch et al., 2004). 

Sometimes, it has been argued (Mackinnon et al., 2002) that regional analysis fails to 
consider how RIS have been historically institutionalised as a result of political-economic 
intervention and action, ignores the external networks (e.g. the relationships with MNEs 
or nation states), or fails to discuss the adaptation and renewal of regional growth in the 
changing environment (MacLeod, 2001) . However, in Cooke (2005)'s vision, the regional 
view represents the highly dynamic tensions inherent in the evolutionary process of 
socio-spatial change. Innovation is a "social" process, in which "place-based" activities 
occur within a region, and generates un-traded interdependencies and interactive 
learning between different actors (Lundvall, 1992; Wolfe, 2002) . By focusing on regional 
development, we can explore how local networks facilitate the translation of new ideas 
(e.g. from research into commercial products) for the actors in its geographical proximity. 

1.2.3 Dynamic learning leads locational development-within regions 

According to many theories, locational specific characteristics are accumulated by 
interactive relationships between different actors within the location (Gertler & Wolfe, 

2001; Lundavall, 1992; Porter, 1990). This leads us to consider the impacts of micro 
behaviour (e.g. firms, government, etc.) on locational development. Through the various 
interactions between local actors, local institutional environments are established, e.g. 

local coordination mechanisms or cultural I national institutions. These interactive 
relationships create sets of common habits, routines, established practices, informal and 

formal rules I laws that dominate the interactions between individuals, organisations, 
and groups locally (Edquist & Johnson, 1997; Morgan, 1997, 2004; Vilsing, 2005, pp.17-
19). Firms have opportunity to join the research carried out by academic research 
institutions and to share the research output. In addition, universities may develop 
linkages to the industrial fields, which could provide more information for practical 

applications (Premus, 2003; Schartinger et al., 2001; Sternberg, 2000). The collaborative 
relationships, perhaps formal or informal contacts, encourage firms within specific 

locations to establish intensive knowledge networks for their innovative activities 
(Bagchi-Sen, 2004). Firms outside the region may then have an incentive to join as new 
members of a local network. In the interactive learning environment, more firms (micro) 

participate and infuse knowledge and capabilities, which in turn leads the regional 
development (meso level). As Ronde & Husseler (2005) has explained, such interactive 

relationships resemble the atmosphere in the sense that if we cannot examine the details 
of behaviours occurring within the region, it is 'up in the air'. Their study applies 
different network relationships to express the impacts of local knowledge spillover 

effects on a regional level. Additionally; one recent study; focusing on Spanish firms, 

shows that the interactive relationships between FDI and domestic firms in some specific 
industries play an influential role for improving local competitive advantages (Alvarez & 

Molero, 2005). These results force us to consider using linkages between micro 

behaviours of firms and the regional development to explain dynamic learning 

phenomena. 
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Locational factors play a very important role for innovative activities, so it is 
necessary to better understand the development of local conditions/ advantages. Some 
past studies in industrial clusters (e.g. Porter, 1990) and industrial networks (e.g. 
Johanson & Mattsson, 1987; Saxenian, 1994) proposed that the interactive effects created 
by different local factors give specific regions or nations their relative competencies and 
advantages. This unique competence within a specific location then attracts inward 
investment, which could further make advantage of strong local industrial bases for 
innovations (Batista & Swann 1988, p.538). As Cantwell & Iammario (1998) have 
expressed, the relative hierarchal relationships between different locations implies that 
they possess different. attractive factors to encourage foreign innovative activities. Local 
interactive learning during the innovative procedure leads to locational development. 
Locational development and firms' innovations seem to provide a reciprocal beneficial 
relationship. However, the studies on meso or macro levels still leave room for 
discussion on the relationships between different levels. 

The Innavation system (IS) approach perhaps does not deserve the status of a 
"theory" of innovation, but rather that of a conceptual framework (Edquist, 1997, pp.28-
29). The study of Lundvall et al. (2002, p.218) points out, there exist some micro 
assumptions behind the IS approach, which took theoretical inspiration from Nelson and 
Winter's evolutionary theory (1982) of firms and markets. Based on the concept of NIS, 
we realize that the interactive relationships between actors as well as levels within the 
system can create more spillovers during the innovative activities. According to 
innovation system studies (Acs et al., 2000; Lundvall, 1992; Morgan, 1997; Nelson, 2000; 
Gregersen & Johnson, 1997; etc.), actors at different levels exchange their knowledge via 
various communicative mechanisms, norms, channels or networks. Governments, 
universities, firms, private labours, as well as end-users in the market are involved in 
innovation. For example, the government executes some policies to encourage firms' 
innovative activities; firms and universities cooperate in joint projects to create more 
opportunities for knowledge interactions. The interaction created between different 
actors facilitates both the accumulation of locational-specific knowledge and the 
development of specific technologies within the region. In other words, not only can 
specific regional innovation policies attract new investments, but so too can the 
interactive learning behaviours within the regional I national innovation systems 
improve regional investing conditions. 

According to the research based on cluster and network theories, the interactive 
relationships between local actors in clusters or local networks can lead specific regions 
or nations to build up competitive advantages. Interactive relationships between local 
market's customers and suppliers may lead the manufactures in different industries to 
cooperate with each others (Clancy et al., 2001; Porter, 1990; Porter & Sterm, 2001). On 
the basis of Porter's "Diamond" model, Narula (1993) emphasizes to consider the role of 
technology and international business activities on competitiveness. Network studies 
(e.g. Keeble et al., 1998; Love, 2001) express networking relationships as an efficient way 
to share knowledge locally. Local actors establish flexible interactive relationships that 

facilitate local industrial and innovative activities. These studies bring out that the 
interactive relationships between local actors, e.g. firms or research institutions, 

encourage various local innovative activities and thus establish the industrial cluster or 
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network. These innovative activities at the micro level, at a certain point becoming an 
industrial cluster or networking collaboration, will make the development of specific 
locations accumulate more locational-, cluster-, or group- specific knowledge. These in 
turn make specific regions more competent compared to other locations. Based on these 
ideas, we need further empirical evidence to show the relationships between firm's 
innovative activities and the impacts on regional development. 

The agglomeration economies in a specific location always have a positive influence 
(or impulse) in encouraging firms to make efforts towards R&D activities (Feldman, 
1999) and help regional innovative development (Almeida & Kogut, 1999; Appold, 1995; 
Cohen & Paul, 2005). Agglomeration economy includes both localised economies and 

urbanized economies. These two economies explain the knowledge spillover and inter
exchange within a specific region and its greater impact on innovative productivity 
(Baptista & Swann, 1998, p.529; Cantwell and Iammarino, 1998; Feldman, 1999, pp.14-
16;). Almeida & Kogut (1999) have argued that the existence of knowledge externalities 
in Silicon Valley enables firms in the region to utilize it for their innovations. Local 
innovative knowledge tends to be tacit and embedded within a specific location whereby 
only local actors benefit from the local externalities. When locating in specific regions, 

firms have opportunities to access local actors, to adapt to local interactive mechanisms, 
and to be part of the learning region. Inter-firm interactions (micro) help specific 
locations accumulate intra-sectoral or inter-sectoral knowledge spillovers, which become 

the innovative base within the region (meso) . 

Innovation 
systems 

Cluster 

Network theory 

Agglomeration 
economics 

This stream discusses how firms and public 
inst~utions interact systemically in building and 
using science and technology resources. Such as 
a national innovation system, ~ encompasses all 
innovative activ~ies , not just formal R&D. (OECD, 

Geographic concentration of interconnected 
companies, specialized suppliers, service 
providers. firms in related industries, and 
associated inst~utions... in particular fields that 
compete but also co-operate. (Porter, 1998b) 
Related concept- cluster milieu; 

Network theory emphasizes that mutuality in 
business network relationships is critical in 
developing inter-firm systems of workplace 
interdependence that promote the creation of 
value (Holm et al., 1999). During the knowledge 
interactive process. actors who possess specific 
knowledge source (linkage) s~uate in a relative 
advantageous pos~ion w~hin the network (Burt, 
1992). 

Two main economies influence the local dynamic 
learning, which attracts firm's R&D. 
• Urbanization economies: from the scale or 

divers~y of local economic activ~ies outside 
the own industry. 

• Localisation economies: from other plants in 
the same industry 
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Based on the two fonns of agglomeration economies, Cantwell & Noonan (2002) 
have proposed that there exist differences between regions, whereby some might be 
higher-order research centres and some lower-order research centres. Whether a specific 
region is higher-order or lower-order depends on whether these two agglomerations can 
create interactions. Higher-order research centres do not only possess a strong local 

knowledge base but also create inter-sectoral interactions and knowledge flows. Different 
agglomerations, established by different types of finns and interactions, make the 
accumulation of local competences different so that the impacts of micro behaviours on 

locational impacts are apparent. 

Recent studies try to apply an integrated view to analyze locational development. 

Fomahl & Brenner's (2003) book collects different studies, many of which integrate views 
from the studies in regional innovation systems, networking behaviours, as well as the 
industrial clusters. The series point out that the interactions between actors, society, and 

institutions (e.g. government) make regional innovation systems develop a unique 

approach. The behaviour at the micro level impacts location development on meso or 
macro level. Additionally, the development of local advantages within RISs, e.g. 
availability of human capital, also drives the facilitation of innovative activities (Cohen & 
Paul, 2005, p .218). This mutual interactive relationship explains that firm's innovative 

investment is influential for regional development, while locational factors also play an 
essential role in the firm's decision. 

1.2.4 Network relationships- Between regions 

When using a dynamic view to explore the inter-relationships between technological 

development and economic development (e.g. Romer, 1990; Solow, 1956), we find the 
differences tend to be mainly between locations. The evolutionary notion of technological 

innovation is one way to analyze the dynamic development of a regional economy 
(Storper, 1997; Utterback & Afuah, 2000). Various fonns of local networks (e.g. 

supporting service, cooperating partners, etc.) are important components for the 

development of specific regions. The local environment, i.e. source of national or regional 

competitive advantages, is the result of the technological evolution driven by some initial 
and prevailing conditions. In other words, similar to the evolutionary view, specific local 

interactions and initial conditions determine the characteristics and uniqueness within 
regions. As shown in Narula (2002), the idea of a system "lock-in" underlines the 

importance of local embedded resources for innovations and also leads the regional 

development in specific directions. In addition, all these local advantages tend to 

encourage us not only to consider the local development but also to explore whether they 
still play some critical influences on actors in other locations. 

Different locations possess different resources to attract different R&D activities 
(Chiesa, 1995) and diffuse (or absorb) knowledge from different locations via cross

border R&D. Some locations might be higher-order innovation centres, which possess 

more innovative resources (e.g. human resource). This may attract finns looking for 

technological resources for their R&D investment. Some locations are not core centres but 

possess specific natural resources or large market potential, which encourage some 
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specific innovative activities. More firms are attracted to invest in higher-order RIS, 

where more advanced innovative activities, new technologies, or patents are created. 
Considering the existence of hierarchical relationships between locations (Cantwell & 
Iammarino, 2003b; Cantwell & Janne, 1999), each RIS has its own position and role within 
the larger set of regions. Some regions focus on specific advanced technological fields, 

which may provides relevant knowledge for the development of some other 
technological fields developed in other locations. Actors in different fields establish some 
interactive networks between regions, and the key actors to motivate knowledge flows 
are MNEs (e.g. Barre, 1998). 

MNEs will establish their subsidiaries in different locations in order to enrich the 

knowledge base within the whole company. Subsidiaries in the higher-order or central 
locations should try to absorb local knowledge and diffuse knowledge to the other units 
(e.g. cooperative partners or internal sub-units) in non-core locations. If the new R&D site 
has technological resources in narrow and/or limited fields, MNEs have to search for 
other complimentary resources (e.g. human resources) from other locations to support 
the development in the new site. Knowledge is shared between intra-MNE-units located 
in different areas, resulting in linkages between regions. MNEs may also have strategic 

alliances with other (foreign) firms, that transfer relevant knowledge from one country to 
another. Thus, linkages between locations are built up from the micro interactions 
between firms. Knowledge flows between different regions resemble a network that links 

together not only central RISs but also lower-order RISs. 

Extending the network concept to the regional level, each region, taken as a node 
within the network, has its intensive strong-ties and loose weak-ties. Each RIS also has its 
"preferred" paths for development so that the reliance on specific RIS's resources might 

be different. The hierarchical relationships between regions suggest that some central 
regions can contribute more knowledge into the lower-order regions. This seems to 
imply that most regions will tend to have direct linkages with the central part of the 
network (Cantwell & larnmarino, 2003) . In addition, since MNEs play a key role for 

encouraging knowledge flows between different locations, the locations that MNEs 

choose to set up their subsidiaries also demonstrate the locational linkages on regional 
level. MNEs tend to prefer locations with familiar cultures or languages for their new 
site, or the locations close to HQ. This means that some close domestic regional linkages 

or neighbouring national linkages are to be expected. As past studies have shown, the 
geographical or mental distance barrier (e.g. Jaffe et al., 1993; Johanson & Mattsson, 1987; 
Maurseth & Verspagen, 2002) influence the ease with which knowledge is transferred, as 

well as determining how MNEs choose their new locations for innovative activities. 

However, we have little empirical evidence to explain the role of national borders 

on knowledge flows. We too have little evidence to explain differences and relative 

importance of RISs in knowledge interactions. The meso view leads us to examine the 
differences between regional innovation systems, the specific development of regions, 
and the role of RISs in knowledge flows within the knowledge network. Inter-regional 
learning could be established since some supra-regional institutional structures (e.g. 

national) make the collaborations between regions easier (Gertler et al., 2004, p.56). 

Concerning the geographical proximity (e.g. Jaffe et al., 1993; Maurseth & Verspagen, 
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2002}, knowledge flows between regions tend to be freer between closer regions, such as 
domestic level regions, and have more barriers for those between foreign regions. We 

should further examine the role of national borders when exploring knowledge flows 
between locations, and try to answer which specific regions play which roles, e.g. as a 
knowledge diffuser or a knowledge absorber, within the whole European knowledge 

network. 

The relative advantages of different locations imply that each RIS might attract 
different types of MNE innovative activities. Our meso-level research issues, aimed at 
explaining regional development and the inter-linkage between regions, have some 
relation to micro-level questions, i.e. how MNEs are motivated to choose new locations 

for R&D activities and how their subsidiaries behave during innovative activities. MNEs 
play a key role in facilitating knowledge transfers between regions as they likely come 
from different countries and have different subsidiaries in diversified locations. These 

firms can be viewed as knowledge networks relating to the territories in which they are 

active. To extend our understanding about innovative activities not only on the regional 
level but also the firm level, we should further explore the locational patterns of MNEs' 

R&D and its subsidiaries' innovations. 

In the next section, we raise the second part of our research issue. We take the view 
of the firms to review literature about firms' innovative activities. As discussed above, 

different locations possess different competencies and advantages that attract different 

types of R&D investment by MNEs. On the firm level, MNEs consider the local 

conditions in deciding whether a location is suitable for meeting their R&D goals (e.g. 
Chiesa, 1995; Hakanson & Nobel, 1993a). MNEs also have to integrate different 
knowledge sources which create intensive knowledge interactions (e.g. between private 

firms, universities, or government) for subsidiaries in dispersed locations (Ghoshal & 

Bartlett, 1990). Therefore, we integrate the studies that discuss R&D motivations and 
locational conditions in section three and explore the role of subsidiaries in section four. 

1.3 The MNE as a Single Unit 

In this section, we investigate strategic issues regarding location decisions for MNE 

innovative activities. As we discussed above, MNEs are key actors in facilitating 
knowledge flows between different locations. Different functional activities have been 

distributed to different countries to face different markets and local actors. Therefore, via 
MNEs and their subsidiaries, human resources, marketing experience, or specific 

technological knowledge can be exchanged and shared amongst the actors in different 
locations (Ghoshal & Bartlett, 1990). This process encourages the involvement of 

innovative activities by different local actors. Therefore, when delving further into the 
micro issues, we should view the MNE as a unit, in order to observe how they determine 

their location strategy for R&D, as well as consider "intra-units within MNE" to explore 
the role of their subsidiaries. We start with the review of recent developments in 

international business (ffi) studies from which we show the importance of our research 

issues. Based on m development, we discuss what conditions within specific regions will 

motivate firm's R&D moves; what role the subsidiaries play within the whole MNE; and 
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why all units within MNEs should be considered a network through which to manage 
innovative activities. 

This section includes two parts. In the first part, we introduce the recent 
development of m studies and single out three main important trends for further 
research. The first trend is the increase in "R&D internationalisation" that raises the issue 
concerning MNEs' R&D behaviours across different countries. Second trend discusses 
that ffi focus has been transferred from HQ (Headquarter) level to subsidiary level. The 

third important trend is that more and more internal flows are not tangible goods or 
codified knowledge but instead tacit knowledge. By examining the first trend, 

internationalisation of R&D activities, we later discuss how locational advantages are 
critical for motivating the movement of R&D activities between different locations in the 
second part. As for the issues about the second and third trends, we discuss the role of 
subsidiaries and knowledge interactions in the fourth section. 

1.3.1 Development of International Business (IB) studies 

According to the development of ffi studies, three important trends tend to show the 
necessity of our research focus. The first trend is about international functional activity. 

In MNEs' internationalisation process, MNEs always start with "low-involvement" 
activities, e.g. international trade (import/export), sales and marketing activities. After 
accumulating experiences, the MNE may proceed to input capital and invest in "high
involvement'' activities, e.g. establishing manufacture and production facilities via FDI 

(Foreign Direct Investment) (Eriksson et al., 1997; Johanson & Vahlne, 1977). Early ffi 

studies state that MNEs restrict R&D activities to horne countries in order to keep core 
innovations within the control of HQ. In addition, MNEs might feel hesitant to start risky 

foreign R&D investment. Since R&D is a high-involvement activity that MNEs spend 
more financial capital on, they take a longer time waiting for outcomes and face higher 
uncertain risk during the process. However, recent studies have shown that R&D 

internationalisation is in an increasing trend (Brockhoff, 1998; Cantwell & Kosrnopoulou, 
2004; Howells, 1990; Meyer-Krahmer & Reger, 1999; Pearce, 1989) because of the 

necessity of moving R&D from HQ. Moving R&D to distant locations is caused by the 
incapability of transferring locational-ernbedded, team-embedded, and human

embedded knowledge between different locations. In order to keep the lead in the 
industry, MNEs' R&D activities should be executed in the location where they can reach 
R&D input, e.g. qualified human resources and advanced research facilities. 

Related to the first trend of international R&D activities, the second trend is the 
change in internal knowledge flows. More and more internal flows are not just tangible 

goods or codified information but tacit knowledge and resources. Different from other 
functional activities, international R&D activities rely more on the tacit/intangible 

knowledge exchange between internal units. In order to manage internal knowledge 
flows efficiently, MNEs should coordinate all resources from different locations and 
consider all their internal units, in different locations, as a knowledge network (Bartlett & 

Ghoshal, 1998). Accumulating mutual trust between units and establishing specific 

interactive communication mechanisms, e.g. personnel rotation, is important for 
facilitating internal knowledge flows. Because of the increasing trend of international 
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R&D, knowledge and experiences absorbed from different locations have become the 
critical infusion to complement what the whole MNE is lacking. 

This R&D internationalization phenomenon leads us to discuss the third trend of 
recent studies which have shown the importance of discussing international strategies on 
the view of subsidiaries (Bartlett & Ghoshal, 1998; Birkinshaw et a!., 1998; Frost et al, 

2002). Before establishing R&D subsidiaries in foreign countries, MNEs evaluate whether 
subsidiaries can execute specific activities locally better than HQ can perform in the 

horne country. Subsidiaries have the opportunity to interact with local actors, and they 
transfer their knowledge from local areas to the whole company. m researches discuss 
the initiation of international activities not just from the view of HQ, but also from the 

view of subsidiaries. MNEs, including HQ and subsidiaries, should be taken as an 
integrated network that consists of various knowledge interactions between different 
internal units (Bartlett & Ghoshal, 1991; 1998). Each subsidiary has specific responsibility 
or a mandate to perform specific value-added activities (Birkinshaw, 1996, 471). 

Subsidiaries do not just act as "marketing satellites" or the adopter of "miniature 
replicas" but become more influential in the whole MNE (White & Poynter, 1984). In 

order to have better performance in innovative activities, sub-units within MNEs 
contribute what they learned from different locations to enrich the intra-firm knowledge 
network. 

Trade-? marketing-? R&D activities 
manufacturing 

Headquarter's view 

Tangible goods I 
manufacturing 
facilities; 
Codified knowledge; 

Import/Export 
License 
Technology transfer 
FDI 

Subsidiary's view 

Tacit knowledge 

Alliance; JV (Joint 
Venture); or 
network 
relationship 
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Internationalization process studies 
(e.g. Brockhoff, 1998; Dunning, 
1992; Duysters & Hagedoorn, 1996; 
Eriksson et al., 1997; Gran strand et 
al., 1993; Granstrand, 1999; John & 
Vahlne, 1977; Niosi, 2004; Pearce & 
Singh, 1992; Zander & Solvell, 
2004) 

The influence of subsidiaries for the 
whole MNEs are rising. 
(e.g. Birkinshaw & Hood, 1998; 
Birkinshaw et al., 1998; Holm et al., 
1995; Roth & Morrison, 1992) 

Because of R&D internationalization 
trend, more and more tacit 
knowledge should be exchanged 
between sub-units within MNEs. 
(e.g. Menon & Pfeffer, 2003; Lord & 
Ranft, 2000; Yakhlef, 2005) 

• On the view of TCE (Transaction 
Cost Economics), an efficient 
transaction mechanism is 
established between buyer & 
seller. (e.g. Chi, 1994; Hennart, 
1991) 

• On a strategic globalisation view, 
firms use different types of 
cooperative mechanisms with 
their partners; (e.g. Duysters & 
Hagedoorn, 1996, 2002; 
Hagedoorn & Narula, 2002; etc. 
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These three trends point to several research issues at the micro level. According to 
the first and second trend, we discuss how important different locational factors are to 
start R&D in a new location. In the following parts of this section we review how past 
studies applied locational advantages to explain firm locational patterns of R&D 
activities. Furthermore, the third trend encourages us to explore another research issue 

concerning subsidiaries' contributions to the MNE as a whole. Differing from an 
approach aimed at HQ our research considers subsidiaries' strategic goals and their 
knowledge sharing behaviour that impacts on the growth of the entire MNE. In section 
four, we review the literature about the growing role of subsidiaries and discuss the 

determinants that subsidiaries could utilize to develop a strategic position for themselves 
within the MNE. 

1.3.2 Locational motivators encourage MNEs' R&D behaviours 

R&D investment involves the innovative activities that rely very much on the knowledge 
stocks and knowledge exchange of firms. Firms should also be active in importing new 
knowledge from external actors. The infusion of new knowledge is not just technological 

knowledge from research, universities, or public institutions, but also market or 
industrial information and experiences from customers, suppliers, or local manufacturers 

(e.g. Von Hippe!, 1988). According to Von Hippe!, the interactions between different 
local actors within specific locations encourage firms to create new ideas for innovative 

activities. When MNEs decide to move their R&D activities to new locations, some 
specific local resources critical for innovation must exist. The relative technological 

strength in both host and home country expresses the importance of specific resources in 
new locations for innovation (Cantwell & Kosmopoulou, 2004, p.43). Certain local factors 
might be major determinants in encouraging new R&D investment, while some of them 

might have minor influences in firm's R&D location decision. Locational factors within 
the local environment might also have interactions that facilitate firm's decisions. 
Suitable locational factors are critical for firms to accomplish the goals of R&D 

investment. 

At the firm level, foreign R&D investments are motivated by specific locational 

factors (Dunning & Narula, 1995; Kerrnmlue, 1999). Factors that are attractive in different 
locations encourage different types of R&D activities. Some studies identify different 

types of R&D behaviours by locational factors (e.g. Le Bas & Sierra, 2002), while others 

try to evaluate the importance of local factors for R&D investment (e.g. Chiesa, 1995). 
These studies all discuss the relationship between local resources and R&D goals. In the 
first part, we review past literature about the typology of R&D behaviour. These different 

R&D typologies aim to show us the major determinants for moving R&D to new 
locations. In the second part, we discuss some other locational factors that are also 

important for firms to start new R&D activities. 

18 



Locations and Innovative Activities 

a. R&D types - Two critical locational motivators 

Evident in past studies, research uses different but similar dimensions to classify R&D 
behaviours. A well-known dimension is the target of local resource. The study of Von 
Zedtwitz & Gassmann (2002) uses two principal location rationales, access to markets 

and access to science, as the principal determinants for four trends that lead to four 
archetypes of R&D internationalization: (1) national treasure, (2) market-driven, (3) 
technology-driven, (4) global R&D. Another study (Le Bas & Sierra, 2002) again used 

different dimensions to identify different R&D behaviours, whether the research or 

development activities are centralised in the domestic country or dispersed 
internationally. The international dispersion of "research" activities stresses the attractive 
technological resources in host countries, whereas the "development" activities might be 
dispersed because of the importance of market information. This also reflects the concern 
of so-called "pull & push" forces (e.g. Howells, 1997). R&D behaviours tend to be 

identified as market-driven or tech-driven (although different authors use different 

terminology to describe the basic dimensions). Firms have different goals when starting 
their R&D in new locations and rely on finding the resources they need to execute their 
R&D activities. 

The summary of classifications of international R&D typologies in Table 1.3 tends to 

point out two critical locational motivators, market-related and technology-related 
factors which encourage the behaviours of MNEs' R&D internationalization (Brockhoff, 
1998; Dunning & Narula, 1995; Von Zedtwitz & Gassmann, 2002; etc.). Dunning & 

Narula (1995, pp.42-44) have proposed four types of R&D, among which strategic asset

seeking R&D aims at monitoring or acquiring competitive advantages from host 
locations and the other three types stress the goals of efficiency, economies of scale/scope, 
or market penetration. They emphasize the different of strategic goals of R&D activities. 

Another study by Von Zedtwitz & Gassmann (2002) uses "research" and "development" 
activities to express that specific location might posses either of the two different main 
aspects that attract MNEs' foreign R&D investment. Additionally, in Kuemmerle's (1999, 

p.180) study, he has found that the home country's base directs us in identifying two 

types of R&D FDI behaviours; Home-base-exploiting FDI (HBE FDI) and Home-base

augmenting FDI (HBA FDI). HBE FDI occurs when firms seek to exploit firm-specific 
capabilities, where as HBA FDI is aimed at acquiring local knowledge and the 

capabilities within local institutions and firms (Cantwell, 1991; Florida, 1997; Kuemmerle, 

1996, 1999; Makino et al., 2002). HBE, focusing on market resources, leads to the 

establishment of facilities close to existing manufacturing facilities and markets, while 

HBA, focusing on technological resources, leads to establishment of facilities primarily 
close to universities or public research facilities. 

Certain studies have similar or extended the above typologies to explain the 
importance of locational factors for innovations. In Bagchi-Sen (2004), it shows the 

importance of locational factors in developing R&D collaborative strategies. R&D 

partnership is used to identify two different motivations; university-based and industry

based collaborations (Bagchi-Sen, 2004, p.107). The university-based collaboration 

appears to be driven by technology-related factors while industry-based collaborations, 

which can gain better efficiency and economies of scales via local industries (Dunning & 
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Narula, 1995), focus on the local market resource. The study of Le Bas and Sierra (2002) 
extends the classification and propose considering the relative strengths/weaknesses in 
the home/host country. They include this dimension, relative strength, to stress that not 
all firms have strong home-base capabilities to support foreign R&D activities. Some 
firms, which belong to the "technology-seeking" type, seek to offset areas of weakness in 

their home country innovation system by setting up R&D facilities or acquiring local 
innovators in countries with complementary strengths. When both host and home 

country are weak in technological fields, firms have to adjust their behaviour to focus on 
market development. All these different studies pointed out that R&D behaviour is 
motivated by two criticallocational drivers; market factors and technological factors. 

Differences in R&D behaviour might also be explained by their local behaviour, 
such as local external relationships. In some leading markets, consumers provide fashion 
ideas so that firms can use their opinions to develop new technologies and products in 
the early stages (Beise, 2004). Some markets have specific preferences or cultural customs 
which allow MNEs to adjust their ways to the local market and exploit existent 
technologies (Cesaroni, 2004; Hakanson & Nobel, 1993b; Luo, 2003; von Hippe!, 1988;). In 
addition, the triple helix model (Etzkowitz & Leydesdorff, 2000; Gunasekara, 2006; 
Leydesdorff, 2000) shows that universities, governments, and industries can benefit 

during the various interactions amongst themselves. For firms, universities and public 
research institutions are critical sources of enriching their technological knowledge base 

whereas making linkages with governments focuses on learning the direction of 
technological policies. Through various interactions and cooperation between academic 
research and industrial practical development, more innovative activities are created for 

not only practical product development but also for the development of advanced 
technological knowledge. In order to explain the different R&D behaviours, we should 
further examine behavioural differences at new R&D sites. 

Comet & Rensman (2001), focusing on R&D investment in the Netherlands, didn't 
classify the different types of R&D behaviours but instead pointed out the relative 

importance of different locational factors for R&D activities. This study expresses that 

technological and market factors are the two main initial locational drivers when firms 
choose a location to start a new foreign R&D investment. The most important factor for 
R&D is local tech-related resources, e.g. the availability of human capital, technological
related knowledge, science parks, and the quality of infrastructures. Market-related 

resources, e.g. quality of local suppliers and customers, are the second-order important 
factors that influence MNEs' R&D location choices. Besides these two main motivations, 

other R&D studies point out more relevant locational conditions that attract new R&D 
investment. For example, in Comet & Rensman (2001), it was pointed out that an R&D 

location choice is also slightly influenced by such factors as macro-economic profiles or 
local telecommunications infrastructure, etc. MNEs should still consider other 
supporting or opposing factors that might interact with the two critical motivators. 
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Table I 3 Summary of international R8r.D typologies .. 

I Studie'P * T pe f R&D ~ Dim~nsi?ns/ .~ Notes I Y 5 0 '* ,. crateraa 
Dunning & • Local need: Product, material or process Strategic goals of investing firms 
Narula (1995, adaptation or improvement 
p.42-44) • Basic materials or product research: 

input may be not mobile; necessity of 
close interaction with market; 

• Rationalized R&D 
• Strategic asset-seeking R&D 

Von Zedtwitz • National treasure Research/development vs. 
and Gassmann • Market-driven diversified/domestic 
(2002, p.581) • Tech-driven 

•Global; 
Patel & Vega • Adapting products, processes and Purposes, scale and relative 
(1999, p.147) materials to suit foreign markets; advantages in home/host country 

• Monitoring scientific and technological 
development in foreign countries; 

• Generating entire new products and core 
technologies outside home countries; 

Patel & Vega International technology development in 4 Host/home country vs. 
(1999, p.152) types of firms with the different technology weakness/strength 

advantages: 
• Relative weak at home but relative 

strong Host country 
• Relative strong at home but relative 

weak Host country 
• Relative strong at home and Host 

country 
• Relative weak at home and host country 

Le Bas & Sierra • Technology seeking Host/home country vs. Based on the 
(2002, p.595) • Market-seeking weakness/strength typology of 

• Home-base augmenting Patel & Vega 
• Home-base-exploiting; 1999) 

World • Adaptive R&D Based on the nature of Same as 
Investment •Innovative R&D linked to production for technological activities in affiliates: Dunning & 
Report (2005, local or regional markets; • Local adapters- market-seeking Narula (1995) 
pp.137-139) • Global innovative R&D for new products R&D 

or processes, or for basic research; • Locally integrated laboratories 
• Technology-monitoring R&D • International technology creator 

• Technology scanning or 
monitoring unit 

Kuemmerle • Home-Base-Exploiting (HBE) FDI Goals/ local resources 
(1999, p.180) • Home-Base-Augmenting (HBA) FDI 

Pearce & Singh • SLs- supporting laboratories The responsibility of subsidiaries 
(1992, pp.140- • Llls-locally integrated laboratories 
142) •Ills-International interdependent 

laboratories 
Brockhoff • Resource-related reasons Resource 
(1998, p. 31) • Market related factors 

b. Other locational conditions 

Besides tech- and market- related factors, there are also some other locational factors 

critical for local innovative activities. As in past studies (such as Brockhoff, 1998; Chiesa, 
1995; Comet & Rensman, 2001), we summarize these other relevant locational factors into 
three types. The first concerns institutional and governmental policy factors while the 

other two look at "tangible" and intangible" factors. Government policy would be the 
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first issue to explore since it always plays a critical role in influencing the direction of 

regional development. According to the triple helix approach, while emphasizing the 
importance of university-industry-government relationships for innovative activities 
(Gunasekara, 2006; Leydesdorff, 2000; Etzkowitz & Leydesdorff, 2000), the influence of 
government is as critical as technological or market-related factors. As we discussed in 
the main location drivers for innovation, universities or research institutions provide 

technological resources for industrial firms. Government policy can establish a better 
institutional and innovative environment for firm's R&D activities and may also initiate 

industrial and technology policies to encourage their local innovations. These can further 
develop locational conditions, e.g. industrial networks or various infrastructures. 
Through interaction with local industrial firms, governments can figure out the blueprint 
for future technological policy and infrastructure constructions. Governments also have 
the official power/authority to determine the development of relevant laws (e.g. tax 
policies or financial supports) for innovations. Including national stability and various 
technology and industrial policies, the role of government seems to influence the 
institutional environment for R&D investment (Cooke, 1997; Geppert, 2005; Molero, et 
al., 1995). Perhaps government encouraged policies cannot play a major role to influence 
MNEs' R&D location decisions, but political stability, local fiscal and financial policies, 
and other governmental factors remain key to regional competitiveness and these factors 
play a pivotal role in the retention or attraction of investment (Cantwell & Mudambi, 
2000; Doloreux et al., 2001, p.7). 

There is also evidence in empirical studies that shows the important role of 

government. Taggart (1991) used the pharmaceutical industry to observe R&D locational 
dispersion and suggested that completed patent law systems and supporting 
governmental industrial policies1 are critical for R&D investment. For instance, long-run 
public funding is an important stimulus for R&D investment in emerging technologies 

(which may be high-risk) (Cantwell & Mudambi, 2000; Tassey, 2004) whereas trade 
restrictions may encourage firms to start a new business locally (Kumar, 2001). However, 
legal frameworks (e.g. labour law, intellectual property rights, and security standards) 

under government policies may support or constrain R&D in specific ways (Brockhoff, 
1998, p .22; Kumar, 2001). On one hand, a completed patent system in specific locations 

protects innovators' rights and encourages innovation (Verspagen & Schoenmakers, 
2004). On the other hand, it may have insignificant influence since MNEs could always 
register their patent in the home country (Kumar, 2001). Through international R&D 

activities, MNEs can avoid certain constraints and utilize profitable policies to 

accomplish specific R&D objectives. 

MNEs also consider the tangible and intangible locational factors as resources 

within the environment to facilitate their R&D activities. Tangible environmental factors 

such as transport infrastructure provide convenient facilities and logistic systems for the 
flow of goods and labour (McCann & Steppard, 2004, pp.20-21). MNEs also consider 
whether well-establish energy or telecommunication systems are available to support 

their manufactures and R&D activities (Comet & Rensman, 2001). Local intangible 
factors, e.g. social and culture factors, financial and consultant services, low-cost issue, 

1 Besides government policies and patent law system, in his study, potential targeting market is also one of the 
criticallocational factors when MNEs choose a R&D location. 
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etc., help MNEs to more easily adapt to local environments. MNEs prefer to start their 
early stage investment in familiar locations (e.g. Johanson & Vahlne, 1977). However, 

when MNEs have compatibility and adaptation problems in different cultures, local 

relevant services play an ignorant role for firms to make linkages with local actors and to 

execute new R&D (Brockhoff, 1998, p.22). In addition, R&D activity is a capital-intensive 

activity that needs the input of not only human capital but also financial capital. Small 

innovative enterprises might rely more on external financial support, e.g. venture capital, 
or different financial tools to balance potential risks during R&D activities whereas large 

firms can take advantage of completed and secure financial systems to manage financial 

resources between different locations and more efficiently utilize resources. This scenario 

may not demonstrate the most important factor influencing MNEs choice in a new R&D 

site, but these conditions have the potential to add to the attractiveness of the region. 

c. Summary 

Summarizing existing research, we found that alllocational motivators have been taken 

into account using the same baseline (Chiesa, 1995; Taggart, 1991; Voelker & Stead, 1999). 

Researchers evaluate the importance of different locational factors for R&D investment 
on the same base line. As discussed above, most international R&D is driven by 

technological and market factors, but past studies seldom discuss whether interactions 

between local factors exist and facilitate the locational decisions of specific R&D. 

Gerybadze & Reger (1999, pp.261-262) have proposed that attractive locations possess the 

dynamic value created by locational drivers. Firms consider more the possibility of 

knowledge generation, value-related factors, and intangible experience accumulations 
than quantitative, cost and efficiency-related factors. Firms attracted to specific locational 

factors might still require other local supporting factors to fulfil their goals. As showed in 

Cantwell & Mudambi (2000), not only are firm-specific and location-specific factors 

primary determinants to initiate new R&D, but fiscal or tax policies also make 

incremental effects on location decision. The results in Cantwell & Mudambi (2000) 

imply that some determinants for R&D locational decision are major considerations 

while others are merely supporting factors. It becomes necessary to further explore 

whether or not the interactions exist between locational factors to encourage specific 

R&D activities. 

As discussed above, the close relationship between locational factors and MNEs' 

R&D investment leads us to address one of our research questions at the firm level. We 

aim to identify firm's R&D behaviours in terms of main R&D goals and explore which 

types of R&D behaviours are executed by most MNEs in Europe. Because of the 

possibility of interactions between locational factors, we should further examine whether 

specific R&D types rely on specific locational factors to facilitate the accomplishment of 

their R&D goals. We also try to explain the different local behaviours when MNEs 

execute technological-driven R&D or market-driven R&D. Furthermore, local dynamic 

learning phenomena guide our discussion to focus on the interactions between the 

different levels. In the next part, we study the subsidiary view and raise another 

important micro-level study for this study. 
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1.4 Within the MNE 

The increasing trend of R&D intemationalisation apparent in the 90s (e.g. Dunning & 
Narula, 1995; Patel & Vega, 1999) shows that location choices for R&D seem to be 
affected by the balance of organisational and locational factors. Recent studies have 

pointed out the importance of subsidiaries, classified different strategic roles of 
subsidiaries, or focused on the organisational mechanisms (as summarized in Table 1.4). 

Organisations face difficulties when R&D resources are unable to be transferred and 
hence some locational factors encourage MNEs to localise such high-involvement 

activities (R&D investment) away from HQ. The growing trend also leads us to consider 
whether HQ should adjust their centralised perspective in favour of the role of 
subsidiaries, thus benefiting the whole MNE. According to Howells (1990), the internal 
R&D focus and external inter-organisational research networks both play determinant 

roles when choosing R&D location. Firms can take advantage of communication 
technologies when operating their R&D activities and thus coordinate resources beyond 
national borders. Based on the applications of IT technologies, firms look for suitable 
locations where they can utilize external resources and accomplish the goals of internal 
R&D strategies. In addition, on the view of subsidiary, the study in Taggart (1997a) 
explaines that subsidiaries require different organisational support from HQ if focusing 
on different resources. The internal linkage between HQ and its subsidiary demonstrate 
that all MNEs' resources should be considered during innovative activities. Using 

suitable management mechanisms, between units within MNEs, could assist the 
accumulation and sharing of new knowledge within MNEs. 

Since MNEs' R&D mobility is affected by different locational factors, the possibility 
of managing the resources in host countries efficiently and sharing it within MNEs 
should also be discussed. MNEs have multi-units functioning in different locations, and 

the management of HQ determines the globalisation or centralisation of the MNE. In 
traditional international business theory, poly-, ethno-, geo-centric orientations explain 
the relationship between HQ and subsidiaries when exchanging resources (Permuttler, 
1969). Ethnocentric oriented management focused on HQ's role, while polycentric 

orientation tends to give more autonomy to local subsidiaries. A geocentric strategy is a 
more integrated view to coordinate the resources of multi-units in different locations for 

the entire MNE. We do not aim to judge what the better relationship between HQ and 
subsidiaries is, but instead will address the suitability of the relationship for units in 

different types of locations. Based on this view, in this section we discuss the growing 
role of subsidiaries and the influences that subsidiaries might have for the MNE as a 
whole. We also try to find out the importance of internal and external organisation 
factors that facilitate innovative activities for the whole MNE. 

1.4.1 The role of subsidiary within MNEs- Network concept applied in a 

MNE 

The international business literature is mostly focused on the view of HQ, but recent 

studies have started to emphasize the importance of subsidiaries for the development of 
MNEs as a whole. Concerning innovative activities, one of the important contributions 
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from subsidiaries is the transfer or diffusion of subsidiary-specific knowledge to HQ as 
well as the other units/subsidiaries (if any) (Birkinshaw & Ghoshal, 1998; Birkinshaw, 
2002; Criscuolo, 2004, p.186; Frost et al., 2002; Gupta & Govindarajan, 2000, p.475; Tasi, 

2001). According to Bartlett and Ghoshal (1998), different types of subsidiaries may 
establish locational-specific or subsidiary-specific knowledge within specific locations. 

The knowledge can therefore be related to specific market experience (Birkinshaw & Fry, 
1998) or innovative technologies (Birkinshaw et al., 1998). In the resource-based tradition, 
many recent studies have emphasized that MNEs' successes are facilitated by the unique 
resources from subsidiaries (Birkinshaw & Hood, 1998; Frost, 2001). 

Recent ffi studies use "network" relationships to explain the interactions between 

different firms, units, or persons within the entire MNE (Powell, 1990; Zander & SOlvell, 
2004). Internally, both HQ and subsidiaries should be considered as part of a MNE 
network. Various internal factors, such as organisational culture or coordination 
mechanisms between HQ and subsidiaries, as well as resources embedded in different 

units indeed influence the innovative process of the whole MNE (Galende & de la 
Fuente, 2003; Persaud et al., 2002; Rugman & Verbeke, 2001). Besides intra-network 
relationships, different external networks established by different subsidiaries are also 

considered resources of the whole MNE (Oliver & Ebers, 1998; Pearce & Papanastassiou, 
1999). Subsidiaries located in different areas are all valuable nodes within a MNE 

network, via which the accumulated external knowledge and resources can be shared 
between different units (Buckley & Ghauri, 2004, p.86; Gupta & Govindarajan, 2000; 
Hansen, 1999). External networks in specific subsidiaries are not only the direct 

knowledge source of local innovations, but also the indirect sources for HQ or other 
subsidiaries (De Pablos, 2004; Duysters et al., 1999; Iwasa & Odagiri, 2004; Jensen & 

Szulanski, 2004; Malik, 2004; Papanstassiou & Pearce, 2005). The whole MNE, including 

HQ and subsidiaries, can be an integrated network used by people within these subunits 

to create a trust-based culture and establish intensive communicative channels for 
knowledge flows (Bartlett & Ghoshal, 1998). It could perhaps be a loose network that 

provides a channel for specific exchanges only (Criscuolo, 2004). The critical thing for 
MNEs to consider is avoiding organisational inertia and keeping effective 

communication between units in different locations (Criscuolo & Narula, 2005) . Each 

subsidiary can accumulate their innovative characteristics to establish their strategic 
position within the whole MNE network. 

Subsidiaries' local behaviour tends to reflect their strategic intentions and goals 

within the MNE. According to Zander (2002, p .330), subsidiary's capabilities are able to 

be improved via interaction with local actors, who possess other technologies. Through 
different types of interaction, e.g. acquiring or merging, the global knowledge network 

within whole MNEs shapes and evolves. This study has used an in-depth and 

longitudinal qualitative case study( e.g. Brown Boveri and Cie) showing that new 
business formation in local markets broadens the technological base of the whole MNE 

and adds capabilities in technologies from peripheral to the parent organisation (Zander, 

2002, pp.338-339) . In other words, each subsidiary has her role to contribute subsidiary

specific resources to the growth of a MNE. In the empirical work done by Birkinshaw & 

Morrison (1995), different subsidiary's strategies are identified, i.e. local implementer, 

specialized contributor, and world mandate. Subsidiaries are able to focus on providing 
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more local market experience through high involvement in local market development or 
else playing the role of network optimisation which tries to seek out and eliminate 
inefficient activities within the multinational network (Birkinshaw et al., 1998). During 

the interactions between internal units, subsidiary-specific characteristics and their local 
resources shape their strategic role within MNEs (Taggart, 1997b). 

How should a global firm 
manage its network of R&D 
centres in effective manner? 

+ MNCs need to apply different organisational 
mechanisms to facilitate knowledge transfer 
because of the specific characteristics of 
knowledge. 

+ As with subsidiaries tapping into local cluster 
knowledge, the autonomy of the subsidiary seems 
to be important for the knowledge transfer, while 
interdependence between the subsidiary and the 
other MNC units are very important for the 
knowledge transfer in the case of internal 

This study discusses capability 
processes and expresses how subsidiary-specific 
advantages are developed when it is a 
differentiated network of dispersed operations. 

Global network management should be based not 
on administrative heritage, environmental 
turbulence or management style, but on the basis 
the underlying characteristics of the finn's 

subsidiaries Developing global subsidiary Types of mandates: 1. Independent and 
mandates international experience. 2. Strength in upstream 

How do MNEs use different 
sources of technological 
resources via subsidiaries? 
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activities. 3. Broad-based I 
The larger and innovative subsidiaries have 
granted access to wider sources of technology. 
Product mandates, as well as subsidiaries of a 
more efficiency-seeking nature, are likely to be 
better embedded in the 
MNCs appear to anticipate potential spillover 
opportunities and are discriminating in assessing 
these opportunities not only across locations but 
also across categories of competitors within the 
same location. 
Stronger support to predictions regarding the 
salience of global utilization capacity than they do 
to predictions regarding the salience of local 
utilization 
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Subsidiaries in Norway (outsider) have 
significantly lower scores for both scope of 
activities and levels of competence; The 
outsiders may indeed become less attractive to 
MNE 
Despite the strong centralising tendencies shown 
by each parent, both Compaq Erskine and 
Caledonian Paper are bound to work themselves 
into stronger bargaining positions. 

4 types of 
are identified: 1. Passive adaptation (PA); 2. 
Active adaptation (AA); 3. Technological 
collaboration (TC); 4. Partial technology 

The four groups of subsidiaries are analysed 
across seven alternative strategic dimensions
integration, responsiveness, coordination, 
configuration, market scope, product scope, and 
value-added scope. 

balance between Actors' leverage often derives from exploiting 
centralised policy-making and differences between the national business 
subsidiary autonomy systems in which the multinational operates. 
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i are used discovery 
process (multi-hub integrated network) and 
drug development process (loose network of 
units with regional focus). 

+ International assignments of researchers 
appear to accomplish this goal through the 
creation of personal relationships and the 
increase in the level communication both 

R&D facilities and researchers. 

Through R&D subsidiaries, MNEs have access to various resources in different 
locations. Diversification studies express that geographical diversification (different 
locations) or product diversification (in different industrial fields) provides differentiated 

sources of knowledge that contribute to MNEs' growth (Hitt et al., 1997; Markides & 
Williamson, 1996; Rugman, 1981). In comparison to domestic firms, MNEs have different 

subsidiaries which possess some locational-specific technological knowledge, 
capabilities, various market resources, and experiences in different locations. By utilizing 
these diversified resources, MNEs can accumulate more competitive advantages and 

opportunities than domestic firms in developing innovative activities (Eriksson et al., 
1997; Foss & Pedersen, 2002; Hansen, 2002). These studies explain that MNEs can create 
synergy for new product/market development and enrich the resource base for the whole 

company group via geographical or product diversification strategies (Hitt et al., 1994; 
Hitt et al., 1997; Markides & Williamson, 1996; Vachani, 1991). In addition, some studies 

include the evolutionary view to explain how interactive relationships within MNEs can 
create benefits for all units of a MNE. From the evolutionary view, the effectiveness of 

international R&D activities will be determined by the company's ability in managing the 
learning process, involving market, technology, customers, or competitor factors (De 
Meyer, 1992, p.178). Knowledge sharing behaviours within MNEs is an important way to 

accumulate unique and MNE-specific knowledge. However, because of our lack of 
understanding about subsidiaries, we need to further explore how subsidiaries' 
motivations and behaviours influence the innovative activities of the MNE as a whole. 

1.4.2 Sources for accumulating subsidiary-specific capabilities &. 

resources 

Subsidiary's capabilities can be accumulated from different sources, both internal and 
external (Birkinshaw et al., 2005; Caloghirou et al., 2004; Meeus et al, 2004; Menon & 

Pfeffer, 2003). Early studies focused on MNEs extending new markets by exploiting 

existent technologies, hence knowledge was seen as always being transferred to 

subsidiaries in the host countries (e.g. transferring manufacturing facilities to the new 
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location). More recent studies though have shown that knowledge from some 
subsidiaries could also complement HQ or sub-units. Managers of subsidiaries should be 
aware of the resources available elsewhere within the MNEs, and utilize them (White & 

Poynter, 1984, p.66). In the case of relative technological strength in home and host 
countries, resources in different locations can be shared and diffused internally to create 

greater benefits (Cantwell & Kosmopoulou, 2004). According to the evidence of Foss & 
Pedersen (2002), internal sources seem to have substantially stronger influence than the 
impact of the other two external sources (from network partners and from cluster). 
Through internal knowledge sharing, subsidiaries can further focus their innovative 

activities on more productive areas where there are opportunities for growth and 
development. 

External linkages established by subsidiaries are also part of the MNE' s knowledge 
network. Subsidiaries might be established because of cost issues while some might be 
established based on strategic considerations; access to critical knowledge/capability 

source for the whole MNEs (Bartmess & Cerny, 1993). Specific subsidiaries, perhaps 

locating in higher-order technological central regions, could be responsible to diffuse 
knowledge they have accumulated from their local area to all other units, including HQ. 
Bartmess & Cerny (1993, p.90) have emphasized that the location decision is aimed at 

building a network of capabilities, rather than a network of facilities. When becoming 

involved in local systems, MNEs accumulate innovative ideas via various local sources, 
e.g. local institutions, universities or relevant industrial actors within the value-chain 
(Lundvall, 1992; Porter, 1990; Von Hippel, 1988). In addition, the study of Yakhlef (2005, 

p.233) also proposes that firms' innovative-related tasks might be outsourced to 
customers with whom firms should keep an interactive and relational linkage. Some 

interactive tools are even applied to R&D procedures making the customers' role similar 
to that of the manufacture or designer (Thornke and von Hippel, 2002). In order to play a 

strategic role or take unique responsibility within a MNE, subsidiaries should utilize 
various internal and external sources to characterize their uniqueness, whether 
exploiting existing technologies or seeking leading technologies (McEvily & Eisenhardt, 

2004, p.718). 

The existence of different networks tends to show that integrating the knowledge 

interactions between multi-units from different geographical areas is critical in 
explaining international R&D activities (Criscuolo & Narula, 2005). Diversified 

knowledge networks, including internal and external sources, enrich the resource base of 

a firm and motivate it to innovate (Desouza et al., 2005; Malik, 2004; Manolopoulos et al., 

2005). Through diversified internal communications, intra-firm knowledge can be 
diffused to different subsidiaries and exploited in adapting to local demands (Ghoshal & 

Bartlett, 1990; Ozsomer & Genc;tiirk, 2003). Through external communications, network 

relationships, e.g. network with local firms or universities, can enrich the knowledge 
base for subsidiaries and also provide more cooperative opportunities for a MNE's 

innovative activities (Nobel and Birkinshaw, 1998; McEvily & Eisenhardt, 2004, p.718). 

However, alongside these various interactions, some studies emphasize the importance 

of interactive communications and organisational methods (e.g. Persaud et al., 2002; 

Gupta & Govindarajan, 2000 ). During an interactive process several internal 

characteristics and mechanisms, such as coordination and control mechanisms between 
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HQ and subsidiaries, influence the incentives and intentions of intra-units in two ways; 

their willingness or reluctance to share the knowledge they possess. The mechanisms 
used and the resources shared show how their individual and collective capabilities 
come into being. These studies demonstrate that explaining knowledge diffusion 
processes cannot ignore either the evolutionary view nor the resource-based view 
(Andersson et al., 2005; Galende & de la Fuente, 2003; Malik, 2004; Persaud et al., 2002). 
In other words, whether or not subsidiary-specific capabilities can be accumulated also 
depends on the HQ's strategy. 

Finally, in this section we tried to summarize the role of subsidiaries considering 
their key role as actors of knowledge flows within MNEs; these knowledge flows being 

key drivers of cohesion of different regions. In addition, we discussed the various 
sources of knowledge and find that both network factors and organisational factors 
cannot be ignored when explaining subsidiary's innovative activities. 

1.5 Summary of Research Questions 

The main aim of this study is to explore the relationship between location and innovative 
activities. We aim to analyze this by looking at different levels, including meso and micro 

levels. At the meso level, we utilize the classification of NUTS (Nomenclature of 
Statistical Territorial Units) to define European regions, which are the unit of analysis for 
our regional (meso) studies. In this part, we include three research issues discussing the 
relationships between regions, as well as the dynamic development within regions. At 

the micro level, we collect data by a survey among R&D organisations in Europe. 
Research issues at the micro level try to discuss both the locational patterns of a MNE 
itself, as well as the inter-unit I inter-locational communications within MNEs during 
innovative activities. Different datasets have been used to examine the critical research 

issues in this field. In this section, we summarize the research issues that we will discuss 
in later chapters. 

1.5.1 The research issues at the meso level (see Figure 1.1) 

Our first research issue tries to identify the differences between existing RlSs and explain 
the different ways in which they develop. We find MNEs' R&D behaviour might focus 

on different specific resources within the location. Some R&D investment might focus on 

seeking new technological resources, while some may aim at exploiting existing 
technologies in new markets. Furthermore, these local resources might be location
specific and thus cannot be transferred between locations. In other words, specific 
resources within the investing locations are motivators that attract MNEs to move their 

R&D to different locations. The different resources and initial conditions lead us firstly to 
taxonomize innovation systems at the meso level. Therefore, in this part, we use the 

RECIO databases and European patent database (more details in Chapter 2) to identify 
types of regional innovation systems, and their development. Our research issue focuses 
on the following specific questions: 
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• Can we identify types of RISs as distinguished by various regional factors, 
including technological development, economic output and innovation related 

indicators? 

o By understanding the differences between RISs, can we explain the specific 

and unique paths of regional development? 

o Do specific technological conditions always accompany specific economies? 

The second research topic at the meso level tries to explain the role of national 

borders in cross-regional knowledge flows, and identify the different relative positions of 

regional innovation systems during the knowledge interaction process. According to past 

studies, geographical distance is a hindrance for knowledge diffusion (Jaffe et al., 1993; 

Jaffe et al., 2000; Maurseth & Verspagen, 2002). It implies that national borders play a 

critical role in knowledge flows between regions. In addition, as our questions proposed 

above, when differences exist between RISs, how can we interpret their relative importance 
during the process of knowledge interaction? Taking regions as the unit of analysis, we 

hope to understand the network of knowledge flows and explore the relationships 

between regions within the European knowledge network (see Chapter 3). We include 

databases of patent citation to express the phenomena of knowledge flows across regions. 
The main questions focused on are: 

• Do national border matter for knowledge flowing between regions? 

• If they matter, can we show the relatively important position of specific RISs in the 

whole European knowledge network? 

o Do specific regions play a central role as higher-order RISs, which are 

responsible for diffusing knowledge to not only external regions but also 

regions in foreign countries? 

Based on the reasons discussed above, the third research issue explores the 

development within RISs but not the relationships between regions. By exploring the 

above two issues, if the variety and specific positions of RISs are shown, we will further 

discuss how specific locations become relatively advantageous compared to other RISs. 

As past studies have expressed, some regions are higher-order innovation systems that 

have accumulated more innovative and technological development knowledge (Cantwell 

& Iarnmarino, 2003a). Alternatively some regions may rely more on the infusion from 

external sources. We try to examine how these critical central regions can become so 

important and advantageous that they play an indispensable role within the network. 

The relationships between technological development and economic performance may 

also explain how specific locations can accumulate specific competencies. However, we 

fail to explain how regional technological, economic, and innovative characteristics lead 

regions to be situated in their unique positions within the whole network of other 

locations. We lack the evidence to show and compare the relative advantages of RISs. 

Therefore, in the third issue, we include regional technological characteristics in 

specializations and diversifications, regional economic conditions, as well as innovative 

characteristics to show the development of specific RISs in the knowledge network. The 

study will hopefully allow us to better understand the different developing paths of 
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regional growth (see Chapter 4). We integrate the datasets of REGIO, patent database, 

and patent citation database to make a structural equation model that can better show 
interactions between local conditions for regional development. The main research 

question for this part is as follows: 

"How do RISs develop their network advantages within the whole European knowledge 
network?" 

In order to answer this question, we consider both the direct main influence as 

well as the interactive impact of local conditions. 

• The main influence on the development of network advantages: 

o Whether or not specific technological specializations, technological 

diversification, or economic conditions (e.g. economic potentials) lead RISs to 

gain higher-order network advantages? 

• The mediating role of different regional conditions: 

o Whether or not economic conditions act as mediating facilitators to intensify 

the relationships of technological development and network advantages? 

o Whether or not the different technological characteristics (i.e. specializations 

and diversifications) jointly help in upgrading the network position of a 

specific RIS? 

1.5.2 The research issues at the micro level (see Figure 1.2 & !.3) 

Based on both theoretical and empirical studies, several issues at the micro level need to 

be explored further in order to understand MNEs' innovative activities. One is related to 

a MNE's locational decision of R&D activities and the other is related to the role of 

subsidiaries in innovation procedures within MNEs. First, as we discussed above, R&D 

activities are motivated by specific locational factors that MNEs cannot transfer between 

locations. MNEs establish subsidiaries in new locations in order to access local resources. 

Past studies express the importance of different motivations but ignore how various 

locational factors interact to support different R&D behaviours (Chiesa, 1995, p.23; 

Gassmann & von Zedtwitz, 1999; Kumar, 2001). We also have little evidence to express 

firms' R&D behaviour and the impacts on locational development. The first part about 
firm's R&D behaviours (see Chapter 6) poses the following research questions: 

• Can we identify different types of R&D location behaviour and explain how their 

specific R&D goals could be accomplished? Are there any supporting conditions 

necessary for them to initiate new R&D investment? 

• Can we discover the different impacts on specific locational development (e.g. 

local networking establishment) that occur with different types of R&D behaviour? 

The other issue at the micro level is the growing role of subsidiaries within MNE's 

innovative procedures. Differing from HQ perspective, our research issues try to view 
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from a subsidiary level. We aim to explain what determinants are suitable to explain 
subsidiaries' knowledge diffusion within MNEs. The role of subsidiaries in innovation 

has been expressed as being able to establish a unique strategic role within the entire 
MNE (Birkinshaw & Ghoshal, 1986; Birkinshaw et al., 1998; Birkinshaw et al., 2005). 

Considering subsidiaries as part of a MNE's resources, we try to explore how internal 

organisational factors and locational resources (e.g. local networking) influence 
subsidiaries during the procedures of knowledge sharing and diffusion (see Chapter 7). 

In other words, we need to answer the following questions: 

• What organisational characteristics influence subsidiary's knowledge sharing 
behaviours within MNE as a whole? 

o Are the subsidiary's characteristics critical for explaining their knowledge 
diffusion behaviour? 

o Do MNE HQ's strategies have a direct influence on subsidiary's knowledge 

diffusion behaviour, or HQ's strategies also play an indirect role to 
encourage knowledge diffusion via influencing subsidiary's organisational 

characteristics? 

o Do HQ's also play a moderating role to strengthen/lessen the impacts of 
subsidary's characteristics on knowledge diffusion? 

• What kinds of local network resources within the subsidiary influence 
subsidiaries' knowledge diffusion behaviour? Do these network resources make 
both direct and indirect impacts? 

The above two issues will lead us to better understand the procedure of MNEs' 
innovative activities. We can see how MNEs choose their R&D location when planning 

new R&D sites, as well as how MNEs' behaviour interacts with local conditions during 

R&D investment. Including the role of subsidiaries encourages our research to examine 

how subsidiaries become so important within the internal innovative MNE network 
procedures. To approach this, as Frost & Zhou (2000, p.ll) discussed, we consider both 

HQ and subsidiary's views to observe whether MNEs could utilize the advantages in 

R&D sites via subsidiaries in order to strengthen the competence of the MNE (Figure 1.2 

and figure 1.3 explain how we explore the issues concerning locational factors and 
innovative activities at the firm level). 
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Figure 1.1. (Meso view) Explaining the locational patterns of innovative activities 
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Figure 1.2. (Micro/Meso interactive view) Explaining the relationships between 
locational factors and R&D behaviours 
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Other 

subsidiaries 

Organisational boundary of 
MNE 

Figure 1.3. (Micro view) The role of a specific foreign R&D subsidiary for the 
whole MNE 
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PART II 

Empirical Research (I) 

Studies at Regional Level 



Explaining Regional innovation Systems 

CHAPTER 2 
Explaining Regional Innovation Systems in terms of Economic 

and Technological Characteristics 

2.1 Introduction 

This chapter explores whether different types of regional innovation systems exist in 

European regions, based on indicators of economic characteristics and technological 

specialization patterns. The theoretical motivation of the study lies in the innovation 

systems literature as well as in the theory of economic growth, which emphasizes the 

importance of technological change and innovation for growth. The starting point of the 

analysis is the idea that the development of regional innovation systems (RISs) is 
characterized by specific economic trends and technological specializations, and that 

these can be used to define 'regional clubs' exist in Europe (Verspagen, 1998). This 

chapter will aim to identify such "clubs" on the basis of a wide range of factors, and 

show their dynamic changes over time. 

We start by constructing characteristics from various indicators. Based on these 

characteristics, we then focus on identifying the differences (and their changes) between 

regional innovation systems. In most of the literature on regional economic growth, only 

a single-item indicator is used, and we are thus unable to observe the overall pattern of 

regional development explained by other dimensions. The overlap and distinction 

between the various indicators is also usually ignored. Although the research on regional 

growth indeed takes a range of specific indicators into account, there is rarely agreement 

on which types of indicators are most suitable. For the purpose of explaining regional 

development, this study applies an integrated picture of economic and technological 

indicators from various regional indicators. In addition, to be able to examine if different 

types of innovation systems exist in European regions, critical economic and 

technological indicators are used to identify the differences between regions. From 

observing the specific combinations of technological and economic indicators in different 

types of innovation systems, we hope to learn how specific economic and technological 

characteristics interplay within innovation systems. 

The aim of the chapter is not to test any theoretical frameworks explaining regional 

economic growth or otherwise. The aim is rather to take stock of the variety and 

commonalities in the European regional experience, and to explore the role of technology 

and innovation. Specifically, we aim to find a taxonomy of regional innovation systems, 

and combinations of specific economic and technological characteristics within these 

systems. For example, we are interested in the role of innovativeness in high-tech 

technological development, which we seek to illustrate by comparing two cluster 
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analyses. Different types of innovation systems also provide one of the reasons why 

some European regions outperform others and we therefore include economic 
performance variables in the taxonomical analysis. Furthermore, from a more dynamic 

viewpoint, we aim to observe changes between the 1980s and 1990s, hoping to provide 
insight into how initial characteristics lead a region to develop. 

The main results of this chapter show that it is meaningful to use technological and 
economic characteristics to categorize regional innovation systems. We find that in 
European regions different types of innovation systems do exist. For example, links 
between high-tech activities and high economic performance, or between natural
resource-based activities and low growth. The high-tech, high innovative and "mid
high" economic performance patterns are found in metropolitan regions, while low 
specialization and low economic performance regions are mostly found in southern 
Europe. The comparisons between technological clusters in the two periods show that 
the technological base in the initial period is strongly related to further technological 
development. 

In the second section, we discuss relevant past research, and, based on this 
theoretical background, we try to identify the relevant regional indicators. We apply 
economic growth theory, innovation systems studies, and international business theory 
to summarize regional development from a holistic viewpoint. The third section 
describes the database, the definition of each research variable, and the methodology of 

this chapter. The fourth section presents the empirical results, which includes factor 
analysis and cluster analysis for different periods. In the last section, we summarize our 
conclusions and acknowledge certain limitations of this chapter as well as directions for 
further research. 

2.2 Dimensions of Regional Development 

We survey the literature about regional development from different theoretical 

backgrounds. Using research on economic growth, innovation systems, and international 
business, we identify the crucial regional characteristics for our analysis; economic and 

technological dimensions. The literature on economic growth shows an inseparable 
relationship between technological progress and economic phenomena (e.g., Solow, 1956, 
Verspagen, 1998). Concerning interactive and dynamic concepts proposed in literature of 

innovation systems (e.g., Cooke, 2000; Lundvall, 1992) and development economics (e.g. 
Szirmai, 2005), we include input and output indicators to construct different regional 
characteristics. Furthermore, the studies in international business have shown that both 
regional economic potential and technological capability are critical for MNEs' 

investment (e.g., Patel and Vega, 1999). 

2.2.1 Economic growth theory 

For several decades, the economics literature has explained the inseparable relationship 
between technological development and economic performance and most results show a 

positive relationship between technological progress and economic growth. Although 
both traditional growth theory (Solow, 1956) and new growth theory (Romer, 1990) 
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conclude that the growth path of each country or region will converge (unconditional or 
conditional) with each other, economists continuously emphasize the role of 
technological changes in the process of economic growth. Recent literature in the neo

Schumpeterian on the other hand, argues that technology is a strong disequilibriating 
factor for economic growth and raises the possibility for regional divergence. Verspagen 

(1998) has summarized these different theories about regional technological changes, and 

applied the concepts from economic geography and spatial technology spillovers to 
identify European economic and technological 'clubs' of regions. The study of Dalum et 
al. (1999) also examines the relationship between technological development and 

economic growth, and shows that specialization in specific technologies and sectors 

indeed matters for economic growth. In summary, the economics literature shows us that 

understanding technological characteristics and economic phenomenon is crucial for 
understanding regional development. 

2.2.2 Role of specialization 

Specialization patterns in specific regions indicate the preference for and capability in 

particular technologies, as well as the development of regional innovation systems. In 
economics studies, we find evidence to support the importance of specialization in 
regional economic growth (Dalum et al, 1999). However, some studies have argued that 

diversity rather than specialization is the operative mechanism for economic growth 

(Jacob, 1969). In addition, some research focuses on explaining whether or not 
technological specialization leads regions to perform better in innovative activities 

(Feldman & Audretsch, 1999). Despite their differences, these studies show that the 

integration of knowledge and innovative activities should be considered together with 
specialization, in order to fully explain the phenomenon of regional development. 

2.2.3 Innovation systems 

According to the literature on innovation systems, the roles of interactions, knowledge 

embodied in human resources, and learning procedures are important for regional 

development. The concept of an innovation system emphasizes, especially concerning 
economic issues, the fact that the learning and innovating trajectories of firms are "the 

consequences of" social interactions. The study of Cooke et al. (2000, pp. 21-24) applies 

this concept and proposes that these interactions move beyond the business sphere and 
reach the public sphere of universities, research labs, technology transfer and training 

agencies. In other words, under a regional innovation system, knowledge flows through 

networks of innovators operate in proximity, backed by regional policy and institutions. 
In addition, these characteristics, including both knowledge itself and knowledge 

interaction mechanisms, are accumulated from specific regional human capital as the 

knowledge base for further technological development (Breschi & Lissoni, 2001; Johnson, 
1992, p .28; Lundvall, 1992, pp. 8-9). From a dynamic and systematic view, human 

resource in knowledge input/output becomes the innovativeness characteristic crucially 

linked to the capability of a region. 
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2.2.4 International Business (IB) View: Motivation for MNE's R&D 

activities 

Recent research has started to address issues surrounding foreign R&D investment and 

identifying how MNEs (Multinational Enterprises) invest in suitable locations 
(Verspagen & Schoenrnakers, 2002; Patel and Vega, 1999; LeBas & Sierra, 2002; Von 
Zedwitz & Gassmann, 2002). MNEs invest in locations that suit their goals of foreign 
investment, and technological resources play a crucial role in this. Recent research has 
shown that MNEs' behaviour may be motivated by two goals, asset-seeking and asset

exploiting (Dunning and Narula, 1995; Le Bas & Sierra, 2002). Different goals explain 
why MNEs have different preferences for regional technological characteristics and 
economic potential within a region. The local technological knowledge base is the main 
determinant in choosing to invest in R&D activities in a specific location. By contrast, 
MNEs looking for potential markets may consider economic characteristics more. In 
either case, MNEs' locational decisions cannot ignore the economic and technological 
characteristics of RISs. 

2.2.5 Indicator dimensions 

The first set of indicators is about economic conditions, which will be used in the 

taxonomy explains regional economic phenomena and is classified as economic static I 
dynamic1 characteristics. Besides the economic performance in specific year, e.g. GDP 

(static), this is particularly important to use the dynamic changes of economic conditions, 
e.g. growth rate (dynamic), to explain the difference between locations. Under this 
heading we also consider indicators with respect to the regional labour force, which 
shows regional endowment for regional development (Szirmai, 2005, pp.6-7, 13-14). In 

neoclassical economics, labour is a necessary input factor in the production function, 
while in the innovation system literature regional knowledge embedded in human 
resources is indispensable for the innovation process. 

Secondly, as innovation systems and economics literature states, "innovative" 
characteristics are accumulated from specific regional human capital as the knowledge 

base for further regional development (Breschi & Lissoni, 2001; Breschi & Malebra, 2001; 
Fageberg & Verspagen, 2002; Lundvall, 1992). Under this heading, we include regional 

innovativeness as expressed by regional R&D personnel, because it leads regions to 
possess an innovative advantage. We also include a broad set of indicators on 
technological specialization, based on patents. Here the choice is between a simplified 

classification such as high-tech I non- high-tech (Verspagen, 1998), or a comprehensive 
view which takes into account a broad range of sectors. The advantage of the latter is that 
the economic impacts of each sectoral technology can be examined. If we focus solely on 
the distinction between high-tech/non-high-tech, the contributions of other technological 

developments, such as traditional technology or natural resources related industrial 
technology, might be neglected. For example, it is obvious that some Italian regions are 

'The concept of dynamic I static used here to inclicate whether the inclicator is able to show the changes between 
clifferent period within a specific location. For example, GOP per capita shows specific performance within a period 
while the growth rate shows the improvement/ deterioration between two periods. 
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prosperous due to their development of the traditional technologies of clothing design or 
leather products (Breschi, 2000). We opt to employ a broad view of technological 

specialization in order to explain how regions evolve with regard to technological 
development, and how specific technological characteristics are related to economic 

development. 

2.2.6 Clustering2
: Differences and similarities between regions 

Based on the regional characteristics discussed above, we classify the regions into 
clusters or RISs. The regions in one cluster show more similarities to each other than to 
the regions in other clusters. This term of 'cluster' is similar to "regional clubs" 
(Verspagen, 1998), although there is a difference in the way that regional characteristics 

are measured and conceptualized. 

In the existing literature, few contributions consider both technological and 
economic characteristics "jointly" to characterise the differences between regions, despite 

the fact that both dimensions are strongly related and crucial for regional development. 
Verspagen (1998) has applied these separate indicators, such as GOP per capita, 

productivity, and high-tech sectoral specialization, from the economic and technological 
dimensions to identify European "regional clubs" and explain the differences between 
European regions. Here we are interested in the close relationship between high-tech 
development and economic performance. However, in Verspagen (1998), economic and 

technological characteristics are not combined in the definition of clubs, thus ignoring the 

interplay between economic and technological characteristics within a club. By extending 
the concept of "regional clubs", this chapter uses economic and technological 
characteristics jointly to classify regions into clusters (types of innovation systems). The 

specific combinations of the variables observed within clusters could illuminate the 
interactive relationship between technological and economic characteristics. 

An interpretation of regional innovation systems similar to ours has been proposed 

in past research. Cantwell & Janne (1999) has argued that each innovation system has 
different characteristics. These authors identify a hierarchical relationship between the 

systems, showing that some nations have more advantages in certain technological 

development than others. By distinguishing between the two types of economic 
agglomeration effects; general external economies and localisation economies (Cantwell 

& Noonan, 2002, pp. 203-204), and by noting the interactions between these two 

agglomeration forces, identify the existence of higher-order and lower-order centres in 
technological development have been identified by Cantwell and Iammarino (1998). 

Following their reasoning, we believe that the characteristics for clustering regions used 

here also explain the hierarchy and the differences between regional innovation systems. 

'The definition of "cluster" in our study differs from the "cluster" used in "cluster theory" or "industrial cluster 
phenomenon" (e.g. Porter, 1990; Longhi & Keeble, 2000), which describes inter-firms interactions and regional 
agglomeration phenomena. However, the term "cluster" in this study does not mean any industrial cluster or any 
agglomeration of firms in this sense. What our "cluster" (from cluster analysis) means is a specific group of regions 
which show roughly the same pattern of development and technological performance. The RISs with similar 
patterns are classified into same regional innovation systems. 
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2.3 Data and Methodology 

2.3.1 Data 

The databases that we use are from two sources. The first one is from the REGIO 

database, collected by EuroStat. The database includes different regional information, e.g. 
indicators in economic, labour, and science & technology phenomena. The second 
database is the patent database from the European Patent Office (EPO). This database 
includes information about inventors and applicants during two periods, 1986-1988 and 
1996-1998. It is well known that patents only represent a small part of technology and 
knowledge. Many inventions are not patented. Besides this, patents, and citations, are 
imperfect indicators even of the knowledge that is embodied within them. Griliches 

(1990) provides a survey of the main advantages and disadvantages of using patent 
statistics. Acknowledging these well-known challenges, we proceed to use patent 
statistics as the indicator of technological specialization in this paper. 

The NUTS (Nomenclature of Statistical Territorial Units) classification is used to 
define regions in both databases. The full list of regions used is given in the Appendix 
II.2 to this chapter. A patent is attributed to a region on the basis of the inventors' 
addresses. On the basis of the postal code of the address, we are able to attribute the 
address to one of the regions in our sample (for a basic description of the methodology to 
do this, see Caniels, 1999; Verspagen and Schoenrnakers, 2004). When more than one 

inventor is listed on the patent, we use a fractional counting method (i.e., the patent is 
'distributed' over all the regions listed). In this way, we are able to attribute the patent to 

the region where the actual research took place, as opposed to the headquarters of the 
applicant firm. 

Patents are assigned to economic sectors by using the Merit IPC-ISIC concordance 
(see, Verspagen, van Moergastal and Slabbers, 1994). This is a concordance between 
patent classes (IPC) and economic sectors (ISIC) that is based on the principle of 

technology production, i.e., it assigns patents to their most likely sector of origin (rather 
than use). Technological information is used to make this assessment. 

From these two databases, multiple variables are used to construct regional 
characteristics. In order to have adequate observations for rigorous multivariate factor 

analysis we made our sample size as large as possible. The sample includes 129 regions. 
Missing values for some regions are replaced by the data in nearby years when available. 

For Norway and Switzerland (i.e., the non-EU-members in our sample), we have no data 
for economic information because these regions are not included in the REGIO database. 
In all cases, the sample size is more than one hundred, which is suitable for multivariate 
analysis. 

2.3.2 Variable definitions 

To construct regional characteristics (Table II.1) we include indicators about economic 

phenomena, innovative and R&D capability, and technological specialization which all 

represent different views on describing regions. Firstly, economic indicators include 
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short-term static outcomes, long-term dynamic changes and employment phenomena. 
Different growth rates, e.g. GOP growth rate, GOP per capita growth rate and 
productivity growth rate, are expected to reflect the dynamic economic performance of a 
region. GOP per capita and productivity levels express the static regional economic 
performance. Furthermore, sectoral employment shares, employment I unemployment 
rates, and population density are all included to reflect regional economic characteristics. 

Employment (EM_R) I 
Unemployment 

(Uem_R) 
rate 

Human Resource in 
Science & 

Technology (HRST) 

Patent inventor ratio 
(Pat_R) 

R&D input ratioi2J 

Labour market 

lnnovativeness 
(Input view) 

lnnovativeness 

In novativeness 
(output view) 

resources , , 
(2): Because of no data for some region, we only include R&D personnel ratio to confirm its high factor loadings in the construct of 

innovativeness but not use the factor score, including R&D ratio, to run cluster analysis. This procedure shows us innovativeness 
characteristics are highly related to human capital and R&D capability. 

(3): The classification of sectors is broadly compatible with the STAN database classifiCation 

Secondly, innovativeness characteristics represent the knowledge base that plays a 
crucial role in various interactions within a system (e.g. Breschi & Lissoni, 2001). Skilled 
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human resources employed in science and technology (R&D), interacted with relevant 

actors, created knowledge, inventions or patents, shape the innovativeness and 
technological capability of the regions. The set of indicators includes both input 
indicators, e.g. human resource in S&T (science and technology), and output indicators, 

e.g. patent output. 

Thirdly, 22 manufacturing sectoral specialization indices (MCRCA index), 
calculated by patent applications in European regions, are used to show regional 
characteristics in technological specializations. We calculate the MCRCA index in (2), 
which is based on RCA index in (1), so that the range of MCRCA is between -1 and +1. 

RCA= (Share sector in patents of region)/(Share sector in patents in all regions) -----(1) 

MCRCA = (RCA-1)/(RCA+ 1) ---------------------------------------------------------------------(2) 

A positive/negative value means respective positive/negative specialization. In 

addition, to prevent underestimating patents in the early 80s and probable significant 

influence of random fluctuations in specific years, we collect data including 3 years (from 
1986 to 1989; from 1996 to 1999) to represent the phenomenon in the 80s as well as in the 

90s. 

2.3.3 Methodology- multivariate analysis 

Multivariate Analysis Methodology, including factor analysis and cluster analysis, is 

applied in our study for extracting factors and clustering the regions. Factor Analysis is 
useful for reducing diverse items into integrated factors, whereas cluster analysis is 

practical for grouping large samples into clusters within which regions show similar 
characteristics. After identifying the regional characteristics from factor analysis, we use 

cluster analysis to classify the regions into clusters, based on the factor scores. We aim to 
figure out different types of innovation systems in which we can see what developing 
patterns are identified among European regions. Finally, based on results for time 

periods, the cluster analysis also helps us to understand the role of the initial 
technological specialization base for future development. 

There are two reasons why we split the total set of indicators into two separate 

groups, and run factor analysis on each group. First, we tried to put all indicators into 

one factor analysis, but the results showed that economic and technological indicators 
indeed are separated into distinctly different dimensions. Secondly, due to the large 

numbers of indicators in our dataset, each factor is linked to all indicators, including 
many irrelevant indicators with low factor loadings. This introduces noise into the factor 

measurement, and thus in order to avoid this, we perform two separate factor analysis 
models; one solely for the technological specialization indicators from 22 sectors and the 

other for economic related indicators plus others. 

For our cluster analysis, we use "K-means" cluster analysis for classifying regions, 
rather than the more conventional "Hierarchical" cluster analysis. The former method, K

means cluster analysis, requires us to specify the number of cluster beforehand, whereas 

in hierarchical cluster analysis the number of cluster can be chosen after finishing the 
clustering procedure. One of the reasons that we choose K-means Cluster Analysis is that 
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our sample size is more than 100, in which case the sample size is too large to apply 
hierarchical cluster procedure (SPSS 10.0 Application guide, p.293). The other reason is 

that K-means cluster analysis allows us to specify the number of clusters to a suitable 
value that is helpful in understanding patterns observed in the data. Although there are 
some methods, such as CCC (Cubic Clustering Criterion), for determining the number of 

clusters, no standard and objective methods have been found to be substantially better in 

determining the number of clusters (Hair et al., 1998, pp. 477-479 & 499). Some articles in 
organisational strategy or international business literature (Roth & Morrison, 1990; 
Taggart, 1997a) follow the method stating that the best number of cluster should fall 
between n/50 - n/30 ("n" means the numbers of sample.), but they also mention the 

decision for the number of cluster should fit the explanation of the sample. In other 
words, researchers should complement the empirical judgment with any 
conceptualization of theoretical relationships and suggest a natural number of clusters 
that are more manageable and easier to communicate between the empirical results and 

realities. Therefore, we have indeed applied different numbers of clusters for classifying 
the innovation systems in the 1990s compared to the "technological clusters" in the 1980s. 

2.4 Constructing Regional Characteristics 

From the indicators that we have discussed above, we extract economic, innovativeness, 

and technological characteristics (Appendix II.3). The factors are extracted using the 
maximum likelihood method. The goodness-of-fit test shows acceptable results. The 
number of factors is determined by the rule that the eigenvalue must be higher than one. 

Additionally, in order to find out the uniqueness of each characteristic, a factor rotated 
matrix from the Varimax method is used to determine the factor loadings and identify 
the representativeness of each indicator for each factor. Indicators with high factor 
loadings (higher than 0.4) within a factor are used to broadly determine the label of the 

factor. The values shown in the tables are those values that are higher than 0.3 in the 
rotated factor matrix, which can help to distinguish the differences between factors. 

2.4.1 Regional characteristics of economic, labour 8t innovativeness 

The first factor analysis model produces four factors. The first factor is related to static 

economic performance, and includes GOP per capita and productivity levels. Secondly, 
dynamic economic characteristics are extracted as another factor, represented by GOP 

growth, GOP per capita growth and productivity growth. The differences between static 

and dynamic characteristics are so distinct that static economic performance and 
dynamic economic performance are established as separate factors, among various other 

variables. The third factor represents the labour market in terms of employment and 
unemployment rates. The last factor is related to innovativeness and has high loading on 

human resources in science and technology, employment in high-tech sectors and the 

patent ratio (see Appendix II.3: Table A(II.3).1). This fourth factor, innovativeness, 
reflects the strong correlation of input and output indicators of innovation. By contrast, 

the sectoral employment share in agricultural sectors does not positively correlate with 

innovation but rather with negative loadings in innovativeness (-0.460). 
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2.4.2 Characteristics in technological specialization patterns in the SO's 

&90's 

As to technological specialization, we extract six factors from the specialization index of 
22 manufacturing sectors in the 1990s and five technological characteristics in the 1980s. 
The goodness-of-fit test of both factor analysis models (1980s and 1990s) shows that the 

model is satisfactory. The six factors concerning technological specializations in the 1990s 
are: (1) traditional technologies factor, (2) bio-chemical technological factor, (3) ICT
related (computer and electronics) factor, (4) basic metal factor, (5) transportation-related 
factor and (6) natural-resource-based factor (see Appendix II.3: Table A(II.3).2-1). 

Meanwhile, the technological specialization factors in 1980s are: (1) ICT & transportation
related factor, (2) natural-resource-based technological factor, (3) bio-chemical 
technological factor, (4) basic metal factor, and (5) motor vehicles factor (see Appendix 
II.3: Table A(II.3).2-2). 

2.5 Four Types of Regional Innovation Systems 

Cluster analysis is applied to classify all the European regions into suitable clusters, in 
which regions have similar technological and economic characteristics. Based on four 
economic factors and six technological specialization factors in the 1990s, four types of 
innovation system are distinctly identified. 

Table II.2. The differences in economic indicators between clusters 

Clustera 1 2 3 4 Total 
(n=35} (n=18) (n=50) (n=13) (n=116) 

Dimension 
Eco. 

High economic 
Low perfonmance 

High employment 
Low growth 

outcome economic outcome 

Tech. & lnno 
High tech& 

Low specialization Traditional & basic Natural-resource· 
innovativeness 

Economic Indicators 
Employment rate 65.8794" 60.7546 63.8092 57.4437 63.2465 
(%annual)'> (7.8323)"" (10.0301) (4.6441) (10.5464) (7.7994) 
Unemployment rate 8.8212 10.2085 6.9190 11.6234 8.5307 
(%annual) (4.9535) (7.1940) (3.0950) (6.0393) (5.0468) 

GDPgrowth 2.3234 2.4760 1.6910 0.76824 1.9002 
(%annual) (2.2303) (1 .6222) (1.2367) (1.4614) (1.7333) 
Productivity growth rate 0.8987 -1.5352 0.5161 -1.2091 0.1199 
(%annual) (2.0528) (2.4687) (1 .6905} (1.3205) (2.1077) 
GDP per capita growth rate 2.8761 3.006 2.5522 0.5274 2.4935 
(%annual) (1.6116) (1 .9276) (1 .6872) (2.0877) (1.9529) 
Productivity ( In ) 3.7889 3.5278 3.8245 3.6715 3.7506 

(0.2718) (0.2563) (0.1678) (0.1582) (0.2397) 
GDP per capita ( In ) 2.8849 2.5197 2.6819 2.6701 2.8029 

(0.2530) (0.2011) (0.1899) (0.1486) (0.2487) 
Population density 565.59 93.89 165.06 140.00 272.06 
(population per Km') (1147.32) (79.94) (122.52) (107.83) (660.21) 
Sectoral ratio in employment 3.2864 11.3573 4.3731 7.9443 5.5292 
(%Of Agriculture) (2.2371) (6.3682) (2.3833) (5.804) (4.6366) 
Sectoral ratio in employment 24.77 27.1512 30.8754 25.6683 27.8715 
(%of Industry) (5.8699) (7.061 1) (5.3179) (2.6003) (6.1478) 
Patent number per mil. 10.8657 1.0222 6.7660 2.400 6.6285 
Employee (1995-97) (12.29) (1 .7397) (4.9357) (2.4593) (8.2815) 
High tech patent number per 9.2634 0.2872 2.0257 0.9164 3.8154 
million labour forte (10.305) (0.6353) 1.9729) 0.8689) (6.8205) 
HRST 226.675 116.5326 159.6908 145.8731 171.6561 

(52.4326) (51 .184965) (31.8776) (49.0431) (58.4666) 
Ratio of R&D personnel (%) 71 .52 6.133 47.57 24.49 42.21 

(46.63) (3.268) (29.11) (23.36) (38.52) 
n=26 n=17 n=46 n=11 n=100 

Note: •: Each cluster is named by the economic and technological characteristics, which are significantly different from other clusters. 
t>: unit of each indicator; 
•: for each grid, the value IMthout parenthesis is the mean; ": for each grid, the value inside parenthesis is the standard deviation; 
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Table II.3. Factor significance between clusters 

N 1 2 

I~ 
p (+) 

1 nno (+) 
ech1 (+) 
ech3 i+\ 

2 ~ 
3 

4 

Notes: 
"+"or·-· means lhe ~gn after( I cluster)- (J cluster) 
EP: economic static perfoonance; 
EG: economic dynamic gra.vth; 
lnno: lnnovaliveness in human resource; 
EM: employment in labour market; 

3 4 

nno (+) nno (+) 
ech1 (-) G(+) 
ech2 (+) ech~ l~) 
ech3 i+\ ech6 -

~P(-) 
nno (-) 

~G(+) 
ech3 (-) 

ech1 (-) ech6 (-) 
ech3 (-) 

ech~ l=l ech5 -

~ 
,::G(+) 
~M(+) 
~~ch1 (+) 

ech4 (+) 

~~ch~ l~) ech6 -

~ 
Tech 1: traditional-related technologK:al characteristic 
T ech2: bio-chemical technological characteristic 
Tech3: ICT-r~ated technological characteristic 
Tech4: Basic metal technological characteristic 
Tech5: transportation-related technological characteristic 
Tech6: traditional nalure..resource-basad technological characteristic 

These four groups are labelled as: (1) high-innovativeness & high-tech development 

system, (2) low-innovativeness/low economic performance & low specialization, (3) high 
employment & traditional & basic metal industrial system, and (4) low growth & natural

resource-based technology system. Some descriptive statistics (Table II.2) and t-tests for 
factor scores between clusters (Table II.3) illustrate the main differences between 
different types of RISs. Based on these statistics, we give a unique name to each RIS. The 

cluster analysis results show that these different types of RISs are distinctly classified into 
four special RISs which relate to their regional development and previous growth 

patterns (further discussed in the Section 2.7. The Dynamic View of Regional 

Development). 

2.6 Regional Characteristics and Geographical Distribution 

2.6.1 Combinations of characteristics within RISs 

According to the characteristics in the four types of RISs (clusters), the combinations of 

specific technological and economic characteristics point to some strong relationships 
between regional characteristics. On the one hand, the results seem to show that RISs 
with high specializations always bring strong economic outcomes, seen in Cluster One, 

Two and Three. Cluster One and Three are characterized by specific technological 

specializations, high-tech and multiple traditional industrial technologies respectively, 
whereas Cluster Two is characterized by low specialization and low economic 

performance. According to Feldman & Audretsch's (1999) results, specialization in 

telecommunication, instruments, or pharmaceutical sectors fails to bring higher 

innovativeness at the firm level. However, on the regional level, specialization tends to 
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generate more spillover effects for firms within a RIS so that highly specialization regions 

typically experience better economic outcomes than low-specialization regions. In 
addition, the fact that Cluster Three's multiple technological specializations provide 
more job opportunities and lead to higher performance seems to correspond with 
phenomenon in some areas of northern Italy (Breschi, 2000). Some traditional industries, 

e.g. fashion design, create wealth by specializing in technological fashion developments. 
When comparing the descriptive statistics for different clusters in correspondence with 
past literature (e.g. Cantwell & Iarnrnarino, 2001; Cantwell & Janne, 1999), we find a 
hierarchical ordering relationship (higher vs. lower order RISs) in terms of technological 
and economic development patterns, which lead to different regional advantages. 

On the other hand, it seems that not all technological specializations bring higher 
economic outcomes. In Cluster Four, specializing in natural-resource related technologies, 
economic growth and employment are significantly lower than in other clusters. We 
believe that as the natural-resource-industrial regions attempt to develop natural

resource technologies, the systemic lock-in effect (Narula, 2002, pp. 808-813) might block 
higher growth. Furthermore, with the limited natural-resource coupled with coincident 
continued technological progress in other industrial technologies, increased automation 
can easily replace the low-skilled labour and cause unemployment. 

In addition, high "innovativeness" in human resources is an indispensable 
characteristic in technological development, especially in "high-tech" related 

technologies. Although Cluster Three and Cluster Four are characterized by different 

technological specializations, their innovativeness characteristics are still significantly 
lower than those in the high-tech cluster. It appears that accumulation of a local 
knowledge base, expressed in innovativeness and human resource, is necessary for high
tech technological development. 

2.6.2 The geographical distribution of technological specializations 

Another interesting issue raised from the four types of innovation systems is the 
relationship between technological specialization and geographical spread (Table 11.4 
and Figure 11.1). Firstly, the crucial role of "population density" for the regions in Cluster 

One (high-innovativeness and high-tech development) is shown in Table 11.4. This cluster 
includes many European metropolitan areas such as Paris, Berlin, London, Brussels, 

Amsterdam, Madrid, Rome, Helsinki and Stockholm. This implies that high-tech 

development and high-innovativeness is more obvious in big cities than in less 
urbanized areas. 

Secondly, different "preferences" for technological specialization are observed in 
the southern and northern parts of Europe. The regions in the low specialization cluster 
are mostly located in southern Europe (Spain, Portugal, and Greece), whereas the regions 

in the high-tech cluster are mostly located in northern Europe. The development of high
tech technologies, such as ICT-related or bio-chemical technologies, is stronger in the 

northern part of Europe than in the south. In mid-south Europe, e.g. France, Germany, 
and Austria, many regions fall into the third cluster, which is characterized by traditional 

industrial specialization and high employment. 
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Thirdly, the regions in the natural-resource-based cluster with low growth rates are 

mostly in Greece, Spain, and Italy. These have much lower economic growth rates than 

other regions within the same cluster; The Netherlands, Belgium, and Finland. 

• 1. Innovative high-tech with high economic outcome cluster 

• 2. Low specialization with low economic oulcome cluster 

• 3. Traditional technological & high employmenl cluster 

• 4. Natural-resource d-based and low economic growth cluster 

Figure II.l. Distribution of different types of RISs 

Table II.4. Regions in 90s' Innovation Systems 

Cluster Regions 

1 

2 

3 

4 

BEt DE2 DE3 DE4 DE6_F DEB OED DEE DEG ES3 ES51 FR1 FR52 FR62 FR71 FR82 IT6 ITA NL31 NL32 NL33 

NL41 NL42 SE01 02 SE03 04 SE05 SEOB UK4 UK5 UK6 UKB UKA Fl11 2 FI151E 

AT11 ES11 ES12 3 ES41 ES42 ES43 ES61 ES62 ES? FR83 GR4 NL23 PT11 PT12 PT13 PT14 PT15 Fl2 

AT12_3 AT21 AT22 AT31 AT32 AT33_ 4 BE2 DE1 DE5_9 DE7 DEA DEB_C ES21_2_3 ES24 ES52 FR21 FR22 FR23 

FR24 FR25 FR26 FR3 FR41 FR42 FR43 FR51 FR53 FR61 FR63 FR72 FR81 IT1 IT2 IT31 IT321T33 IT4 IT51 IT52 

IT53 NL21 NL22 SE06 SEO? UK1 UK2 UK3 UK? UK9 LU 

BE3 ES53 GR1 GR2 3 IT7 ITS IT9 ITB NL 1 NL34 UKB Fl13 Fl14 

2.7 The Dynamic View of Regional Development 

2.7.1 Changes in technological specialization patterns 

The two factor analysis models for technological specialization factors in the 1980s and 

1990s show similarities and differences in technological development patterns between 
the two periods. In both periods, similar technological characteristics have been 
extracted, e.g. bio-chemical technological specialization or basic metal factor. However, 

we also find that some differences exist between the two periods. For instance, motor 

vehicles specialization is prominent and distinct in the 1980s, but is combined into a 
transportation-related technological specialization factor in the 1990s. In addition, the 

different combinations of sectoral technologies, within factors in the two periods, imply 

that the relationships between sectoral technologies have changed over time. For 

example, leT-related technological specialization in the 1990s is mostly represented by 

computer, electronics, and instrument sectors, whereas in the 1980's, ICT-related 
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technological development included electrical machinery and transportation-related 

technologies. This may be explained by life-cycle phenomena: both transportation
related technologies and leT-related technologies in the 1980s might not be mature 
enough to become a distinct technological characteristic showing up in the factor 

analysis. In the 1990s, the rapid development in ICT technologies has made leT-related 
technological characteristics so distinct that this characteristic is extracted separately. 

2.7.2 Linkages between the 80s technological cluster and the 90s 

innovation system 

Technological development in early stages is the basis for the continued development in 

related technologies. In Table 11.5, regions are cross-classified in two dimensions, i.e., 

1980s technological specialization clusters and 1990s innovation systems clusters (the 
latter as discussed above), are significantly related (chi-square test with p-value<O.OOl). 

On the one hand, the technological specialization in the initial period seems to be the 
base for technological development in later periods. We find that slightly more than 50% 
of the regions in the 1990s high-tech cluster are from the 1980s ICT or bio-chemical 

clusters, while 58.3% of regions in the 1990s natural-resource cluster are from the natural

resource based & traditional cluster in the 1980s. In addition, the 1990s low specialization 
cluster regions are mostly (83.3%) from the 1980s low specialization cluster, and the 
1990s traditional cluster has more than 50% of regions from the 1980s basic metal or 
natural-resource based & traditional clusters. 

On the other hand, classification in the 90s (or, in other words, development of a 

region) is not completely (and deterministically) caused by the 80s technological 
characteristics. The development in the 90s seems to depend on the regional capability of 

utilizing specific resources. As we know from the four types of innovation systems, 
specialization in natural-resource technologies and low economic growth emerge as 
being correlated. However, regions in the 1980s natural-resource cluster are not destined 

to stay in this low-growth cluster. Many regions in the 1980s natural-resource & 

traditional cluster develop multiple specializations or high-tech specializations in the 
1990s. 

Another result shown in table 11.5 is that the regions with some specific 
technological specialization characteristics in the 1980s have a higher probability to attain 
better economic outcomes in the 1990s. They also have a higher probability to become a 

higher order innovation system, such as a high-tech RIS or the traditional & multiple 
technological RIS (both have strong economic outcomes and significant technological 
specialization). We find that the regions in the 1980s' natural-resource & traditional 
cluster (28.6%+52.4%), basic metal cluster (100%), or bio-chemical cluster (25%+70%) have 

a higher chance of becoming a higher-order innovation system than the regions in the 
low specialization cluster (35.7%+7.1 %). In other words, specific technological 
characteristics, whatever they are, are helpful in regional progress. 
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Table II.S. The relationship between 80s "technological clusters" and 90s 
"innovation systems", cross-classification of regions 

80s tech cluster** 

Low Basic 
specialization metal 

. !:JUS!' High lnno, high performance/high tech 5* 
mnova 10n %within 90s' cluster 14.3% 

system %within 80s' cluster 35.7% 
%of total 4.9% 
Low lnno, I now tech cluster 5 
%within 90s' cluster 83.3% 
%within 80s' cluster 35.7% 
%of total 4.9% 
Traditional /high employment cluster 1 4 
%within 90s' cluster 2.0% 8.0% 
%within 80s' cluster 7.1% 100% 
%of total 1.0% 3.9% 
Natural-fesource /low growth cluster 3 
%within 90s' cluster 25% 
%within 80s' cluster 21.4% 
%total 2.9% 

14 4 

Total 13.6% 3.9% 
100% 100% 
13.6% 3.9% ... 0 Note. . Numbers 1n the table are numbers of reg1ons, Yo as explained 1n the table. 

.. : See Chapter 2 appendix: Appendix 11.1. 

2.8 Summary and Discussion 

Natural-
ICTand Bio- resource-
motor chemical & based & 

oriented basic Metal traditional 
industrial 

13 5 12 
37.1% 14.3% 34.3% 
56.5% 25.0% 28.6% 
12.6% 4.9% 11.7% 

1 
15.7% 
2.4% 
1.0% 

9 14 22 
18.0% 28.0% 44.0% 
39.1% 70.0% 52.4% 
8.7% 13.6% 21.4% 

1 1 7 
8.3% 8.3% 58.3% 
4.3% 5% 16.7% 
1.0% 1.0% 6.8% 

23 20 42 
22.3% 19.4% 40.8% 

100.0% 100.0% 100% 
22.3% 19.4% 40.8% 

Total 

35 
100.0% 
34.0% 
34.0% 

6 
100% 
5.8% 
5.8% 

50 
100% 

48.5% 
48.5% 

12 
100% 

11.7% 
11.7% 

103 
100% 
100% 
100% 

The main goals of this chapter are 1) to construct crucial characteristics to describe 
regional differences; 2) examine different types of regional innovation systems by 
clustering regions on the basis of these crucial characteristics; 3) and to analyze the 
dynamic changes in regional development over time. First, the crucial regional 

characteristics in economic and technological dimensions are extracted from various 

indicators. Static economic characteristic and dynamic economic characteristic are 
extracted distinctively to yield different economic factors. The innovativeness 

characteristics, which express regional R&D capability and knowledge bases, and the 

labour employment characteristics, which show regional labour market phenomena, are 

both constructed to explain the role of regional human resources. Technological 

specialization factors are extracted from 22 manufacturing sectors. These technological 

specializations are not classified into just high-tech I low-tech technological 
characteristics, but several distinct characteristics, including ICT-related technological, 

traditional technological and natural-resource related technological characteristics. 

Next, we have applied these crucial dimensions to discover different types of 

innovation systems in European regions and to determine the characteristics within each 
innovation system. Four types of innovation systems are found in European regions: 

high-innovativeness & high-tech development system; low-innovativeness/low economic 

performance & low specialization; high employment & traditional & basic metal 

industrial system; and low growth & natural-resource based technology system. From 
the specific combinations of economic and technological characteristics within these 

clusters I systems, we find that "innovativeness", i.e. regional R&D capabilities and 
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skilled labour resources, is related to technological development, especially high-tech 

technological development. Better economic performance, both high-tech technological 
development and "multiple" technological developments, such as traditional 
technologies and basic metal, correlates with positive economic outcomes. Furthermore, 
we notice the dynamic growth performance is worst not in the low specialization cluster 
but in the natural-resource based cluster. 

Technological characteristics in the 1980s are a base for further development in the 

1990s. First, we have found that previous technological specializations tend to lead the 
regions to develop related technologies in later periods. For example, regions 
specializing in high-tech technological development in the 1980s have more advantages 
toward high-tech innovation systems. Secondly, the technological base in the 1980s 
implies advantages or disadvantages towards becoming a higher-order regional 
innovation system. The regions in the 1980s natural-resource & technological cluster or 
else in the 1980s high-tech clusters have a greater chance to be in a higher-order 

innovation system. This can be seen in the 1990s high-tech cluster or traditional & 

multiple cluster more so than the regions in the 1980s low specialization cluster. 

We acknowledge that our analysis holds some limitations that should be solved in 
further research work. The first limitation is caused by data availability. We cannot 
include all variables for all regions in both the 1980s and the 1990s. Therefore, the 
economic data of the 1980s cannot be used to construct economic factors since there are 

some missing values for many regions. The lack of 1980s economic factors prevents us 
from identifying types of innovation system in the 1980s as we were able for the 1990s. 

We are also unable to explain whether economic performance (and growth) could be 
another resource base for a region to develop technological characteristics, i.e., to address 
a "reverse" causality between performance and innovation. If these crucial indicators 

could be applied in further analysis, the comparisons between two periods would better 
explain the changes in regional development. Indicators in a model are always argued 
that they are insufficient to reflect the true phenomenon. Additionally, as Szirmai (2005) 

discussed, besides economic indicators, there also exist many social dimensions which 
can be used to explain the real development. If more other social dimensions are 

considered, another deliberate taxonomy of RISs is expected. 

In such a more complete analysis of taxonomizing 1980s and 1990s regional 

innovation systems, a more robust methodology should be applied to the relationships 
between characteristics and changes between periods. We only apply cross-tabs statistics 
to show the dependency between the two dimensions. If data sets were more complete, 

the relationships between some economic and technological characteristics could be 
explained as two-way relationships. These would examine not only the influence from 
technological progress on economic development, but also test the influence of an 

economic base on technological development. We also suggest that confirmatory factor 
analysis should be applied to clarify these different characteristics and thus if path 
analysis (P A) or structural equation model (SEM) could be used to determine the 
existence of a causal relationship between characteristics (this will be discussed further in 

Chapter 4 below). 

Finally, we admit that there are some unsolvable quantitative problems in the 

procedure of cluster analysis. Cluster analysis shows us a general trend but not the 
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perfect classification that fits all realities. The limited number of cluster that we used 
might cause some unexpected results, i.e., individual regions classified in "surprising" 

clusters. Despite such limitations, our analysis helps to outline the crucial regional 
characteristics, describes the different types of innovation systems, examines the 
relationships between specific characteristics, and shows the role of initial technological 
characteristics. 
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Appendix II 

Appendix 11.1: Tables of Region Distribution 

Low specialization 

Basic metal 

ICT and motor oriented 

Bio-chemical and basic metal 

Natural-resource -based and 
trad~ional industrial 

AT11 DES OED DEE DEG ES12_3 ES24 ES53 ESS1 FRS31TB NL34 PT13 
DK3NOS Fl15 

AT33_ 4 FR41 IT33 SE06 N02 N04 NOS 

AT21 DE1 DE2 DE3 DE4 DE5_9 DES_F FR1 FR25 FR2S FR43 FR52 FRS2 
GR2_3 1T1 IT2 NL41 SE01_02 UK4 UKS UKS UK7 UKA 

AT22 AT31 BE1 BE2 BE3 DE7 DEA DEB_C FR22 FR23 FR3 FR71 FR721TS 
NL32 UK1 UK2 UKS UK9 CH1 CH2 CH3 

AT12_3 AT32 ES21_2_3 ES3 ES51 ES52 FR21 FR24 FR42 FR51 FR53 
FRS1 FRS2 FRS3 FRS1 IT31 IT32 IT4 IT51 IT52 IT53 IT7 ITS IT9 ITA NL 1 
NL21 NL22 NL23 NL31 NL33 NL42 SE03_04 SEOS SE07 SEOS UK3 UKB 
DK1 DK2 N01 N03 Fl1 Fl13 Fl14 IE 

Table A(II.1).2-1. Types of innovation system in 90s (setting as 5 clusters) 

90s' Innovation sysfem '} i%!\'1 Region ¥8P' 
Low specialization/low 

ES12_3 ES24 ES42 ES43 ESS1 ES7 FRS3 FRS1 FRS31TS IT91TA Fl2 
innovativeness, low employment 

High-tech and high BE1 DE2 DE3 DES_F ES3 ES51 FR1 FR52 FRS2 FR71 FRS2 NL31 NL32 
innovativeness, high growth NL33 NL41 SE01_02 SE03_04 SEOS UK4 UKS UKS UKA Fl11_2 FI151E 

AT12_3 AT21 AT22 AT31 AT32 AT33_ 4 BE2 DE1 DE5_9 DE7 DEA DEB_C 
Trad~ional and transportation I ES21_2_3 ES52 FR21 FR22 FR23 FR24 FR25 FR2S FR3 FR41 FR42 FR43 
high economic performance FR51 FR53 FRS1 FR72 IT1 IT2 IT31 IT32 IT33 IT4 IT51 IT52 IT53 ITS NL21 

NL22 SEOS SE07 SEOS UK1 UK2 UK3 UK7 UK9 LU 

Natural-resource /low growth 
BE3 DE4 DES OED DEE DEG ES53 GR1 GR2_3 IT7 ITB NL 1 NL34 NL42 
UKS UKB Fl13 Fl14 

Low specialization and low 
AT1 1 ES11 ES41 ESS2GR4NL23PT11 PT12PT13PT14PT15 

innovativeness 

Table A(II-1).2-2. Types of innovation system in 90s (setting as 6 clusters) 

90s' Innovation system (6 , ,~ion 
dusters) ;p, K @\$f l{j 

Low specialization /low 
AT11 ES11 ES12_3ES41 ES42ES43ESS2ES7FRS3GR4PT11 PT12 

innovativeness and low economic 
performance 

PT13 PT14 PT15 Fl2 

Natural-resource /low growth BE3 ES53 GR1 GR2_3 1T71TS ITB NL34 UKB Fl13 Fl14 

ICT-related and high 
DE2 DE3 DE4 DES_F DES OED DEE DEG ES51 FRS2 FR82 ITA NL31 NL33 

innovativeness 
NL41 NL42 SE01_02 SE03_04 SEOS UK4 UKS UKS UKS UKA Fl11_2 Fl15 
IE 

Trad~ional and transportation I 
AT32 AT33_ 4 DE1 DE5_9 DE7 DEB_C ES24 ES3 ES52 ESS1 FR21 FR22 
FR23 FR24 FR25 FR42 FR43 FR51 FR52 FR53 FRS1 FRS3 FR72 FRS1 IT1 

low innovativeness 
IT32 IT4 IT51 IT53 IT9 NL1 NL21 NL22 NL23 SEOS SE07 UK7 UK9 

Trad~ional and basic metal/ high AT12_3 AT21 AT22 AT31 BE2 DEA ES21_2_3 FR2S FR3 FR41 FR71 IT2 
economic performance IT31 IT33 IT52 ITS NL32 SEOS UK1 UK2 UK3 LU 

Bio-chemical/ mid innovativeness 
BE1 FR1 

& economic performance 
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Appendix 11.2 - Regions and Countries 
Table A(II.2).1. The region codes 

(For the following oountries/regions the NUTS classification has been used) 
Austria France 
AT11 Buraenland FR1 lie De France 
AT12+AT13 Niederosterreich FR21 Chamoaane-Ardenne 
AT21 Karnten FR22 Picardie 
AT22 Steiermark FR23 Haute-Normandie 
AT31 Oberosterreich FR24 Centre 
AT32 SalzburQ FR25 Basse-Normandie 
AT33+AT34 Tirol And VorarlberQ FR26 Bourgogne 

FR3 Nord-Pas-De-Calais 
Belaium FR41 Lorraine 
BE1 Brussels Hfdst. Gew FR42 Alsace 
BE2 Vlaams Gewest FR43 F ranche-Comte 
BE3 ReQion Wallonne FR51 Pays De La Loire 

FR52 BretaQne 
Germany FR53 Poitou-Charentes 
DE1 Baden-WurttemberQ FR61 Aquitaine 
DE2 Bay ern FR62 Midi-Pyrenees 
DE3 Berlin FR63 Limousin 
DE4 Brandenbura FR71 Rhone-Aioes 
DE5+DE9 Bremen And Niedersachsen FR72 AuverQne 
DE6+DEF Hamburg And Schleswig-Holstein FRS1 Languedoc-Roussillon 
DE? Hessen FRS2 Provence-Alpes-Cote D'azur 
DES MecklenburQ-Voroammem FRS3 Corse 
DEA Nordrhein-Westfalen 
DEB+ DEC Rheinland-Pfalz And Saarland Greece 
DED Sachsen GR1 Voreia Ellada 
DEE Sachsen-Anhalt GR2+GR3 Kentriki Ellada And Attiki 
DEG ThurinQen GR4 Nisia AiQaiou, Kriti 

Spain Italy 
ES11 Galicia IT1 Nord Ovest 
ES12+ES13 Asturias And Cantabria IT2 Lombardia 
ES21+ES22+ES23 Pais Vasoo, Navarra And Rioja IT31 Trentino-Aito Adige 
ES24 Araaon IT32 Veneto 
ES3 Madrid IT33 Friuli-Venezia Giulia 
ES41 Castilla-Leon IT4 Emilia-Romaana 
ES42 Castilla-La Mancha IT 51 Toscana 
ES43 Extrema dura IT 52 Umbria 
ES51 Cataluna IT 53 Marche 
ES52 Valenciana IT6 Lazio 
ES53 Baleares IT? Abruzzo-Molise 
ES61 Andalucia ITS Campania 
ES62 Murcia IT9 Sud 
ES7 Can arias ITA Sicilia 

ITB SardeQna 
Netherlands United Kingdom 
NL1 Noord-Nederland UK1 North 
NL21 Overijssel UK2 Yorkshire And Humberside 
NL22 Gelderland UK3 East Midlands 
NL23 Flevoland UK4 EastAnglia 
NL31 Utrecht UK5 South East 
NL32 Noord-Holland UK6 SouthWest 
NL33 Zuid-Holland UK? West Midlands 
NL34 Zeeland UKS North West 
NL41 Noord-Brabant UK9 Wales 
NL42 Limbura UKA Scotland 

UKB Northern Ireland 
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Portugal 
PT11 Norte 
PT12 Centro 
PT13 Lisboa E Vale Do Tejo 
PT14 Alentejo 
PT15 Algarve 
Sweden 
SE01+SE02 Stockholm And Ostra Mellansverige 
SE03+SE04 Smaland And Sydsverige 
SEOS Vastsverige 
SE06 Norra Mellansverige 
SE07 Mellersta Norrland 
SEOB Ovre Norrland 

For the following countries, a national classification has been used: 

Norway Based on Fylken 
N01 Akershus, Oslo 
N02 Hedmark, Oppland 
N03 0stfold, Busekrud, Vestfold, Telemark 
N04 Aust-Agder, Vest-Agder, Rogaland 
NOS Hordaland, Sogn og Fjordane, M0re of Romsdal 
N06 S0r-Tr0ndelag, Nord-Tr0ndelag 
NO? Nordland, Troms, Finnmark 
Switzerland Based on Cantons 
CH1 Jura, Neuchatel, Fribourg, Vaud, Geneva 
CH2 Argovia, Appenzelllnner-Rhodes, Appenzell Outer-Rhodes, Basel-Country-Basel-Town, Berne, 

Glarus, Lucerne, Nidwalden, Obwalden, St. Galien, Schaffhausen, Schwyz, Solothurn, 
Thurgovia, Uri, Zug, Zurich 

CH3 Valais, Ticino, Grisons 
Denmark Based on postal regions 
DK1 Hiller0d, Helsing0r, K0benhavn 
DK2 Fyn, Sjaelland ex. Hiller0d, Helsing0r, K0benhavn 
DK3 Jylland 

Finland Based on postal regions 
Fl11 12 Uusimaa, Etela-Suomi 
Fl13 lta-Sumoi 
Fl14 Vali-Suomi 
Fl15 Pohjois-Suomi 
Fl2 Ahvenanmaa/Aiand 

The following countries have been included as a single region: 

I Ireland 
Luxemburg 

Table A 11.2 
Code 
AT 
BE 
CH 
DE 
OK 
ES 
Fl 
FR 
GR 
IT 
NL 
NO 
PT 
SE 
UK 

.2. The countr codes 
Name 
Austria 
Belgium 
Switzerland 
Germany 
Denmark 
Spain 
Finland 
France 
Greece 
Italy 
Netherlands 
Norway 
Portugal 
Sweden 
United Kin dom 
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Appendix 11.3: Factor Analysis for Regional Indicators 

Table A(II.3).1. Economic and innovativeness characteristics 

Economic 
growth (EG) 

Productivity (1999) 
GOP per capita (1997) 
Unemployment 2001-1999 
Employment 2001-1999 
HRST 2000 
Patent number (in per million employee) 1996-1998 
Patent number in high sector (in per million labour force 

1999 
Sectoral employment ratio _ agriculture sector 

Population density 

0.970 
0.865 

0.407 

.0.426 

·0.905 
0.891 

0.834 
0.514 
0.482 

-.0460 
0.453 

GOP per capita growth (2000-1997) 0.939 
GOP growth (2000-1996) 0.785 
Productivi growth (1999-1997) 0.330 

otes: ( ) The blank cells here do not mean ere are no values for these cells but these values are JUSt tiny enough to 1gnore 
when we construct these characteristics. (2) Method: Maximum Likelihood (3) Indicator of industrial sectoral employment ratio is 
included in the factor analysis model but the factor loadings are lower than 0.3 in all four factors. 

Table A(II.3).2-1. 90s' technological characteristics 

~s Traditional 
industrial- Bio-chemical ICT related Basic metal Transportation 

rs related related technologies related 

Wood and products 0.693 

Other manufacturing 0.667 

Simple metal products 0.621 
Textiles 0.494 

Non-€lectrical 0.479 

Plastic and rubber 0.334 

Phannaceuticals 0.884 

Chemicals 0.693 

Food products 0.609 

Refined oil etc 0.378 

Computers and office machines 0.798 

Electronics 0.735 

Instruments 0.467 

Ships and boats 0.331 

Ferrous basic metals 0.849 

Non-ferrous basic metals 0.784 

Motor vehicles 0.761 

Other transport 0.642 

Electrical machinery 0.379 

Aerospace 0.302 

Paper and printing 

Non-metallic minerals 
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Table A(II.3).2-2. 80s' technological characteristics 

~tics IL; r_ reratea_ ana . Naturar-resou~~:e Bio-chemical Basic metal h1gh tech base technological related technologies Motor vehicles 
In transportation related 
Com_puter and office machines 0.671 

Electronics 0.625 

Instruments 0.618 

Food _p_roducts 0.588 

Electrical machinery 0.577 

Aerospace 0.519 

Other transport 0.505 

Ships and boats 0.437 

Wood and product 0.635 

Simple metal products 0.604 

Other manufacturing 0.593 

Non-metallic minerals 0.579 

Paper and printing 0.521 
Non-electrical machinery 0.514 

Chemicals 0.838 

Pharmaceuticals 0.688 

Refined oil etc 0.487 

Textiles 0.346 

Non-ferrous basic metals 0.883 

Ferrous basic metals 0.687 

Plastic and rubber 0.412 

Motor vehicles 0.470 
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CHAPTER 3 
The Role of National Borders and Regions in Knowledge 

Flows1 

3.1 Introduction 

One of the key issues surrounding national systems of innovation is that knowledge does 

not flow easily between them. In the European context, this may be seen as a crucial 
aspect hindering the effective application of knowledge in an economic way. With many 
different national systems of innovation existing in the (recently enlarged) European 

Union, a lack of scale economies with regard to knowledge may easily become an issue. 
At the same time, however, diversity may enhance system performance. 

Our main research question in this chapter is how the diffusion of knowledge is 

affected by the partitioning of the European innovation system (we do not intend to use 
this term to indicate homogeneity) into smaller national systems. To this end, we will 

conceptualize the European innovation system as a set of interconnected regions, where 
the regions are partitioned into national systems of innovation. We then apply 
methodologies from social network analysis to analyze the partitioned network of 

regions. 

From a theoretical perspective, we argue that the regional level of analysis is 

especially useful to identify linkages (knowledge flows) between separate national 

systems of innovation. This line of argument is summarized in the next section. We will 
specifically use the notion of a higher order regional innovation system (RIS), a term we 

borrow from Cantwell & Janne (1999) and Cantwell & Iarnrnarino (2001) (see also 
Chapter 1), to describe a special type of region that manages to connect disparate 

national systems of innovation. Our empirical analysis is aimed at conceptualizing a 
method to identify these higher order regional systems, and applying this to our dataset. 

The third section summarizes the existing empirical research looking at the role of 

borders and regions in knowledge flows. We focus on summarizing the quantitative 
(econometric) literature that uses the same type of indicators as our empirical analysis 
(patent citations). 

In section four our database and methodology is shortly summarized. Section five 

presents the empirical findings; first in terms of descriptive statistics, then in terms of 

descriptive network analysis, and finally in terms of an analysis aimed at identifying the 

1 This chapter draws on joint work with Bart Verspagen, published as "The Role of National Borders and Regions in 
Knowledge Flows" in Edward Lorenz & Bengt-Ake Lundvall (eds.) (2006), How Europe's Economies Learn, London: 
OUP. 
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higher order RIS in Europe. The line of argument and findings are summarized in the 
concluding section as well as a short discussion on policy implications. 

3.2 Systems of Innovation and National Borders 

The notion of a system of innovation was introduced in a national context. Since the 
seminal contributions by Freeman (1986), Lundvall (1992) and Nelson (1993), the concept 
of a National System of Innovation (NSI) has become the prime vehicle for analyzing 
knowledge interactions in the national context. The concept of an innovation system 
arises from the idea that innovation is, to an important extent, a collective phenomenon 
in which multiple actors contribute to a final outcome. The network of interaction 
between actors is the most important subject of study in the innovations systems 
literature. The outcome of such networks depends on the set of actors (e.g., firms, 

customers, policy makers, public research institutes, and universities), the institutions 
with which they work and which they create, and finally the (absence of) interaction 
between the actors. 

The leading idea of the NSI concept explains that all major elements of an 
innovation system are influenced to an important extent by national factors. Actors may 

be influenced by national borders because they operate to an important extent in a local 
context (e.g., for a typical firm, a majority of customers and suppliers are domestic firms). 
Additionally, in the case of non-private actors, they are financed and governed by 

national policy makers (public research institutes, or universities). Rules and regulations, 
as laid down in both formal law and less formal institutions, are also deeply dependent 
on the national context, both because of cultural heritage and legal jurisdictions. 

Thus, the early literature on innovation systems stressed that these systems may 
differ deeply between countries. Based on a detailed descriptive research strategy, 

differences between these national systems may be revealed, and causal factors behind 
differences in national performance with regard to innovation (and ultimately economic 

performance) may be identified. Although the notion of a 'global best-practice' system of 
innovation will be considered by most contributors as alien to the theory, the idea that 

some systems of innovation may yield better outcomes than others is surely a motivation 

for the development of the literature. 

However, the notion of a system of innovation has also been fruitfully applied at 
the regional level. The basic idea here is the same; actors in the innovations process, their 

pattern of interaction, and institutions may all be argued to be specific to a region. For 
the case of a RIS (e.g., Morgan, 2004), strong local interactions may result from the tacit 
nature of knowledge. Thus, in order to benefit from knowledge flows (e.g., learning from 

public research institutes, universities or other firms), it may be necessary to be located 
close to that partner. Also, especially for larger countries, it may be argued that cultural 

backgrounds, and the associated informal rules of the game and institutions, may be 
more characteristic for the regional level than for the national level. 

In this chapter, we will embrace both the notion of a NIS as well as that of a 

Regional System of Innovation. We will argue that both types of systems are important 
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alongside the interaction between the two. More specifically, our first working 
hypothesis is that the interaction between knowledge actors is relatively strong at both 
the national and regional level. In the next section, we will summarize the econometric 

evidence based on patent statistics that support this hypothesis, and we will also 
illustrate the phenomenon using our own dataset in the subsequent section. 

Based on this point of departure, we will argue that Regional Systems of Innovation 

may play a crucial role in facilitating interaction between National Systems of 
innovations. As the background for this line of reasoning, we will draw on the notion of 
a 'higher order Regional System of Innovation', a concept that was introduced by 

Cantwell & Janne (1999) and Cantwell & Iammarino (2001). Their work defined a Higher 
Regional System as a region in which knowledge intensity is high, and in which a broad 
range of knowledge activities, rather than a narrow specialization, is represented. 

We define a higher order Regional System differently, drawing on ideas that are 

present in the work of Cantwell & Janne (1999) and Cantwell & Iammarino (2001). We 
use the concept to describe a region that plays a pivotal role in the knowledge transfer 

between distinct national systems of innovation. We may think of a region that attracts 
foreign multinational firms who in tum bring specific knowledge from the national 

system in which they originate. Through interaction with local firms in the foreign region, 
this specific knowledge may be (partly) transferred to the host region (Criscuolo, 2004), 

and even diffused into the national system of innovation of that country. The chain may 
also work the other way whereby the foreign multinational absorbs knowledge from the 
host region, and transfers this back to the home location (again, Criscuolo, 2004). 

Multinational firms may be considered as an important, but not the sole vehicle of 
such knowledge flows. International collaboration between researchers is another vehicle, 

especially in the (semi-) public sector. Interaction that is less directly related to 
knowledge, such as international and interregional trade, may also contribute to 

knowledge flows, albeit in a less direct way. 

Our second hypothesis, which is tested in the empirical part of this paper, is that 

there exist a limited number of regions that are responsible for the majority of knowledge 
flows that occur between National Systems of Innovations. We will use social network 

theory to operationalize this hypothesis, and test it using data on patents and patent 

citations data. 

3.3 Regions, National Borders and Knowledge Spillovers 

In this section, we review the empirical evidence in favour of our first working 
hypothesis, i.e., that knowledge interactions and knowledge flows are more intensive 

within rather than between systems of innovation, when viewed at both the level of 
national and regional level. There are two crucial theoretical inputs to this hypothesis. 

The first one comes from the field of geography, and argues that knowledge activities 

and knowledge spillovers tend to be concentrated in geographical proximity. A long 
tradition of literature argues in favour of this idea (see Caniels, 1999 for an overview). 
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One may draw on traditional agglomeration theory and specific theories of knowledge to 
explain this phenomenon. 

From the point of view of agglomeration theory, knowledge development activities 
(such as R&D) can be expected to concentrate in an area where there is a common 
resource pool, such as skilled workers with a specific expertise, or a public research 
institute or university. This common resource pool may act as a vehicle for knowledge 
spillovers between the firms that it attracts. For example, workers move between firms, 

researchers in a university participate in the same professional networks as private 
researchers. Additionally, knowledge theory contributes to this the idea of tacit 
knowledge (e.g., Johnson et al., 2002). Tacit knowledge, as opposed to codified 
knowledge, is not easily transferable, and in many cases requires face-to-face contact. 
Obviously, such transfers are facilitated by short geographical distances, although in the 
age of trans-continental flights and advanced electronic communication, it is not entirely 
impossible at longer distances. 

The idea of geographically concentrated knowledge activities and spillovers was 
put to the test in a seminal paper by Jaffe et al., (1993). They used patent citations as an 
indicator of knowledge spillovers2• For a sample of U.S. patents, they found that patent 
citations were more likely to occur between two patents that originated from the same 

region (they apply both U.S. states and smaller geographical units). By controlling for the 
pre-existing pattern of agglomeration of patents, they were able to convincingly show 
that stronger knowledge interaction results from shorter distances. Maurseth & 

Verspagen (2002), although using a different statistical approach and using European 
patents rather than U.S. patents, yet were also able to show the same findings in 
European regions. They included data on most countries in the EU, and used a sample of 
approximately 125 regions, defined both at the NUTS-2 and -3 level. Breschi & Lissoni 

(2001) are critical of these findings, and they argue that the observed citations are often 
more related to market-exchange of technology (e.g., universities contracting research to 
firms) rather than pure spillovers. 

The above finding, which has given rise to rather elaborate literature on the spatial 

nature of knowledge spillovers, firstly points to the importance of a Regional System of 
Innovation. However, because the statistical evidence also indicates that knowledge 
flows are relatively intense between neighbouring regions, it is also related to the idea of 

a National System of Innovation. Nearby regions are more often found within a 
country's borders than between different countries. However, there is also additional 
evidence showing that national borders play a crucial role in National Systems of 
Innovation. In the model by Maurseth & Verspagen (2002), country borders are 

represented as an explanatory variable in the form of dummies. Their model takes the 
number of patent citations between two regions as the dependent variable. The dummy 

indicating that two regions are within the same country comes out positive and 
significant. The model also includes an additional dummy that indicates whether or not 

the two regions share the same language. This too comes out as a positive and significant 

' Our review of the empirical literature here will be limited to the key contributions using formal quantitative 
methods, and patents and patent citations as the indicator of knowledge activities. This is closest to our own 
methodology below. Chapter 1 has provided a somewhat more elaborate survey. 
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influence on knowledge spillovers. Although some languages (German, French and 
Dutch) are shared between more than one country in the sample of Maurseth & 

Verspagen (2002), they are still related to National Systems of Innovation. Concluding 
from their results, Maurseth & Verspagen (2002) state that "citations within countries are 
from 18 to 154 percent more numerous than between countries" (p. 540), and that 

"[h]aving the same language increases the knowledge flows between two regions by up 
to 28%" (p. 541). 

Similar findings are obtained for U.S. patents by Jaffe & Trajtenberg (1996, p.12677), 
who investigate the extent to which U.S. patents are cited within and outside the national 
borders of the U.S. They estimate a model of the number of citations made to a patent 
over a longer period of time, and distinguish between domestic (U.S.) citations, Canadian 

citations, and citations from Europe. Cited patents are always patents originating from 
U.S. universities or public research institutes. The model that they estimate postulates the 
knowledge diffusion from a patent document. It appears to initially grow rapidly, but 
following the peak, the total amount of knowledge diffused declines. 

According to their findings, the model shows that knowledge diffusion within 
domestic areas is different from the diffusion cross-nations. They showed that patents 

granted to United States inventors are much more likely to cite previous United States 

patents than patents granted to inventors of other countries. The frequency of citation 
from the same country (US) is almost twofold the frequency of citing from other 
countries. The effect of national borders tends to grow during the early period while the 
national barriers tend to decrease as time passes by. 

The most striking of their findings with regard to geographical borders is that 
knowledge diffusion within national borders is quite different from the diffusion across 

nations. Patents granted to U.S. applicants are much more likely to cite previous U.S. 
patents than those granted to applicants in other countries: the frequency of citation from 

the U.S. is almost twofold that of other countries. 

However, this localisation effect is not consistent over time. The effects of national 

borders steeply increase in the immediate period after publication of the cited patent, but 
decreases when time passes by. In other words, the effects of national borders fade over 

time. The results also suggest that countries with larger cultural and/or geographical 

distance from the U.S. experience stronger negative border effects. Canada, as a U.S. 

neighbour shows the highest frequency to cite U.S. patents, followed by Europe (E.E.C.) 

and Japan. 

The empirical econometric literature on patent citations thus seems to confirm the 

importance of borders for knowledge flows. Based on this, we further examine how 
national borders impact on knowledge interactions across European countries. 
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3.4 Data and Methodology 

3.4.1 Data 

We rely on patents and patent citations as indicators of knowledge activities and 
knowledge spillovers. Patent documents contain a detailed description of the patented 
innovation. In addition to the name and address of the innovator and the applicant, 

patent documents also contain references to previous patents, i.e. patent citations. The 
legal purpose of including patent references is to indicate specifics of the described 
knowledge claimed in the patent, and those parts that other patents have claimed earlier. 

From an economic point of view however, the assumption is that reference to a previous 
patent indicates that the knowledge in the latter patent in some way contributed to 
developing the new knowledge described in the citing patent. This is the line of 
reasoning offered in Jaffe et al. (1993) for US patents. The detailed case study by Jaffe et 
al. (2000) on a limited sample of patents concludes that patent citations are a "valid but 
noisy measure of technology spillovers". 

We will use citations between European patents as a measure of knowledge flows. 
The dataset that we will use is in principle the same as the patent dataset used in the 
previous chapter, but we complement it with citation data here. Data on patent citations 

in Europe are obtained from the European Patent Office (REFI tapes). There is one major 
difference with regard to citations between the European and U.S. patent datasets. This 
concerns the requirements for the applicant with regard to describing the state-of-the-art 
knowledge in the field; this is expressed by means of a list of references (citations). In the 

USPTO system the applicant, when filing a patent application, is requested to supply a 
complete list of references to patents and non-patent documents. In contrast, the EPO 

system gives the applicant the option to supply such a list. In other words, the US makes 
this a legal requirement and non-compliance can lead to subsequent revocation of the 
patent, whereas in Europe it is not obligatory. As a result applicants to the USPTO 
"rather than running the risk of filing an incomplete list of references, tend to quote each 

and every reference even if it is only remotely related to what is to be patented. Since 
most US examiners apparently do not bother to limit the applicants' initial citations to 

those references which are really relevant in respect of patentability, this initial list tends 
to appear in unmodified form on the front page of most US patents." (Michel & Bettels, 
2001, p . 192). This tendency is confirmed by the number of citations that on average 

appear on USPTO patents. Michel & Bettels report that US patents cite about three times 
as many patent references and three and a half times as many non-patent references 

compared to their European counterparts. Citations of EPO patents on the other hand, 
might suffer from the problem that they are mostly added by the examiner, and thus 
only an indirect indication of knowledge actually used by the inventor. 

Still, it is obvious that a citation link in the European case can be seen as an 
indicator of technological relevance. Moreover, citations in the European system may 
indicate potential spillovers. Although this potential may not have been realized in all 

cases, it is reasonable to assume that since patents are public knowledge, professional 
R&D laboratories would have a reasonable knowledge about existing patents in their 

field. Hence we argue that European patent citations are a useful indicator of knowledge 

flows. 
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It should be emphasized that knowledge flows are a much broader concept than is 
captured by patent citations (U.S. or European). In terms of the distinction introduced by 

Griliches (1979), patent citations focus on a specific form of pure knowledge spillovers. 
Rent spillovers, which reflect the fact that intermediate input prices do not completely 

embody the product innovations or the quality improvements resulting from R&D 
activities, are completely left out. Even within the category of pure knowledge spillovers, 
patent citations (to the extent that they are related to spillovers) are only a part of the 

complete story. For example, in order for patent citations to take place, both the 
spillover-receiving and spillover-generating firm must be actively engaged in R&D and 
apply for (European) patents. 

In addition, patents are an ultimate example of codified knowledge, because they 
require an exact description of technological findings according to legally defined 
methods. One may assume, however, that the codified knowledge flows of patent 

citations go hand-in-hand with more tacit aspects of knowledge flows. According to the 
'knowledge conversion' model by Nonaka & Takeuchi (1995) there is a strong interaction 

between codified and tacit knowledge during the creation of new technological assets. 
Tacit knowledge can therefore be converted into certain forms of codified knowledge 

that can be incorporated in patent documents. 

Our primary data source is the EPO database on patent applications. We select all 
patent applications, whether they have been granted, rejected (or withdrawn), or else are 
still under review. We collect data for two separate periods: 1994-1996 and 1985-1987. In 
both cases, the cited patents are limited to the first year of the period, while citing patents 

may come from all three years. We use the so-called priority date of a patent to allocate it 
to a year. 

Patents are limited to those originating from a set of European regions (documented 
precisely in the Appendix 11.2, see also Chapter 2 for an explanation of how patents are 
assigned to regions). In case of citations, both the cited and citing patents are attributed 

to regions, and in this way we are able to set up an indicator of citation flows between 

regions. Our dataset includes more than 120 European regions for two separate time 
periods. The dataset for 1994-1996 includes 127 regions whereas the dataset of 1985-1987 
contains 126 regions. Some regions have been excluded because they have no patents (as 
was the case for some Portuguese regions). 

The indicator of citations flows between regions is calculated as follows. We start by 

setting up a square matrix of dimension n, which is the number of regions. Each cell in 

the matrix shows the number of patent citations between the two regions in the column 
and row. Note that because patent citations have a direction (citing and cited region), the 

matrix is not symmetric. We denote this matrix by C, where Cii (the elements of the 
matrix) represents the number of patents originating from region i cited by region j. We 

also have a vector R representing the number of patents originating from the region. 
Finally, we construct a matrix F by dividing each element of C by the element of R 

corresponding to the column (spillover receiving) region, i.e., fii = Cii I rj. Note that f is not 
restricted to a value smaller than 1, because a patent usually makes more than 1 citation. 

The natural lower boundary for f is 0. 
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F captures the importance of a particular region as a knowledge input for the 
reporting region. This is the consequence of dividing the elements of C by the element of 

R corresponding to the column of C. This is an arbitrary choice; the alternative is to 
divide by the element of R corresponding to the row of C. This would yield an indicator 
of the importance of various receiving regions in the total spillover originating from a 
particular region. We leave an analysis of such an indicator for a future paper. 

3.4.2 Methodology 

Our methodology draws, first of all, on social network analysis. The matrix F represents 

a network in which the regions are the nodes and the citations the links between them. 
Some nodes are connected directly to each other (when they cite each other's patents), 
others may not be. The crucial assumption behind social network analysis however that 
is even when two nodes (regions) are not directly connected to each other they may have 

other indirect connections. For example, consider the case where Region A is connected 
to Region B, but not to Region C. Region B is connected to Region C and thus knowledge 
may still flow from A to C whereby B acts as an intermediary. This assumption of 

indirect linkage underlies all of our analysis. 

From the toolbox of social network analysis (see Wasserman & Faust, 1994 for an 
overview), we first draw on the theory of brokerage (Gould & Fernandez, 1989).3 This is a 

method of classifying relationships within triangles of nodes (such as the example of 
Regions A, B and C above) in a network in which the nodes are classified in groups. In 

our case, the regions belong to countries, which are the groups in our analysis. Brokerage 
roles are classified into five types, each depending on the groups that have been linked 
by the brokerage. We use only three of the five types, assigned by the nature of the 

problem that we are interested in. These three types are gatekeeper, representative, and 
liaison4• Each of these types represents a specific way in which a regional system of 
innovation may transfer knowledge between National Systems of Innovation. The 
precise definitions of the brokerage types are shown in Table III. I. 

A related concept, also prominent in the social network analysis literature, is the 
notion of a "structural hole" (Burt, 1992; Brass et al., 1993; see, e.g., Powell et al., 1996; 

Gulati, 1998, for applications to knowledge networks). This comes from the idea that 
centrally located nodes in a network may be able to influence network resources. (i.e., are 

connected to many other nodes). In particular, Burt (1992, 1997) proposed the concept of 
a structural hole and emphasized that nodes that have links to other nodes in different 
groups of the network are relatively influential. Note that in terms of the definitions in 
Table III.1, all of the underlined regions in the second column reach out to different 

groups in the network, and thus satisfy Burt's definition.5 Nodes that act like a bridge 
between groups in the network will absorb and transmit crucial information through the 
network. In other words, in terms of our research question, the regions that we are 

3 All calculations involving social network analysis are made using UCINET 6.0 (Borgatti, Everett, & Freeman, 2002). 
' The other two roles, consultant and coordinator, involve links between two regions in the same country, and are 
therefore not of prime interest to our research problem. 
s This illustrates the similarity between the concept of brokerage and the notion of structural holes. 
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interested in (those that connect National Systems of Innovation), will play crucial 
brokerage roles for facilitating knowledge interactions, and will tend to be situated in the 
central part of network. 

1. A gatekeeper absorbs knowledge from other countries and 

passes it on to home country regions 

2. A representative diffuses knowledge from home country 

regions to regions in foreign countries 

3. A liaison enhances knowledge interactions between other 

countries 

Note: The definitions apply to the underlined region in the second column. 

A->B.->8 

A->4->8 

A->~->C 

The structural holes approach leads us to use the below three indicators, which are 
all derived from Burt (1992). The first of these is Effective Network Size of a region. 

When computed for region k, this measure refers to the network of all regions that are 
directly connected to k (the ego-network of k). Included in this network are not only the 

direct connections to k, but also (if they exist) the connections between two regions that 
are both connected to k. The effective network size of k is the number of nodes in this 

network (not counting k itself) minus the average number of connections each node has. 
The idea behind this is that when k has connections to regions to which it is already 
indirectly connected, these connections are redundant and therefore do not contribute to 

the effective network of k. The second indicator, Constraint of region k, is related to this. 
It measures the degree to which region k is connected to regions that are already 
connected to other regions within k's ego-network. The last measure, Hierarchy, 
measures how much the Constraint value depends on a single other region (node in the 

network). 

3.5 Empirical Results 

3.5.1 Descriptive statistics: Density of interaction within and between 

national systems of innovation 

Firstly we look at the density of interaction within National Systems of Innovation as 

well as between them. In other words, we partition matrix F into parts that represent 
linkages between regions in each single country, and those that do not. In order to 

calculate the density of the partitions in the matrix, we recode all values ofF into a binary 

value; all positive values are transformed to a 1. The density is then calculated as the 
number of all cells in the partition containing a 1 divided by the total number of cells in 

the partition. 

The hypothesis that knowledge interactions are hindered by national borders 

corresponds to the statistical null-hypothesis that the density is higher in the within

country interaction partitions of the matrix. In order to examine this we apply a one-
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factor ANOV A table and document the basic descriptive statistics in Figure III.l. The 
complete density matrices are shown in the Appendix III.l. 

AT BE DE ES FR GR IT NL PT SE UK NO CH DK Fl 

Figure III.l. Density of interaction within national 
systems of innovations 

Nation 

The density of interaction withln countries is much higher than the density between 

countries. This is confirmed in the ANOVA analysis in Table III.2 (p-values < 0.0001), 
which thus supports our first hypothesis of relatively strong interaction withln national 
borders. Figure III.1 shows the values of withln-country densities for the two periods (the 
density of the total matrix, taking into account both withln- and between-countries, is 

equal to 0.12 and 0.10, respectively for the 1980s and 1990s). With the exception of Spain, 
Portugal, and Greece (the latter only in the 1980s), the densities reported in Figure III.1 
are all higher than the average density of the whole matrix. The three reported countries 
are an exception to this general trend, indicating that their NISs, at least when measured 
by our indicator of patent citations, are less interactive than the others. 

We also find significantly different density between the two periods. The t-test 
statistic shows that the density in the 1990s is significantly smaller than the density in the 
1980s (P<0.005) 6• As Figure 111.1 shows, however, the trend of increasing density is not 
observed for all countries. For example, the within-NIS density of Sweden, the UK and 

Norway decreased sharply from the 1980s to the 1990s. Contrarily other countries show 
limited fluctuation in density. To note, the density reduction in the above three countries 
is the main source of the decrease in the entire network density. 

6 In order to compare the density in two periods, equal sample size is required. For the dataset in 1990s, we ignore 
the region PT12. The !-statistics is -2.662 (p-value<0.005), indicating that the density in the 1990s (0.1055) is 
significantly smaller than the density in the 1980s (0.1228). 
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Table III.2. ANOVA analysis for density of interaction 
a) 1984-1986 

Source of Variation ss Df MS F P-value 
Treatment (Between groups} 

Within-NfS vs. between- 'O.S129 1 0 .8129 40.7519 0 .0000 
/II ISs 

Within groups 4.4483 223 0 .0199 
Total 5.2611 224 

b) 1995-1997 

Source of Variation ss Df MS F P-value 
Treatment (Between groups) 0.9823 1 0.9823 70.7535 -6.0000 

Within-NIS vs. between-NISs 
Within groups 3.0960 223 0.0139 
Total 4 .0783 224 

The results for density can be graphically illustrated by means of the network plots 

in Figures III.2 and III.3. These graphs were produced in the Netdraw module of Ucinet, 

using a spring-embedding algorithm. This is a heuristic method that aims to plot the 
network in 2D space in such a way that nodes with strong interaction are plotted closely 

to each other. The method is heuristic in the sense that it does not (necessarily) provide 
an 'optimal' lay-out of the network, but it does convey the main nature of the interaction 

between nodes. 

The different colours of the nodes represent the different nationalities within the 
regions. We find that the same coloured nodes tend to be closer together than those 

differently coloured, another indication to support stronger within-border interactions. 

The individual interactions between the regions are not easy to identify due to the large 
clutter of lines in the graph. In the appendix III.2, we provide similar figures where we 
omit lines with relatively small weight (cells with a low value in matrix F). 

In summary, the descriptive results clearly show the importance of borders, and 
hence national systems of innovation, in determining knowledge flows (patent citations) 
between regions in Europe. Country borders hinder knowledge flows yet nevertheless, 
the matrix F also shows selected interactions between regions that are not part of the 
same country. These specific interactions will be the subject of the analysis below where 
we try to identify the 'higher order regions' that act as brokers between the national 

systems of innovation of Europe. We start with a graphical representation of these 
linkages, limiting ourselves, for the moment, to the country-level. 
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Figure 111.2. The knowledge flows network in the 1980s 

Fiaure 111.3. The knowledae flows network in the 1990s 

Note: The nodes not included in the network indicate that these regions (e.g. ES43, ES7, FR83, etc.) have no interactions with the 

regions in the networks. 
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Figure 111.4. Strong linkages between countries, 1980s 
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Figure III.S. Strong linkages between countries, 1990s 
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In order to do this, we select the 'strong linkages' between countries and document 

them in network graphs similar to Figures Ill.2 and Ill.3. As a benchmark, we use the 

within-country density for each country. We then select links with other countries by 

comparing the within-country density to the density in the partition of matrix F with 

corresponding links to a particular (other) country. In case of the density of this partition 
being higher than the within-country density, the link with this country is included in the 

graph. As an example, consider the within-country density of Italy in the 1990s, which is 
approximately 0.4. Looking at the partition of the matrix that represents linkages 

between Portugal and Italy, it is found that it has a higher density than 0.4, and hence the 

link from Italy to Portugal is included in the network plots in Figures Ill.4 and IlLS. 

Figure Ill.4a and Ill.Sa display the strong linkages that diffuse knowledge whereas Figure 
Ill.4b and Ill.Sb include the stronger linkages that receive knowledge. 

The networks in the diffusing part of the graphs (4a and Sa) are relatively sparse. 
Not many countries are present in these graphs. This indicates that in terms of 'sending' 

spillovers, most countries do not have many specific 'targets'. Of the relationships found 

in the 1980s, we find that Germany diffuses relatively strongly to its neighbour countries 

Belgium and Switzerland (but not it's three other neighbours in the sample, The 

Netherlands, Austria and Denmark). The link to Switzerland survives into the 1990s. 

The figures that represent relatively strong receiving links (4b and Sb) are less 
sparse. Here the most notable part is the central position of the Southern European 
countries that have relatively few patents (Spain, Portugal and Greece). These countries 

attract important (relative to their own technology effort) spillovers from the main 

European technological leaders, such as Germany, Switzerland, the UK and Sweden. 
However we also find that some highly developed countries, such as France and the 
Netherlands, have a relatively high knowledge inflow from other highly developed 

countries, e.g. Germany or Belgium. Together, the graphs in Figures Ill.4 and Ill.S clearly 

show that there are some 'preferential' linkages between national systems of innovation. 
The role of regional innovation systems in this will be the topic of the remainder of the 

empirical analysis of this paper. 

3.5.2 Identifying higher order regional systems of innovations 

The brokerage analysis is aimed at identifying the triangles of regions explained in Table 

Ill.1 above. For each region in the sample we simply count the number of times it is 
present as a gatekeeper, representative or liaison in any one of the triangles. A 

gatekeeper transfers knowledge from abroad into its own country, and a representative 
transfers knowledge from its own country abroad. In Table Ill.3 we report, for each 
country, the region with the highest gatekeeper and representative score (in a limited 

number of cases, there are two regions which score the same on top of the country lists). 
Remember that these two brokerage roles are crucially related to the knowledge flows in 
and out of the country to which the region belongs. 

73 



On Explaining Locational Patterns of R&D Activities by MNEs 

Table 111.3. Most important Gatekeepers and Representatives for each country 
a 1980s 

Brussels Hfdst. Gew BE1 Brussels Hfdst. Gew BE1 

Hessen DE7 Bayem DE2 

Madrid ES3 Baleares ES53 

Rhone-Aipes FR71 ile De France FR1 

Lombardia IT2 Lombardia IT2 

Zuid-Holland NL33 Noord-Brabant NL41 

SE Stockholm & Ostra Mellansverige SE01 -2 
Stockholm & Ostra 

Mellansverige 
SE01 _2 

South East /North West UKS/8 South East UK5 

Akershus, Oslo N01 Akershus, Oslo N01 

Jura, Geneva Neuchiltel, etc. CH1 Berne, Zurich , etc CH2 

DK1 

Fl1 Uusimaa, Etel!i-Suomi Fl1 

b) 1990s 

AT Niederosterreich 1 Steierrnark AT12_3/ AT22 Steierrnark AT22 

BE Brussels Hfdst. Gew BE1 Brussels Hfdst. Gew BE1 

Bayem/Baden-Wiirttemberg DE2/DE1 Nordrhein-Westfalen DEA 

Madrid ES3 Madrid ES3 

ile de F ranee FR1 ile de France FR1 

Kentriki Ellada and Attiki GR2_3 Kentriki Ellada and Attiki 

Lombardia IT2 Lombardia IT2 

Zuid-Holland NL33 Noord-Brabant NL41 

SE Stockholm & Ostra Mellansverige SE01 - 2 
Stockholm & Ostra 

SE01 -2 
Mellansverige 

UK South East UK5 South East UK5 

NO 
0stfold, Busekrud, Vestfold, 

Telemark 
N03 Akershus, Oslo N01 

CH Berne, Zurich, etc CH2 Berne, Zurich, etc CH2 

OK Hillered, Heisinger, Kebenhavn DK1 

Uusimaa, Etel!i-Suomi Fl11_2 Uusimaa, Etel!i-Suomi Fl11_2 

The first finding is that most countries indeed have regions within their borders that 

act as a gatekeeper or representative. Only a few countries, Denmark, Greece and 

Portugal, have no regions which to play (one of) these two brokerages roles. Secondly, it 
is striking that quite often the same region is at the top of the list for both brokerage roles 

at the same time. This is true for Austria in the 1980s and 1990s, Belgium in the 1980s and 

1990s, Spain in the 1990s, France in the 1990s, Greece in the 1990s, Italy in the 1980s and 

1990s, Sweden in the 1980s and 1990s, the UK in the 1980s and 1990s, Norway in the 

1980s, Switzerland in the 1990s and Finland in the 1980s and 1990s. This indicates the 

complimentary brokerage role of representative and gatekeeper. Thirdly, there is a 

74 



The Role of National Borders and Regions in Knowledge Flows 

tendency for regions to be on top of the two lists in both periods, pointing to persistence 

in the brokerage roles over time. In every country, there is at least one region that 
appears in both the 1980s table and the part for the 1990s. 

Liaisons are regions that connect two foreign systems of innovation. They receive 

knowledge from one country and transfer it to a different country in the same triangular 

relationship that was considered in the previous two brokerage roles. Table III.4lists the 

15 regions that are most active as liaisons in both periods. Overall, there is a large 

tendency for the same regions that were already prominent in Table III.3 to be also 
present in Table III.4. Only 6 regions that were not in Table 1!1.3 are now listed in Table 
III.4. In other words, the regions listed so far tend to play multiple brokerage roles, and 

thus play an important role in facilitating knowledge flows in the network. Furthermore, 

many regions are present in Table III.4 on the list for the 1980s and the 1990s, indicating 

that they maintain a strong position over the whole period. Another peculiarity is the 
presence of a large number of regions from Germany, especially in 1990s. 

Table III.4. Regions ranked by score on Liaison role 

CH- Berne, Zurich, etc CH2 693 UK- South East 

DE- Hessen DE7 592 CH- Berne, Zurich, etc CH2 

IT- Lombardia IT2 507 FR- ile de France FR1 

DE - Baden-Wiirttemberg DE1 487 DE-Bayem DE2 

BE - Brussels Hfdst. Gew BE1 451 IT- Lombardia IT2 

UK- North West UKB 439 NL- Zuid-Holland NL33 

SE - Stockholm & Ostra Mellansverige SE01_2 420 DE- Nordrhein-Westfalen DEA 

CH - Jura, Geneva Neuchiltel, etc. CH1 407 Fl - Uusimaa, Etela-Suomi Fl11_2 

DK- Hillerlld, Helsingllr, Kllbenhavn DK1 383 DE- Rheinland-Pfalz & Saarland DEB_C 

NL - Zuid-Holland NL33 376 FR - Rhone-Aipes FR71 

DE-Bayem DE2 348 DE - Bremen and Nledersachsen DE5_9 

UK- East Anglla UK4 345 DE- Hessen DE7 

FR - Rhone-Aipes FR71 298 BE - Vlaams gewest BE2 

NL- Noord-Holland NL32 294 IT-Emllla IT4 

Note: Regions printed in bold do not appear in Table 111.3. 

We now proceed to perform a more formal analysis of the different roles that 

regions play in the knowledge network of Europe. This aims to identify the higher order 
regional systems of innovation that play an important role in connecting the European 
national systems of innovation. 

We apply the three indicators based on the structural holes theory, and three 
brokerage indicators into a factor analysis; the results are shown in Table 1!1.5. The 

datasets in 1980s and 1990s both extract two factors with a high (>86%) portion of the 
variance accounted for. Moreover, the factor loadings for these two factors are similar in 
both periods. The first factor loads high on the effective size of the network and all three 
brokerage variables. Hence we term this factor "network standing" to indicate that it 
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measures in a broad sense the centrality of a region in the knowledge network. 1his 

factor measures the importance of the region's position in the network, as well as its 

abundance of network resources and technological information. The second factor loads 
high on the two remaining indicators, network constraint and hierarchy, and thus is 
called "network constraints". This factor essentially measures the extent to which a 
region has difficulties in obtaining resources from the knowledge network. 

Table III.S. Exploratory Factor Analysis {EFA), factor loadings 

0.908 0.934 
0.905 0.883 
0.806 0.806 

0.981 0.981 
0.950 0.953 

: Only value >0.4 has been reported in the table. 
The concept "networ1< standing" expressing the network position of each RIS is also applied in some models 
in Chapter 4, 6, and 7. 

The factor score on the 'network standing' factor turns out to have a rather peculiar 

(skewed) distribution. We calculate the range between the maximum and minimum 
values on this factor score. It turns out that only 9 (in the 1980s) or 10 (in the 1990s) 
regions occupy the upper-half of this range. This indicates that the distribution of scores 
for this factor over regions is rather skewed, with only a small number of regions taking 

the leading positions, and a large pack of regions that act as followers at quite some 
distance from the leaders. The regions occupying the upper-half of the distribution for 
the two periods are listed in Table III.6, and we consider these as the higher-order 

systems. 

The method that has been used to identify higher order innovation systems is 

admittedly an inductive method. It is not based on objective, pre-specified, quantitative 
criteria. However, the basic variables used in the analysis (based on brokerage and 
structural holes) are rooted in the theory of innovation systems. The factor analysis 
performed on these indicators adequately summarizes the empirical patterns. But the 

half way cut-off for the total range of factor scores is arbitrary. As a result, the list of 
regions obtained in Table III.6 is in no sense the final answer to the question of which are 
the higher order regional innovation systems in Europe. The list may be made longer or 
shorter, according to how strict one would like to make a definition. 

Another prominent feature is the persistence of the lists in the two decades. The 
top-3 in both lists consists of the same regions in both periods, although the order in 

which they appear differs. A total of six regions are found in the list for both periods. 
Furthermore, one may indeed say that many of the regions on the list are more or less 
expected, because these regions are rather well-known as industrial and technological 
centres. Germany, The UK and France appear as the dominating countries, each with at 
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least more than a single region on the list. Interestingly though Germany has the largest 

number of regions on the list overall, it does not have a region in the top-3 of either list. 

In summary, our analysis has used social network theory to identify the regions of 

Europe that play a crucial role in linking the European national systems of innovation. 

We arrive at a list of 9 or 10 regions that can be seen to take this role. 

Table III.6. Higher-order innovation systems as defined by factors sores on the 
'network standing' factor 

Region 

UKS UK- South East 

IT2 IT - Lombardia 

FR1 FR- lie de France 

........ ~f3_?_1_. ____ _£R- ~~<?_ne Alpe~--
DE7 DE - Hessen 

15' % 

Factor l*f: 
Score"l'frilReglon 

4.38 FR1 

3.10 UKS 

2.98 IT2 

2.62 DEA 

Factor 
Score 

FR- lie de France 4.64 

UK- South East 3.92 

IT- Lombardia 3.43 

DE- Nordrhein-Westfalen 2.52 

.... !?§_1___ DE- Baden-Wurttembe~- 2.22 ...... ___ B_E_1 ___ ~§_:_§.r~~-els_I::J!d~!:.S?~~-----?.:.~5--··· 
DE2 DE- Bayern 2.20 DE1 DE- Baden-Wurtternberg 2.08 

UK8 UK- North West 2.13 FR71 FR- Rhone Alpes 2.06 

_ _ :.:C.:..H:=2 _ _ .:..C:..cH..:._-:.:B:.:e:.:.rn:.:e.:..., Z::.u=n-=·c.:..:h,_, e:..:tc.:._ _ _c_1·c:..7.:..7-l CH2 CH- Berne, Zurich, etc 1.96 

NL33 NL- Zuid-Holland 1.91 

3.6 Discussion and Conclusion 

Based on a broad-brush interpretation of the theory of innovation systems, we have 

argued that national borders play an important role in prohibiting knowledge spillovers 

between countries. This is confirmed by our empirical results, which are admittedly 

based on a selective indicator calculated using patent citations. Patent citations have been 

taken as an indicator of knowledge spillovers between regions and the countries they 

belong to; knowledge flows being more intensive within countries than between 

countries. 

Our argument then proceeded to indicate a special role of a selected set of regions, 

the so-called higher order regional innovation systems of Europe, in linking together the 

national systems of innovation. Regional systems are argued to be especially prone to 
play this role because knowledge does not easily flow over large distances. Regions that 

are able, for example, to attract foreign multinationals and extract their spillover effects 

may be key-players in facilitating international knowledge spillovers. These key regions 

act as knowledge centres for other neighbouring regions (in the same country). 

Using tools from social network analysis and multivariate analysis we were able to 
identify a list of regions that may be characterized as higher order regional innovation 

systems for two different periods; the 1980s and the 1990s. It turns out that the list is 

small (depending on the period, 9 or 10 regions), and that the same regions tend to figure 

on the list for both periods. We argue that these regions are the central hubs of the 
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European innovation system. The top-3 for both periods features areas around Paris, 
London and Milan. Knowledge flows in the European innovation system at large depend 

crucially on these hubs, as they greatly diminish the distance between the receiving 

regions at the end of their spokes. 

Our analysis is mainly descriptive; taking a specific view on the nature of 
interaction between national and regional innovation systems and applying this in order 

to paint an impressionistic map of the European innovation system. However, our results 
bear implications for policy discussions, for example on the notion of a European 
Research Area (ERA). In our view, such an ERA must be characterized as a network in 
which there are parts that differ greatly in terms of their density and global connectivity. 

In our view, we argue that different policies must be designed for higher- and lower

order regional systems. While the emphasis in lower-order systems may well be on local 
performance - something that is the current focus for many initiatives related to 
knowledge, technology and innovation in the Structural Funds and other regional 

policies - the higher order systems require a different policy emphasis. Their role as hubs 
is crucial for the performance of the system as a whole, and therefore policies aimed at 
(far-reaching) diffusion are far more appropriate. 

Two lines of further research may contribute to the refinement of such policy 

recommendations. Firstly, a more detailed formal theory is necessary to outline the 
network nature of knowledge flows in the European innovation system. One may think 

of recent advances in network models of knowledge flows (e.g., Cowan & Jonard, 2004) 
as a way to apply quantitative theory to the field of innovation systems. Our results and 

methodology may become more refined when insights from such models are applied. 
Second, we may use the information in our dataset on sectoral specialization of 
innovative efforts in regions (i.e., the data used in Chapter 2). Due to the unevenness of 
knowledge flows between sectors, sectoral specialization patterns may well be related to 

the region's network position. This follows the line of work by Cantwell & Janne (1999) 
and Cantwell & Iammarino (2001) on higher order regional innovation systems. 
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Appendix III 

Appendix III.l: Network Density 

Table A(III.l).l. National network density 

a)1980s 

AT BE DE ES FR GR IT NL PT SE UK NO CH DK FI 

AT 0.2381 O.!XXXJ 0.044 O.!IDI 0.0455 O.!XXXJ 0.0057 0.0143 O.!XXXJ 0.02ll OJX39 O.!IDI 0.1429 0.0052 OJN1 

BE 0.0476 1.0000 0.15.1! 0.0476 02424 O.!XXXJ 0.2222 0.4667 0.0033 O.!XXXJ 0.4545 0.1429 0.1111 O.!XXXJ o.m 

DE O.llm 0.4300 0.4295 0.0024 0.3497 O.!XXXJ 0.2718 0.4231 O.!XXXJ 0.3462 O.ll16 0.1008 0.4615 02051 0.2462 

ES 0.0102 O.!XXXJ 0.0055 0.0275 0.0032 O.!XXXJ 0.0143 0.0071 O.!XXXJ 0.0119 0.026 O.!XXXJ 0.02ll O.!XXXJ O.!XXXJ 

FR 0.0649 02576 0.0074 0.0195 02BST 0.0152 O.<ml 0.1318 0.0114 O.IID> 0.17Ji 0.0519 0.1667 0.1364 0.0018 

G R O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ 

IT 0.0571 0.1111 o.oon o.02ll o.0018 0.0222 0.2952 o.croJ 0.0167 o.ons o.rm 0.0381 o.aro 0.0089 o.!ml 

NL 0.0057 O.ll67 0.0046 0.0357 0.1318 0.0333 0.1400 0.4444 O.!XXXJ 0.1333 o.aro 0.0429 0.1667 O.Zl33 0.0600 

PT O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ 

SE 0.0052 0.0500 0.1282 0.0119 0.1001 0.0500 0.1111 0.1333 0.0417 o.m 0.1212 0.119 O.!XXXl 0.1111 0.1667 

UK 0.1100 0.4848 0.2587 0.1<X39 OZifl O.IID> O.axxJ 0.3455 0.0455 0.1667 0.5818 02078 O.:m> 0.3333 0.16.li 

NO O.!XXXJ 0.0476 0.0110 O.!IDI O.!XXXJ O.!XXXJ O.<mi O.!XXXJ O.!XXXJ 0.0714 O.<X39 0.1905 O.!XXXJ O.!XXXJ O.!XXXJ 

CH 0.4200 0.55$ 0.3846 0.0714 0.4394 O.!XXXJ 0.3778 0.4333 O.!XXXl 0.2778 0.4242 0.1429 0.6667 0.3333 o.aro 

DK 0.0052 0.2222 0.0513 O.!XXXJ 0.0152 O.!XXXJ 0.0089 0.1333 O.!XXXJ O.!XXXJ 0.03ll 0.1429 O.!XXXJ 0.1667 0.0067 

Fl 0.0200 0.1333 0.0615 0.0143 0.0455 O.!XXXJ 0.0267 O.!lm O.!XXXJ 0.1667 O.!XXXJ 0.0571 0.1333 0.1333 o.m 

b)1990s 

AT BE DE ES FR GR IT NL PT SE UK NO CH DK FI 

AT 0.2619 0.1905 0.0600 O.!IDI 0.0455 O.!XXXJ 0.0762 0.0429 O.!XXXJ 0.02ll O.!XXXJ O.!XXXJ O.!XXXJ 0.0476 0.0200 

BE 0.1429 1.0000 0.2564 0.0052 0.197 0.1111 0.3778 0.4000 O.!XXXl 0.1667 02424 O.!XXXl 0.3333 0.1111 0.1333 

DE o.n 0.4103 0.5128 0.1429 0.2832 0.0700 02872 02538 0.0462 0.1795 0.3147 o.1<m 0.5128 0.1026 o.aro 

ES O.!XXXJ 0.02ll 0.0165 O.OG!ll O.OC65 O.!XXXJ 0.02ll O.!XXXJ 0.0143 O.!XXXJ 0.0195 O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ 

FR 0.0714 O.<ml 0.1154 0.0519 0.2814 O.!XXXJ O.<ml 0.1400 O.!XXXJ 0.0455 0.1033 0.0325 0.1364 0.0152 0.0273 

GR O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ 0.1667 0.0222 O.!XXXl O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ 

IT 0.1048 0.1333 0.1026 0.0429 0.0067 0.0067 0.3857 0.0600 0.0133 0.0444 0.0545 0.019 0.0089 0.0222 O.!XXXJ 

N L 0.0057 O.J:XXl 0.1000 0.0214 0.1318 O.!XXXJ 0.0033 D.4667 O.!XXXJ O.!XXXJ 0.1rol 0.0429 0.1333 0.1000 O.!lm 

PT O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXl O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ O.!XXXJ 

SE 0.1667 0.0500 0.0097 0.02ll 0.05ll O.!XXXl 0.0500 0.0033 0.0333 o.Zl33 0.197 0.1667 0.0500 0.1111 o.aro 

UK 0.1429 0.2727 0.1:m 0.0779 0.1570 02424 0.1465 02091 0.0364 0.0152 0.3455 0.0649 02121 O.IID> 0.1001 

NO O.!XXXJ 0.1905 0.022 O.!XXXJ O.!XXXJ O.!XXXJ 0.0100 O.!XXXJ O.!XXXJ O.!XXXl 0.013 o.rs52 0.0476 0.0476 O.!XXXJ 

CH 0.3333 0.3333 0.2821 0.1667 02576 O.!XXXJ 0.3111 o.aro O.!XXXl 0.1111 0.1818 0.0052 0.8333 0.1111 0.0067 

DK 0.0476 O.!XXXJ O.!XXXJ 0.02ll O.!XXXJ O.!XXXJ O.!XXXJ 0.0067 O.!XXXJ 0.0500 0.03ll 0.0476 O.!XXXJ 0.1667 O.!XXXJ 

Fl 0.0057 O.!XXXJ 0.1385 0.0143 0.1001 O.!XXXJ 0.0033 0.1000 O.!XXXJ 0.1000 O.<ml 0.0571 0.1333 0.0667 0.39Xl 
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Table A(III.1).2. A summary of national densities 

Nations 1980s 1990s 

AT(Ausbia) 0.2381 0.2619 

BE (Belgium) 1.0000 1.0000 

DE (Germany) 0.4295 0.5128 

ES(Spain) 0.0275 0.0659 

FR (France) 0.2854 0.2814 

GR(Greece) 0.0000 0.1667 

IT (Italy) 0.2952 0.3857 

NL (Netherlands) 0.4444 0.4667 

PT (Portugal) 0.0000 0.0000 

SE (Sweden) 0.5000 0.2333 

UK (United Kingdom) 0.5818 0.3455 

NO(Norway) 0.1905 0.0952 

CH (Switzerland) 0.6667 0.8333 

OK (Denmark) 0.1667 0.1 667 

Fl (Finland) 0.3000 0.3500 

Network mean 0.1228 0.1039 
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Appendix 111.2: Graphs of Simplified Network 

Figure A(III.2).1. Knowledge flows network in 1980s (simplified network) 

.. SE07 IT31 

Figure A(III.2).2. Knowledge flows network in 1990s (simplified network) 

81 



The Hierarchical Position of RIS within Knowledge Networks 

CHAPTER 4 
The Hierarchical Position of RIS within Knowledge Networks: 

The Role ofTechnological Specialization and Interactive effects on Regional Conditions 

4.1. Introduction 

In this chapter, we aim to explain how specific locations can gain an advantageous 

position in the knowledge network of the whole set of European regions as analyzed in 

the previous two chapters. At the root of economic growth theory, economic 
development and technological development are closely correlated. Relevant economic 

and technological activities play a determining role for knowledge to be accumulated 
within the regional innovation system. In this chapter, we examine how specific locations 
(e.g. Regional Innovation systems, RISs) can use both their unique technological 

characteristics (e.g. diversification or specializations) as well as economic conditions to 
develop regional advantages within the knowledge network. 

The development of RISs as closely related to regional technological conditions, 
economic resources, and innovativeness characteristics has been discussed for decades. 

Depending on the different regional resources, RISs may or may not find a suitable 
policy or developing path to be relatively successful compared to other RISs. The 

different development paths suggest not only differences in regional conditions within 
RISs, but also differences between dynamic interactions of these conditions. The 
dissimilarities of development paths also explain hierarchical relationships between RISs 

(Cantwell and Janne, 1999). It implies that RISs with certain advantages will be situated 
in different positions within the whole network. Therefore in this chapter we examine 

both the existence of interactions of regional conditions, which create some mediating 
effects to facilitate RISs development, as well as their impacts' relative importance on RIS 
positioning in the knowledge network. 

The first idea aims to express the impacts of different causal interactions between 
the main variables related to regional development within RISs. According to past 

studies, regional conditions within RISs create many such dynamic causal interactions, 
especially the relationships between technological progress, economic development & 

growth, and the local knowledge base. First, one of the most important dynamic 
relationships is the close relationship between technological and economic conditions 

(e.g. Dalum et al., 1999; Romer, 1990; Szirmai, 2005; Solow, 1956). Economic growth 
theory uses a dynamic view to explain how technological development improves 
national or regional economic outcomes. Moreover, there is also a reciprocal causation, 
from performance to innovation, that plays a crucial role for RISs in becoming more 
advantageous. Secondly, another crucial dynamic that has been much discussed in 
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innovation systems studies (e.g. Breschi & Lissoni, 2001; Cooke et al., 2000; Johnson, 1992, 
p.28; Lundvall, 1992, p.8-9; Morgan, 2001) emphasizes the importance of the local 

knowledge base and the economic and innovative output for interactive learning within 

systems. The regional knowledge base tends to interact with other regional conditions to 

further promote regional innovations. Thirdly, both specialization- and diversification

externalities may be found in the same RIS, and new causal interactions may be created 

from the co-existence of these two forms of externalities. RlSs are able to establish their 

unique competencies because externalities and the interactions of different externalities 

can have positive influences on locational advantages. This chapter tries to examine how 

regional developments are facilitated by these specific regional factors or the dynamic 

causal interactions between them. Based on the findings, we intend to explore if some 

mediators exist to help RlSs toward a higher-order position. 

Another intention of this chapter is to investigate what leads to the relative 

importance of a single RIS to the entire RIS network. Taking, like in the previous chapter, 

all European regions as a single network, specific RISs tend to use their regional 

advantages, in technologies or economic resources, to become relatively competent 

among all other RISs. Certain studies have suggested that some locations act as "world" 

cities or "global" cities (Dicken, 1992, p . 197; Malecki, 1997; Sassen, 1994) where much 
production, innovation, and business take place. These locations tend to possess 

advantages to absorb knowledge or else play a crucial role in diffusing knowledge to the 

rest of world. We follow in the network methodology of the previous chapter to quantify 

this. Knowledge sharing between RISs establishes a knowledge network in which key 

RlSs, possessing unique knowledge, play a crucial role in the network while others may 

have to rely on the knowledge imported from the key RISs. We aim to explain how these 
different positions have been established. 

Alongside the above two issues, the main purpose of this chapter is to explain the 

crucial determinants that make RlSs' network position advantageous. Considering these 

different regional conditions and all their possible intertwined relationships within RlSs, 
we hope to explain how higher-order RlSs can accumulate their advantages and thus be 

situated in the core part of the knowledge network. According to the impacts of various 

regional interactions, we also try to explain why some conditions play a crucial 

mediating role for fostering RlSs' innovative capability, which in tum plays a crucial role 

in RlSs being advantageous in knowledge interactions. 

In next section, based on the literature expressing the importance of the knowledge 
base for RISs to innovate, we describe the application of an "interactive knowledge 

network" concept at the regional level. In the third section, we discuss regional 

development and the importance of technological conditions, economic resources, and 

innovative characteristics dimensions. Section four presents the empirical analysis, where 

we construct different regional conditions by factor analysis and establish a LISREL 

model to examine the role of these conditions. Finally, the fifth and sixth section express 
our discussion and conclusion. 
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4.2. The Knowledge Base and the Development of RISs 

As already argued in Chapter 1, the knowledge base of Regional Innovation System (RIS) 

has become an important issue in explaining locational advantages for firms' R&D 

investment. According to Cooke (2001, pp.953-954), critical concepts in knowledge 

infrastructure, such as interactive mechanism, learning environment, and network, are 
crucial facilitators for innovations within RlSs (Cooke, 2001). Some related concepts, like 

industrial clusters (Doeringer & Terkla, 1995; Porter, 1990), innovative milieus (Camagni, 

1991; Camagni & Capello, 2000, p .120; etc.), or industrial districts (Becattini, 1989, p.132), 

all emphasize the interactions of local actors in creating agglomeration phenomena 

within a territorial system. The combination of the sophisticated needs of customers, 

technical expertise in suppliers, implicit rules or cultural norms, and institutional factors, 
leads to a dynamic learning economy. In addition, the learning environment and the 

knowledge base within RlSs has become a locational advantage in attracting MNEs, 
which in tum brings more innovation resources and R&D investment. Many economic 

studies emphasize the relationship between innovation and economic growth and 
discuss the critical role of knowledge bases in innovation. This leads us to further explore 

how different conditions and their interactions make RlSs comparatively unique and 

attractive. 

4.2.1 Extending the concept of network on regional level 

Using network theory (e.g. Burt, 1992, 1997; Gulati, 1998; Hansen, 1999; Tasi, 2001), we 

extend the meaning of network position from the personal or firm level to regional level. 

Tasi (2001, p.997), focusing on the organisational level, has proposed that different 
network positions represent different opportunities for a unit to access new knowledge 

that is critical to developing new products or innovative ideas. On the regional level, we 
use the concept of "network position" to express the importance of sharing information 
and knowledge in innovation among all regions. In line with the definition of a 'personal 

network relationship', if an RIS has access to critical knowledge/information from 
interactions with an important other RIS, this RIS may be situated in the central part of 

the whole network. Past studies have shown that RISs may possess distinct knowledge 
bases and innovative capabilities, and therefore their influence on cross-region 
knowledge flows are different (Cantwell & Iammarino, 2003a; 2003b; 2003c). According 

to Cantwell's studies, hierarchical relationships between locations exist. We have 
examined knowledge interactions (based on patent citation data) between RISs and 

displayed the hierarchical relationship among the RISs in the previous chapter. Some 
RlSs situate in higher-order positions, i.e. the central part of network, playing a dominate 
role for knowledge interaction, while others are lower-order innovation systems, mostly 

relying on imported knowledge. In this chapter, we aim to find out the impacts of 
relevant locational factors (e.g. technological development, economic conditions, and 
innovativeness) that help RISs gain a higher-order, advantageous, and competitive 

position in the network, i.e. network position. 
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4.2.2 Hierarchical relationships between RISs in terms of network 

position 

Using hierarchical positions of RISs to explain the relative advantages has been proposed 
by Cantwell & Iammarino (1998) and applied in many recent studies. Past studies have 

shown that some specific regions, situated in higher-order positions, have advantages 
that attract MNEs and then play a leading role in global technological development 

(Beise, 2004; Cantwell & Iammarino, 2001; Cantwell & Janne, 1999;). Cantwell & 

Iammarino (1998, p.386) have argued that globalisation and economic integration are 

related to the interactions of MNEs' innovative activities. Therefore MNEs should be the 

key factors to link global and local markets. The attractiveness of a specific RIS for MNEs 
investments is important because MNEs bring distinct and diversified knowledge into 
local areas and diffuse knowledge to global areas. MNEs' behaviour in foreign countries, 

such as trade, licensing, or foreign direct investment (FDI) can create a vehicle to 

exchange knowledge between different countries (Lorentzen et al., 2003). These different 
international interactions also facilitate MNE knowledge transfers, not only to local firms 

but also other to related affiliates. Moreover, Beise (2004) emphasized that a specific 
location, e.g. a lead market, can become the source for MNEs' global innovations. 

Therefore MNEs always try to look for a location where they can gain knowledge and 
diffuse it to other affiliates in different locations. Thus these firms build their capabilities 

and competitiveness in a process of international knowledge interactions. In brief, these 
studies show that the relative importance of RISs in the interactive knowledge network 
may be able to explain their hierarchical position. 

According to Capplellin (1998, p .73-77), for example, metropolitan cities are always 

situated in network centres for knowledge exchange. He emphasizes that cities act as 
nodes in the transport and communication network or as gateways between regions and 

the outside world. Cities are centred around the agglomeration of economy, cultures, 
politics, and finance, meaning these locations possess specific advantages for firms' 
activities. Such locations with specific technological specialization patterns may be able 
to furnish MNEs with unique knowledge, which in tum situates the RIS in the central 

position of knowledge network. Besides technological specializations, these 
metropolitans are generally richer and invest much effort in innovative activities. All 

these various locational conditions and their intertwined relationships show their crucial 
influence on RISs in being central nodes in the whole knowledge network. 

4.3. Regional Development 

4.3.1 The role of technological specialization and technology 

diversification 

Discussions on how different externalities, occurring intra-industry or inter-industries, 
improve economic growth in specific locations are found in many past economic studies 
(the MAR (Marshall, Arrow, Romer) Model, Porter's Model, 1990; Jacobs, 1969; etc.). 

According to this literature, the externalities include industrial specializations and 
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industrial diversifications. The MAR model and Glaeser et al. (1992) have emphasized 

that knowledge externalities mainly come from firms in the same industry, and proposed 

that the concentration of a specific industry creates higher benefits for knowledge 
spillovers. The study of Dalum et al. (1999) shows that sectoral specializations indeed 

matter for economic growth, e.g. sectoral productivity growth. On the other hand, the so

called Jacobs Model points out that diversified knowledge from different industries 

induces firms to be more innovative. Although there is debate about different 

externalities' influence on regional development, based on different assumptions (e.g. the 
market competition) discussed in de Lucio et al., (2002), both specializations and 

diversifications play crucial roles in RISs. 

Recently, studies have started to include both specialization and diversification 

concepts in research models. In Henderson et al. (1995), it gives support for both 

specialization and diversification externalities. However, two extreme different results 
are also found in past studies. On the one hand, we find that de Lucio et al. (2002) 

included both specialization and diversification in regression models, but only the role of 

specialization has been shown. On the other hand, the study of Feldman & Andretsch 
(1999) shows that the evidence provides significant supports for the role of diversity but 

little support for specializations. Such differences in conclusion may be attributed to 
differences in indicators, methodology, or the country/region contexts. In addition, the 

varied experiences of RISs success-path suggest that no valid single policy is suitable for 
all RISs since specialization strategies must be adapted to suit locations with different 

profiles (Cuadrado-Roura & Rubalcaba-Bermejo, 1998). The variety of results leads us to 
use a model that includes both specializations and diversification to explain regional 
development. 

Specialization patterns or the technological diversification in a specific location or 
nation suggests the main direction of regional technological development. As we 
discussed above, specializations and diversification are both critical factors for regional 

development. They both play an influential role for locational growth in different 
contexts or backgrounds of RISs. The study of Cantwell & Iarnmarino (2002) concludes 

that higher-order innovation systems have diversified technological characteristics that 

can lead RISs to the centre of exchanging different and variant technologies, while the 
other type of innovation systems are characterized by their specific technological 
specialization pattern. Specific technological specializations attract MNEs who focus on a 
narrow range of preferences (Beise, 2004) while the diversified technological 

specializations within RISs attract MNEs who are ambitious to access different fields 
(Cantwell & Iammarino, 2002). Therefore, our aim is to try and examine whether only 
diversified or specific specializations are the best ways for RISs to accumulate 
competencies. We also examine whether the two externalities interact with each other 
and create other new benefits for RISs' development (discussed in the next section). 

Besides technological factors, a RISs' network position is also affected by other local 

conditions, including economic conditions and innovativeness. RISs with specific 
technological advantages might attract different MNEs who seek assets for its R&D 
investment, on the other hand locations with economic potential attract MNEs looking 
for larger markets (Kuemmerle, 1999; Le Bas & Sierra, 2002). MNEs, through their R&D 
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activities, create opportunities for local actors to interact knowledge in different 
locations, for example, between employees in different subsidiaries. Therefore RISs with 

relative advantages are more likely to be situated in the central part of the knowledge 

network. Our model will examine how different locational factors directly impact on 
RISs' network position. 

4.3.2 Advantages of improving a network position: Interactions of 

locational technological, economic and interactive factors 

Besides the direct impacts of regional conditions, the interactive and intertwined 

relationships between regional conditions should be considered when we examine the 
relationship between technological development and RISs' network position. Locational 
conditions, including industrial and technological environment (discussed above), 

economic conditions, or knowledge-based resource, etc., express local uniqueness to 
attract new R&D activities (Cantwell & Mudambi, 2000; Kuemmerle, 1999; Le Bas & 

Sierra, 2002). Since RISs possess different regional characteristics, these different 
conditions may create interactions within its RIS. The relative advantageousness of a RIS 
depends on how attractive the combinations of and interactions between locational 

conditions are. Szirmai (2005) has proposed explaining the development by the dynamic 
relationships between various conditions, e.g. economic, technological, and other social 
factors. Additionally, the interactive relationships between local conditions are 

emphasized in the concept of interactive learning environments within RISs in many past 
studies (Acs, 2000; Cooke, 2001; Lundvall, 1992). The view of innovation systems points 
out that actors within RISs create the interactive learning environment in which they 
exchange knowledge, improve economic outcomes, and accumulate regional innovative 

capability. The dynamic interactions between specific economic, technological, and 
innovative conditions combined tend to promote the RIS's network position. 

First, as we have discussed the two types of externalities above, we also need to 
consider whether or not both externalities co-exist within RISs (Feldman & Audretsch, 
1999). When co-existing, two externalities might be inter-related and jointly influence the 

regional economic and innovative outcome within a RIS. The interactions of these two 
externalities might also create uniqueness in the technological base that improves not 
only a RISs' economic output but also a RISs' network position. We therefore formulate a 
hypothesis to test whether two externalities can exist within a RIS, and how their 

interactions might influence the development of RISs when putting both specialization 
and diversification in the research design. 

Secondly, as we discussed earlier, there is such a close relationship between 
technological developments and economic outcome, that we have to examine how 
technological progression procedures lead RISs to better network positions. Therefore, 

we formulate another hypothesis to test whether technological developments strengthen 
regional position indirectly by regional economic performance and economic growth. 

Thirdly, we consider the "intertwined" relationships between RIS's innovative 
output and other regional conditions. As we discussed above, regional technological 
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capability is accumulated by technological specialization. Since RISs have invested effort 

in developing technologies, they also accumulate a regional knowledge base. The local 

knowledge base is the key factor in attracting innovative investment and creates a more 

interactive learning environment (Johonson, 1992; Lundvall, 1992). However, different 

specialization patterns or diversification can also lead RISs to perform differently in 
innovative outputs which are crucial for regional development (Kuemmerle, 1999; von 

Zeditwiz & Gassmann, 2002). Secondly, besides the impacts on regional performance, 

innovativeness itself plays an important role in attracting investment and improving the 
RISs' position. According to studies in both the US and Europe, knowledge spillovers are 

always affected by geographical proximity (Almeida & Kogut, 1999; Jaffe et al., 1993; 

Maurseth & Verspagen, 1998). External actors, e.g. MNEs or skilled engineers, may 

choose their investing (or working) locations that are near such specific places. As Varga 
(1999, pp.223-230) proposed, regional competitiveness, represented by innovative output, 

is always a critical issue for MNEs' location decision. In other words, high performance 

in innovative output is an attractive factor for MNEs or engineers that bring knowledge 
into RISs and hence facilitate regional development. Diversified actors also bring in 

capital, knowledge and various resources to develop new technologies in a new market. 
RISs with the characteristics of better innovative output create other impulses to gain a 

higher-order network position. 

4.4. Empirical Analysis 

We use a Structural Equation Model (SEM) that examines the path dependency between 
variables. Since we include both specialization and diversification, we need to account 

for and avoid collinearity problems. In applying the SEM model, we avoid the 
collinearity problems by setting the two variables in different layers that both have the 

possibility to explain regional development. In addition, through including different 
locational conditions in the SEM model, we may discover different paths of technological 

development and their impacts on RISs' network positions. 

4.4.1 Data and methodology 

The empirical data on technological and economic dimensions was collected from 

different sources; patent database in European Patent Office (EPO) and RECIO database 
collected by EuroStat. Details about sources and data procedures were given in the 
previous two chapters. Patent data is used to calculate the specialization index and 

patent citation between regions. We rely, again, solely on patents and patent citations as 
indicators of knowledge activities and knowledge spillovers. The RECIO database 
includes different regional information, e.g. indicators in economic, labour, and science & 

technology phenomena. The NUTS (Nomenclature of Statistical Territorial Units) 

classification is used to define regions in both databases. From these two databases, 

multiple variables are used to construct regional characteristics. 
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Table IV.l. Variable description 

~=::::..._--------IMCRCA, sectoral specialization index, is 

~~.!!!~~~~L-~us•ed in this study. It is calculated by patent 

• RCA = (Share sector in patents of 

region)/(Share sector in patents in all 

regions) -(1) 

• MCRCA = (RCA-1)/(RCA+1) -(2) 

transfonnation based on sectoral 

lspo~cia1lization indicators (RCAi) 

as an i measure 
different sectors to establish the indicator of innovative output 

EPO patent 

database 

EPO patent 

database 

REGIO 

EPO patent 
database-patent 

citation 

(2): The indicators used to construct network position are network effect size and network representative importance. The scores in the 
two indicators are calculated by Ucinet 6.0 which program is developed by Borgatti, Everett, & Freeman(2002). According to Table 
111.5, the network position (i.e. network standing) in Exploratory factor analysis (EFA) includes not only network effect size and 
representative role, but also the brokerage roles of liaison and gatekeeper. However, the results of CFA model suggests only 
including the two items we list above since the CFA model includes some other non-network variables. To keep the model fitness, 
some items have to be excluded. 

In order to establish a structural equation function, we have to test the validity of 
each construct used. First, before running confirmatory factor analysis (CFA), we have 
collected a sectoral specialization index and economic indicators to run exploratory 
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factor analysis (EFA) 1 . The EFA model shows that some specific technological 
specializations are related and can be considered as a joint specialization pattern. The 

EF A model also shows that economic phenomena are classified into static economic 

performance and dynamic economic growth (see also Chapter 2). Therefore, based on 
this exploratory result, we construct a structural equation model to run the confirmatory 

factor analysis. In the CFA model, we exclude the irrelevant variables to establish purer 

constructs (Table IV.l), from which we clearly explain the relationships between different 
constructs. Based on these items (Table IV.l), in total we establish eight constructs, 

including four specialization patterns, two economic constructs, one innovative output, 
and a network position, and use these constructs to frame the research model. 

4.4.2 Model-Confirmatory Factor Analysis (CFA) 

We include 22 regional indicators2 (i.e. items) to run confirmatory factor analysis (CFA) 
and get eight constructs (factors) in the model (see Table IV.2). The indices of model 

fitness show that the CFA model is acceptable (CFI=0.92; IFI=0.93; GFI=0.8). The 

reliability of each construct reaches 0.7 or else is higher than 0.8. In other words, the 
measurements for all constructs have attained a high stability. In addition, we test the 

discriminate validity of each construct by the correlation matrix (in appendix IV.l: Table 
A(IV.l).l). We find that the 95% confidence interval of all correlations do not include one. 

This means that all eight constructs can be distinguished from others. Based on the CF A 
model, we establish a full model, which includes a measurement model and a 

relationship model, to explain the relationships between regional characteristics and 
regional development. 

The eight constructs include four technological specialization patterns, two 
economic outcomes, one innovative output, and one network standing. First, the four 

technological specializations patterns (SPs) are; traditional technological specialization, 

bio-chemical technological specialization, computer-electronics specialization, and metal 
technological specialization. Secondly, for the economic dimension, we get one static 

economic performance, represented by GDP and productivity, and one dynamic 
economic growth rate, represented by the growth rates in productivity, GDP and GDP 
per capita. Thirdly, the three patent ratios construct a new indicator which we call 
' innovative output' in this model. Finally, the last factor, network standing, is designed 

to show the network position when knowledge interacts between regions. 

'We examine whether there exist relationships between specializations, diversification and network position. CFA 
results show that diversification is highly related to basic metal specialization while network position is related to 
many different specialization patterns (see Appendix N .2: Table A(N.2).5). 
2 The CFA model tries to get multi-items factors (e.g. SPs, specialization pattern factors) before SEM full model since 
it is helpful to make a fit measurement model in a SEM full model. Diversification indicator is a single-item factor. 
The item represents the construct of diversification and will be directly put into the SEM full model (in section 4.4.3). 
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Table IV.2. The results of Confirmatory Factor Analysis (CFA) 

Factors Traditional Bio- I CO!T)Ptrt!!r- .Metaltectl Economic Economic Innovative~ 
t~Jl.P. 

chemical electronics 
'Mt&;.S!if. performance growth output ing Items tech. S.P. tech S.P. 

~ 
o.66··· 

IS.4Yl 
o.69··· 

{6.85) 

Textiles r?6~;-6.64 

Plastic .. "" 
o.5r·· 

IS.51\ 

Pharrnaeeutieel 
0~1··· 
IS.3ill 

Chemical 
Q.66*•• 
IS .. 5Sl 

Foods 
0.63*** 
IS.29l 

Computer 
o.aa··· 

~ ca.a3l 

Electronics 0.67' 
c6.5al 

Instruments tiM g.~;·· 
Ferrous basic""* o. 1a··· 
metals {7.81) 

Non-ferrous 0.96**• 
basic metals {9.69) 

Productivity 0.82*** 
r9.51l 

GOP 1.01*** 
(12.97) 

Productivity 0.21*** 
lorowth rate {2.36) 

GOP growth 0.64··· 
rate (5.32) 

GOP per cap. 1.22*** 

-~·'i 
{7.64) 

1.01*** 
{14.31) 

Patent ratio {by 0.99••• 
employed {13.59) 
loersons\ 
High tech o.5r·· 
loatent ratio {7.14) 

Network Effect 1.09••• 
size (15.64) 

Representative r?a~;-9.57 
ReliabiiliV 0.7473 0.7528 0.7514 0.8546 0.7216 0.7202 0.8745 0.7 

Note. Tech. S.P.- TechnologiCal SpecialiZation Pattern 
The coefficient is completely standardized solution. The value inside parenthesis is the t value of each estimated coefficient 

4.4.3 Model examination 

Before explaining the full modeP established by structural equation modelling (SEM), we 
have to discuss the validity of the methodology (full model) that we apply. First, the full 

model includes a measurement model and a relationship model, which are based on the 
original data but not simplified factor scoring. In addition, the relationship between 
constructs is accurate since all constructs (factors) are measured only by related 

' A full model in LISREL includes two main parts. One is the measurement model that identifies and constructs 
factors based on observed indicators {i.e. it shows the relationships between factors and indicators), and the other 
one is the structural equation model that describes the relationships between factors. 
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variables4• Secondly, based on the theory of SEM, we examine the causal relationships 

between factors and assess a series of relationships (Hair et al., 1998, p.590). We take 

steps to explore a suitable model that explains regional development and the 
establishment of RISs' network positions. 

Firstly, we try to include both diversification and specialization in the same layer 
(Xi; i.e. KSI in LISREL) of independent variables to explain the economic phenomenon, 

innovation, and network position (Yi, i.e. ITA in LISREL)5• Modell shows us that if we 

test technological specializations and diversification in the same layer (Xi), the 

explanatory power will be diluted. In other words, all the coefficients of specializations 
and diversification show an insignificant impact on regional development. A similar 

problem in methodology is also found in the study of Feldman & Audretsch (1999), 
where the impact of specialization is reversed when their model includes both 

specializations and diversification. However, when we test the role of specialization and 

diversification separately (In Appendix IV.l, Table A(IV.1).2: Model la-1 and Table 

A(IV.1).3: Modella-2), they both show importance for regional economic performance. 

Similarly, specializations and diversification can lead RISs to create higher innovative 
output and gain a higher order network position. 

Table IV.3. Full Model I 

i 
D.V.- Dependent variable; I.V. -Independent variable; 

Although our empirical results are in concordance with many past studies, we still 

need to search for a better methodology to explain the joint influence of specializations 
and diversification in an empirical model. We find evidence to support specialization 
externalities emphasized in the MAR model as well as diversification externalities 

discussed in Jacobs model (e.g. Glaeser et al., 1992; Jacobs, 1969). Both specializations and 
diversification are crucial for regional economic development, innovations, and better 

'Normally, factor analysis means exploratory factor analysis (EFA). Because the factor score from EFA includes all 
factor loadings of relevant and irrelevant variables, the indicators are as pure as the indicators only represented by 
related variables. For example, high-tech specialization factor score is calculated by all manufacture sectors 
(including computer, wood, refine oil, metal, etc.) that are not so pure to represent high-tech sectoral specialization. 
'Since we do not focus on discussing the causal relationship between innovation and economic development, all full 
models tested in this study are recursive models. The recursive model only examines one-way (direction) 
relationships but not two-way (direction) relationships. 
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network positions. The advantage of the LISREL model is that it helps us explain the 
economic development and innovative output through different paths, e.g. direct or 

indirect impacts. Therefore, in the second stage we put specializations and diversification 
in different layers and thus try to avoid the problem. In other words, we put 

specialization and diversification separately in KSI and ITA in the LISREL Model. In the 
new model we further examine whether the relationship between diversification and 

specializations exists and whether their interactions play a crucial role in regional 
development. 

The model fitness is improved significantly when we apply the new model where 
specializations are put as KSI and diversification, together with other regional conditions, 
as ITA 6 • In the gamma 7 part of this new model we find marginally significant 
relationships between diversification and two SPs (traditional SP and metal SP). 

Additionally, most specializations, except bio-chemical SP, have significant impacts on 
economic performance. In addition, the high-tech specializations, including bio-chemical 

SP and computer-electric SP, have significant impacts on gaining a higher network 
position. Only computer-electric SP has significant impacts on innovations. In the beta 

part, economic conditions (including economic growth and economic performance) lead 
RISs to have higher innovative outputs, in tum having positive impacts on network 
positioning. In addition, both technological diversification and economic performance 
have a slight influence in gaining a higher-order position. 

Table IV.4. Full Model II 

In order to show all path relationships in this model, we classify relationships in 
Figure IV.la and Figure IV.lb8 (all coefficients are listed in Table IV.4). Figure IV.la 
includes the relationships between KSI and ITA, while Figure IV.lb expresses the 
relationships between the factors taken as ITA. Figure IV.la examines the impacts of 
technological specializations on diversification, economic development, innovative 

6 We have experimented with another model in which diversification is assigned as Ksi (i.e. Xi) and specializations 
and all other factors are put in the dependent variable set (Yi; i.e. Ita;), but this model is totally unfit (GFI, CFI, IF! all 
smaller than 0.4.) 
7 "Gamma" part means the relationship-matrix of KS!i & IT Ai, while "Beta" part means the relationship-matrix of 
ITAi&ITAj. 
8 Since the relationships in full models (including Figure IV.la and Figure IV.lb) are too complicated to put them in 
one graph, we make two graphs to include all relationships that we examined. 

94 



The Hierarchical Position of RIS within Knowledge Networks 

output and network position, i.e. the relationships between KSI; and ITA;. Figure N.lb 
expresses the economic development that leads RlSs to have better innovative output 
and to gain higher position in the knowledge network, i.e. the relationships between 
variables of ITA variable set9• 

Xi (KSI) 

Traditional SP 

Bio-chemical SP 

Metal SP 

Yi (ITA) 

Technological 

Diversification 

Innovative output 

Network position 

SP : Specialization Pattern 
_ : significant relationship 
--- : insignificant relationship 

Figure IV.la. The direct role of SPs in regional development 

__ : significant relationship 

---- : insignificant relationship 

Figure IV.lb. Mediator roles of economic conditions and innovations 

9 ITA variable set includes diversification, economic performance, economic growth, innovation output and network 
position. 
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Figure IV.1a shows us the significant relationships between some technological SPs 
(specialization patterns) and diversification. It also explains whether specialization 

patterns lead RISs to achieve better economic I innovative outcome and network 
positions. Different from past studies, this empirical model finds that traditional SP, 

represented by woods, plastic sectors, etc., and basic metal SP have significant positive 
impact on diversification development. However, there exist no significant relationships 
between both high-tech SPs and diversification. 

In the relationships between specializations and regional development, we firstly 
find that traditional SP, computer-electronic SP and basic metal SP have significant 
positive impacts on regional economic performance. Secondly, high-tech specialization in 
computer-electric related sectors leads RISs to have better innovative performance. In 

addition, we find that both high-tech specializations (bio-chemical SP and computer
electric SP) can strengthen RISs and significantly help gain a better network position. 

However, we cannot find support for the specialization impacts on economic growth. 

Figure IV.1b examines whether diversification can improve regional development, 

as well as how economic development promotes regional innovative outcome and the 
network position. RISs with diversification (the coefficient is 0.38), innovativeness 
characteristics (0.41), or high economic performance (0.24) can directly and significantly 

strengthen their network position. However, we cannot find support to show that RISs 
with high economic growth are the central part of the knowledge network. In addition, 
both static economic performance and dynamic economic growth could indirectly 

account for RISs gaining better network positions via creating more innovative output 
(0.50*0.41; 0.22*0.41). As to the indirect impacts of diversification via other regional 
conditions, e.g. economic performance, they are weak due to the coefficients between 

diversification and two economic outcomes being only marginally significant. Although 
there are no interactions between diversification and other regional conditions that lead 

to RISs being situated in advantageous positions, the direct improvement (0.38) is 
relatively higher than the impacts from all other specializations. 

Finally, all these significant coefficients imply that some regional characteristics act 
as a crucial mediator in promoting RISs' network positions. Observing the effect of 
computer-electronic specializations on network positioning, we find that this 
specialization pattern not only has a direct effect (0.21) but also indirect effects via the 
interaction of economic performance and innovative output (0.20*0.50*0.411°) as well as 
via innovative output (0.23*0.41). Between computer-electronic specialization and 
innovative output, static economic performance plays the role of partial mediator 
(0.20*0.50) to increase the innovative outputs. In other words, the effects of computer
electronic specialization patterns on network position include direct effect of 0.21 and 
indirect effect of 0.23*0.41 +0.20*0.50*0.41 (i.e. 0.135). 

Both traditional SP and Metal SP have no direct impact on network position, but 
these two specialization patterns strengthen RISs' positions indirectly via economic 
performance. Traditional and basic metal related technological specializations create 
higher economic performance, which leads to higher innovative output. Through gaining 

10 The effect (O.so•0.41) is the interactions of economic performance and innovative output. 
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better innovative output, RISs can become relatively advantageous in the whole 

knowledge network. Therefore, traditional SP develops two indirect improving forces for 

network positioning; one via economic performance (0.65*0.24) and; the other is via the 

interactions of economic performance and innovativeness (0.65*0.50*0.41). In the same 

way, there are two indirect forces from basic metal SP. One is via economic performance 
(0.30*0.24) and the other is via the interaction of economic performance and innovative 
output (0.30*0.50*0.41). 

Let us finally focus our attention on the mediator role played by diversification. 

Since there exists a minor positive relationship 11 between diversification and some 
specializations (i.e. traditional SP, 0.44, and basic metal SP, 0.34), diversification also 

seems to be a bridge or mediator in gaining a better network position. In other words, 

RISs might develop down a path starting with concentration in specific technological 

development, head toward diversification, and then become dominant in the knowledge 
network. 

4.4.4 Model fitness 

In order to show that the model is persuasive, we compare different competing models 
that either add or eliminate relationships shown in our current model (Appendix IV.1 
Table A(IV.1).4). According to the !;X2 (the change of chi-square) and ildf (the change of 

degree of freedom), the model that we have used is relatively suitable and acceptable. 
When compared to the models with additional relationships we find no significant 

improvement. Similarly, compared to the models that omit certain relationships existing 
in our current model, the model fitness worsens significantly. In other words, although 

our current model might not be perfect to explain the relationships between all relevant 
variables, it is relatively better than other possible models, which include or exclude 
other relationships between variables. 

4.5. Discussion 

4.5.1 Technological progress as a positive influence on RISs' network 

position- unique specialization vs. multiple specialization patterns 

We examined whether different types of technological conditions within RISs provide a 

successful path for relative advantageousness of specific regions. On the one hand, when 
RISs have invested much effort in developing and specializing in one technological field, 
it might lead the RISs to take a lead in the specific field. On the other hands, RISs have to 

face the risk of putting all their eggs in one basket. If they invest too much only in few 
specific technological developments, they might fail. In order to diversify the risk, 
regional policy may try to develop technological capability in different sectoral 
technological fields. These may in tum be the bases for RISs to become a network centre 

for exchanging knowledge. Therefore, we can imagine different regions as having their 

11 The relationships between specializations and diversification are only marginal significant. 
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unique way of developing since they have different locational resources and advantages 
(Cuadrado-Roura & Rubalcaba-Berrnejo, 1998). 

According to our empirical results, both technological specializations and 

diversification play important roles for the advantageousness of RlSs in the knowledge 
network. Diversified technologies can be in the higher-order centres that are responsible 

for sharing knowledge (as Cantwell & Iammarino, 2002), while specializations create 
RISs' uniqueness (i.e. MAR externality). RlSs with different technological capabilities 

have different ways to promote RIS growth. Technological development itself may lead 
RlSs directly towards a higher position and may also rely on some facilitating economic 

conditions. 

4.5.2 The linkage between technological specialization and 

diversification 

This chapter has pointed out the minor co-relation between certain specializations and 

diversification, which is seldom mentioned in past studies. These empirical results show 
us that (some) RlSs with traditional SP or basic metal SP tend to develop technological 
diversification12• They also strengthen their importance in the knowledge network by 

extending to develop more diversified technologies. Interactions between the two 
externalities, i.e. specializations and diversification, provide RlSs another advantages in 
technological fields. This matches Cuadrado-Roura & Rubalcaba-Berrnejo's (1998, p.146) 

findings that big cities do not abandon specialization and tend to diversify their 
specializations for growth. RISs thus reduce the vulnerability of excessive specialization 
and keep a technological advantage. This also implies that specializations and 
diversification are not two exclusive concepts within one RIS. In earlier stages of their 

life-cycle, RlSs may focus on one specialization. Taking the advantages of success in this 
specialization, they could develop more diversified technologies. Within such RlSs 
benefit could also come from the externalities of specializations and diversifications as 
well as from the interactions of both externalities. 

However, insignificant relationships are found between two high-tech SPs (i.e. bio

chemical and computer-electric specialization patterns) and technological diversification. 
That seems to imply that high-tech sectors are always highly capital-intensive (in a 
general sense) so that regional policy cannot diversify very much if they specialize in 
high-tech technologies (i.e. the two high-tech SPs). 

4.5.3 The facilitators -economic conditions, innovativeness, and the 

interactions 

The empirical evidence has shown the crucial roles of mediating factors13 that might be 

static mediators represented by a specific single regional condition or dynamic mediators 
established by various interactions of regional conditions. The mediators explain the 

12 The relationshlps are only minor significant. (P value is about 0.1) 
13 The mediator is the bridge between specializations and network position. 
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differences in RISs' development paths. Static mediators, including economic 

performance, innovativeness and diversification (discussed above), provide 

opportunities for RlSs to improve their network positions. In particular, economic 

performance and innovativeness are two static mediators that link technological 

development and the knowledge network position. Furthermore, we found dynamic 
mediators that are represented by the interactions of different conditions. The 

interactions may consist of regional conditions in technology, economic, and 
innovativeness dimensions. 

a. The role of economic potential for regional development 

Economic performance provides another way for RISs to improve their network 

positions. Technological specialization, like computer-electric SP, could strengthen RlSs' 

network position in a direct way as well as indirectly via economic performance. It 

implies that RISs with both technological and economic resources are more attractive 

than those with either only technological or economic advantage. In interactive 

knowledge networks, these RlSs thus become the central part of the knowledge network. 
However, different SPs rely on this mediator in different ways. RISs with traditional SP 

and basic metal SP cannot directly improve network positioning and therefore RlSs can 
only rely on the mediators to indirectly strengthen positions. By comparing the 

mediating effects we find that economic performance is a full mediator for RISs focusing 
on traditional SP and basic metal SP, while it plays a partial mediator role for RISs 
focusing on computer-electric SP. 

On the other hand, economic performance doesn't seem able to mediate the 
technological development and network position when RlSs focus on bio-chemical 

specialization or when RISs tend to diversify. Although RISs with bio-chemical SP or 

high diversification have technological advantages that may situate them in a higher
order position, both of these two technological developments cannot create higher 
economic performance. Therefore, RlSs cannot indirectly reinforce network position 

through rich economic conditions. The evidence is also meaningful for poor RISs that 

need to improve not only technological capabilities but also economic outcomes. Such 
RlSs should make deliberate decisions if regional policies aim to technological diversify 
or specialize in bio-chemical, neither of which are helpful for economic and innovative 

output. 

Our empirical evidence suggests that technological specializations are significantly 
related to static economic performance but not to dynamic economic growth. We don't 

seem able to show technological specializations as creating economic growth. The first 
reason for this could be that, during the 1990s and until now, high economic growth is 

found mostly in the regions that are under-developed with high economic potential. 

These low-order regions might not have invested very much in a specific technological 
field. Secondly, the model has the limitation that we may need the "longer-run" growth 
rate to express the impacts of their specializations on growth (especially for higher
income RlSs). However, the empirical evidence shows that if poor RlSs could gain high 
economic performance via specific technological development, they might improve their 

99 



On Explaining Locational Patterns of R&D Activities by MNEs 

innovative capability and accumulate a knowledge base to improve their network 
position. It also explains that some regions, with high specializations and high economic 
performance, have a higher chance of improving their network position than the regions 

with either of the above conditions. 

b. Innovative output: A resultant phenomenon vs. a mediate facilitator? 

According to our evidence, regional innovativeness plays an important role in explaining 

regional development. From an output view, innovation output or innovation 
performance is always taken as a resultant phenomenon to be explained in past studies. 

However, it also plays a facilitating role in regional development. In our study, the 
model shows that innovativeness acts as an active facilitator that plays a mediator role 
between technological development and network position improvement. 

Taking innovativeness as the resultant phenomenon that we aim to explain, we 
acknowledge two implications. First, only the RISs focusing on computer-electric SP can 

attain better innovative performance. RISs focusing on other SPs are limited in directly 

creating better innovative performance since they have to accumulate economic 
resources via which RISs could better perform in innovations. Secondly, since both static 

economic performance and dynamic economic growth have positive impacts on 
innovative output, we can imagine that both rich RISs (which are high-income regions) 
and poor RISs (which have high economic growth potential) have opportunity to 

improve their innovative output and strengthen innovative capabilities. 

When considering innovativeness as a mediator, it could be extended to explain 

why RISs always have different paths towards better network positioning. A higher 
innovative output has been motivated by not only economic conditions, including both 

economic performance and economic growth, but also computer-electric SP. Besides 
direct improvement of network positioning, RISs focusing on computer-electric SPs 
could strengthen their network position indirectly via regional innovativeness. In 
addition, as we know that a better innovative outcome is also affected by economic 
factors both poor and rich RISs are able to promote network positions. In short, besides 
explaining it as a result, the innovative output expresses the RISs' innovativeness and 

innovative capability that is established by economic developments and promotes RISs' 
network positioning within the whole network. 

c. Dynamic mediator: Interactions of economic conditions and innovative 

output 

Since our research model examines many different relationships between regional 

conditions, we find that the interactions between economic performance and 
innovativeness provide RISs advantages in gaining a better position. According to Table 
IV.4, the relationships between economic performance and innavativeness as well as between 
innovativeness and network position are both significant. When specialization or 
diversification has a positive relationship with economic performance, the impact of 
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interaction on network position strength depends on how close the relationship between 

SP and economic performance is. Among all different SPs, traditional SP has a relatively 

closer relationship with economic performance. This implies that RlSs with traditional SP 

can benefit (0.65) more via interactions with economic performance and innovativeness 

(0.50*0.41). If RISs develop technological policy focusing on traditional sectors, the 
knowledge and experience accumulating from traditional SP might not only create better 

economic performance, but might also lead to better innovative outcome and network 
position. RISs may thus become advantageous in both technological and economic 
conditions. However, for RlSs focusing on bio-chemical SP, RISs seem to face the risk of 

concentrating on specific technology and thus not being able to accumulate the economic 
resources, by which indirect improvement of RISs' position is provided. 

Another dynamic possible mediator is the interaction of economic growth and 

innovativeness. Since not all specializations can create higher economic growth, so the 
interaction of economic growth and innovativeness is neither able to act as the dynamic 

mediator between specializations and network position. 

d. Regional competence in economic and technological capabilities 

This study has emphasized the role of mediators and thus we point out two reasons to 

explain why economic performance and innovativeness are possible mediators between 
technological specializations and network position. One is that economic output and 
innovative output both represent regional capabilities, where economic strength shows 

RlSs ability in capital investment and innovative output expresses the knowledge base of 
RISs. Both are important for RlSs to become relatively advantageous. The other reason, 
on a more micro view, could be the firrns' behaviours within RlSs. R&D investment or 
innovative activities are mostly executed by MNEs (multinational enterprises), some of 

which aim to localise in a large market with high economic potential while others tend to 

focus on seeking crucial technological resource in specific locations. Therefore, high 
economic performance and better innovative outcomes attract MNEs, bringing different 

types of knowledge exchange, e.g. marketing, manufacturing, or R&D knowledge, to the 
specific locations. RISs' network positions are thus promoted with the background that 

the micro dynamic interactive behaviours are still preceding. 

4.6. Conclusion 

This chapter focused on regional-level analysis to explain how RISs could attain a better 
network position by utilizing different locational conditions and resources. We have 

applied concepts from network theory to the regional level and calculate the importance 
of RlSs among all other RISs to express the hierarchical relationships. Technological 

characteristics (i.e. different specialization patterns and diversification), economic 
conditions, innovativeness, as well as the interaction of these dimensions are all 
considered in the model. We do not aim to explain the causal relationship between 
economic and technological development but instead try to analyse how these different 
regional conditions and their interactions promote the network position of RlSs. In order 
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to reach or maintain a higher network position, RISs have to accumulate regional 
capabilities, including economic potential and technological capability. To improve their 

network position, regional technological developments play a crucial role. Not only 
technological uniqueness in high-tech or traditional sectors but also technological 

diversity supports a central network positioning of RISs. In addition, economic potential, 
i.e. economic performance, not only directly reinforces network positioning, but also 

strengthens the position indirectly via regional innovativeness. However, economic 
growth does not show its direct impact on attaining a better network position, but 
economic growth does provide an indirect force that strengthens RISs' network position 
via regional innovativeness. The role of innovative performance gives both high

technological-developed regions and lower-technological-developed regions the 
opportunity to develop RISs and gain a better network position amongst all regions. 

Between technological specialization and network position, there exist different 
paths or mediators that have the ability to strengthen RISs in becoming advantageous 

compared to all other RISs in the knowledge network. One of the crucial mediators is 

static economic performance, that is the result of technological specializations, e.g. 
traditional SP or computer-electric SP, and in tum leads to improving RISs network 

position. The results reflect the critical role of technological specialization within a 
specific location (Cuadrado-Roura & Rubalcaba-Bermejo, 1998; Dalum et a!., 1999). 

Additionally, we find innovative output as another crucial mediator. Since economic 
performance also fosters RISs in having higher innovative output, the interaction of 
economic performance and innovativeness creates another advantageous positive 

strength for RISs. It encourages considering both the close linkage between economic 
development and innovativeness (Verspagen, 2004), as well as the interactions of local 
conditions (e.g. Lundvall, 1992; Morgan, 2001). However, the role of economic growth is 
not significant enough to be a mediator between specialization and network positioning. 

Diversification only plays a mediator role for some specific traditional SP or basic metal 

SP. RISs with high-tech specializations seem to be unable to develop diversification with 
the aim of gaining a higher network position. 

According to the evidence, some implications for regional development and firms' 

investment are shown. First, for regional policy-making, specializing in high-tech sectors 
is not the only way to make RISs successful. Specific RISs can become a knowledge centre 
within the whole RISs network if they develop unique technological characteristics, e.g. 
basic metal, and even promote their positions via the interactions of locational economic 
conditions and innovative performance. Besides specializations, RISs can also strengthen 
their network position with diversifying development in technologies. It is also possible 
to observe the co-existence of different types of externalities, specializations and 
diversifications. However, for the poor RISs, decision makers should be deliberating 

technological policy. If poor RISs diversify in technological development, they may not 
only lose technological focus but also fail to enrich their RIS. Secondly, the evidence is 
useful to explain the locational advantages for MNEs, which may search for either 
technological resources or large markets. Technological uniqueness or multiple 
technological capabilities indeed shape the attractiveness and the network position of 
RISs. However, although a RIS may not possess abundant technological resource but 
only have economic potential, this RIS could become a knowledge centre if the firms and 
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human capital within the RIS can create more innovative output via the high economic 

potential. 

Finally, we have to acknowledge some of the limitations in this study. First, 

considering the fitness of model, we could only include limited constructs (variables) in 

the SEM model. In order to keep the model acceptable, the model does not include all 

sectoral items for the variables of specialization patterns. After the checking procedures 
of EFA and CFA factor analysis, we only include the specialization patterns that could be 

highly represented by specific indicators. We also exclude the specialization patterns in 
service sectors due to the non-availability of data. Secondly, although SEM model is an 

advanced way of explaining the causal relationships between two variables, we keep our 
discussion away from the arguments between economic growth and innovation. This is 

the reason we establish a recursive model but not a non-recursive model. Based on our 

analysis, we can clearly identify the interactive and intertwined relationship between 

regional economic and technological conditions, they as well as their interactions are 
important to the higher network positions. To further examine the detailed causal 

relationships, we may have to consider the growth rate over a longer period, or establish 
a non-recursive SEM model, which requires more complicated empirical analysis. 
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Appendix IV 

Appendix IV.l: Relevant Tables and Model Comparisons 

Table A(IV.l).l. Correlation matrix 

Traditional Bio-<:hemical computer-
technologK:al technological electronics Basic metal Economic EconomK: Innovative Network 

technological specialization perfonmance growth output standing specialization specialization specialization 
jlraditional 
technological 1.00 
specialization 
jt:lio-chemical 
technological (o~Jl~ 1.00 
specialization 0.13-
1~omputer- 0.19 0.11 electronics 

(0 13~ (0 12J 1.00 technological 
specialization 1.4 0.9 

Basic metal (Oui~J (Oui~) (Oui~) 1.00 specialization 4.2 0.27 0.85 

Economic (Ou~J (Oui~) (OuitJ (OuO;J 1.00 performance 6.4 0.17 2.9 4.3 

Economic growth 
0,1!_2 

(~~ (~o~J (ouo~1 (ouo1l 1.00 (0.09) 
0.21 0. -0.7 0.64 -1 .5 
0.29 -0.02 0.37 0.22 0.55 0.13 

Innovative output (0.10) (0 10J (0.09~ (0.10) (0.07) (0.08) 1.00 
2.81 -0.1 3.8 2.27 8.04 1.75 

Network standing (~~~ (Oo~j (00~ (0°0~ (0°0~ (0°0~ (0°0~J 1.00 
4.88 2.6 5. 4.5 7.7 0.64 10.1 

Reliability 0.7473 0. 752~ 0.7514 1.8545 .7215 .7202 0.~745 0.7 
1 01scnmmate TM correlation matriX shows at each construct IS representative to be a smgle factor that the range. (b+2o, t ·2o) does not 
validity mclude 1· the number 1n Quotation IS cr. 
Note: ': correlatK>n; ":standardised deviation; -:sigmficance, 1.e. !-value. 

Table A(IV.1).3. Model la-2 
wr~r-------------
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0 

Table A(IV.1).4. Model comparison 

amma ( ,4 (i.e. t e 
number in 41 row and 4'" 
column in gamma matrix) is 
not necessary included in 
current model· 

urrent model vs. competing model 1: tt oes not significantly become better 
when we add new relationship between basic metal SP and innovation (i.e. 
gamma (4,4)); 
Current model vs. comparison model 2a, 2b: It significantly becomes worse if 
we eliminate relationships between two high-tech SPs and network posttion. 

Table A(IV.l).S. EFA1 vs. EFA2 
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Studies at Firm Level 



European R&D Manager Survey 

CHAPTER 5 
European R&D Manager Survey on Locational Patterns of 

R&D Activities 

5.1. Introduction 

In order to understand the locational patterns of innovative activities, we have to 

consider the issues on both a micro level and from the view of firm. Studies on the meso 
(or macro level) lead us to understand the differences between regions/countries, which 

might have technological advantages or play a critical role in attracting R&D investments 

through knowledge-diffusion. However, macro phenomena alone cannot explain the 
firms' strategic thinking in globalisation behaviour. We have to further explore the view 
of firms regarding how R&D activities are carried out in different locations. 

For this purpose, a questionnaire is designed to collect data from R&D 

organisations in Europe, focusing on how firms make decisions with regard to the 

(geographical) location of their R&D efforts. Among other things, the survey tries to 
assess the role of the local environment (e.g., other companies, universities, or research 
institutions), human resources, and local and international relations. Critical to 

understanding innovative activities in Europe is, firstly, knowing how firms make 
decisions regarding strategies on location for R&D activities, and, secondly, how local 
knowledge networks facilitate firm's R&D activities, 

This chapter includes three sections that describe, respectively, the design and 
procedures of the on-line survey, a response analysis, and descriptive statistics for 

relevant survey questions. In the next section, we discuss the questionnaire framework 
and the survey procedure. We describe how the questions in the survey address our 

research issues. We also explain the way in which we approach the targeted sample and 
how we carried out the survey on the Internet. In the third section, the responding 

sample is analyzed, so as to better understand the background of all responding 
participants. In order to investigate the representativeness of our dataset we use several 

dimensions to check the correlation and homogeneity between the targeted sample and 
the responding sample. We also check this distribution against organisational 

characteristics and some R&D related factors. The fourth part calculates and presents the 
descriptive statistics. In the concluding section, we discuss how the dataset can 
contribute to explaining our research issues. 
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5.2. Questionnaire Design 

5.2.1 Questionnaire framework 

The purpose of the survey is to better understand how firms choose a location for their 

R&D activities and how they behave in the local environment. The questionnaire is sent 
to the managers of an R&D organisation or an R&D department, which might belong 

either to part of the headquarters or a foreign subsidiary. The questions are targeted to a 
local unit view, which is intended to give us rather precise opinions about the local 

environment. There are four sections in the questionnaire: (1) General information about 
the firm; (2) R&D Department and R&D strategy; (3) Locational conditions for R&D 
Investment; (4) Internal and External networks of knowledge interaction (see, Appendix 

V.2). 

In the first section of the questionnaire we aim to identify the backgrounds of each 

responding firm, and select those firms which carry out their R&D activities in European 
regions. These firms may differ in their operational scale, organisational structures, 
historical experience, home country, industrial field and so on. As well as the firm's 

general information, we consider the geographical and structural linkage between the 
local subsidiary and her headquarter. We also rely on this general information to better 
understand the profile of our sample. 

The main purpose of the survey is to observe subsidiaries' behaviour in order to 
understand how the internal organisation and external environment interact as well as 

how firms adopt their local strategies. Questions in the second section of the 
questionnaire focus on internal organisational factors while the questions in sections 
three and four address the local environment. Most of the questions are designed as 5-

point Likert-Scale questions (from zero to four) that ask managers to express the extent of 
their agreement. A few questions are categorical multiple choice so that managers can 
choose the answer that most suitably describes their status. 

In the second section of the questionnaire we consider the role of subsidiaries 
within MNEs. The questions here relate to the subsidiary's organisational characteristics 

or R&D strategies. We include questions about organisational cultures, attitudes to 
innovation, and the future plans for R&D activities, since these internal characteristics 
shape the innovative behaviour of subsidiaries (Caloghirou et al. 2004). The interactive 
mechanisms within MNEs, e.g. the (centralisation or decentralisation) strategy, or a 

personnel exchange program, are formal ways to control the knowledge interactions 
between headquarter and subsidiaries. Headquarter's central decision-support and 
formal interactive mechanisms may shape an interactive network within MNEs. The aim 
of this network is to diffuse and efficiently manage knowledge absorbed from different 

locations. The questions addressing these issues are designed on the basis of concepts 
and definitions from past studies (Birkinshaw & Fry, 1998; Birkinshaw et al. 2005; Foss & 
Pedersen 2002; Luo, 2003; Ozsomer & Gen11tiirk, 2003; Roth & Morrison, 1992; Rugman 

& Verbeke, 2001). The role of a subsidiary within the MNE has become increasingly 
important because subsidiaries infuse new knowledge into other units within MNEs 
which are in tum beneficial for their growth. Therefore, both subsidiary's internal 
organisational characteristics and the headquarters role are included in the study. 
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The third section attempts to identify which locational conditions, including initial 

and current conditions, are critical in attracting R&D to a region (Chell & Allman, 2003; 
Granstrand, 1999; Kuemmerle, 1999; Makino et al. 2002; Voelker & Stead 1999). In the 

first part, we ask the respondents to tell us what locational issues were the most 

important when they planned to do R&D (i.e. the initial conditions). Secondly, we ask 

them to evaluate the current conditions. 

The questions in the final section of the questionnaire are about the knowledge 
interactions between internal units and external actors. We use two dimensions to 

classify our internal units. One dimension classifies the "R&D related department" and 
"other functional departments" . The other dimension separates internal units in terms of 

geographical distance. We use the first classification (R&D unit or not) to examine 
whether the R&D related knowledge is more important than other functional knowledge, 

e.g. marketing knowledge. The second classification is based on distance and we 
consider the impact of geographical distance on knowledge flows. Therefore all internal 

units are classified into four categories; the units within headquarters, those in the local 

unit/firm, those places within a 3 hour travelling time, and those outside a 3 hours 
travelling time. This classification is helpful to examine whether distance also matters for 

the intra-MNE knowledge flows. 

Based on a review of several past studies (e.g., Birkinshaw, 2002; Caloghirou et al., 

2004; Cantwell & Kosmopoulou, 2004; Desouza et al., 2005; Fey & Birkinshaw, 2005; 
Galende & de la Fuente, 2003 ; Laursen & Salter, 2003; Segelod & Jordan, 2004 ; Tasi, 

2001), we adopt a classification of the potential external actors, and summarize seven 
types of external networks (university, government, private research institution, 
competitor, customers, conferences/workshop, and suppliers). All the internal and 
external questions are designed on a 6-point Likert Scale (from zero to five), of which 

zero indicates "non-applicable" or "no interaction". 

5.2.2 The research issues 

Through surveying R&D managers we aim to explore two main research issues. The first 

focuses on explaining the different types of R&D behaviour. This includes looking at 
R&D motivations and how the different R&D motivators make firms behave differently 
in knowledge interaction within local environments. The questions in Section three ask 

managers what motivated their firm to locate in the current locality and also to evaluate 
the importance of current conditions for their R&D activities. Responses should help us 
identify the different R&D types. Considering the questions in Sections one and two, we 

could also examine whether R&D types are related to organisational backgrounds. 

The second issue turns to examine the role of subsidiaries in knowledge diffusions 

within MNEs. We try to find out if subsidiaries play an important strategic role in 
innovative activities within MNEs. We examine organisational factors, including firm 

specific characteristics, the relationships between headquarter and subsidiaries, and local 
factors, e.g. local network embeddedness which may encourage subsidiaries to diffuse 
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their accumulated knowledge. The questions in Section two and four assist us in finding 
out how a specific subsidiary contributes knowledge diffusion to the rest of the MNE. 

5.2.3 Survey procedure 

a. Survey preparation 

Before the full-scale survey was sent out, we conducted pre-test measures by gathering 
reactions to the questionnaire from the respondents. In the pre-test work, we asked eight 

people, including engineers and managers, to read our questionnaires and check the 
accuracy of all terminology. Their reactions led to the correction of some questions. In 
addition, and in order to avoid some misunderstanding, we also give a definition for 
particular specific and relevant terms. Since we expected that many respondents would 

be unwilling to participate due to a lack of time, we promised to send a report on the 
general results to all respondents. 

b. Defining population 

The survey is aimed at collecting firms' opinions about their strategies on R&D locational 
patterns and thus the survey boundary should encompass more than one country. We 

focus on European regions and select 15 countries that are relatively developed in patent 
or innovative activities. In addition, according to the World Investment Report 2005 

(p.128), European regions (excluding Eastern Europe) are involved in many foreign R&D 
affiliated activities (Figure V.l). An R&D survey focusing on these European regions 
could be helpful in understanding how locational issues influence a firm's R&D location 

decisions. We use the "European R&D Organisation Database 2003" (published by 

Thomson) as the source for our survey population. In the database, we found more than 
20,000 R&D organisations belonging to a range of different organisation types1. Since we 
focus on R&D behaviour by multinational enterprises, we select only the database 
records of the "Business Enterprise" type for our sample. The firms belonging to our 
selected 15 countries comprise 82.29% of the total number of firms in the database2, 

implying that that this database offers more information for these selected countries than 
for other parts of the world. According to this database, "business enterprise" firms 
include almost half (47.5%) of total European R&D organisations. 

1 The five organisation types are business enterprises, charity and non-profit organisation, consultancies, government 
institutes, and higher education and hospitals. 
2 Total records in this database are 22,608 while the firms in 15 selected countries are 18,605. 
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• 1 ·3 
• 4 - 12 
• 13 · 27 
• 28 -57 
• 58-81 

Figure V.l. Worldwide location of foreign affiliates engaged in R&D 2004 

c. The target population of survey 

In the initial stages of data collection, we sent invitation letters to R&D managers in the 
selected firms. R&D managers in R&D organisations or departments were asked to fill in 

the questionnaire on our website. We had two waves of contact to approach the 
managers by postal mail. The first invitation had been sent on the 29th January 2005 and 
a reminder letter was sent between the 14th and 28th March 2005. Some invitation letters 

were returned due to different reasons, such as some firms had moved location, some 
may have changed their names, or some no longer existed. In addition, some firms 

returned our mail because the name of recipient had left the company. To overcome the 
latter obstacle in the second wave, the addressee on the envelope was replaced by "R&D 

Department/Manager" if we were unable to find the manager's name in our database. 
We also asked the receivers to pass on the invitation letter to the relevant person in 
charge of the firm's R&D. We also contacted our targets by email. In the European R&D 

Organisation Database, not all of the firms post their contact email addresses. For those 
firms with available email information, we sent them the invitation again and asked 

them to pass on the information to the relevant persons. Although many of the emails 
were wrong addresses, it was still a source of some responses. 

Language considerations were addressed and as the survey includes almost all the 

Western, Mid-, and Southern European countries, we had to consider their willingness to 
complete an English questionnaire. To avoid reluctance in answering the questionnaire, 
we translated both the invitation letter and questionnaire into eight languages, i.e. Dutch, 

English, French, German, Italian, Norwegian, Spanish, and Swedish. Also to note, 
because of personnel mobility, the managers who work in country "A", e.g. Germany, 
might be a native speaker of language "B", e.g. Dutch. Some countries use two or three 
official languages which make it difficult to identify the most suitable language for a 
given recipient. Therefore, in order to encourage managers to participate in the survey, 
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all respondents were informed that they could visit the website to read the invitation 
letter and questionnaire in additional European languages. 

d. On-line survey 

In order to keep the validity of our survey, we have to control whether the respondents 
are those who received our invitations. Therefore, in the invitation letter, we sent each 

respondent a user login number and password, from which we could identify where the 
answers were from. In this way, we also could exclude the answers that might be sent 

twice (or more) or be sent with procedural mistakes. The login number might be also 

helpful if we need to check further information about the respondents from a database. 

5.3. Sample Description and General Results 

5.3.1 The representativeness of the sample 

During the Internet survey, we collected responses from 379 managers in R&D 
organisations. Of these, 216 responses were collected before we sent the reminder mail 

and the remaining 163 responses accumulated before the end of July3• Excluding the 
letters that were returned because the address was apparently wrong, the response rate 
was about 5.01 %. In order to test the representativeness of the sample, we compared the 

original sample (in European R&D Organization Database 2003) against the sample of 
responses according to several dimensions, e.g. country. Correlations and Chi-test were 
both used to examine whether our dataset is representative and the potential non
response bias. 

a. Response rate of each country 

In total we collected 379 responses from 15 countries with an average response rate of 
5.01 %. Not all of the responses were finished surveys with complete answers and we 

identified the responses with insufficient values for critical questions. The final valid 
sample size is 340, the two major sources being German firms, which account for 19.71%, 

and UK firms which account for 12.06% (Table V.l: Column G). Response rates in 
Denmark, Greece, and Portugal are all above 10%, although we did not provide their 
local languages (i.e. Danish, Greek and Portuguese) on the website. A relatively lower 
response rate could be found in bigger countries, e.g. France (2.88%) and the UK (3.13%), 
from which we received 25 and 41 responses respectively. Although we did not get a 
high response rate in general, and in particular from a few countries, we still collected a 
large enough sample to perform statistical work. 

3 We compared the two waves to examine whether they are significant different in main questions and firm 
backgrounds. The results did not show significant different between the results of the two samples. 
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b. Representativeness of sample and a response bias test 

In order to investigate the representativeness, we use both correlation value and chi-test 

to examine whether the distribution of data collected correlates with those originally 

targeted in the European R&D Organization Database. The comparison of sample and 
population distributions between profiles will give an indication of whether the sample 

is biased or not (Blaikie, 2003, p.167). Because the database does not include all the 

information we need for establishing the representativeness, we could only use three 

main dimensions to check whether the responses are representative enough for 
explaining firm's R&D behaviour in Europe. These dimensions are the country of the 

firm, the size of firm (in terms of number of employees), and the age of the firm. 

However, limitations still exist for the examination since we do not have complete 
information for all records of the database from which we draw the targeted sample. We 

must therefore assume that the distributions calculated using the available information is 

the identical to the distributions of the complete sample. 

In Table V.l to V.3, we examine whether the distribution of valid respondents of the 

three dimensions (country, age, and size) are the same as the distribution of our original 

targeted sample. The high correlations (between 0.87-0.92) show that our dataset has 
similar characteristics to the original sample. The results of the Chi-test show that the 

dataset we collected is not significantly different from the original sample. In other 
words, the results of our dataset should be trustworthy in explaining firms' R&D 
behaviour and activities within the 15 European countries. Although the response rate is 

low, our dataset is suitably representative and there is no indication of a response bias 

for further analysis. 

(B) (C) (D) (E) 
(F) 

(G) 

Country 
(A) 

%of firm Real Response Final valid 
Valid 

%of valid 
N* Response 

number response rate sample 
rate 

sample 

AT 510 6,74% 7,06% 33 6,47% 9,71% 

BE 538 7,11% 26 4,83% 21 3,90% 6,18% 

CH 121 1,60% 6 4,96% 7 5,79% 2,06% 

DE 1719 22,72% 

~:I 
4,42% 67 3,90% 19,71% 

DK 102 1,35% 13,73% 12 11,76% 3,53% 
ES 405 5,35% 27' 6,67% 18 4,44% 5,29% 

Fl 208 2,75% 71 3,37% 7 3,37% 2,06% 

FR 867 11,46% 261 3,00% 25 2,88% 7,35% 

GR 101 1,33% 13 12,87% 13 12,87% 3,82% 

IT 881 11,64% 32 I 3,63% 29 3,29% 8,53% 

NL 277 3,66% 29 10,47% 27 9,75% 7,94% 

NO 93 1,23% 8 8,60% 8 8,60% 2,35% 

PT 35 0,46% 10 28,57% 10 28,57% 2,94% 

SE 399 5,27% 25 6,27% 22 5,51% 6,47% 

UK 1311 17,33% 3,36% 3,13% 12,06% 
1 00% 
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Looking at Table V.2, we can also see that the majority of firms in our sample are 

those that have been established in the last 11-20 years. (The overall distribution shows 

two peaks on extreme side, younger (<10 years) and older groups (>100 years).) If we use 
40-year as the dividing line, about half of our sample is younger than this (55.29%) and 

another half is older than 40-year-old (44.71%). Thus, the dataset can offer us a wide 
range of information including both younger and older firms. 

<1 0 

11-20 73 11,95% 
21-30 37 359 10,31% 
31-40 38 262 14,50% 
41-50 24 187 12,83% 
51-60 28 182 15,38% 
61-70 10 62 16,13% 
71-80 10 91 10,99% 
81 -90 15 83 18,07% 
91-100 12 60 20,00% 
101-110 17 52 32,69% 
>110 36 

I i i 
infonnation from ltle database is only about one fifth of total finns in the directcxy (2231 finns). 

In Table V.3, we find that the majority of our respondents fall into the "small firm" 
category, that is those with less than 50 employees (30.77%). Medium-small firms, 

classified as having about 50 to 200 employees, and medium-large firms, having between 
200-500 employees, account for about 25.44% and 16.86% respectively. The large firms, 
those with more than 500 employees, constitute about 26.92%. This varied distribution 
also implies that the dataset can represent the behaviour of small, medium, and large 
firms. 

Medium_large 

Large 

finns). 
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5.3.2 Responding sample profile 

In this section, we look at the general characteristics of the responding firms. First, we 

examine the distribution in firm type. Secondly, we look at the industries that our 
respondents are involved in. In the third place, we examine the distributions in light of 

the locational and distance dimensions. In this part, we try to understand where these 
firms are from (i.e. about their home countries), their global locations, and the distance 

from their headquarters. Fourthly, we tum our focus to R&D activities within 
organisations. We will look at the role of R&D function in the organisation, and the 
organisational structures of R&D activities. Finally, we check the firm's pre-experience, 

current investment, and oncoming planning in their R&D activities. 

a. Firm type 

Most responses are not from pure R&D organisations or laboratories, but rather from 

R&D departments belonging to commercial firms4 (Table V.4, firm type). Independent 
standalone firms and multi-unit firms account for 55.88% and 44.12% of responses, 

respectively. Thus, both types are almost equally represented in our dataset. Considering 
the entire company group5, 8.24% of the sample are pure R&D organisations. The other 
91.76% firms involve several functional activities, e.g. R&D, marketing or manufacturing. 

If only considering the local unit, about 15% are pure R&D organisation. In the analysis, 
we must make sure to look at the implications of applying our research issues to the 
behaviour of pure R&D laboratories. Alternatively, by using dummy variables, we could 

control the effects of firm types. 

i 
in this column are clicked. 

b. The business field of the firm 

8.24% 

15.29% 

We calculate the percentage of each sector that is clicked by the R&D managers to 
observe the industrial background of our sample. In this multiple-choice question, firms 

' A pure R&D finn is a research lab/centre in which aU activities (100%) are related to R&D (research and 
development) while commercial firm takes R&D in function of seUing products and service other than pure research 
results. 
'Company group includes aU related affiliations of the finn, i.e. headquarters, subsidiaries, or all joint venture ON) 
partners. 
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were allowed to indicate more than one industrial sector if the firms are diversified. Our 

results show that "Other manufacturing" sector is the biggest group among all sectors 

(13.55%). However, if we combine the related sectors, high-tech sectors for example, 

electronics related sectors, account for more than 10%. Electronics related sectors 
(including sectors c, d, e, and h in Table V.S-1) are 23.17% and the bio-chemical (sectors b 
and p) sector is 16.94%. Transportation related sectors (include sectors a, i, n, s;) are 
12.29% in total. The other sectors are distributed among traditional and natural-resource 
industries, which are mostly below 3%. 

The 22 sectors are not easily related to technological fields, but according to Marsili 
& Verspagen (2002), a solution would be to simplify the category of sectors. Their study 

used data from the Production Statistics and the Business Register of manufacturing 
firms in The Netherlands as well as data from Community Innovation Survey. Based on 
the linkage between innovation and structure dynamics, they classify the sectors into five 
types, discriminating between technological regimes. These five types are; complex

system industry (CS), continuous-processes industry (CP), product-engineering industry 
(PE), science-based industry (SB), and fundamental-processes industry (FP). We apply 

the latter classifications to the ones that we used in the survey. However, our 

questionnaire asked the respondents to select more than one sector if they were 
diversified corporations and thus they might belong to more than one industrial field 
(Appendix V.1: Table A(V.1).1). 

We design dummy variables to show which sectors they are in. One is to represent 
the sectors that their business is involved in (SEC) and the other is to represent the firm's 

dominant sector. (DOM_SEC). Both SEC and DOM_SEC depend on the sectors that they 
chose in the questionnaire. For example, if a firm selects "Non-ferrous basic metals", 

"Ferrous basic metals", "Non-Metallic minerals " and "chemicals", then its involved 
sectors are CP and FP. Its dominant sector is CP because the selected sectors mostly 
belong to "CP" sector (i.e. three in CP, "Non-ferrous basic metals", "Ferrous basic 
metals", "Non-Metallic minerals", and only one in FP, chemical). 

1 H H y i i ¥ tJ! } I!' 1 I '!I j I y 
•1j H 1! f i. Jl ~ ~ ! i ~ l ~ 
.. .. .. ] 1! ... wE 

l i ] ~ ~ "' .. 
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Figure V.2. Sector distrubution 
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Chemicals 64 11,41% 
c. Computers and office machines 21 3,74% 
d. Electrical machinery 25 4,46% 
e. Electronics 45 8,02% 

f. Ferrous basic metals 20 3,57% 
g Food products 41 7,31% 
h. Instruments 39 6,95% 

Motor vehicles 26 4,63% 
j. Non-electrical machinery 19 3,39% 

k. Non-ferrous basic metals 19 3,39% 
Non-metallic minerals 18 3,21% 

m. Other manufacturing 76 13,55% 

n. Other transport 15 2,67% 

0. Paper and Printing 13 2,32% 
p. Pharmaceuticals 31 5,53% 
q. Plastic and Rubber 18 3,21% 

r. Refined oil 9 1,60% 

s. Ships and boats 7 1,25% 

t. Simple metal products 21 3,74% 

u. Textiles 7 1,25% 
v. Wood Products 6 1,07% 

561 100,00% 

According to Table V.S-2, we find almost half of our respondents have involvement 

in PE industry, which includes motor vehicles, non-electrical machinery, plastic and 
rubber, ships and boats, simple metal products, and other manufacturing sectors. 

Science-based industry (including computers & office machinery, electrical machinery, 

electronics, instruments, and pharmaceuticals) has the second highest number with 
almost 40% of firms involved in this industry. Considering the dominant sector of each 
firm, those involved in PE and SB industries still hold the majority. It could be argued 

that CS and FP (e.g. aerospace, other transport or refined oil sectors) have lower 

proportions since these sectors are only operated by highly capital-intensive firms or by 

government-related institutions. 

SEC 9,79% 29,08% 48,07% 38,28% 19,88% 

DOM SEC 6,23% 25,82% 33,23% 33,83% 5,93% 

c. Location 

Information regarding the location of the entire company group shows that the dataset 
can explain the behaviour of European-wide firms. For the multi-unit firms in our 

dataset, only about 10.7% operate in a single country. As we discussed above, we have 
150 multi-unit firms and 190 single unit firms. In Table V.6-2 (or 6-3), about 89% of multi
unit firms are multinational firms. These multinational enterprises might locate 
themselves in either the home country or abroad. More than half of our participants 

(international firms) located in the home country. This seems to indicate that the home 
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country is a first choice for R&D sites. However, the location distribution of our sample is 
not biased to only HQ-nearby locations. We show the distances between respondents' 

locations and headquarters' locations in Table V.7. The responses are almost equally 
distributed among the four categories, which means the results reflect the scores of far

distance subsidiaries as well as neighbouring units. 

Table V.6-1. Domestic or international firm 

~;your company operates . .. 0cC;, N 
In single country 16 
In different countries (as an international firm) 116 
Part of JV 1 
Other 17 
Total 150 

NA* (standalone firms) 190 
Total 340 

'Yo 
10.7% 
77.3% 

0.7% 
11 .3% 

100.0% 

•: N.A. means the finms that might not be applicable to answer this question. 

Table V.7. The distance between HQ and subsidiary 

. Distance l ft N ! % l 
Weare in HQ 25,50% 
Within 1 hr 34 22,82% 
1-4 hr 41 27,52% 
More than 4 hr 36 24,16% 
Total 149(44%) 100,00% 
NA or missin~ 191~56%1 

Total 340p00%1 

Most of the participants have their headquarters in Europe. We only received 
12.75% response rate from subsidiaries to non-European MNEs, whose home countries 
are located in Asia or America (Table V.8). Thus, our dataset probably better reflects 
European firm's R&D activities, rather than more global R&D activities. However, 
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according to WIR (UNCTAD World Investment Report 2005, p.125), Western European 

MNEs have a higher degree of R&D internationalisation than firms from North America 

or Japan. In addition, the result of having mostly European multinationals in the sample 

might also imply that geographical distance is a main factor when establishing a new 

R&D site. Most of the European MNEs like to locate their foreign R&D sites in Europe. 

The convenience of infrastructure in Europe and familiarity of European cultures might 

also explain why they have a higher degree of internationalization. 

AT 
BE 
CH 
DE 
OK 
ES 
Fl 
FR 
GR 
IT 
NL 
NO 
PT 
SE 
UK 
JP 
CA 
USA 
Other 

Total 

d. The nature of R&D activities 

9 
5 
6 

30 
8 
1 
3 
9 
3 

11 
10 
5 
2 

10 
18 

1 
1 

13 
4 

149 

(A) Number and ratio of R&D employees: 

6,04% 
3,36% 
4,03% 

20,13% 
5,37% 
0,67% 
2,01% 
6,04% 
2,01% 
7,38% 
6,71% 
3,36% 
1,34% 
6,71% 

12,08% 
0,67% 
0,67% 
8,72% 
2,68% 
100,0 

We consider the distribution of all respondents and also those that only include multi

unit firms when looking at R&D investment. More than 30% of all respondents and 20% 

of the multi-unit firms have fewer than 5 R&D employees (Table V.9-1). 

However, if we check the distribution of the ratio of R&D employees to total 

employees, more than 40% (or 35%) of all firms (or multi-unit firms) have R&D employee 

ratios higher than 15% (Table V.9-2). Considering only multi-unit firms, about one fourth 

of firms have more than 100 R&D employees and a high R&D ratio (R&D employee 

ratio>25%). This R&D distribution shows that our dataset includes firms with different 

R&D scales. We use Chi-test to examine whether these two samples (multi-unit or single

unit firms) have a similar or homogenous distribution in this dimension. The results 
show that both samples have homogenous distributions in this dimension. 

Not all the multi-unit firms have personnel exchange mechanisms between units. 

About 40.3% of subsidiaries that are not located at the headquarters' location have formal 

personnel exchange mechanisms between headquarters and subsidiaries. However, we 
use another Chi-test and find that R&D scales and R&D personnel exchange mechanisms 

are not significantly correlated (Table V.9-4a & V.9-4b). In later chapters, it could be 
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useful to examine whether exchange mechanisms are critical for the knowledge 
diffusions between units located in different places. 

6-10 
11-25 
26-100 
>100 
Total 

Missing or NA 
Total 
Chi-test W valuel 

2%-8% 
8%-15% 
15%-25% 
25%-50% 
>50% 
Total 

Missing or NA 
Total 
Chi-test (P valuel 

Total 

Yes 
No 

55 
54 
66 
58 

335 
5 

340 

80 
55 
44 
44 
57 

333 
7 

340 

122 

16,42% 
16,12% 
19,70% 
17,31% 

100,00% 

60 
89 

149 

26 
23 
31 
36 

148 

40.3% 
59.7% 
100% 

2 

17.6% 
15.5% 
20.9% 
24.3% 

100.0% 

0.9996 

27.9% 
15.0% 
12.9% 

7.5% 
16.3% 

100.0% 

0.9999 
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(B) Organisational structure of R&D function 

Considering the importance of R&D functions within the whole group (Table V.10-1), we 

find that about 79.1% of all (multi-unit) firms execute their R&D activities for more than 
one business division, even for the whole company group. More than 60% of firms do 

their R&D activities in an independent department, while the remaining R&D activities 
are embedded in part of their manufacturing department (Table V.10-2). In other words, 

most of the respondents have an R&D scale which is big enough to operate R&D 

functions in an independent unit (or department). R&D functions play a relatively 

important role within the whole company (group) and we should consider that the 
results could be used to represent those firms which value R&D functions very highly. 

For more than 1 
For all division 
Total 

Missing or NA 
Total 

Part of manufacture department 
Independent Department 
Total 

Missing or NA 
Total 

e. R&D experience and strategic planning 

(A) R&D experience 

85 
139 
283 
157 
340 

30.0% 
49.1% 

100.0% 

63.31% 
100.0% 

In many cases firms (60.8%) accumulated marketing or manufacturing experiences before 
starting R&D investment at the current location. 31.6% firms had no functional activities 

at all before investing in R&D at the current location. This shows that some firms might 
have similar aggressive attitudes in innovative activities as they have in other functional 

activities. Most of them have both marketing/sales and production experiences before 
starting the R&D investment. This is in broad accordance with the expectations based on 
the international business literature (e.g., Johanson & Vahlne, 1977). 

No other i 
Sales & Marketing 
Production 
Sale/marketing and Production 
Others 
Total 

Missing or NA 
Total 

123 

15 
55 

115 
23 

304 
36 

340 

4.9% 
18.1% 
37.8% 

7.6% 
100% 
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(B) R&D budget and planning 

Looking at all participants, during the past three years, 41% of firms have increased their 
R&D investment, while 43.1% firms have not changed their R&D budget in the past three 
years; the remaining 15.9% have decreased their R&D investment (Table V.12-1). More 

than 80% of firms try to at least remain or increase the R&D activities in their current 

locations. With regard to the plans for the coming year, more than half of the sample (i.e. 
57.19%) indicated that they plan to invest more in R&D next year. Among the firms that 
plan to invest more, about 40% plan to increase R&D investment by 5-10%, and more 
than 20% firms plan to increase it by more than 10% (Table V.12-2). 

Remained the same 
Decreased 
Total 

Missing 
Total 

5.4. Descriptive Statistics of R&D Decisions 

5.4.1 R&D strategy and organisational culture 

146 
54 

339 
1 

340 

This section aims to develop an understanding of the organisational attitudes or 
organisational culture towards R&D decisions. For each item/question, we asked R&D 
managers to give their answers on a 5-point scale, where the highest score is 4 and lowest 
score is 0. Because some questions are only applicable to the multi-unit firms, we express 
the results of two datasets, of which one includes all respondents and the other includes 
only multi-firms6• The mean scores for all items illustrate the relative importance for 
decision-making. For example, from 8a to 8g (Table V.13), the mean in 8a (higher than 3) 

6 However, the !-statistics show that for almost all items there is no significant difference between two sample sets. 
Only one question, "When the company launches a new innovation project, our unit will always be involved" is 
significantly different between the two sets. The cause of the difference could be that single unit firms have to be 
involved in most projects since the respondents in our dataset have high R&D ratio and operate R&D function for 
most of the division. In addition, multi-unit firms might choose to either participate or not to join the projects 
showing low scores chosen by the multi-unit firms. 
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showed that, generally this item plays an influential role in R&D activities within the 

firms. Although our participants play a crucial role in R&D within the organisations (e.g. 
from 9a to 9e in Table V.13), they do not aim to be an autonomous unit, totally separate 
from their central HQ (e.g. lOa to lOd in Table V.13). The opinions about organisational 
innovative characteristics and knowledge diffusions within the firm (in Table V.13) will 
be used heavily in the analysis in later chapters. 

company. 

Bb. Our R&D activities focus on local market adaptation, not global markets 

Be. When the company launches a new innovation project, our unit will always be 
involved. 

Bd. We play a leading role in R&D activities for other R&D units or business divisions in 
the company 

Be. We often act as a coordinator for joint R&D projects between different units within 
our company. 

Bf. The scale of R&D activities of our department is relatively large as compared to 
other R&D units within our company. 

Bg. A larger amount of knowledge flows from our unit into our unit. 

9a. Our R&D goal is to remain or become a technological leader in our field. 

9b. Sharing knowledge within the company (group) is an important goal for our R&D 
employees. 

9c. Our R&D employees actively attend relevant technological conferences or 
workshops outside the company. 

9d. Our R&D teams actively search for external knowledge in the fields relevant for our 
R&D 

9e. Our unit has an important role in transferring new knowledge from outside the 
company to other units within the firm 

9f. Our unit relies to an important extent on local engineers 

9g. Local engineers are an important asset for our R&D activities. 

9h. Local engineers in our team cannot easily be substituted by engineers from other 

1,1533 1,1582 

(1,3145) (1 ,3002) 

2,5467 2,8503 
(1 ,2456) (1 ,2454) 

2,3933 2,3933 
(1 ,3605) (1 ,3605) 

2,4267 2,4267 
(1,3528) (1 ,3528) 

2,3333 2,3333 
(1,3816) (1,3816) 

3,2800 3,2059 
(1,0240) (1,1046) 

3,0800 3,0529 
(.9729) (1 ,0263 

2,7667 2,6853 
(1 ,0454) (1 ,0634) 

2,8800 2,8676 
(.9618) (1 ,0118) 

2,6242 2,5444 
(1,0935) (1,1681) 

2,5933 2,6065 
(1 ,1649) (1 ,1717) 

2,7067 2,6873 
(1 ,1265) (1,1421) 

2,1600 2,0885 

I#Q.;
1

;Mq~_,trallt¥jiiff;&iliul* iWMii7;rwyr > · '! $ ; 1•·· ,,,, ,. ! .~k~
9

-W 
1 Oa. The R&D budget for our unit depends very much on decisions made at a central 2,7ooo 2,7ooo 

level within the company group. (1 ,2625) (1 ,2625) 

1 Ob. Decisions on R&D investment are made by business units or divisions rather at 1,7933 1,7933 

the central company group level. (1 ,2917) (1 ,2917) 

1 Oc. The nature and extent of R&D activities in our unit depends very much on 2,5034 2,5034 
decisions made at a central level within the company group. (1 ,2714) (1 ,2714) 

10d. Decisions made at a central level within the company group greatly affect the 
hiring of R&D employees, and/or the transfer of R&D employees from elsewhere 

int=he~~~ 

13a. Exchange is a necessity to ensure integration. 

13b. Exchange is the only possible way to transfer knowledge for one location to 
another. 

13c. Exchange has a positive impact on knowledge absorption within our team. 

13d. R&D workers from other locations have trouble interacting with local engineers in 
our unit. 

3,0000 3,0000 
(.8025) (.8025) 

2,1833 2,1833 
(1,0969) (1,0969) 

3,0667 3,0667 
(.9364) (.9364) 
1,3333 1,3333 

(1,0640) (1 ,0640) 

Note: Because only multi-unit sample are used to answer questions 10a-10d and 13a to 13d, the scores for multi-unit sample and the score of total 
sample. 
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5.4.2 Locational conditions for R&D investment 

The questions in this part are about the locational conditions for R&D Investment. This 
includes the "motivations" for deciding on R&D locations and the "evaluations" of 

current local conditions for R&D activities. In the motivation section, both samples 

(multi-unit and total) score the highest in the availability of qualified employees and 
score the lowest in competitor-related factors. On average, items about technological 
resources get higher scores than the items about market resources. It seems that 

technological resources play a more important role for firms to start R&D activities in 

new locations. In other parts, familiarity and the distance to other units within the 
company group are also important. 

The results of the descriptive statistics in the evaluation section seem to be similar 
to those in the motivation section. The availability of R&D workers, which is related to 

technological resources, also ranks the highest of locational factors for R&D activities. 
The competitor issue is still the least important. Market issues are again less important 

than technological factors for firms' current R&D activities. Reachability and centrality, 

which represent the local infrastructure and location convenience, are important for 
current activities. 

a. Motivations in the R&D location decision (motivations} 

Table V.14-1. Factor scores 

Motivations 

• Availability of advanced technological knowledge 

• Availability of qualified employees 

• Availability of financial resources (e.g. venture capital, but also subsidies) 

• Comparably low cost 

j Market-related 

• Access to customers 

• Large markets 

• Lead markets (where new fashions show first) 

• Access to suppliers 

• Competitors invest here 

• Closeness to other firms and research institution 

• Familiarity with local conditions, e.g. culture, resource; 

• Local government policies (e.g. subsides) 

• Being close to government or public institution 

• Political risk 

• Being close to other units of the company group 
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(1,1158) 
2,8733 

(1,0887) 
1,8725 

(1 ,2855) 
1,4267 

{1 ,1073) 

2,2000 
(1 ,4424) 

1,9267 
(1,3811) 

1,7133 
(1 ,2496) 

1,5467 
(1 ,1961) 

0,9054 
(1,0258) 

1,8933 

{1 ,3024) 
1,5973 

(1 ,2516) 
1,3624 

(1,2204) 
1,0134 

(1 ,0904) 
1,9797 

(1 ,5004) 

(1,1480) 
2,8912 

(1,1170) 
1,9971 

{1,3066) 
1,5401 

{1,1949) 

2,3176 
(1,3629) 

1,9471 
(1,2911) 

1,7912 
(1,267) 
1,7080 

(1,2212) 
1,0090 

(1, 1039) 
2,0294 

{1,2256) 
1,7021 

(1 ,3132) 
1,4189 

{1,2762) 
1,0710 

(1,1738) 
1,9797 

(1,5004) 
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b. Current local conditions {evaluations) 

• The availability of R&D workers in a specific field of expertise relevant to 
your research fields 

• The availability of highly qualified R&D workers, independent of their 
specific expertise 

• The presence of other firms or organisations with whom co-operative 
relations 

• The presence of suppliers or customers who provide inputs into our R&D 
activities 

• Access to public research institutions (or universities) working in fields that 
are of high relevance for our R&D work 

• The presence of various types of R&D organisations (public and private), 
even if they are not focusing on fields that are of direct importance to our 
R&D 

• The presence of R&D units of competitors 

• The presence of firms and organisations that are technological leaders 

• Access to a high quality physical research infrastructure, e.g. 
telecommunication 

• Potential market can be developed in this location 

• Local markets for our products or services are large 

• Local consumers (buyers) provide ideas for our innovations 

• Local consumers (buyers) have special needs and preferences 

• Comparing to other locations, local customers (buyers) are more innovative 

• Access to local financial capital 

• The presence of consultancy services; 

• Access to government institutions or international organisations located 
here 

• Local government policy; 

• Reachability and centrality 

5.4.3 Network of knowledge interaction 

a. Internal firm 

2,8324 
(1, 1043) 

2,3588 
(1 ,0974) 

2,0382 
(1 ,1831) 

2,0473 
(1,2123) 

2,3618 
(1,2272) 

1,6549 
(1,1418) 

,7670 
(,9111) 
1,5059 

(1,2132) 
1,9617 

(1 ,2716) 
1,3481 

(1 ,1678) 
1,4100 

(1 ,2163) 
1,5339 

(1,3283) 
2,0858 

(1,2308) 

2,9600 
(,9891) 

2,4600 
(1 ,0468) 

2,0933 
(1 ,1431) 

1,9933 
(1 ,2275) 

2,2667 
(1 ,2188) 

1,5973 
(1,1145) 

,6846 
(,9160) 
1,5533 

(1 ,1846) 
1,9400 

(1,1834) 
1,1946 

(1 ,0885) 
1,2600 

(1 ,1668) 
1,3000 

(1,2026) 
2, 1216 

(1 ,1717) 

The results suggest that local network relationships are more important than the linkages 
with other parts of the MNE. Descriptive statistics in internal network relationships 

illustrate that the highest mean occurs for the linkages with local units. The linkage with 
HQ is the second, and the linkages with other parts have lower scores. In Table V.15-1, 

these differences are significantly different as indicated by the !-statistics; i.e. the 
comparisons among (1.1), (2.1), (3a.1 I 3b.1), and among (1.2), (2.2), (3a.2 I 3b.2). This 
result implies that interactions with local colleagues are relatively more intensive and 
important compared to the interactions with the actors in other internal units. 
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Additionally, for each geographical unit, we compare the interactions for both R&D 

departments as well as functional departments. We find significant differences only in 

the interactions within local units. The intensity of interaction is significantly different 

between local R&D department and local other functional departments (between 2.1 & 

2.2). However, the differences between interactions with R&D and other functional 

departments are not found in HQ (between 1.1 & 1.2) or other units in different 

geographical areas (between 3a.1 & 3a.2; between 3b.1 & 3b.2). 

Table V 15-1 Factor scores (III 1)· Internal interactions1' 1 

f fnternaf acton;)• pa !M'lfil' fill;: N MeanJiffi Std. Deviatibrf1 

(1) HQ (1 .1) HQ-R&D 108 3,4444 1,6538 
(1 .2) HQ-other functional 110 3,4091 1 5756 

(2.1) Within your uniVfirm-R&D 340 3,8882 1,6073 

(2) Within Local 121 150 3,8267 1.6292 
(2.2) Within your uniVfirm-other 340 4,1647 1,2203 

functional 150 4,1400 1.1760 
(3a.1) Within 3hr-R&D 146 2,6986 1,9383 

(3) Other Parts (3a.2) Within 3hr-other functional 144 2,6458 1.7915 
(3b.1) More than 3hr-R&D 146 2,8904 1,8047 
i3b.2i More than 3hr-other functional 146 2,7329 1,7112 

Note:l11: Th1s part IS 6-pomt L1kert-Scale (from zero to five), of wlliCh zero means "no Interaction" or "not appliCable". 
1~: 340 and 150 represent the numbers of total respondents in our dataset and the sample only including mu~i-unit 
firms respectively. The t-test is used to examine the difference between multi-unit firms and total samples, but there 
is no significance between the two sample sets. 

b. External institutions within the region 

In the external networks, the strongest linkages are found with universities and with 

customers, the former being the academic technological resource and the latter being a 

market resource in the industry. The knowledge source in conferences, workshops or 

exhibitions is also important, the mean being higher than 3.4. The lowest score occurs in 

the linkages with competitors. 

Table V 15-2 Factor scores (III 2)· External Interactions1' 1 

&Extemaf Acton;~. !il~i:&: N Meao Std. Deviation*l 
University or higher education research institutions 340 3,8559 1 '1183 

150 3 9467 0 9884 
Government or private non-profit research institutes 338 3,1361 1,4013 

148 32973 1 3824 
Commercial laboratories or private R&D institutions 340 2,7824 1,3973 

150 2,9667 1,4350 
Competitors or other firms from the same industry 340 2,2529 1,4515 

150 22000 1 5106 
Customers 340 3,9412 1,2770 

150 3,8800 1,3851 
Conferences, workshops, or exhibitions 340 3,4029 1,1847 

150 34067 1,2375 
Suppliers 340 3,1324 1,3600 

150 3,1133 1,4356 

Note: Ill: Th1s part IS 6-pont L1kert-Scale (from zero to five), of wt11ch zero means "no mteraction' or "not appliCable' . 
121: 340 and 150 represent the numbers of total participants and the number of multi-unit firms (excluding 

standalone firms). Although multi-unit firms have higher scores in some external network (e.g. with universities, 
with some other research institutions), the t-test results show us no significance. 
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5.5. Further Applications of the Dataset 

The dataset collected aims to examine two main research issues. The first one is to 

identify different types of R&D activities and explain different R&D behaviour, e.g. 

knowledge interaction patterns within local environment. The second issue aims at 

examining the critical role of subsidiaries in knowledge diffusions within MNEs. We 
examine whether organisational factors such as the firm's specific characteristics and the 

relationships between headquarter and subsidiaries are important in the knowledge 
diffusion process. We also examine how local factors, e.g. local network embeddedness, 

encourage subsidiaries to diffuse their accumulated knowledge. For the first issue 

(explaining different R&D behaviours), we use all respondents (including standalone 
firms and multi-unit firms) to analyze different types of R&D. As for the second issue 

concerning the knowledge diffusions within same company (group), the standalone 
firms are (naturally) excluded from the analysis7• 

Our analysis in this chapter has illustrated the validity and reliability of the dataset. 
We have a fairly representative sample of firms, including both pure R&D establishments 
I firms, and firms in which R&D is performed in combination with other functional 

activities. There are a total of 340 valid respondents, of which about half belong to 
standalone firms and the other half to multi-unit firms. The industrial sectors include 

both high-tech sectors (e.g. pharmaceuticals, electronics, etc.) and traditional sectors (e.g. 
other manufacturing). Among the multi-unit firms, more than eighty percent of firms are 

originally from European countries, indicating that the data is well-suited to represent 
the locational patterns of European multinational enterprises. In addition, about 90% of 
multi-unit firms are multinational firms, of which about 63% are located in their home 

country and 37% in foreign countries. Furthermore, the respondents are equally 
distributed among different locations with different distances from their HQ. This 

information implies that our dataset does not only focus on the firms that are near HQ 
but also those that are a distance from their HQ. 

The respondents in our dataset indicate that their firms I departments play an 
important role for their internal R&D activities. First, R&D activities in most firms are big 

enough to operate as an independent department. They also offer relevant R&D support 
for most of the divisions within MNEs. Secondly, according to the distribution of R&D 

employee intensity (i.e. the ratio of R&D employees to total employees), more than 30% 
of the firms have R&D intensity greater than 25%8• More than half of the respondents 

indicated that they plan to invest more in R&D activities in the coming year. This 

information also implies that our dataset includes the opinions of firms which are 
currently pursuing R&D activities and will continue their activities in the future. 

' Some regression models addressing the second issue still use both datasets to examine the relationships between 
internal characteristics and external factors because these models aim to find out how external factors influence 
internal characteristics and the relationships are not only found in multi-unit firms but also standalone firms. 
s Whether the intensity is high or low depends on which base to compare. According to the World Investment Report 
2005, the average of R&D intensity in US (or European) MNEs is lower than 5% (World Investment Report 2005: 122 
& 131). Thus, the 30% firms, which have 25% R&D intensity, in our sample seems to show that the dataset include 
many R&D-intensive firms. 
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Appendix V 

Appendix V.l: Classification of Sectors 

Table A(V.l).l. The sector codes 
c~~l:t\1®. n~rmiilnfll)$t~ai . 
cs Aerospace 
FP Chemicals 
SB Comouters and Office machines 
SB Electrical Machinery 
SB Electronics 
CP Ferrous basic metals 
CP Food products 
SB Instruments 
PE Motor Vehicles 
PE Non-Electrical machinery 
CP Non-ferrous basic metals 
CP Non-Metallic minerals 
PE Other Manufacturing 
cs Other transport 
CP Pacer and Printing 
SB Pharmaceuticals 
PE Plastic and Rubber 
FP Refined Oil etc. 
PE Shies and Boats 
PE Simole metal oroducts 
CP Textiles 
CP Wood Products 
Abbreviation 
CS: Complex system 
CP: Continuous processes 
PE: Product engineering 
SB: Science-Based sector 
FP: Fundamental processes 
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Appendix V.2: Questionnaire for R&D Managers 

This questionnaire is part of the research project "On Explaining Locational 
Patterns of R&D Activities by Multinational Enterprises", funded by the 
European Science Foundation. We would very much appreciate it if you would 
fill in the questionnaire. Please note that your answers will be treated 
confidentially. Your answers will be stored in our database in an anonymous 
way, and we will not publish any results from the survey in a way that 
individual firms can be recognized. The database resulting from the 
questionnaire will only be used for the above-mentioned research project, and 
will never be transferred to any third parties. 

It will take about 15-20 minutes to answer the questions, which are separated 
into four sections (pages). You can fill in your answers in the pre-defined fields 
of this document. 

After the survey will be concluded, we will offer participants the opportunity to 
benchmark their own answers against the European averages. You can indicate 
at the end of the survey whether you are interested in this. 

Please do not hesitate to contact us in case you have questions concerning the 
questionnaire. 

Thank you very much for your cooperation. 

Eindhoven Centre for Innovation Studies (ECIS), Eindhoven University 
of Technology 
P.O.Box 513 
5600MB Eindhoven, The Netherlands 
Prof. dr. Bart Verspagen 
Mei H.C. Ho MSc. 

PREPARATORY QUESTION FOR THE NEXT PAGES 
A number of questions in this questionnaire will be customized according to your 
answer to the question below. In order to start with the questionnaire, please first 

answer this question and then click the SUBMIT/START button. 

Which of the following categories describes the activities of your firm best? 
D A pure R&D firm and a standalone firm 
D A pure R&D firm, not a standalone firm, and as part of pure research organization 
D A pure R&D firm, not a standalone firm, and as part of business company group 
D Not a pure R&D firm and a standalone firm 
D Not a pure R&D firm and not standalone firm 

Definition: 
• Pure R&D firm: a research lab/centre in which all activities (100%) are related to R&D 

(research and development); 
• Standalone firm: a single location firm, which does not own any subsidiaries/ branches, or 

which is not owned I jointly owned by other firms; 
• Pure research organization vs. Business company group: The former is defined as a 

group of organizations, possibly non-commercial, with research as its sole activity, the latter 
refers to an organization in which research is done in function of selling products and services 
other than pure research results. 
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Section 1. General information about your firm 

The questions in this section refer to the legal and/or organizational unit of 

your local workplace. For example, if the firm or laboratory you work for is 

owned by a larger (possibly foreign) firm, the questions relate only to the local 
unit. Please use approximate answers if you do not know the exact answers. 

Note: 
• Headquarters CHOl: if your firm is owned by more than one firm, please 

treat the firm that owns the largest share as the headquarters; if your 
firm is a joint-venture company, established by two firms with equal 
shares (50%), please treat the two firms jointly as your HQ. 

• Comoany group: all related affiliations of your firm, i.e. headquarters, 
subsidiaries, or all joint venture (J/V) partners. 

(1) The location of your firm: City+ Postal Code(if known): __ 

Country: 

(2) The number of employees: __ persons (in full time) 

(3) The number of R&D employees: 

(4) When was the firm established? 

(5) The business field of your firm: 

__ persons (in full time) 

Sectors 
0Food products 0Textiles 
Dchemicals 0Pharmaceuticals 
0Non-Metallic minerals 0Ferrous basic metals 
Dcomputers & Office 0Non-Eiectrical 
machines machinery 
0Ship and Boats 0Motor Vehicles 
0Instruments Dather Manufacturing 

Year 

Owood Products 
0Refined Oil etc. 
0Non-ferrous basic metals 
0Eiectronics 

0Aerospace 

0Paper and Printing 
0Piastic and Rubber 
0Simple metal products 
0Eiectrical machinery 

Dather transport 

(6) Which of the following options best applies to your firm? 

6.1 My firm operates ... 
D as part of a larger firm that has locations in a single country 

D as part of an international firm with locations in different countries 

D as (part of) a joint venture between two firms 

Oother: __ 

6.2 The headquarters (HQ) of the company group to which my firm belongs ... 
D is located within 1 hr traveling time 

D is located at a traveling distance between 1 and 4 hr 

D is located at a travel distance longer than 4 hr? 

D my firm is the HQ of the group. 

6.3 The headquarters of the company group to which my firm belongs is 

located in __ {Country} 

6.4 My firm executes R&D functions .. 
D for all business divisions of our company (group). 

D for more than a single, but not all business divisions of our company (group). 
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D for a single business division of our company (group). 

6.5 The R&D activities in my firm are embedded .. 
D as part of a manufacturing department or another functional department 

D as a separate department within the firm 

Dothers: __ 

6.6 The percentage of R&D activities in my firm is about ___ % of all the 

functional activities. 

Section 2. R&D department and R&D strategy 

The questions in this section are about your R&D activities within your 

local workplace. Please express to what extent you agree with the statements 

about your local R&D team, local R&D strategies, etc. 

(7) Before R&D activities were started at your location, did your company 
(group) have any other operational activities present at the location? 
D No other activities D Sales & Marketing D Production D others: __ 

(8) Please rate how much you agree or disagree with the following 
about the role of R&D unit for the 

• Our R&D projects are crucial for the overall innovation strategy of the 
whole company (group). 0 0 0 0 

• Our R&D activities focus on local market adaptation, not global 

markets 0 0 0 0 

• When the company (group) launches a new innovation project, our 
unit will always be involved. 0 0 0 0 

• We play a leading role in R&D activities for other R&D units or 
business divisions in the company (group). 0 0 0 0 

• We often act as a coordinator for joint R&D projects between different 
units within our company (group). 0 0 0 0 

• The scale of R&D activities of our department is relatively large as 
compared to other R&D units within our company (group). 0 0 0 0 

• A larger amount of knowledge flows from our unit into other units of 

the company (group) than vice versa. 0 0 0 0 

(9) Please rate how much you agree or disagree with the following 
statements about R&D em121o~ees and organization culture in your unit 
(!=completely disagree, 5 =completely agree) 
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• Our R&D goal is to remain or become a technological leader in our 
field. 

• 

• 

• 

• 

• 
• 
• 

Sharing knowledge within the company (group) is an important goal 
for our R&D employees. 
Our R&D employees actively attend relevant technological 
conferences or workshops outside the company. 
Our R&D teams actively search for external (outside the company 
group) knowledge in fields relevant for our R&D. 
Our unit has an important role in transferring new knowledge from 
outside the company to other units within the firm. 
Our unit relies to an important extent on local* engineers. 
Local engineers are an important asset for our R&D activities. 

D D D D D 

D 

D 

D 

D 

D 
D 

D 

D 

D 

D 

D 

D 
D 

D 

D 

D 

D 

D 

D 
D 

D 

D 

D 

D 

D 

D 
D 

D 

D 

D 

D 

D 

D 
D 

D 
Local engineers in our team cannot easily be substituted by engineers 
from other places. 

*----~~~~~~~----------------------------------------------------: "Local" engineers are engineers who are familiar with local culture, language, or custom ; they might have been 
educated locally or worked locally for a long period. 

(10) Please rate how much you agree or disagree with the following 
statements about the nature of R&D decision making in your company 

• The R&D budget for our unit depends very much on decisions made 
at a central level within the company group D D D D 

• Decisions on R&D investment are made by business units or divisions 
rather than at the central company group level D D D D 

• The nature and extent of R&D activities in our unit depends very 
much on decisions made at a central level within the company group D D D D 

• Decisions made at a central level within the company group greatly 
affect the hiring of R&D employees, and/or the transfer of R&D D D D D 
employees from elsewhere in the company group 

(11) How has your unit's R&D budget changed over the last three years? 
0 Increased 0 Remained roughly the same 0 Decreased 

(12) Does your company (group) plan to invest more in R&D activities next 
year? 

0 No 
Yes, planned increase of about 01-5% 05-10% 010-20% Om ore 
than 20% 

(13) Does your company (group) use mobility of R&D workers between its 
units/affiliates in different locations in an active way? 

Yes ___ {goto 13.1) No ___ {Piease go to section 3) 
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13.1 Please rate how much you agree or disagree with the following 
statements about exchanging R&D workers between units in 
different locations? 

• Exchange (e.g. personnel rotation) is a necessity to ensure integration 
0 0 0 

of innovation activities within the company (group) 

• Exchange is the only possible way to transfer knowledge from one 
0 0 0 

location to another. 

• Exchange has a positive impact on knowledge absorption within our 
0 0 0 

team. 

• R&D workers from other locations have trouble interacting with local 
0 0 0 

engineers in our unit. 

Section 3. Locational Conditions for R&D Investment 

The section investigates the importance of different locational conditions. 
We are interested to know about the importance of different factors that motivate 
your firm to localize R&D activities in this location, and your evaluation of current 

local conditions. 

(14) Motivations in the R&D location decision 

At the time when your company (group) decided to invest in R&D at this location, how important were the 

following factors in the decision process? 

• Availability of advanced technological knowledge 0 0 0 
• Availability of qualified employees 0 0 0 
• Availability of financial resources (e.g., venture capital, but also subsidies) 0 0 0 
• Comparably low costs 0 0 0 

• Access to customers 0 0 0 
• Large markets 0 0 0 
• Lead markets (where new "fashions" show first) 0 0 0 
• Access to suppliers 0 0 0 
• Competitors invest here 0 0 0 
• Closeness to other firms and research institutions 0 0 0 

• Familiarity with local conditions, e.g. culture, resources 0 0 0 
• Local government policies (e.g., subsidies) 0 0 0 
• Being close to government- or public institutions D D D 
• Political risk 0 0 0 
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• Being close to other units of the company group D D D D D 
• Other, i.e., ___ D D D D D 

(15) Evaluation of Current local conditions 

Please rate the importance of the following local factors for the success of your R&D activities 

i Local Tec!J(Iologi'Sil' conHitions 
t ·.,-,, 

1 4 5 ~ 
• The availability of R&D workers in a specific field of expertise relevant 

D D D D D 
to your research fields 

• The availability of highly qualified R&D workers, independent of their 
D D D D D 

specific expertise 

• The presence of other firms or organizations with whom co-operative 
D D D D D 

relations (e.g., joint R&D projects) exist 

• The presence of suppliers or customers who provide inputs into our 
D D D D D 

R&D activities 

• Access to public research institutions (or universities) working in fields 
D D D D D 

that are of high relevance for our R&D work 

• The presence of various types of R&D organizations (public and 
private), even if they are not focusing on fields that are of direct D D D D D 
importance to our R&D 

• The presence of R&D units of competitors D D D D D 

• The presence of firms and organizations that are technological leaders D D D D D 

• Access to a high quality physical research infrastructure, e.g., 
D D D D D 

telecommunications and computer networks 

1 2 ,3 ,. 4 5 

• A potential market can be developed in this location D D D D D 

• Local markets for our products or services are large D D D D D 

• Local consumers (buyers) provide ideas for our innovations D D D D D 

• Local consumers (buyers) have special needs and preferences D D D D D 

• Comparing to other locations, local customers (buyers) are more 
D D D D D 

innovative 

I other local services •£'' 1 2 3 

• Access to local financial capital (excl. government subsidies) D D D D D 

• The presence of consultancy services D D D D D 

• Access to government institutions or international organizations 
D D D 

located here 
D D 

• Local government policy, e.g. tax credits or subsidies D D D D D 

• Reachability and centrality (e.g., access to airport, highways) D D D D D 

• Others: D D D D D 
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Section 4: Network of Knowledge Interaction 

The questions in section 4 investigate the network of technological 
knowledge interactions for R&D activities. "Technological knowledge" includes 

tangible documents or reports, as well as intangible resources "embodied" only in 

people. 

(16} In the R&D activities of your unit, how do you rate the importance of 
interactions (discussions, meetings, sources of ideas, etc.) with the 
following partners within your company (group). (1-very disagree; 5-

2 

Headquarters (HQ) 
R&D related department 0 0 0 0 0 0 

(if your firm is not HQ) Other functional units (e.g. 
manufacturing or marketing units) 0 0 0 0 0 0 

R&D related department 0 0 0 0 0 0 
Within your unit/firm Other functional units (e.g. 

0 0 0 0 0 0 manufacturing or marketing units) 
Other parts of the Other R&D department/unit 0 0 0 0 0 0 
company group 

(within 3 hr travel) Other functional units (e.g. 
0 0 0 0 0 0 manufacturing or marketing units) 

Other parts of the Other R&D department/unit 0 0 0 0 0 0 
company group 

Other functional units (e.g. ( > 3 hr travel) 
manufacturing or marketing units) 0 0 0 0 0 0 

(17) In the R&D activities of your unit, how do you rate the importance of 
interactions (ranging from discussions and informal contacts to formal 
cooperations) with the following partners outside your company 
(group), but within y:our region. 

fextemaiJ~1¥¥t:''' 
• University or higher education research institutions 0 0 0 0 0 0 

• Government or private non-profit research institutes 0 0 0 0 0 0 

• Commercial laboratories or private R&D institutions 0 0 0 0 0 0 

• Competitors or other firms from the same industry 0 0 0 0 0 0 

• Customers 0 0 0 0 0 0 

• Conferences, workshops, or exhibitions 0 0 0 0 0 0 

• Suppliers 0 0 0 0 0 0 

• Other: 
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REMARKS: 
If you have any remarks on this survey, or if there are important points about 
your location decision of R&D, which you think we failed to cover with our 
questions, please type them in below. 

BEFORE YOU SUBMIT 
If you would like to receive a brief report on the results of this survey (as they 
become public) please type in your e-mail address below. 

Thank you very much for your contributions!!! 
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CHAPTER 6 
Explaining R&D Behaviours and the Dynamic Impacts on 

Location 

6.1. Introduction 

The intemationalisation of R&D activities has been discussed in the past two decades 

with R&D locational drivers most commonly used to explain MNEs' foreign R&D 
investment (e.g. Dunning, 1992; Dunning & Narula, 1995; Hakanson & Nobel, 1993a, 

1993b; Kuernrnerle, 1998; Le Bas & Sierra, 2002; Von Zedtwitz & Gassmann, 2002). The 

reason for moving R&D to a specific location might be the necessity to access local 
customers, which could then adapt existent technologies to local tastes. The reason could 
also be the non-transferable locational-specific technological resources that make them 

move to different geographical areas (Dunning & Narula, 1995; Verspagen & 
Schoenrnakers, 2004). Many past studies have shown that the locational patterns of R&D 

activities may be motivated by different locational drivers or organisational strategic 
concerns. According to past studies, although researchers may use different names to 
identify the different R&D activities, R&D behaviour, in terms of motivation can be 

classified as two main types, market extension or technology seeking. This classification 
also implies that different locational advantages, of technological resources or market 

potentials, are embedded locally and attract R&D activities with different R&D goals. In 

this chapter, using the survey responses, we try to identify different types of R&D 
activities in terms of the two main drivers, and find out what locational auxiliary 
conditions could be helpful to fulfil their different preferences. In addition, the chapter 

takes a long-term view to see whether (or how) R&D behaviours have adjusted with time. 

Concerning different motivations, the starting point is that firms aim to have access 
to the specific targeting resources, e.g. market-related or technological-related resources, 
in the investing places (e.g. Kuernrnerle, 1999). However, we need to think further as to 
whether specific locations just attract firm's R&D investment purely because of either of 

the two main drivers, market or technological factors, which have been discussed 
extensively in past studies (Dunning & Narula, 1995; Kuernrnerle, 1998, 1999; Le Bas & 
Sierra, 2002; etc). Some locations have both factors and as a result attract "aggressive" 

R&D investment aimed at both resources. In addition, we seldom find concrete, micro
level evidence and explanation for how the diversified goals in different R&D behaviours 
could be accomplished in the selected new location, and how firms behave in looking for 
knowledge sources in the new location. 
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According to some past studies, other local conditions exist that are critical in 

supporting R&D (Cantwell & Mudambi, 2000; Lindelof & Lofsten, 2001; Nioso, 2004). 

Therefore, to explain the importance of different locational factors for the two main R&D 
types, we consider not just the two main drivers, markets and technology, but also other 
diversified locational conditions. Besides finding out the critical local conditions for 
fulfilling the main goals of R&D, we should examine whether their implications for firm 

behaviour are different in the search for desired knowledge. Since the way to absorb the 
targeted knowledge and resources is through local external actors, firms have to establish 

different external network relationships (Von Zedtwitz & Gassmann, 2002). By 
contacting different actors, firms might be able to absorb the knowledge that their R&D 
activities are aimed at. Our research will examine how this R&D behaviour differs when 

firms look for specific sources in their knowledge networks to reach R&D goals. 

Furthermore, from the long-term view, it is necessary to explore the impacts of 
different interactive relationships within specific locations. Since R&D behaviour might 

use different networks to access the resources it needs, these different networks within a 
location have different impacts on locational technological development, industry 

networks, and government policies, etc. The literature on innovation systems, industrial 
clusters, and geographical economics guides us to consider the dynamic relationships 
and various interactions between actors, on different levels. For example, the interactions 

between micro-actors, e.g. firms, might create knowledge spillovers for all actors within 
the specific regions. Then, regional development in technologies or public policies might 
be adjusted to further development, which leads specific regions become more 
advantageous for external investors. Thus, we need to examine whether the different 

local knowledge networks are beneficial for the development of locational advantages, 
e.g. technological-related or market-related advantages. Furthermore, on a long-term 
view, the differences in local conditions between initial and current conditions could also 
explain which current conditions encourage firms to invest in a specific place. 

In section two and three of this chapter, we review the literature on R&D 
motivations and discuss how dynamic impacts could occur in a specific location. Sections 

four and five discuss the data, methodology and empirical results. The implications of 
the empirical results are included in the final section. 

6.2. Two Main R&D Motivations: Market-related and Technological

related Motivations 

Due to increasing challenges for international businesses, MNEs have to consider how to 
efficiently distribute different functional activities in suitable locations. Early 
international business studies (ffi) argue that MNEs' internationalisation starts with low

involvement functional activities (e.g. sales and marketing) and with a low-involvement 
entry mode (e.g. import/export trade). This is due to the relative low sunk costs 
associated with such activities (Hirsch, 1976; Johanson & Vahlne, 1977). In recent years, 
more and more studies have discussed the high-involvement of R&D international 
investments, whereby MNEs hope to find locations to fulfil their R&D strategic goals. 
However, setting up R&D activities in a foreign country is a complicated decision. On the 

140 



Explaining R&D Behaviours and the Dynamic Impacts on Location 

one hand, foreign R&D activities rely very much on various internal communications 

and financial capital, (Anderson & Gatignon, 1986; Hirsh, 1976; Johanson & Mattsson, 

1987; Johanson & Vahlne, 1977; Lamb & Liesch, 2002). Geographical distance is also a 

matter for knowledge interactions (Maurseth & Verspagen, 2002) and tends to result in 

MNEs establishing R&D subsidiaries nearby. Furthermore, in order to keep their core 

competences centralised, MNEs tend to insist on controlling and keeping their R&D units 

in the home country or in a place close to headquarters (Persaud et al., 2002). 

However, on the other hand, if MNEs try to reach or maintain their leading position 

in innovation, it is necessary to continually infuse new knowledge. Therefore, moving 

R&D activities to new locations is one way to find opportunities to absorb new local 

knowledge for MNEs' exploiting or exploring innovative activities. In other words, when 
the local new knowledge is essential for MNEs' R&D activities and the knowledge is 
locational-bounded and un-transferable between locations, it is better to move R&D to 

the new suitable location. Locational decisions of international R&D investment involve 

relatively more internal (e.g. knowledge interactions) and external factors (e.g. various 
infrastructures, industrial environment, local technical policies, and etc) than are 

currently included in IB studies. Traditional IB theories on R&D activities still leave room 

to explore the insufficiency of explaining international R&D behaviour (Dunning 1992, 
1998; Dunning & Narula, 1995; Hakanson & Nobel, 1993a; Kuemmerle, 1998; Le Bas & 
Sierra, 2002). 

6.2.1 Two main motivations shape R&D behaviour 

When MNEs locate R&D sites in foreign areas, they hope to have the advantages of 
resource accessibility and therefore solve the problem of transferring foreign resources to 

their home areas. International R&D activities might be motivated by various factors (e.g. 
Chiesa, 1995; Cornet & Rensman, 2001; Dusters & Hagedoorn, 1999). However, the main 

reasons for MNEs to move R&D tend to be that they aim to learn more advanced 

technologies or that they hope to delve into the local customers/markets (Dunning & 
Narula, 1995; Gerybadze & Reger, 1998; Kuemmerle, 1998; Von Zedtwitz & Gassmann, 

2002). The former, tech-oriented, is motivated by the existing technological knowledge 

while the latter, market-oriented R&D, is driven by market speciality in specific locations 
(Dunning & Narula, 1995; Kuemmerle, 1999; Le Bas & Sierra, 2002). Tech-oriented firms 

try to establish new R&D sites in new countries where they can learn new technologies 
and strengthen innovative capabilities from local researchers, institutions, or firms. This 
is related to the global generation of innovations and technologies or global techno
scientific collaborations (Archibugi & Michie, 1995). Market-oriented firms focus on 

searching for markets where they can extend the application of current existing 

technologies, and gain access to local markets and adapt to local preferences. These 
firms' behaviours aim to internationally exploit technologies (Archibugi & Michie, 1995). 

This classification is also comparable with the two categories, corporate R&D 
(Cantwell and Barrera, 1993; Carrincazeaux et al., 2001; Guercini, 1999) and business 
R&D (Guercini, 1999, p.7; Rubenstein, 1989). Corporate R&D focuses on medium and 
long-term "research" activities whereas business R&D is aimed at short-term project 
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"development" activities. Still another classification is HBA (Home-Base-Augmenting), 

to explain firms that are motivated to exploit new technologies in foreign countries, 

versus HBE (Home-Base-Exploiting) for applying home-base R&D resources to new 
markets (Dunning & Narula, 1995; Kuemmerle, 1999). Some firms adopt the globalisation 

strategy in R&D activities to access both market and science resources whereas some 
firms, with a strong research base in their home country, only focus on extending the 
development of "national treasure" to new locations (Von Zeditwitz & Gassmann, 2002). 

However, although many studies classify R&D behaviour in terms of these two 

main R&D goals, market driven and technologically driven, these goals are actually not 
exclusive but coexist in one R&D investment (Kuemmerle, 1999, p.4). As Narula (2003, 
pp.S-6) has proposed, exploitation, generation, or collaborations of global technology do 

not exclusively exist independently but overlap within R&D activities. Molero & Buesa 
(1996, p. 661) have observed Spanish innovative firms and explained firms' innovative 

activities as the particular combinations of ways of acquiring or generating technological 
resources and making use of innovatory results. In addition, Frost & Zhou (2000) also 
found that the technological factors do not substitute market- or cost-related factors. It 

implies that R&D activities are perhaps not driven solely by single factors, but motivated 
by a combination of complicated factors, including both market- and tech-related drivers. 
Using different combinations of the two main drivers seems to be a better way to express 
different types of R&D behaviour. In addition, we need to consider the potential role of 

other local resources. 

The two main goals in foreign R&D strategy lead us to our research issues. We try 
to find out how R&D motivations identify different "R&D behaviours", and explain what 

factors help firms to fulfil their goals in different R&D (discussed in 6.2.2). In other 
words, R&D behaviour may not just be motivated mainly by market- or tech- related 
factors but perhaps some additional facilitating drivers. In 6.2.2, we review the literature 
to find out whether the existence of specific secondary supporting conditions might 
facilitate firms in executing specific R&D behaviour. 

6.2.2 Accessing market and technological resources with specific local 

supporting conditions 

When observing different R&D investment in terms of R&D motivation, we consider 

whether their main R&D goals might be reached through the existence of certain 
conditions or support, e.g. locational advantages or specific organisational resources. 
Research on innovation systems shows us that the dynamic interactions between local 
factors can lead actors to learn and absorb knowledge, which in turns facilitates the local 
development of various innovative activities (Cooke, 2000; Lundvall, 1992). Many 
location attractive drivers, e.g. local infrastructure, exist at the same time as technology
or market- driven factors and motivate foreign R&D activities (Cantwell & Mudambi, 
2000; Diez, 2000). The existence of some local advantages, e.g. government policies and 
local infrastructures, also facilitate MNEs in reaching their main purpose of R&D 
investment (Comet & Rensman, 2001, pp.37-39; Diez, 2004; Lindelof & Lofsten, 2001). In 
addition, according to past studies on foreign R&D motivations, some firms' 
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organisational factors, e.g. cultural proximity, are just as important for the 

internationalisation of R&D activities (Rugman & Verbeke, 1998, 2001). However, 

different types of R&D behaviour need different local support respective of the different 
nature and content of the two main R&D goals (Arnold et al., 1992; Dodgson, 2000, 

pp.55-57; Von Zedtwitz & Gassmann, 2002). Recent studies on "Research" and 
"Development" activities (Guercini, 1999; von Zedwitz & Gassmann, 2002), explain that 

the former needs more resources from academic research institutions (e.g. university), 
while "development" activities rely more on the local communication environment 

amongst industrial actors, e.g. JV partners. Alternatively Kuemmerle (1999) has showed 
that firms have different considerations, just as they have different motivations, for R&D 

activities, i.e. HBA or HBE. Most past studies tend to explain the two main goals as being 
fulfilled by accessing local relevant, local market and technological advantages. Yet we 

still cannot exclude the possibility that some other specific local conditions or factors 
support specific R&D behaviours. 

In order to access local technological resources and market advantages, it is 
necessary for MNEs to consider some secondary or auxiliary factors, such as 

organisational characteristics or other local conditions. The empirical evidence of 

Cantwell & Mudambi's study (2000, pp.142-143) has shown that locational factors are a 
dominating influence over firm's R&D location decision but some locational factors, e.g. 
government policy, play a "second order" role. These second order factors could 

facilitate subsidiaries in localising R&D and fulfilling R&D goals. For example, although 
a well-established local industrial network may not be the first target of a firm's R&D 
investment, it may help market-driven (or tech-driven) firms to access their customers 

(or research resources). We should further explore which auxiliary factors are critical to 
accomplishing the goals in different R&D investments. 

We summarize the auxiliary factors of past studies, except market-related and 
technological-related issues, into a few categories: (1) geographical distance to local R&D 

resource (e.g. Audretsch and Feldman, 1995; Jaffe et al., 1993; Maurseth & Verspagen, 
2002;), (2) Mental distance between home and host country, e.g. culture proximity and 

familiarity (Johanson & Vahlne, 1977; Johanson & Mattsson, 1987; Lindelof & Lofsten, 
2001), (3) local government support and financial subsidy (Cantwell & Mudambi, 2000; 

Diez, 2004; Dodgson, 2000, pp.72-74; Kuemmerle, 1999), (4) industrial issues (Cornet & 
Rensman, 2001, pp.37-39;), (5) cost issues (Cornet & Rensman, 2001,pp. 37-39; Diez, 
2004;), (6) Organisational structure design (Bartlett & Ghoshal, 1998; Gupta and 
Govindarajan, 2000; Prahald & Doz, 1987;). In comparing different R&D types, these 

factors might be subsidiary or complementary factors for MNEs in reaching their R&D 
goals. 

Firstly, we consider the geographical distance between the new R&D site and other 
research institutions. Obviously, technological-oriented firms weigh this factor much 
higher than market-oriented firms do, since technological-oriented firms aim at 

absorbing local unique technological resource. These firms choose to locate nearby to 
research institutions so that the spatial barrier, i.e. geographical distance, to transfer 
knowledge is lessened (e.g. Kuemmerle, 1999, p.186; Maurseth & Verspagen, 2002). 
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Secondly, the mental distance (or cultural distance) seems to be more important for 

the market-oriented firms than for technological-oriented firms. Initial experience of the 

local culture, acquired before entering the market, would be a complementary facilitator 
in going deep into local markets (e.g. Cavusgil, 1984; Johanson & Vahlne, 1977, 1990). 
Thus, familiarity of the local market, i.e. called "low mental distance" in Johanson & 
Vahlne (1977), has the potential to give market-oriented investment easier access to local 

customers or suppliers. When they try to adapt to the local market needs, firms have an 

easier time finding their business support or local industrial partners. Via contacting the 
local partners, MNEs can transfer technologies to local co-operators and then exploit 
their existing technologies to local manufactures inline with new market demands. 

Thirdly, local government and financial factors might be either helpful or unhelpful 
in fulfilling both main R&D purposes. On the one hand, if regional technological policy, 

especially tax policy (Cantwell & Mudambi, 2000; pp.140-142), encourages foreign R&D 
investment, it might attract different R&D investments, including market-oriented or 

technological-oriented R&D activities. MNEs may bring new technologies to the location 
or even become an industrial actor within the local technological network. The 
interactive R&D atmosphere within a specific region makes the local innovation system a 

relatively advantageous and competitive RIS (Cooke, 2001). But on the other hand, some 
governments focus on protecting existing local firms, so it is difficult for market-oriented 
firms to exploit their technologies for the new customers, as it is for technology-oriented 

firms unable to learn new advanced technologies from research institutions in the area. 
Whether the impact of a third auxiliary factor, government support, for market-oriented 
firms is bigger than for technological-oriented firms should be further examined. 

Fourthly, the support of local industrial actors is more important for market
oriented firms than for technology-oriented firms. Market-oriented firms have to 
establish some connections with local suppliers or manufactures to provide the critical 
source in understanding local preference. The local industrial connections give firms 

support in the supply chain, such as gaining relevant materials or setting up manufacture 
(Dodgson, 2000, pp.72-74; Porter, 1990). In contrast, technological oriented firms, aiming 
at the linkages to local research actors, seem not so concerned with cooperating with 
local manufacturers or suppliers. 

The fifth auxiliary factor regards the cost of operating R&D in a specific location 
(Comet & Rensman, 2001, pp.37-39; Rugman & Verbeke, 2005). Firms aiming to extend 
the existing technologies to local markets, look for locations where they can use MNEs' 
knowledge to produce for local demands. The lower costs of achieving knowledge 
transfers and manufacture is relatively important for the market-oriented firms. In 

contrast, technology-oriented firms aim to access new technological knowledge in the 
new location and thus their relatively complete budget-planning means they consider 
cost issues much less than market-oriented firms. 
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Finally, we consider the role of organisational structures and characteristics. Some 

organisational characteristics play an influential role in explaining the different types of 
MNE R&D since specific organisational characteristics are related to the 

resources/capability of a firm (Barney, 1986; 1991; Bhattacharya & Bloch, 2004; Penrose, 
1980; Reed & DeFilipppi, 1990; Shefer & Frenkel, 2005). For example, large firms with 

more resources might have more aggressive R&D investment, which focuses on both 
market resources and technological resources in different locations. The assignment and 

responsibility of a new R&D unit also explains the local R&D activities aim. 

6.3. A Long-term View - Establishing Network Relationships and 

Strengthening Locational Advantages 

R&D investments accompany many different knowledge flows that create different 
networks and local interactions to strengthen locational advantages. MNEs are one of the 

local actors, who participate in the local network and enjoy a lot of opportunities for 
interactive learning within the regional innovation system (Cooke, 2001; Etzkowitz & 
Leydesdorff, 2000; Lundvall, 1992). The dynamic interactive networks create 

opportunities to exchange knowledge and initiate knowledge spillovers within specific 
locations. However, since different types of R&D activities have different R&D goals (as 

we discussed above), their effects in knowledge interaction within specific locations 

becomes different. 

145 



On Explaining Locational Patterns of R&D Activities by MNEs 

In order to further understand the different R&D behaviours, in this part, we will 

examine two issues. First, we try to examine whether specific R&D motivations can 

explain the differences in interactions within local environments. We should use the 
firm's initial R&D motivators as independent variables to explain the differences in 
various interactive relationships of the local unit, e.g. local external networks, which are 

our dependent variables. This topic helps us to understand whether different firms, 
driven by different R&D motivators, behave differently in their local interactions (see 
6.3.1). 

The second issue considers knowledge interactions that might occur between 
different levels, e.g. between macro and micro level so the interactive relationships 

(micro level) become the facilitators in accumulating specific advantages within the 
locations (meso or macro level), e.g. national competitive advantage (Porter, 1990; 2001). 
Therefore, the second research question concerns the impacts of micro-level networks. 
We aim to answer how different network relationships create benefits to improve 

different local technological or market conditions. We take current locational 

conditions/advantages as dependent variables, and examine whether these current 
locational advantages have been improved by various local interactive network 
relationships that are established by various R&D activities. We also need to examine 

whether these newly-developed advantages make specific R&D patterns continue in 
their specific location (discussed in 6.3.2). 

In section 6.3.1, we try to determine relationships between initial R&D motivations 

and the behaviour in knowledge interactive networking afterwards. We examine 
whether different motivations encourage firms to use different knowledge sources. In 
section 6.3.2, we discuss the impacts of firms' knowledge interactions on locational 
developments, being the interactions between different levels. In section 6.3.3, we 

examine the local attractiveness for the long-term R&D investments, which may be 
initially motivated by market or technology. 

6.3.1 R&D motivations and knowledge network 

Knowledge is a critical input for the continuance of innovations and R&D activities. In 

order to maintain the lead in innovation, firms rely not only on the internal knowledge 
sources, i.e. from headquarter or other subsidiaries within MNE, but also external 
sources (e.g. von Hippe!, 1988; Dodgson, 2000; Menon & Pfeffer, 2003; Caloghirou et al., 
2004; Desouza, et al., 2005; Pai, 2005). Internal units as knowledge sources has been 
discussed in many past studies (Criscuolo, 2003 ; Ghoshal & Bartlett, 1990; Holm et al., 
1995; Tasi, 2001). Ghoshal & Bartlett (1990) has proposed that a multinational enterprise 
is a network itself via which many subsidiaries can share the subsidiary-specific 
knowledge with headquarters or other units within the MNE. The knowledge 

interactions within internal units facilitate MNEs in absorbing new knowledge from 
specific subsidiaries (Tasi, 2001). 
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The studies of Birkinshaw (2002) and Birkinshaw et al. (1998) have raised the issue 

of subsidiary contribution to the growth of the MNE as a whole. These studies discussed 

the internal interactions that help MNEs to exploit their existent capability from different 

locations to new locations and new markets. Efficient internal interactions means the 

internal knowledge and capabilities can be used for and adapted to different local 

demands (e.g. Oerlemans et al., 2001; Rugman & Verbeke, 2001). In addition, it is not 

only the internal sources, but also external sources, that provide relevant information for 

innovation. Some studies suggested that organisations should tap into external 

knowledge sources, including suppliers, business partners, customers, government, 

academia and competitors (Desouza et al., 2005; Florida, 1997; von Hippel, 1988). 

Through creating linkages to different industrial actors, such as suppliers and customers, 

firms can attain much valuable knowledge for innovation since these actors might better 

understand the products. Accessing academic researchers in universities or research 

institutions is also a way of learning more advanced technologies as well as to solving 

technical problems in innovating procedures. 

Due to different responsibilities and goals in specific locations, R&D subsidiaries 

have to establish appropriate networks, including both internal and external networks, 

via which they can absorb and share knowledge (Dodgson, 2000; Kuernrnerle, 1999; Tasi, 

2001). According to Dodgson (2000), the importance of a specific knowledge source 

depends on the type of a firm's R&D activities. There are different arguments concerning 

the internal network. On one hand, the research-oriented activities rely more on the 

knowledge from central corporate research and international R&D units within MNEs, 

while the development-oriented activities rely more on the knowledge within a local 

R&D unit (Dodgson, 2000). In other words, technological-oriented R&D units require 

communication with R&D departments in different units of MNEs, while market

oriented R&D units focus more on the interactions with internal local R&D units. 

However, on the other hand, knowledge may be too locational-specific to transfer 

between locations meaning the interaction within local units is higher than that with 

other internal units. In addition, technological-oriented subsidiaries will tend to aim to 

strengthen their position within MNEs. They will try to stress their uniqueness and be 

reluctant to share unique abilities that are accumulated in the local unit (Birkinshaw et 

al., 1998; Ghoshal & Bartlett, 1990). When a subsidiary has autonomy to manage the local 

resource, they may share a limited amount of resources with other units within MNEs. 

For market-oriented firms, they need to transfer the existent technologies from 

headquarters, or other units, hence the reliance on home-based technologies makes them 

interact more with headquarter or other internal units instead of local units (Von 

Zedtwitz & Gassmann, 2002). Whether market-oriented or technological-oriented firms 

have more internal network interaction should be examined further. 

As for the external networks, market-oriented (or development-oriented) and 

technology-oriented (research-oriented) firms have different targets for external 

knowledge sources to fulfil their needs. Market-oriented firms tend to establish networks 

with local existing manufacturers and local suppliers, to learn more about local market 

and industrial information, while technology-oriented firms prefer to locate near 

academic research institutions (e.g. university) to make interactions easier (Kuernrnerle 
1999; Von Zedtwitz & Gassmann, 2002). Cooperating with local customers or local 
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industrial actors, e.g. suppliers or JV partners, market-driven R&D units may develop 
ideas on how to exploit their technologies in the new market (Dodgson, 2000). For 

technology-oriented firms, rather than market-oriented firms, contact with local 

industrial actors help firms better understand the new development of specific industry 
(von Hippe!, 1988). Industrial interactions among local actors create knowledge 

spillovers, benefits of which are also the target of tech-oriented firms. In other words, 

tech-oriented firms cannot only pay attention to establishing academic networks, but 
must also consider contact with local industrial actors. 

Table VI.2. The requirement of network embeddedness for fulfilling main R&D goals 

s 
Market-oriented R&D 

Tech-oriented R&D 

Sources of Internal network Sources of External network 

Other units Local unit Academic Industrial 
actors actors 

Stronger ?* 

?* Stronger 

Weaker 

Stronger 

Stronger 

Strong 

Note: '?"' means that 1t could be strong or weak accordmg to past studies. 

6.3.2 Interactions between meso and micro level- Knowledge networks 

develop local advantages 

We expect that local knowledge networks create an interactive atmosphere within the 
local R&D environment and encourage innovative activities (Arbonies, 2004; Molero, 

2002; Preiss! & Solimene, 2003). Local networks are established by various foreign R&D 
units, local domestic firms, different research institutions, and all related local 
stakeholders (e.g. customers). The interactive relationships between actors create 
opportunities to exchange knowledge and benefit actors within the local area via 

knowledge spillovers. Firms participating in local networks and cluster development use 

the advantages of knowledge spillovers not only to make themselves become 
advantageous, but also to attract the attention of potential investors (Nachum & Keeble, 
2003; Porter, 1990). The existence of a resource itself, e.g. the academic research 
institutions, universities or innovative market, is static, but the actors who are embedded 

in the resource can make the locations a dynamic and interactive learning atmosphere that 
is favoured by innovative activities. The interactive behaviour between newly established 
subsidiaries and local actors, e.g. university, local supplier, or customer, bring different 

experiences and knowledge that cannot be created solely by domestic units (Johanson & 
Mattsson, 1987; Johanson & Vahlne, 1977). Foreign subsidiaries cannot just rely on 
gaining knowledge from different external actors in foreign locations but must also bring 
the home-based resource to the actors within new location. From a meso level view, the 
diversified interactions, established by all different actors on a micro level, facilitate the 

regional technological and economic development, which leads to locations becoming 
more advantageous. Consequently, the competitive advantage of a specific location 
(either nation or region) attracts further inward investment, facilitate knowledge flows, 
and create more knowledge spillovers for the local development. 

In other words, the knowledge networks, in which firms (on a micro level) are the 
actors, establish and improve the local advantages of a specific location (on a meso level). 
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However, according to the studies, specific networks may be a critical factor in 

encouraging specific development within the location. In this chapter, we try to examine 

how specific network relationships within the location improve the development of local 

advantages, e.g. technological resource, market resource, government policies, as well as 
various intangible services. 

6.3.3 A Long-term view: Current locational advantages for R&.D activities 

Furthermore, in the long- run, local current advantages, either newly developed or 

already existing, are also factors that encourage firms to continue their R&D investments. 

As we discussed above, the dynamic interactive network between different actors within 

the location produces more opportunities to tap into other local advantages of which 
firms are unaware, as well as to create new locational-specific resources for new research 

or development. Firms may focus on the resource that their R&D activities aim to 

acquire, but, in long run, the newly found resource provides opportunity for the firm to 

re-arrange R&D activities and strategies. Therefore, besides the existence of initial 

locational drivers for R&D activities, new resources established by firms since the 
original investment, also play a critical role in long-term R&D investment. 

6.4. Measurement and Methodology 

6.4.1 Methodology 

We draw on the Internet survey described in the previous chapter to analyze our 

research questions. We start by using both factor analysis and cluster analysis to analyze 

the data on R&D investment behaviour. In concrete terms, this means we will try to 
summarize our survey results on locational motivation/advantage and knowledge 

networks into a small number of (empirical) dimensions, and try to relate these to the 

theoretical outlook we have provided on R&D investment. In this way, we address the 
first research question, which inquires after a typology of locational R&D investment 

decisions. 

The second part of the analysis asks which firm characteristics can explain the 
different R&D investment strategies that we identified in the first part. Here, we will use 

a number of regression models and multivariate ANOV A comparisons to examine 
potential (causal) explanations inspired by the theoretical discussion above. 

Although we have concluded, in the previous chapter, that the sample of 

respondents is an adequate and representative sample, we have also constructed sample 
weights. These weights are constructed as inverse response probabilities, such that cases 
that have a higher (lower) probability of being in the sample have a lower (higher) 
weight. We use three dimensions!, i.e. firm's age, nationality, and size, to construct these 

(inverse) probabilities, using the information that was discussed in the response analysis 
in Chapter 5. The results that we present here (and next chapter) are based on weighted 

1 Here is an asswnption when we use this way to adjust our dataset. We asswne that the information that we could 
find in R&D 2003 Directory could be representative for all targeting firms in 15 European countries. 
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analysis, but there are no large differences with the unweighted results. (See Appendix 
VI.3: The methodology application: weighted vs. un-weighted treatment). 

6.4.2 Variable Description 

a. Locational factors 

Choosing a specific location to start R&D activities implies that the place has advantages 

or attractive conditions that motivate firms to fulfil their R&D goals. We asked 
respondents "At the time when your company (group) decided to invest in R&D at this location, 
how important were the following factors in the decision process?" The possible answers were 

classified into three categories: (1) tech and local general resources, (2) market and 
industrial factors, and (3) other factors, including intangible service, government support 
or distance issues (full details are given in Appendix VI.2: questionnaire, part I). On the 

basis of past studies or R&D reports, each part includes 4-6 items from which we can 

extract the related items and observe how important these different locational factors are 
for MNEs' decision of R&D location (Granstrand, 1999; Hakanson & Nobel, 2001, p.406; 

Lindelof & Lofsten, 2001; Niosi, 2004). 

With regard to current local conditions, we asked managers "Please rate the 
importance of the following local factors for the success of your R&D activities." Again we 
include three categories for the factors: (1) local technological factors, (2) market-related 
factors, and (3) other service factors. In order to distinguish this question clearly from the 

previous one on initial locational conditions, we include about 5-9 (depending on 
previous responses) descriptive sentences, instead of itemised responses, to express the 
factors (again details are shown in Appendix VI.2: questionnaire, part I). 

In using the results of these questions, we assume that the responses both indicate 
the importance of the given motivations to undertake R&D activities, as well as the 
impact of these factors on the success of R&D. 

b. Knowledge network 

Our questions about sources of knowledge include both internal and external sources. 
Whether firms in a specific location make efforts to establish linkages with these different 
sources shows us what knowledge they rely on for their innovative activities 
(Birkinshaw, 2002; Caloghirou et al., 2004; Menon & Pfeffer, 2003). Under internal 
sources, we asked managers, "In the R&D activities of your unit, how do you rate the 
importance of interactions (discussions, meetings, sources of ideas, etc.) with the following 
partners within your company (group)." We included both knowledge from R&D 
departments and knowledge from other functional departments. One internal source is 
R&D units, which lead foreign subsidiaries to extend to new markets or else become a 
base for subsidiaries to absorb new complementary knowledge (Dodgson, 2000). The 
other internal source, i.e. other functional departments, offers information that can 
facilitate the administrative efficiency or solve problems in routine communications. In 

addition, since geographical distance is important for knowledge interaction (e.g. 
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Maurseth & Verspagen, 2002), each of the internal sources is also classified by distances, 
from within-1-hour distance to more-than-3-hours distance. 

Regarding the external knowledge sources, we asked managers, "In the R&D 
activities of your unit, how do you rate the importance of interactions (ranging from discussions 
and informal contacts to formal cooperations) with the following partners outside your company 
(group), but within your region". We then provided different potentially cooperating 
partners, e.g. research institutions or different industrial actors. Seven external sources 
are included: universities, public or government institutions, private or commercial 

laboratories, competitors, customers, technical conferences/workshops, and suppliers 

(again details shown in Appendix VI.2: questionnaire, part II). 

c. Variables about firm's characteristics and organisational structure 

We also include in the empirical analysis some information about the firm's background, 
so as to observe the role of organisational characteristics (all detailed questions are given 

in Appendix VI.2). First, the number of employees is used to represent the firm's size 

(Size), the number of R&D employees is used to express the size of firm (RD_size). We 
measure the importance of local R&D functions within this organisation (FUN), by 
asking "does your firm execute R&D functions for a single, more than one, or all product 

division(s)", thus indicating the local responsibility in R&D. Next we include the age of 

the firm (Age). As dummy variables, we include whether firms are independent or multi
unit (MUL), international or domestic (INT), pure R&D laboratory or not (Pure), the 

R&D department design (IND; as an independent R&D department or not). We also 
include the distance to HQ (DIS). Because some firrns, e.g. standalone firms, are not 

asked some of these questions, the number of observations may change when we include 
different variables into the regression models. 

Finally, we consider the roles of industry and region, and include two regional 
variables and one variable about the firm's sector. The regional variables are drawn from 
Chapters 2 - 4. Since we know the location of the respondent, we can attribute the 

regional data used in those chapters to individual firms (but obviously, the value of these 
variables is the same for all firms in a given region). REG1 is GDP per capita, which is 

related to economic condition (GDP _p). The data is extracted from RECIO database that 
we discussed in Chapter 2. We use the average of GDP per capita during 1996 to 2000. 

REG2 is a tech-related regional condition, and is equal to a factor score including several 
regional indicators, e.g. the brokerage role for knowledge flows within Europe. REG2 

(Network) represents the importance of a specific region in technological knowledge 
diffusion within the whole network of European regions. The way that we calculate the 

network position of each RIS can be found in Chapter 3 (Table 111.5). The factor score of 
"network standing" is taken as REG2 to show the network position (within the whole 

European network) of the local area where firms' R&D localised. 

Furthermore, we include a variable about the firm's manufacture sector to control 
the industry impacts. Since firms were able to select more than one sector (among 22 
sectors), we re-coded their answers from the 22 sectors into fewer types, based on the 
typology developed by Marsili and Verspagen (2002), as explained in the previous 
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chapter (see also Appendix V.l Table A(V.l).l). They identify five types, including 
complex-system industry (CS), continuous-processes industry (CP), product-engineering 
industry (PE), science-based industry (SB), and fundamental-processes industry (FP). For 

each firm, we identify its dominant sector, that with the most selections, and use a 

dummy variable to show the sector of the firm. However, most sector dummy variables 
are not significantly related to our dependent variables, we therefore maintain only one 

of the sector dummies, the science-base sector (DOM_SB), in our model. 

6.5. Results 

The empirical parts try to answer the research issues discussed in section 6.2 and 6.3, and 

we express the empirical results respectively. The first part tries to identify different 
types of R&D behaviour and explain how these different R&D investments could 

accomplish their specific R&D goals (6.5.1). In the second part, we try to find out the 
long-term impacts on the locational development since different R&D investments create 

different network interactions within specific locations (6.5.2). 

6.5.1 Explaining R&D behaviours 

In this part, we aim to answer two related issues. The first concerns how different R&D 
behaviour, in terms of motivations (dependent variables), is influenced by the support of 

auxiliary factors (independent variables). This part uses both Tobit regression models 
and multinomial logistic regression models. The Tobit regression models take the two 
main motivations (market-related and tech-related motivations) as dependent variables 

and include auxiliary factors and organisational factors as independent variables. In the 

multinomial logistic regression models the independent variables are as same as Tobit 
regression models but we include the results of cluster analysis as our dependent 

variable (i.e. different types of R&D). The other issue in this part is about whether firms 
with different R&D motivations behave differently in their knowledge network 
establishment. We use regression models to observe how different motivations 
(independent variables) affect a firm's internal and external networks (dependent 
variables) in their R&D activities. 

a. Identifying the dimensions 

In this part, we use the multivariate analysis model to construct the factors of our 
research model and classify our cases into different R&D groups. Principal Component 
Analysis is used to extract factors. We also rotate by Varimax with Kaiser Normalization 

so that the coefficients in the rotated matrix are helpful to give the factor a meaningful 
name. In order to get a valid factor score from the factor analysis, our procedures are 
based on considerations that make our results more trustworthy. Our first consideration 

is that we always put all items in the same section to run the first factor analysis and 
observe their relationships. In this stage, we find some distinguished components 
(factors). For example, in the motivation part, since our main purpose is to identify two 
main R&D motivations, we put all items into one model in the first procedure to check 
whether the market-related factors and tech-related factors are distinguished. 
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Consequently, we examine whether this classification is suitable to explain the difference 
in R&D behaviour. Another consideration is that we may have to separate items into 

different factor analyses to improve the explaining power2 of factor analysis. If the 
explanatory power is low, perhaps caused by the cross-loading in some items, we try to 
classify our items into two or more analyses, or exclude some of the items to get better 

results. These procedures, e.g. separating different models or excluding some cross
loading items, may help us to get a purer factor score, which better fits the original 
answers. For example, in the motivation part, we first put all items of motivation 
questions in one analysis. The result extracts three factors, where market-related and 
tech-related factors are distinctly separated. However, this gives a relatively low 
accumulated variance and, hence, low explanatory power. We then exclude a few items 
and classify all variables into two parts. This shows us more reliable results with 
accumulated variance of more than 65-80%. These procedures are also tested when we 
extract factors from the part of locational condition evaluation and knowledge network3• 

The first results of factor analysis on motivations are from two factor analysis 
models. The first model constructs market-related (MO_market) motivation and 
technological-related (MO_tech) motivation while the second factor model extracts three 
motivations: (1) government & intangible service (MO__gov), industrial actors (MO_ind), 
and distance & familiarity (MO_fam) (Table VI.3-1 & VI.3-2). The motivation items that 
were not included in the factor analysis are taken as single-item indicators (including 
low-cost factor, MOV _lc, and distance factor, MOV _dis) to test their influence in the 

regression models. 

' We observe whether the factors with eigenvalue more than 1 accumulate more than 60% variance. 
'As discussed in Skrondal & Laake (2001), using a factor score as variable in subsequent analysis should done with 
care. However, if we use the results of CFA (confirmatory factor analysis), we must sacrifice some items for fulfilling 
the fitness of CFA model. In order to remain as closely as possible to the items in the questionnaire, we decide to use 
exploratory factor score rather than confirmatory factor score. 
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Based on the two main motivations, we classify all our cases into four different 
types of R&D investment by cluster analysis. We choose we use "K-means" cluster 

analysis for classifying regions, rather than "Hierarchical" cluster analysis. As we 
discussed in Olapter 2 (i.e. section 2.3.3), K-cluster analysis let us to specify the number 

of cluster so we can figure out the most suitable and meaningful results within the 
testing procedure of cluster analysis. These four types of R&D are (1) aggressive group, 

(2) technological-oriented group, (3) market-oriented group, and (4) aimless group (Table 
VI.3-3). The descriptive statistics of each group are found in Table VI.3-4a, from which 
we compare the differences of technological-related and market-related factors among 

groups (Table Vl.3-4b). The co-existence of both motivations seems obvious, shown in 
our sample by the fact that most firms belong to the aggressive group. 

Table VI.3-3. The typology of R&D behaviour 

Market- Low 
related 

motivations High 

Technological-related motivations 
Low High 

Aimless group 
Technological-oriented 

group 

Market-oriented group Aggressive group 

The other factor analysis extracts the knowledge-interaction patterns from various 
internal and external knowledge sources that are important for R&D behaviour. We 
examine the internal network patterns and external network patterns respectively. 
According to the procedures discussed above, factors of internal networks can be 
extracted in one model. Internal network patterns include (1) Internal knowledge 
network with R&D related units (IN_RD), (2) internal network with non R&D units 

(IN_nRD), and (3) local internal networks (IN_loc) (Table Vl.4-1). For external networks, 
some items are cross-loaded in several factors (see Appendix VI.1 Table A(VI.1).3) so two 
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items are excluded but taken as single-item indicators in the regression models. We 

identify (1) external academic research networks (EX_acd), and (2) external industrial 

networks (supplier/customer) (EX_ind) (Table VI.4-2). The other two networks are those 

with competitors (EX_comp) and local external scientific events (EX_conf). Therefore, for 

these two network relationships, we treat them both as single-item indicators. 

b. Accomplishing two main R&D goals 

In this part, we focus on explaining how the two main R&D goals (market-related & 

tech-related R&D) are influenced by other auxiliary factors. Based on the results of factor 
analysis and cluster analysis, several methods are used to analyse the relationships. Since 

some of the variables in regression model are not normally distributed, we use a Tobit 
regression. After comparing the results from Tobit and OLS regressions, although the 
coefficient significances are rather similar, we decide to show the results of Tobit 

regression models that present more precise relationships. Furthermore, we use 
multinomial logistic regression models when the dependent variable is categorical (the 
four types of R&D behaviours obtained above). Here, we choose the market-driven 

group as the base group. This helps us to compare the auxiliary factors that are relatively 
important for market-driven or technological-driven behaviour. 

Both the Tobit regression models and the multinomial logistic regression models 
show that a firm's two main R&D goals are facilitated/accomplished by different 
locational auxiliary factors. Firms that aim for local technological-related resources 
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always choose their location close to local commercial or research institutions. The spatial 

convenience facilitates the interactions so that the knowledge spillovers within a specific 

agglomeration economy or system provide firms with efficient access to technological 
knowledge (Cooke, 2001; Feldman, 1999). The "geographical distance" issue is the most 
critical factor in facilitating a firm's tech-related goals. In contrast, the results seem to 

imply that firms can expect higher costs in tech-driven R&D locations (this is shown in 
the regression results by the fact that the locationallow-cost advantages have negative 

impacts in attracting the tech-driven firms). 

As for market-related goals, all other locational auxiliary factors, including 
government and financial support, presence of local industrial actors, and familiarity (a 

low mental/cultural distance), are significantly helpful during the R&D activities. The 
results of multinomial logistic regression models also show that market-driven groups 

consider government support, industrial factors, and familiarity issues as more 
important, because we find that these coefficients in tech-driven group (or aimless 

group) are negative and significantly different from the market-driven group. In other 
words, contrasting to the fulfilment of technological goals, market-oriented R&D 

activities would be executed when firms find these auxiliary supporting factors existent 
in the new locations. 

In addition, some regional and organisational variables have an impact on firms' 

R&D motivations. One of the regional variables, the network position of a specific region, 
is used to express regional technological development and explain whether the core RIS 

(regional innovation system) or high-order innovation system within Europe is more 
attractive for specific R&D activities. We find that firms in all other groups than the base 
group (market-driven R&D locations) are less likely to be in an RISs in the central part of 
the European knowledge network, although this negative relation is only significant for 

the aggressive group (Table VI.5-2a). Thus, market-driven R&Ds seem to rely more on 
the "network" position of the investing location. This is somewhat paradoxical, since the 
REG2 indicator has been used as an indicator of technological strength of a region, and 
hence one would expect that a tech-based strategy would flourish in the "central" 
regions. However, it is probably the case that these "central locations" are also very 
important markets, and this apparently outweighs the technological factor. 
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Table VI.S-la. Tobit Regression - The of two main R&D goals: 

0.197- o.2oo- 0.212- 0.217- 0.367- 0.325-
0.577- 0.565- 0.579- 0.568- 0.584- 0.574-
0.185- 0.189- 0.180- 0.190- 0.207- 0.21~ 

-0.049 -0.050 -0.049 -0.048 -0.066 -0.067 
-0.002 0.001 0.008 0.008 0.013 0.005 

-0.068 -0.048 
-0.326~ -0.350~ 

-0.085 -0.033 
0.072 0.089 
0.152 0.198 
0.326 0.473 

0.013 0.016 
-0.002 0.027 

-0.159 
0.076 -0.815 

MNEs. 
111: Dummy variable: lndependenUstandalone firm =1 ; multiple unit firm =O;I'l: Dummy variable: Pure R&D fnn=1; else=O; (3!: Dummy: 
Independent R&D department unit=1; else=O; 1~: Dummy: International firm=1 ; else=O. 

0.055 0.032 0.046 0.023 -0.066 -0.020 
0.061 0.064 0.063 0.065 -0.001 0.004 

-0.063 -0.047 -0.065 -0.049 -0.068 -0.072 
-o.1or -0.089' -0. 103~ -0.089' 0.080 0.058 
0.204- 0.201- 0.211- 0.210- 0.239- 0.244~ 

-0.124 -0.125 
-0.051 -0.148 

0.079 0.060 
0.035 0.044 

-0.149 -0.208 
-0.229 -0.126 

0.013 -0.035 
0.013 -0.053 0.073 

-0.052 0.143 0.159 0.342 
-0.463* -0.212 -0.441* 0.170 
300 327 300 

29.38- 36.24- 33.1- 14.02 14.63 
0.0342 0.0388 0.0386 0.0535 0.0596 
-414.65 -448.46 -412.78 -124.11 -115.52 
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Table VI.S-2a. Multi-nominal Regression model-- The accomplishment of 
two main R&D 

oriented 

0.026 -0.320 -0.474' 0.054 -0.309 -0.474' 
0.516~ -0.650~ -1.066- 0.525~ -0.703~ -1.099-

0.044 -0.227 -0.365' 0.040 -0.245 -0.357' 
0.008 -0.028 -0.111 -0.001 -0.068 -0.107 

o.35r 0.019 0.411~ 0.369~ -0.038 0.423~ 

0.016 -0.841' -0.013 
-0.529 0.981 0.276 

Note: 111 The groups are classified by market-related and tech-related motivations. The + (-) of each coefficient means the independent 
variable has a stronger (weaker) influence on the dependent group than on the market-oriented group. 

Table VI.S-2b. Multi-nominal Regression model -The accomplishment of 
two main R&D Is 

Aimless 
oriented oriented 

0.039 -0.658 -0.673 0.281 -1.654~ -1.241' 
0.726' - 1 . 000~ -1.421- 1 .207~ -1.154 1 . 531~ 

-0.017 -0.202 -0.517" -0.065 -0.285 -0.586' 
0.256 -0.227 -0.243 0.187 -0.978 -0.478 

0.835~ 0.288 0.795~ 0.709' -0.348 0.500 

dropped dropped dropped dropped dropped dropped 
21.058- 21.497' 21.417"' dropped dropped dropped 
0.591 ~ 0.132 0.359 0.334 -0.088 0.341 

-0.528 -1 .046 -0.224 
0.529 -1.089 -1.429 

-19.801 0.611 -19.510- -19.698- -2.021 -20.318-
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The role of organisational characteristics shows us that few of these are significant 

in the regression model4• Pure R&D organisations are significantly more often found with 

aggressive R&D or tech-driven R&D, but have less intention to do market-driven R&D 

(Table Vl.S-la), especially between the market-driven group and the aggressive 
group/tech-driven group (Table VI.5-2b, model 2c). In industry effects, firms in the 

science-based sector have less market-related motivations, but higher tech-related 
motivations (Table VI.S-la, VI.S-lb). In addition (Table VI.5-2b, model 2c), firms 

belonging to market-driven groups locate closer to HQ than the firms belonging to the 
aggressive group5• In other words, market-driven R&D might rely so heavily on home

base resources that the nearby distance could be beneficial for knowledge transfer 

between units. We have no evidence to show that pure R&D organisations have stronger 

tech-related motivations in their R&D activities in Model lb, but firms tend not to 

establish a pure R&D lab for executing market-driven R&D investment. Finally, 
compared with domestic firms, international firms tend to do more market-driven R&D, 

indicating that MNEs could take higher advantage of their international experiences to 

adapt to the demands in different markets (Table VI.5-2b). 

c. The initial motivations shape the patterns of knowledge networks 

In this part, we try to explain how initial R&D motivations (independent variables) 

influence firms' local networking behaviour (dependent variables). Before starting the 

regression models, we compare the means between different groups that are identified 

by the two main R&D motivations. The Aggressive group has relatively more 
interactions with external academic or industrial actors and has higher intentions to join 
external local scientific events. The Tech-driven group tends to establish external 

academic networks but not industrial networks (See Appendix VI.l: Table A(Vl.1).6). We 

also use a correlation matrix (Table VI.6-1) to discover that the initial market-related 
motivation is significantly positively correlated to external industrial networks and 

internal R&D networks. Technological-related motivation is positively related to external 
networks (including academic networks and industrial networks) and internal non-R&D 
networks. This suggests that in order to accomplish different R&D goals, there needs to 

be both external linkages and internal contacts. 

Regression models are also used to examine more closely the relationships between 
a firm's initial R&D motivations and their later network establishment (Table VI.6-2a & 

VI.6-2b). In these results, similarly as before, technological-related motivation encourages 
firms to establish more external academic networks and industrial networks, while 

market-related motivations lead firms to have more interactions with local industrial 
actors. Tech-driven firms, aiming at accessing local technological resources, tend to make 

connections with external actors, so their behaviour in establishing external networks 
seems to be more active. Both local academic actors and industrial actors (e.g. suppliers 

• We also used another way, ANOVA mean comparison, to examine the role of organisational factors, and found the 
results are similar. We only found a significant difference in one variable (distance to HQ), indicating that firms 
locating in the same place of HQ have higher market-related motivations than the longer distance unit (Appendix 
VI.l Table A(VI.1).4). 
' The positive and significant coefficient in HQ-subsidiary distance explains that firms in aggressive group locate in 
farther places than firms in market-driven group do. 
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or customers) are important sources of knowledge for tech-driven R&D. Market-driven 

firms focus on local markets so that the information from industrial actors is more 

important than other external sources. 

1 
,065 
,050 

,229... ,032 
'168*** 164 

significant at tile 0.1 level (2-tailed). 
"Correlation significant at tile 0.05 level (2-tailed). 
"*Correlation significant at tile 0.01 1evel (2-tailed). 

Table VI.6-2a. Tobit Regression Model: The impacts of R&D drivers on external 

-0.055 -0.157"* -0.132 0.159"* 0.181"* 0.005 
0.226"* 0.147*" 0.264"* 0.170"* 0.166"* 0.229" 

0.118" 0.139** 0.055 0.125" 0.081 0.446"* 
-0.048 0.030 0.070 0.016 -0.096 0.020 
0.033 0.070 0.074 0.081 0.059 0.112* 

-0.029 -0.021 0.109 -0.035 -0.009 -0.137 

0.000 
0.010 

-0.002 
0.112 

-0.007 

0.024 0.004 
-0.009 -0.022 
0.048 -0.532" 

0.001 -0.314" -0.268" -2.144 0.000 -0.060 -0.037 3.832 
329 326 326 122 329 326 326 122 

18.10- 31.26- 45.56"* 37.94"* 18.08"* 11.82" 25.47*" 28.42" 
0.0193 0.033 0.05 0.11 0.02 0.01 0.03 0.0769 
-458.62 -448.91 -441 .76 -149.20 -459.83 -459.37 -452.55 -170.57 

Note: (1) we exclude some organisational factors (e.g. FUN; MUL; I NT; etc.) because of collinearity problems and tileir insignifiCances for models. 

As for the internal network establishment, market-related motivations encourage 

firms to have high interaction with internal R&D networks. Tech-related motivations 
seem to encourage firms to have more interaction in internal non-R&D networks6• For the 
market-driven firms, they focus on adapting their existing technologies to local market 
demands so interaction with internal R&D engineers is required to transfer, apply, or re-

6 Although the models for internal non_RD network (as dependent variables, in Table 6-2b, model 3d) are significant, 
the significance is only found when weights are used in the regression, which enlarges the number of observations. If 
we re-calculate the model significance on a basis of the real observed responses, all models for internal non_RD 
networks are not significant. 
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new these internal technologies for new locations. Therefore, market-related motivations 

make firms establish more internal R&D networks. However, tech-related motivations do 

not encourage local firms to establish intensive networks with internal R&D networks. 

Table VI.6-2b. Tobit Regression Model: The impacts of R&D drivers on internal 

0.172 0.094 0.059 0.200 
0.045 0.067 0.184' 0.088 

0.336- 0.295- 0.302" -0.028 -0.077 
0.205' 0.069 0.161 -0.181 -0.331" 

0.154" 0.134' 0.125 -0.051 -0.070 
-0.069 -0.058 -0.077 0.045 0.057 
0.007 0.023 -0.024 0.248- 0.253" 

0.000 

1.114" 

0.000 
-0.196 
0.214 

-131 .67 -130.24 

0.206 0.054 
0.160 0.104 
0.003 

-0.306' 
-0.090 
0.089 

0.176' 

0.000 

0.438 

0.000 
0.357 

-0.120 

0.184' 0.265 
0.104 0.155 

-0.122 -0.163' -0.038 
-0.048 -0.157 -0.356-
-0.050 -0.077 -0.078 

-0.202" -0.180" -0.218 
0.073 0.053 -0.024 .............. 

0.000 

0.024 

0.000 
-0.044 

-0.016 

456.29 -159.83 

Some other local conditions, such as government support, are helpful in 

establishing external academic and industrial networks, as well as internal R&D 
networks. Both industrial factors and familiarity are helpful to establish internal R&D 

networks, but industrial factors have a negative impact on the establishment of internal 
non-R&D networks and local R&D networks. In other words, when R&D is motivated by 
competitors or suppliers, firms are also encouraged to make more and better intra-R&D 

networks to transfer knowledge from other units. The negative impact on internal non
R&D networks and local networks also implies that the industrial factors encourage 
intra-RD connections but rather frustrate other internal networks. 

6.5.2 A Long-term view- The impacts on locational development 

The second empirical part, addressing a long-term dynamic view, tries to explain how 

the interactions at the micro level, i.e. the knowledge networks developed by actors 
within the local area, can create benefits to the development of locational advantages 
(dependent variables) within specific locations. We also ask whether these current 
advantages are still the motivators that encourage different types of R&D to continue 

their local R&D. 
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a. Identifying current locational advantages 

In this part, some new variables are extracted, trying to figure out the dimensions of 

current locational advantages from our questionnaire. We use the same procedure as 

described above in determining the optimal factor analysis configuration7 . We firstly 
include all items in a factor analysis model, leading to the distinction of a market-related 
factor from technological-related factors. However, in order to gain better scores, two 

factor analysis models are finally used. 

,807 ,244 -,060 ,068 

• The presence of ,732 ,197 ,257 ,133 operative relations 
• The presence of R&D unitS ,164 ,866 -,046 ,051 
• The presence of finns and organizations that are 

,215 ,811 ,126 ,219 technological leaders 
• The presence of suppliers or customers W!o provide inputs 

,437 ,470 ,385 ,076 into our R&D activities 
• The availability of R&D Vo«kers in a specific field of expertise 

,082 ,056 ,866 ,047 relevant to 
• The ,080 ,028 ,776 ,151 

,014 ,164 ,823 

,779 

70.76 
.57 

s: Locational advanta es in market and other dimensions 

,847 ,143 
,791 ,057 
,755 ,176 

,738 ,217 
,166 ,815 

,074 ,800 
,070 ,781 
,305 ,643 

44.59 64.29 
0.87 0.80 

The first one extracts dimensions of local technological resources, which are four 
factors: (1) research resource based on university, public and private research institutions 
(RES); (2) R&D network established by local industrial actors (IND); (3) local R&D 

'Appendix VI. liable A(VI.l).2 shows details. 
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human resource (HR); and (4) reachability and R&D infrastructure (INFRA) (Table Vl.7-

1). The second one includes all the other items in one single factor analysis, which 

constructs two locational advantages, local market characteristics (MAR) and 

government policy & intangible service (GOV) (Table Vl.7-2). All these variables about 
current local advantages received reliability between 0.57-0.86. Summarizing, the 

locational advantages include three main parts: technological advantages, market 

advantages, and other advantages. 

b. The relationships between knowledge network and locational advantages 

The interactive networks that have been established by local R&D firms create an 

interactive learning environment that facilitates the accumulation of locality-specific 

resources for innovation. In an attempt to explain the (current) locational advantages as 
perceived by the respondents, we first use model 4a - 4b to examine the impacts of 

different knowledge networks that firms entertain. Subsequently, we include some 
organisational characteristics 8 and regional characteristics (in model 4c & 4d). The 

dependent variables are always the factors scores obtained above, and we (consequently) 
use the Tobit regression model. 

-0033 ·0.362' ·0.189 ·0.455 
98 329 329 98 

0.070 

.0.826" 

98 
37.44- 17.38- 16.49" 16.8r 11 .95' 39.42-
0.1431 0.02 0.0628 0.018 0.0437 
-112.14 -459.92 ·123.01 -462.94 -130.78 

First, in model 4a - 4b, the results show that different external networks influence 
different locational advantages. Academic networks have a positive impact on the 

development of technological advantages (including RES, HR, and INFRA) and other 
advantages (GOV). Industrial networks strengthen both market-related (MAR) and 
technological conditions (i.e. IND). As we discussed above, market-driven firms prefer to 
establish industrial networks, and this apparently encourages technological 

development. Networks with local competitors also improve the industrial technological 
resource (IND), and benefits from local government policy (GOV). Secondly, the result 

s We also tested a model with only organisational factors, but this was mostly insignificant (see Appendix Vl.l: Table 
A(VI.l). 7-la,7-lb, 7-lc). 

163 

0.1468 
-114.55 



On Explaining Locational Patterns of R&D Activities by MNEs 

on the internal R&D network variable shows a positive impact on the development of 

local industrial conditions, R&D human resource, and governmental services. The 

internal local network only improves the development in local human resources (HR). 
Through internal interactions of technological knowledge and local intensive networking 
culture, MNEs bring knowledge from internal firms to the external actors and 

environments. The non_RD network only has a positive impact on local market 
conditions, but shows a negative correlation to the use of local governmental policies. 
This could point to the fact that , a strong reliance on home-base R&D encourages local 
R&D units to communicate with local governments or to interact with local actors, e.g. 

banks or consultants, who can improve local intangible services. However, the non_RD 
networks can perhaps bring modern marketing techniques that improve market 

conditions, but weaken the motivations to communicate local government for better 
intangible environment. 

Table VI.B-2. Tobit Regression model: The impacts of knowledge networks on 

0.005 0.260-
·0.080 -0.054 
0.061 ·0.193" 

0.375- -0.019 
0.244" 0.031 

0.017 0.217-

-0.067 0.014 

0.000 
-0.994" 

0.000 
dropped dropped 

0.336 0.582' 
0.066 
0.030 

-o.8a-
0.044 

0.193 
·0.048 
-0.159 

0.014 
-0.004 

0.173" 

0.071 

17.15 
0.10 

-76.13 

.. 

0.114 
0.089 

0.205" 

0.085 
0.037 

0.047 

-0.001 

0.000' 
0.580 
0.001 

dropped 
-0.311 

0.036 0.100 0.105 
0.057 0.024 0.053 
0.097 0.022 0.209' 

0.073 0.026 0.022 
0.078 0.122 0.213" 

0.068 0.234- o.3oa-

-0.023 -0.033 -0.098 

0.000 
-0.715 
0.003' 

dropped 

0.585 

-0.058 
0.194' 
-0.056 

-0.190' 
0.261" 

0.173" 

-0.015 

0.000 
-0.719 
-0.002 

dropped 

0.556 

-0.150 
0.183 

-0.091 

-0.224' 
0.361"' 

0.114 

-0.050 

24.47" 
0.14 

-77.21 

0.320-
-0.146' 
-0.076 

0.289-
0.029 

0.130" 

0.080 

0.000 
-0.743' 

0.000 
dropped 
-0.257 

59.79-
0.25 

-87.95 

When we further add some organisational characteristics and regional variables to 

the research models, some differences in the results emerge. Since putting all 
organisational characteristics into our models leads to collinearity problems, we have to 
use two models to test all variables. The organisational characteristics show only a few 
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significant variables. For example, firm size has a slight positive impact on the 

development of local human resources, and newly established firms tend to be stronger 

in the development of local R&D infrastructure. The R&D size of a firm has a negative 

impact on local industrial-related resources and local government or public services. It 
seems to imply that less R&D-oriented firms may invest more effort in the development 

of local industrial resources. Less R&D-oriented firms may depend more on government 

to establish local support. Firms with high R&D intensity apparently have less incentive 
to "ask" government to improve such local conditions. As for the role of pure R&D 

organisations, they have an above average use of industrial resources, indicating that 

their R&D activities are much dependent on embedment in a local network of market 
contacts. In addition, a firm's R&D importance within the local unit brings positive 

impacts on the development of local human resources and market-related advantages. A 
firm's high involvement in R&D activities can create more interaction with local actors, 

including researchers, industrial actors, or consumers, and thereby better human 

resources and market advantages might be created to improve local conditions. 
International firms have more international experience as well as the opportunities to 

transfer different human resources between locations, so a firm's international 

characteristics have positive impacts on local human resources (Ghoshal & Bartlett, 1990). 

Concerning the impacts of industry and regional characteristics, the science-based 
sector and specific RIS's network position influence the development of locational 

advantages. The firms in science-based sectors have positive impacts on improving local 
human resources (HR), local R&D infrastructure (INFRA}, and government & intangible 
services (GOV). Firms in a RIS with a higher network position can take the advantage to 

accumulate various knowledge resources and ensure that the advantages in industrial 
technological resources (IND) are established. 

c. The existence of new local resources for further R&D investment 

We further examine which specific local advantages encourage the different R&D 

behaviour patterns in the long run. Firstly, we use a simple correlation matrix to express 
the relationship between factors in the initial motivation and factors in the evaluation of 
current condition (Table VI.9-1). Secondly, we compare the means of the four R&D 

behaviour groups (identified by two main R&D motivations) in different locational 
advantages (Table VI.9-2). 

In the correlation matrix, market motivation in the first row (initial situation) is 

positively related to current market advantages while tech motivation in the second row 
(initial situation) is positively related to most current technological advantages. Auxiliary 

locational supports, e.g. local government and intangible service factors for market
related motivations, are found to be significantly related with the market-related 
motivation. Market-driven firms (MO_market) draw their current local technological 

advantages from industrial networks (IND) and local human resources (HR}, which is 
much in line with the initial motivation, but they also depend on most other factors 
(except the pure technology factor RES). For tech-driven firms, their current location 
indeed provides technology-related resources (RES), but again most other factors also 
contribute (except MAR and IND). In other words, although the two different local 
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drivers are distinguished clearly in the early stage, different motivations may contribute 
in later stages. 

i ' 
M Correlation is significant at the 0.01 level (2-tailed). 
• Correlation is significant at the 0.051evel (2-tailed). 

Table VI.9-2. ANOVA-comparisons between four R&D groups in current locational 

Comparisons 

• Market factor (MAR) 

intangible 
6 .921 ** Aggressive>aimless group"; market group•; 

Secondly, we compare the difference of current locational conditions between R&D 
groups (Table Vl.9-2). First, the market-driven group and the aggressive group have a 

relatively higher reliance on industrial networks and market factors than the 
technological-oriented group. However, in some other technological-related factors, e.g. 
R&D human resource (RD HR) or R&D academic network, we find no evidence to show 
that the tech-driven group relies more heavily on technological factors than the market
driven (or aggressive) group. In other words, the importance of current local tech-related 
factors seems to be also important for market-driven firms, once they are established in a 
region. Also, HR is as important for tech-driven firms as HR for market-driven firms. 
When compared to the aimless group, both tech-driven and market-driven group also 
show a higher reliance on local human resources. In other words, human resources are 

one of the necessary conditions for the tech-driven and market groups to conduct their 
local R&D. Next, market-driven groups evaluate their market with relative high value 
placed on market-related advantages. It is the basic and necessary factor for market
driven firms to continue in a location but not enough to encourage the tech-driven group 
significantly. The tech-driven group considers the importance of market-related 
advantages similar to that of the aimless group's concern. Thus, while market-driven 
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firms also benefit from factors normally associated with technology-driven firms, this is 

not a reciprocal relationship. Technology-driven firms are not (much) motivated by 

market-related factors. 

6.6. Discussion and Conclusion 

First, according to our empirical results, aggressive R&D behaviour is the type that most 

firms belong to. This type of R&D behaviour aims to tap into both market and 

technological resources within specific locations. Although some firms may establish 
their R&D subsidiary only because of either local market resource or technological 

resources, we have found that the mobility of most R&D are encouraged the co-existence 

of tech and market drivers. This result also implies that attractive locational factors are 

the combinations of both market advantages and technological advantages. We also find 
that firms are generally successful in finding their desired resources once they have 

invested somewhere. 

Secondly, research model has shown that various auxiliary conditions, including 
locational supporting conditions and organisational factors, are complementary factors 
for fulfilling different R&D motivations. The results on locational conditions indeed 
show that different R&D goals need different auxiliary local conditions to succeed. 

Although most foreign R&D investment is "aggressive" and focuses on both 
technological and market resources, the relative importance of these auxiliary conditions 

depends on strategic R&D goals. When focusing on technological-oriented resources, 
firms tend try to locate in places easily accessible to research institutions or universities. 

The geographical distance to local research units is more important than other auxiliary 
factors in accessing local technological resources. In contrast, market-oriented R&D 
investment focuses more on local market knowledge that can be accessed by local 

supports from industrial actors, government, financial systems, and other intangible 

services. 

For organisational factors, we have found that the firm's organisational structure 
and geographical distribution also play important roles for different R&D types. The 

distance between headquarter and subsidiary is the critical factor for market-driven R&D 
investment but not for aggressive or technological-driven R&D. Firms focusing on 
extending new markets using existent technologies tend to establish new R&D sites in 
places close to their headquarters. Locations of low "mental-distance" have a similar 

cultural background which is an attractive factor in encouraging market-oriented R&D 
investment. In a familiar environment, market-oriented firms easily find cooperative 

opportunities and establish quicker communication channels between new locations and 
existent subsidiaries or headquarter because of the advantages of mental/culture distance 
(Johanson & Vahlne, 1977; Sousa & Bradley, 2005) . In addition, we find that pure R&D 

organisations prefer tech-oriented R&D behaviours. Pure R&D organisations seem to 
carry an important responsibility in R&D activities for the whole company and as such 
always target technological resources rather than market extensions. As for the role of 
industry, firms in science-based sectors tend to have less market-related motivations. 
This implies that advantageous market conditions are not always able to encourage firms 
in science-based sectors. The regional variables show that "network" position of specific 
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region is most attractive for pure market-driven firms. In other words, market-driven 
R&D should be located in places of high knowledge inflow and outflow of innovation. 

Thirdly, the initial R&D motivations influence firms' behaviours in local 

networking, which has different impacts on local advantages. Since different R&D 
behaviours focus on different local resources, they establish different local connections to 

approach their targets. Technological-oriented firms focus on local technological 
knowledge and research resources, so they tend to cooperate with local universities or 

specific research institutions and access the most advanced technologies. Tech-oriented 
firms then focus on the linkages with these academic actors. Agglomeration economies 

create knowledge spillovers with the effect of encouraging tech-oriented firms to 

establish networks with local industrial actors, who can offer more knowledge about the 
new development of local industry. For market-oriented firms, their investments are not 
aimed at gaining technological and research resources so they may establish fewer 

linkages with local universities or research institutions. What they focus on getting is 

information about local markets. Therefore, in order to absorb the market-related 
knowledge they establish contacts with local customers, suppliers, or different industrial 

actors, from which they learn how to adapt their existing technologies and meet local 
demands. The differences in initial R&D goals make firms behave differently in 
establishing local network relationships. 

Furthermore, different internal and external networks vary in their impacts on 
locational development, and so too does different R&D bring different impacts on local 

innovation systems. Market-related motivation encourages firms to establish internal 

R&D networks, which then improve the local technological resources. In contrast, tech
related motivation encourages firms to connect to internal non-RD units, which 
consequently may help local R&D units bring other special internal knowledge to local 

markets and improve local market conditions. Specific R&D behaviours may encourage 
other R&D types via influences on development of local advantages. 

Fourthly, besides original R&D drivers, the existence of some other locational 
advantages is attractive for long-term R&D investment. The initial targeting R&D goals 
remain the critical drivers or advantages for firms. But firms seem to find additional new 

advantages in carrying on their investment. Specifically, besides tech-driven firms, 
market-driven firms are also concerned with the availability of local human resources. 

But the reverse effect, technology-driven firms being influenced by current market 
conditions, is not found so strongly. In addition, market-related motivation is positively 
related to current technological resources from local industrial actors. Comparatively, 
tech-related motivation is positively related to the support of local government and other 
intangible services. 

Fifthly, the impact of a firm's innovative activities on locational development seems 

to encourage regional policy-makers to characterise specific developing advantages 
hoping to attract different types of R&D activities. As we saw from the empirical results, 
market-oriented innovative activities heavily rely on local support, e.g. intangible 
financial systems, infrastructure, and government policies. In contrast tech-oriented R&D 
focuses on the accessibility to research institutions and environments, implying that 
regions without an abundant technological resource base should try to establish various 
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tangible and intangible services in the hope of making their RISs relatively 

advantageous. The regions possessing high technological knowledge facilitate the entire 

industrial interactions and provide easier access to the research environment. 

Finally, R&D investments by firms with different motivations create a dynamic loop 
to facilitate regional innovations (Figure VI.1). 

R&D Behaviours in terms of Local external network 
motivations (t=to) 

tn-t 
(to-ft) 

Different R&Ds prefer 

~. different networks ., 
to-t1 ··, 

',, .. , 
Net'NOrks on micro level improve local 

t*-t '\ -1 \..._, development 

Attracting new R&Ds ',, 
"··· ........ 

Local current 
attractiveness (ft) 

Figure VI.l. The dynamic loop of R&D behaviours on locational development 

Early stages of R&D investment might be attracted by the initial local conditions, 
some firms might focus on technological resources, market resources, or both (at period 

t). More and more involvement of R&D activities has been seen in local areas where firms 
have to establish their local external knowledge networks (Premus, 2003 ; Schartinger et 

al., 2001) and absorb the targeted knowledge (during period t- t+ 1; see Figure VI.1). The 
networking interactions do not only create knowledge spillovers for all actors within the 

specific locations, but also facilitate the development of locational advantages that are 
critical in attracting more inward investment (at period t+1). The fresh inward 
investment seems to make locational development follow a positive loop that helps the 
specific location to accumulate unique advantages for all the relevant local actors. In 

other words, the interactions between firms, locational conditions, local actors, and the 
whole network environment create benefits of knowledge sharing and R&D conducting 
within a location (Meeus et al., 2004; Narula, 2003; Schartinger et al., 2001) . For further 

researches, it is valuable to explore and examine the relevant issues on a dynamics view. 
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Appendix VI 

Appendix VI.1: Summary- Testings from Factor Analysis and Research Models 

Table A(VI.l}.l. Factor anal;lsis for motivations of R&D investment 

Ob2-large markets 

Ob3-lead markets (where new fashions show first) 
Ob 1-access to customers 

Ob4-access to suppliers 

Ob5-<:ompetitors invest here 

Oc2-local government policies( e.g. subsidies) 

Oa3-availability of financial resources( e.g. venture capital, but also subsidies) 

Oc4-political risk 

Oc3-being close to government or public institution 
Oa4-comparably low cost 

Oa2-availability of qualified employees 

Oat-availability of advanced technological knowledge 

Ob&<:loseness to other firms and research institution 

Oc5-being close to other units of the company group 

Oct-familiarity with local conditions, e.g. cu~ure, resource; 

Variance cumulative(%): 61% 
Description: 

,785 

,776 
,744 

,738 

,673 
,033 

-,062 

,214 

,253 
,t5t 

,066 

-,005 

,428 

,024 

,282 

Component 
2 3 

,083 -,097 

,069 -,037 
,153 ,091 

-,019 ,177 

,318 ,tOO 

,768 -,072 

,720 ,t70 

,709 ,055 

,646 ,t90 

,624 -,024 

,056 ,9t8 

,084 ,914 

,271 ,480 

-,037 -,025 

,10t ,033 

4 

,227 
,138 

,184 

-,028 

-,092 

,441 

-,t09 

,08t 

,26t 

-,2t5 

-,073 

,052 

,044 

,788 

,683 

When including all items, we find that market-related and tech-related factors are extracted in different components. However, some items 
have cross-loaded in more than one component so that we separate all items into t'Ml models. The first one includes market-rela1ed and tech
related items so we could use the analysis to discriminate the t'Ml main motivations. The other model includes all the other ~ems to extract 
other R&D motivators. 

Table A(VI.1}.2. Factor anal;lsis for evaluations of current local conditions 

b4-Local consumers(buyers) have special needs and preferences 

b3-Local consumers(buyers) provide ideas for our innovations 

b2-Local markets for our products or services are large 

b5-Comparing to other locations, local customers(buyers) are more innovative 

bt-Potential market can be developed in this location 
a4-The presence of suppliers or customers who provide inputs into our R&D activities 
c4-Local government policy; 

ct-Access to local financial capital 
c3-Access to government institutions or international organizations located here 

c2-The presence of consultancy services; 

aS-Access to a high quality physical research infrastructure, e.g. telecommunications 

a 7-The presence of R&D units of competitors 

aS-The presence of various types of R&D organizations(public and private), even if they 

are not focusing on fields that are of direct importance to our R&D 
aS-Access to public research institutions( or universities) working in fields that are of high 

relevance for our R&D work 

a3-The presence of other firms or organizations with whom C(}{)perative relations 

aB-The presence of firms and organizations that are technological leaders 

at-the availability of R&D workers in a specific field of expertise relevant to your research 

f~elds 

a2-the availability of highly qualified R&D workers, independent of their specific expertise 
c5-Reachability and centrality 

Note: variance cumulative(%) is 58.5% 
Description: 

Components 
2 3 

,838 ,t23 ,t3t 

,806 ,tt8 ,t09 

,781 ,039 ,tt7 

,755 ,t87 ,009 

,726 ,206 ,t27 

,469 ,256 ,416 
,083 ,731 ,07t 

,t64 ,719 ,262 
,084 ,716 ,221 
,296 ,653 ,069 

-,003 ,541 ,255 

,314 ,5t9 ,284 

,373 ,488 ,327 

,t63 ,250 ,785 

-,010 ,343 ,759 

,261 ,t27 ,740 

,tt5 ,056 ,068 

,132 ,051 ,t28 

,096 ,433 ,Ot3 

4 

,096 

,221 

-,022 

,058 

,t09 

,285 
,098 
,09t 

,035 

,057 

,310 

-,206 

,027 

-,079 

,160 

,249 

,793 

,736 
,440 

When including all items, we find that most market-related and tech-related items are extracted in different components. However, many 
items have cross-loaded in different components and factors related to tech resources seem to be more than one factor. Therefore, we use 
t'Ml models, which one include only tech-related ~ems and the other model include the other items. 
In the part, we did not put tech-related and market-related items in one analysis since 
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Table A(VI.1).3. External networks 

Government or private non-profit research institutes 
University or higher education research institutions 
Commercial laboratories or private R&D institutions 
Conferences, workshops, or exhibitions 
Competitors or other firms from the same industry 
Customers 
Suppliers 
Note: variance cumulative(%) is 59.24% 

Description: 

Component 
Academic Industrial 

actors actors 
,730 -,268 

,672 -,280 

,661 -,124 
,590 ,268 
,453 ,352 
,349 ,562 
,326 ,410 

In the final factor analysis for external networks, we exclude two cross-loading ftems, 
i.e. conferences and competftors. 

Table A(VI.1).4. Organisational characteristics and two main R&D motivations 
Glrganisational factor !¥k'¥W ANOVA w Fci!JI'Wi:t#" ' Comparison 
Pure R&D Motivation of market-related factors 1,483 

Motivation of tech-related factor 1.079 

Distance to HQ Motivation of market-related factors 2.7142** Locating in HQ > 

Locating wfthin 1 hr 

Motivation of tech-related factor 1.411 

Organisation I (Single vs. Motivation of market-related factors 0573 

International) Motivation of tech-related factor 0.666 

Organisation II Motivation of market-related factors 1.080 

(single unft vs. mu~~unft) Motivation of tech-related factor 0.510 

Organisation Ill - R&D function Motivation of market-related factors 0.839 

(for single/for more than 1/ for all) Motivation of tech-related factor 1.144 

Organisation IV- Structure (inde. Motivation of market-related factors 1.422 

department vs. part of other dep.) Motivation of tech-related factor 1.327 

Table A(VI.1).5. OLS Regression model: knowledge network for establishing 

~----------------~------ITo~c~a~t~io~n~al es 
Reach ability 

& 
infrastructure 

of R&D 
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Table A(VI.1}.6. ANOVA- comparisons between four R&D groups in knowledge 
network 

External 

I Hmeans 

anisational characteristics 
INFRA 

321 321 321 321 
7.52(0.2752) 8.20(0.2240) 10.45(0.1069) 7.33(0.2913) 

0.0082 0.0089 0.0113 0.0081 
-455.65361 455.81248 -455.891 -451 .02873 

96 96 96 96 
0.07 (0.9995) 9.32(0.0535) 11 .57(0.0208) 4.08(0.3955) 

0.0002 0.0346 0.0452 0.0152 
-135.58507 -130.25143 -122.19948 -131.96126 

Table A(VI.1).7-1b. Model 1 examination 
GOV 

EMPLOYEE 0.0001' 
RD_EMP -0.000 
YEAR 0.000 
INDE_MUL 0.433-
PURERD 0.060 
DOM_SB 0.229H 
constant -0.689 
Domestic firms and large firms have positive influences on 
the government polices & local intangible services. 

Table A(VI.1).7-1c Model 2 examination 
RES RD HR 

DIS 0.063 -0.0818 
FUN -0.109 0.320H 
IND -0.531H -0.115 
INT -0.410 0.459 
constant 0.693 -0.659 
The R&D importance of local unit make positive impacts on 
local human resources development, while operating R&D 
activities in an independent department seem to be the 
negative impact on the local technological resource 
development. 
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MAR I GOV 4l 

321 321 (table 7-1 b) 
9.08(0.1689) 21.61(0.0014) 

0.0099 0.0235 
-453.70169 -449.33959 

96 96 
4.59( 0.3315) 2.31(0.6794) 

0.0169 0.0090 
-133.86366 -127.3169 
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Appendix VI.2: Questionnaire(partial) 

The questions in this appendix are the items that are relevant to the research 
issues in this chapter. 

MUL; Pure 
(Firm type) 

FUN 

DIS 

Which of the following categories describes the activities of your firm best? 

D A pure R&D firm and a standalone firm 

D A pure R&D firm, not a standalone firm, and as part of pure research 

organization 

D A pure R&D firm, not a standalone firm, and as part of business company 

group 

D Not a pure R&D firm and a standalone firm 

R&D firm and not standalone firm 

Sec As Appendix V.l showed, there are 22 sectors included. 

Part I: Locational Conditions: 

The section investigates the importance of different locational 
conditions. We are interested to know about the importance of different 
factors that motivate your firm to localize R&D activities in this location, 
and your evaluation of current local conditions. 

• Motivations in the R&D location decision 
At the time when your company (group) decided to invest in R&D at this location, how 

• Availability of advanced technological knowledge 

• Availability of qualified employees 

• Availability of financial resources (e.g ., venture capital, but also subsidies) 

• Comparably low costs 
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• Access to customers 

• Large markets 

• Lead markets (where new "fashions" show first) 

• Access to suppliers 

• Competitors invest here 

• Familiarity with local conditions, e.g. culture, resources 

• Local government pol icies (e.g., subsidies) 

• Being close to government- or public institutions 

• Political risk 

• Being close to other units of the company group 

• Other, i.e., 

• Evaluation of Current local conditions 
Please rate the importance of the following local factors for the success of your R&D 

• The availability of R&D workers in a specific field of expertise relevant to your 

research fields 

• The availability of highly qualified R&D workers, independent of their specific 

expertise 

• The presence of other firms or organizations with whom co-operative relations (e .g., 

joint R&D projects) exist 

• The presence of suppliers or customers who provide inputs into our R&D activities 

• Access to public research institutions (or universities) working in fields that are of 

high relevance for our R&D work 

• The presence of various types of R&D organizations (public and private), even if 

they are not focusing on fields that are of direct importance to our R&D 

• The presence of R&D units of competitors 

• The presence of firms and organizations that are technological leaders 

• Access to a high quality physical research infrastructure, e.g ., telecommunications 

and 

• A potential market can be developed in this location 

• Local markets for our products or services are large 

• Local consumers (buyers) provide ideas for our innovations 

• Local consumers (buyers) have special needs and preferences 
• Com to other lnr,.tit,nc: 

• Access to local financial capital (excl. government subsidies) 

• The presence of consultancy services 

• Access to government institutions or international organizations located here 

• Local government policy, e.g. tax credits or subsidies 

• Reachability and centrality (e.g., access to airport, highways) 

• Others : 
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Part II: Knowledge Network: 

The questions in section 4 investigate the network of technological 
knowledge interactions for R&D activities. "Technological knowledge" 
includes tangible documents or reports, as well as intangible resources 
"embodied" only in people. 

• In the R&D activities of your unit, how do you rate the importance of 
interactions (discussions, meetings, sources of ideas, etc.) with the following 
partners within your company (group). (1-very disagree; 5-very agree; n.a.
no interaction or not applicable;) 

Headquarters (HQ) 

(if your firm is not HQ) 

Within your unit/firm 

Other parts of the 

company group 

(within 3 hr travel) 

Other parts of the 

company group 

(> 3 hr travel) 

- R&D related department 

- Other functional units (e.g. manufacturing or marketing units) 

- R&D related department 

- Other functional units (e.g. manufacturing or marketing units) 

- Other R&D department/unit 

- Other functional units (e.g. manufacturing or marketing units) 

- Other R&D department/unit 

- Other functional units (e.g. manufacturing or marketing units) 

• In the R&D activities of your unit, how do you rate the importance of 
interactions (ranging from discussions and informal contacts to formal 
cooperations) with the following partners outside your company (group), but 
within your region? 

• University or higher education research institutions 

•Government or private non-profit research 

institutes 

•Commercial laboratories or private R&D institutions 

•Competitors or other firms from the same industry 

•Customers 

• Conferences, workshops, or exhibitions 

•Suppliers 

•Other: 
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Appendix VI.3: Methodology Application: Weighted vs. Un-weighted Treatment 

Whether the sample could be used to represent the overall population behaviour, 

depends on the extent of similarity between sample and population. In this study, we 

target 15 European countries and select the firms in R&D organisation Directory 2003 
Database as our targeting population. We assume the firms in this directory represent the 
R&D organisations within these 15 countries. Therefore, on the basis of the population 

we target, we should adjust our dataset of the total responses from these 15 countries, to 
be representative of the targeting population. 

Methodology 

Although the dataset used in this study includes more than 300 firms in Europe, we need 

to adjust the samples so that they are representative of all targeted firms. One of the 
checks that we have done (discussed in detail in Chapter 5) is the comparison of 

distributions between this dataset and all targeted firms in Europe. The results show us 
similar distributions in several important dimensions, including firm's age, firm's 
nationality, and firm's size. Another measure we have taken is the adjustment of the 

dataset to be representative of targeting population. In other words, for all different 
analytical models, we should consider the importance of each response. Based on the 
available information in R&D 2003 Directory database, we calculate the expected 
probability in these three dimensions. We also use the firm's information in our dataset 

to find out the observed (or real) probability in these three dimensions. Our purpose is to 

try and adjust the dataset so as similar to the targeted firms and so we need to give each 
firm a weight. 

We use the available information in these three dimensions to classify our 
population and sub-population (i.e. responses) into several groups. We have seven 

groups for firm size, 12 groups for firm's age, and 15 groups for firm's nationality. Each 
firm is given a weight, calculated on a basis of three dimensions and responses to the 
importance of the firms that have specific characteristics in size, age, or country. As in all 
empirical analysis, the importance in terms of weight is considered in all our empirical 
models. 

Weighting of firm in size i, age j, and nation k= (Pi(size)' Pj(age)' Pk(na))/( Pi(size)' Pi(age)' Pk(na)) 

W: = P;( size) *~(age)* pk(na) 

ijk * * 
Pi(size) Pj(age) P k(na) 

P;(size)= expected probability of firms in size i ; i= 1, 2, 3, ... 7; 
Pi(age)= expected probability of firms in age j; j=1 ,2,3, ... , 12; 
Pk(na)= expected probability of firms in nation k; k=1 ,2,3, ... , 15; 

Pi(size)= observed probability of firms in size i ; i= 1, 2, 3, ... 7; 
PHage)= observed probability of firms in age j; j=1 ,2,3, ... , 12; 
Pk(na)= observed probability of firms in nation k; k=1 ,2 ,3, ... , 15; 
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When the Wijk is higher than 1, it shows the relatively high importance of this 

response. Including weight into our analytical models, the software9 will then use the 
weighting to adjust the results. The results that we show in the main content have been 

weighted while we will show some examples of the difference between unweighted and 
weighted results in this appendix. 

In addition, all the parameters I coefficients that are shown in each regression model 

(in chapter 6 and 7) are the parameters of weighted models. Since including weights 

makes the observed samples larger, the significance of each parameter is strengthened by 
the observed sample size. We have to re-calculate the significance by considering the real 

sample size and enlarged sample size. 

Examples of weighted and unweighted results 

In factor analysis, most of the results show us the same patterns of each factor 

extraction(Table A(VI.3).1). Only one difference in factor analysis is found in network 

establishment. In this factor analysis, we have extracted internal local network and 
internal non-local network. This result is slightly different from what we show in the 
main content, i.e. internal RD network, internal non-RD network, and internal local 

network. Only two factors are extracted in the unweighted model and the explaining 
power of the factor analysis is not high. 

functional 
Other parts (3hr)-other functional ,733 ,197 

Other parts (>3hr)-other functional ,721 ,284 

HQ-R&D ,669 -,008 

,668 ,391 

,570 ,451 

,037 ,865 

,117 ,723 

42.7% 58.7% 

In regression models, for original weighted models, the results may become more 
significant since the weights enlarge the sample size and make most of the coefficients 
significant. We try to adjust Z-value on the basis of its real responses and re-check the 
significance; shown in the main content. According to the regression models without 
weights (see below Tables), most of them have similar results to the weighted models. 

Even so, we choose to use weighted results since these results might show us the 
phenomena most similar to the targeted firrns in Europe. 

9 We compare the results run by SPSS and STAT A and check whether these two softwares treat the weights in 
different ways. In SPSS, we use the function of weighted cases while we use "fweight" function to deal with our data 
in STAT A. The results show that they have treat weights used in dataset are same. 
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-0.096 0.034 0.174- 0.138~ 0.156 0.048 0.071 0.135 
0.131~ 0.207~ 0. 118~ 0.109~ 0.173' 0. 114~ 0.125~ 0.067 

0.156- 0.169- 0.037 0.089 0.065 0.303- 0.026 0.013 -0.033 
-0.042 0.005 -0.045 0.129~ 0.049 0000 0.052 0.009 -0.148 
0.056 0.072 0.038 0.073 0.056 0.080 0.022 0.014 0.045 

-0.053 -0.048 0.045 -0.048 -0.035 
-0.089 0.129- -0.118~ -0.074 

0.216- 0.189- 0.244- 0.019 -0.004 -0.035 -0.022 -0.048 

factors<•> 
Employee (SIZE) 0.000 
RDemployee 0.000 

0.001 
-0.480' 

Generally, the main independent variables in the three models show similar 
significant results for specific coefficients. However, there are still some differences 
between weighted and unweighted models. The significances found in unweighted 

models, but not in weighted models, imply some relationships might not so strong in the 
overall targeted firms. In contrast, the significance found in the weighted models, but not 
in the unweighted models, explains that these relationships are actually stronger in 

overall targeted firms than the sub-population, the responses in our dataset. The slight 
differences in this comparison imply that we still have to adjust our dataset to reflect 
what the real population (or targeted population) looks like. The tests have been done for 
all the models in both Ch.6 and Ch.7. We show weighted results in all tables of these 
two chapters since the adjusted datasets can be more representative as the population we 
target. 
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CHAPTER 7 
The Role of Subsidiary at Knowledge Diffusions within 

MNEs 

7.1 Introduction 

Multinational Enterprises (MNEs) have access to diversified resources via foreign 

subsidiaries in different locations. Therefore the role of a subsidiary within the whole 

MNE has drawn much research attention in the past two decades (Bartlett & Ghoshal, 

1998; Birkinshaw, 2002; Birkinshaw et al., 1998; Birkinshaw & Hood, 1998; Frost et al., 

2002; etc.). These studies, differing from the traditional view in international business 

studies, discuss international strategies from the subsidiary point of view. They 

emphasize that subsidiaries possess some specific capabilities that can infuse unique 

knowledge and competencies into whole MNE. Subsidiaries may use their unique 

knowledge base to strengthen their strategic position within a MNE. They may improve 

their knowledge base by accessing various local resources, e.g. local skilled engineers or 

market information (Birkinshaw & Fry, 1998), or may interact with different external 

actors to gain various external networks and accumulate knowledge, which in tum 

contributes to the whole MNE. A manager in a multi-unit/ multi-national firm doesn' t 

only consider the resources in HQ, but also the specific knowledge possessed by different 

subsidiaries in different locations. All these acquired resources and knowledge should be 

efficiently allocated and interacted within the whole MNE for it to gain relative better 

performance compared to competitors (Doz & Prahald, 1981; Geppert, 2005). In order to 

discover the efficient exchange of knowledge within MNEs, we must be careful not to 

ignore the role of subsidiaries, which play a crucial role in the procedures of knowledge 

interaction (Birkinshaw et al., 1998). 

According to past studies, when subsidiaries accumulate specific capabilities and 

knowledge, these subsidiaries may become the critical sources to enrich the knowledge 

base of MNEs. The subsidiaries may gain a higher bargaining power in knowledge 

interactive processes within MNEs (Mudambi & Navarra, 2004) because of their unique 

capabilities. On one hand, some specific subsidiaries may try to keep unique resources 

exclusively, so as to keep their independence and autonomy. On the other hand, some 

subsidiaries try their best to diffuse their unique knowledge and earn more internal trust. 

They aim to play an influential role within MNEs or gain more support from central HQ 

or other units within MNEs, yet not becoming an independent autonomic unit. In other 

words, whether the central control and policy executed by HQ and the attitudes or 

organisational culture within subsidiaries influence or motivate a subsidiary's 
knowledge diffusion behaviour within MNE is still an open issue. In this chapter, we aim 

to find out how subsidiaries are willing to diffuse knowledge for the whole MNE. 
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Based on the literature in subsidiary research, resource-based theory, and network 

theory, we have learned that three categorised factors play critical roles in knowledge 
interaction processes. These are factors internal to the subsidiary itself, headquarters' 
strategy, and local network resources. The first two factors are related to organisational 
factors, while the third one is related to the local conditions. Firstly, considering 

organisational factors, this study aims to use two main drivers to explain the knowledge 
diffusions within MNEs (Zander & Kogut, 2003). One is the role of subsidiaries' unique 
resources and innovative behaviour, and the other is the role of headquarters' (HQ) 

centralised control mechanisms. 

Secondly, for locational importance, network resources established by subsidiaries 

are the main source for subsidiary-specific and locational-specific capabilities (Ebers, 
1997; Lundvall, 1992; Nahapiet & Ghoshal, 1998; Pantzalis, 2001; Rugman & Verbeke, 
2001). Taking advantage of knowledge spillovers within local areas, subsidiaries have 
knowledge to share with the other subsidiary units or headquarters. Our research model 

tries to examine whether subsidiary's organisational innovative characteristics, e.g. 

capability or knowledge seeking behaviour, network relationships, and headquarter's 
strategies, directly motivate the knowledge diffusion behaviour within MNEs. 

Another question considers the indirect impacts that headquarters' strategies and 

network resources may have on knowledge diffusion, via (indirectly) strengthening the 
subsidiary' s organisational innovativeness. As we discussed above, HQ's factors and 

locational network issues both play important roles in encouraging subsidiary's 
knowledge sharing. Furthermore, subsidiaries' innovative capabilities may improve with 

access to more knowledge sources (Johanson & Mattsson, 1987; Lundvall, 1992), e.g. local 
knowledge networks, or headquarters support (Rugman & Verbeke, 2001). When a 
subsidiary's innovative characteristics are changed dynamically by network resources or 

HQ's strategies, indirect influences of subsidiary's network resources and HQ's strategies 
occur. In other words, the local networks and headquarters' strategies can facilitate 
subsidiaries to diffuse knowledge not only in a direct way but also in an indirect way. 
This also implies that interactions between factors in the three categories (i.e. subsidiary
internal factors, HQ's strategy factors, local network factors) exist, and these interactions 
influence the subsidiary's knowledge diffusion behaviour. However, past literature, 
focusing on the direct role of local conditions and headquarters, largely fails to examine 
the impact of the interactions between these different categories. 

In the next section, we review the relevant literature on the development of 

subsidiaries' capabilities and organisational characteristics influencing the knowledge 
interactions within the whole MNEs. We also discuss how subsidiaries use network 
resources to improve technological capabilities and encourage knowledge seeking 
behaviours amongst all subsidiaries. In our empirical section, we construct research 
variables by factor analysis and use regression models to explain the different impacts of 
subsidiaries' organisational characteristics and locational resources. Finally, we discuss 
the implications of these results for both subsidiaries and headquarters. 

180 



The Role of Subsidiary at Knowledge Diffusions within MNEs 

7.2 Literature and Theoretical Background 

7.2.1 Subsidiaries in international business (IB) theory 

The international business literature discusses MNEs' behaviour mostly from a 

headquarters view, but recent studies have started to emphasize the importance of 

subsidiaries for the development of the whole MNE. One of the most important 
subsidiaries' contributions relates to their innovative activities which transfer or diffuse 
subsidiary-specific knowledge to headquarters and other subsidiaries (if any) within the 

MNE (Bartlett & Ghoshal, 1998; Birkinshaw, 2002; Birkinshaw et al., 1998; Frost et al., 

2002; Gupta & Govindarajan, 2000, p.475; Tasi, 2001). Different subsidiaries may have 

established locational-specific or subsidiary-specific knowledge within specific locations 

(e.g. Bartlett & Ghoshal, 1998; Molero & Buesa, 1992). This knowledge may be related to 

specific market experience (Birkinshaw & Fry, 1998) or innovative technologies 
(Birkinshaw et al., 1998), both of which can enrich the knowledge base of a MNE. As the 

Resource-Based View (RBV) studies discuss, the MNEs' success and growth is facilitated 

by these subsidiaries' specific resources (Birkinshaw & Hood, 1998; Fey & Birkinshaw, 

2005; Frost, 2001; Ozsomer & Genc;tiirk, 2003). 

Besides unique knowledge within subsidiaries, other resources, including 
subsidiaries' innovative culture or network relationships established by subsidiaries, 

should also be considered as part of a MNE's resource base. The different knowledge 
sources within the MNE have the ability to develop new markets in other countries and 

generate new business growth (Hitt et al., 1997; Markides & Williamson, 1996; Rugman, 

1981). Especially in innovative activities, subsidiaries can provide international sources of 
technological knowledge, capabilities, and various market resources, which lead the 
whole MNE to be more competitive than domestic firms (Eriksson et al., 1997; Foss & 

Pedersen, 2002; Hansen, 2002). When analyzing the internationalisation of R&D and 
innovative activities, the contribution of subsidiary knowledge sharing cannot be 

ignored. 

7.2.2 Dynamic development of networks 

The network concept has been frequently used in recent business studies to explain how 
firms can utilize their network resource for specific strategic goals (Burt, 1992, 1997; 
Camagni & Capello, 2000; Holm et al., 1996; Jones et al., 1997; Oliver & Ebers, 1998). 
According to social network theory, when an actor, which could be an individual or a 
firm, has linkages with other nodes who possess superior knowledge within the network, 

this actor can gain knowledge from the network link. Many past studies use structural 
characteristics of the network (e.g. centrality, structural hole, or strong/weak tie) to 

measure access to network resources by a specific actor (Burt, 1992; 1997; Gupta & 
Govindarajan, 2000; Hansen, 1999; Madhavan et al., 1998). However, in this chapter, our 
focus is not to explain how specific characteristics of the network bring benefits for a 
subsidiary, but instead to analyze how subsidiaries diffuse knowledge within MNEs 

after they established diversified network relationships in specific locations (de Pablos, 
2004; Iwasa & Odagiri, 2004; Jensen & Szulanski, 2004; Lindqvist et al., 2000; Malik, 2004). 
We should therefore take the whole MNEs as a global network (Birkinshaw, 2002; Lam, 
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2003, pp.675-676; Powell, 1990), within which each subsidiary (or node) has established a 

specific network in its local area. The various network resources within the MNE are the 

sources to exploit and explore knowledge globally. 

Diversified knowledge networks, including internal and external sources, motivate 
firms to innovate and perform better (Malik, 2004; Manolopoulos et al., 2005). Sadowski 
et al. (2003) have analyzed the Nokia case and pointed out the importance of 

international sources for firms to accumulate their specific capabilities. Not only internal 

sources but also external sources, e.g. suppliers, manufactures, or international joint 
venture partners, are important actors within innovative networks. The study of 
Birkinshaw & Fry (1998) emphasizes that in internal networks, a subsidiary may strive to 

optimize the internal communicative network and establish a unique coordinating role 
within MNE. As for external sources, Pantzalis (2001) has pointed out that a subsidiary 
creates more value and resources for itself via further developing its local network 
relationships. It seems to show that firms strengthen their knowledge base via accessing 

external knowledge sources (Fey & Birkinshaw, 2005). Through diversified external 
communications, network relationships, e.g. networks with local universities, provide 

more cooperative opportunities for innovative activities for the whole MNE (Gupta & 

Govindarajan, 2000; Nobel & Birkinshaw, 1998). 

Buckly & Ghauri (2004, p.86) have argued that m studies on subsidiaries should 
consider the knowledge network on a global level, with subsidiaries as valuable nodes 
within the MNE. In other words, network relationships, including internal and external 

network resources, are the interactive mechanisms and unique resources that facilitate 
the knowledge interactions within organisations. 

7.3 The Contribution of Subsidiary on Knowledge Diffusion within 

MNEs 

As we discussed, multinational firms are like a network, including capital flows, product 
flows, and knowledge flows. For innovative activities in different subsidiaries, the 

interaction of knowledge plays a relatively important role (Ensign et al., 2000; Gupta & 

Govindarajan, 1991). However, as for most international business studies, discussions 
about knowledge flows are viewed from headquarters and focus on HQ's knowledge 
management, coordination, and control strategy. The studies focusing on HQ's fail to 
recognize the role of subsidiaries, which is the unit located in the vicinity of local external 
knowledge sources. In this chapter, we consider both subsidiary's and HQ's factors, as 

well as the role of networks within subsidiaries. 

7.3.1 Organisational factors affect knowledge diffusion 

Organisational characteristics embedded within MNEs act like social norms or unique 
bases that shape different cultures and strategies to influence subsidiaries behaviours in 
knowledge interactions (Birkinshaw & Hood, 1998; Galende & de la Fuente, 2003; 

Hansen & Nohria, 2004). Compared to domestic firms, innovative cultures within 
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organisations are strongly established within multinational firms (Molero, 2000, p.204). 

The subsidiaries, as part of MNEs, have more opportunities to access different resources 

or absorb different knowledge in different countries. These internal innovative 

characteristics within subsidiaries include the attitude, behaviour and capabilities in 

innovations, representing how they might contribute to the whole MNE in innovative 

activities. Subsidiaries aiming to reach a critical position within MNEs, may take 
advantage of subsidiary-specific knowledge and resources that help them reach such a 
position. In addition, when a strategically important position has been established, 

subsidiaries may get more support from headquarters and develop more local resources 

for sharing within the MNE. Subsidiary's capabilities and innovative characteristics in 
innovations make subsidiaries more active in sharing knowledge. However, sharing 

knowledge between units implies that the subsidiaries no longer possess exclusive 

resources, different from all other units. When subsidiaries have established specific 
capabilities and accumulated unique knowledge from local regions, they may hope to 

retain some autonomy for their local strategies. 

In addition, inter-MNE rivalry effects, between subsidiaries, might occur since the 

unique capabilities within a subsidiary represent their critical position with the MNE 
(Criscuolo & Narula, 2005, pp.19-20). Subsidiaries thus may not be willing to diffuse 
everything they have accumulated (Birkinshaw et al., 2005; Hansen & Nohria, 2004; 

Rosenzweig & Nohria, 1994), but instead try to keep some unique resources. In other 
words, to promote subsidiaries to share the accumulated knowledge, HQ's management 
strategy is also important. HQ's centralised control mechanisms, in different functional 

activities, may facilitate knowledge interaction within the MNE (Persaud et al., 2002). 

Andersson et al. (2005) used a dataset, consisting of Finnish and Chinese subsidiaries, to 
show that HQ's centralised strategies, e.g. expatriate HQ's employees to new sites, 

indeed influences subsidiaries behaviour in knowledge development and creation. A 

comprehensive explanation for subsidiary's knowledge sharing behaviour cannot solely 
include the factors about subsidiary itself but should also concern the impacts of HQ's 

strategies. 

7.3.2 Subsidiary's innovative characteristics facilitate knowledge 

diffusion 

An active attitude and behaviour in innovations motivate subsidiaries to contribute more 
to the whole MNE. Gupta & Govindarajan (2000) have proposed that the value of specific 
subsidiaries is not only determined by the scale of its local market but also the intangible 
assets within a subsidiary, e.g. an innovative and active attitude in acquiring local 

knowledge. An active attitude towards learning helps the subsidiary to grow and 
accumulate unique capability, which is also helpful for the development for the whole 

MNE. An active intention in innovative activities is a very important organisational 
culture that encourages personnel in different functional units, or in different 

geographical units, to share knowledge within a MNE. Birkinshaw & Hood (2001) also 

pointed out that it is very important for subsidiaries to change attitudes towards 
knowledge seeking for their innovative and R&D activities. They propose that 
subsidiaries should be more active in innovative activities and consider themselves as 
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extensions of the company's strategic domain rather than as isolated outposts. Active and 
aggressive attitudes are the characteristics that subsidiaries should accumulate first. 

Besides attitudes, capabilities and behaviour in innovation are also critical for 

subsidiaries to share knowledge. Capability and innovative behaviours express the stock 
of knowledge that subsidiaries could potentially share with other units (Bartlett & 
Ghoshal, 1998; Birkinshaw & Hood, 1998, 2001). In Birkinshaw & Fry's study (1998), a 

subsidiary is evaluated as an initial market developer. In the new market, the subsidiary 
identifies and acts on new business opportunities in its local market. Knowledge about 
specific markets means the whole company group, i.e. MNE, can become competent in 
new development of innovative activities. In other words, when subsidiaries possess 

specific and unique capabilities, they possess the capability to share knowledge within 
MNEs (Gupta & Govindarajan, 2000) and encourage the MNE to develop new fields. 
Their innovative characteristics motivate them to be responsible as the knowledge 
contributor within the whole MNE. Furthermore, according to some MNE studies, 

subsidiary R&D assignments seem to determine what kind of role they play in the 
knowledge diffusion (Birkinshaw, 1996; Prahalad & Doz, 1981; Taggart, 1997a, 1997b). If 

a subsidiary is assigned to operate large scale of R&D activities and support the whole 
company group, they are usually responsible for diffusing the relevant technological 
knowledge to other units within the MNE. The assigned responsibility motivates 
subsidiaries to be active in knowledge sharing behaviour. Based on this, our research 
model tries to examine whether, or which, subsidiary's innovative characteristics 

encourage subsidiaries to diffuse knowledge between units, within MNEs. 

7 .3.3 The influence of the relationships between HQ and subsidiaries on 

knowledge diffusion 

Complimentary to the role of subsidiary' s innovative characteristics, headquarters need 
good linkages between HQ and subsidiaries to encourage knowledge interactions 
between different units (Birkinshaw & Morrison, 1995; Ghoshal & Nohria, 1993; Nohria 

& Ghoshal, 1994; Schulz & Jobe, 2001; Taggart, 1997a). First, from the view of economic 
geographic, physical distance indeed creates barriers to transferring locational-specific 
knowledge between locations (Almeida & Kogut, 1999; Jaffe et al., 1993; Maurseth & 
Verspagen 2002). The closer the distance between HQ and subsidiaries, the easier the 

knowledge diffusion tends to be. Secondly, since knowledge is always embedded within 
specific individuals, HQ's strategies on managing human resources can potentially make 
knowledge interaction more efficient. Personnel exchange mechanisms, e.g. a formal 
program, can keep knowledge flows fluent and reduce barriers (Gerybadze & Reger, 
1999; Hansen & Nohria, 2004; Rosenzweig & Nohria, 1994). HQs may also use integrative 
mechanisms to create a firm-wide learning environment for all units to share knowledge 
as a source of competitive advantage (Hansen & L0Vas, 2004; Nohria & Ghoshal, 1997). 
Furthermore, according to Persaud et al. (2002), the coordination between HQ and 

subsidiaries determines the extent of subsidiaries' motivation to share knowledge. The 
personnel exchange mechanisms within MNEs provide a bridge for exchanging 
information between units in different locations. Headquarters exchange mechanisms are 
the formal and explicit way to build a strong co-operative and collaborative culture, an 
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important prerequisite for knowledge transfer within MNEs (Malik, 2004, pp.69-70). 

However, some studies (Birkinshaw & Morrison, 1995; Taggart, 1997a) illustrate that 

some subsidiaries search for more autonomy and establish a centre of excellence to 

develop subsidiary-specific capabilities. 

"Centralisation" issue is always discussed for describing the organisational design 
between headquarter and subsidiaries. Past studies have suggested this concept as one of 

the fundamental dimensions of organisation designs (Egelhoff, 1988, p.129). The study of 
Ghoshal et al. (1994, pp.99-100) also examines the influence of HQ-subsidiary 

organisational linkages on knowledge communication. Among the three main 
components (centralisation, formalisation and complexity) in organisational design, their 

study points out the relatively crucial role of centralisation in knowledge 
communications. As we discussed above, HQs face challenges in knowledge 

management that support subsidiary's autonomy or adopt central authority to manage 
subsidiary's behaviour. The centralised strategy, such as in different functional activities, 

creates a direct vertical communication channel, or indirect channels between sub-units, 
so that information processing and knowledge sharing capacity are improved (Egelhoff, 
1988, pp. 131-132). Although HQ's centralisation orientation in different functional 

strategies, e.g. financial support and authority control, may frustrate a subsidiary's 

autonomic goals, centralisation encourages the internal sharing behaviour. Subsidiaries, 
under the centralised authority, focus less on shaping subsidiary's uniqueness and rather 

use headquarters as the centre to share knowledge between units. Therefore, we examine 
the role of headquarters' strategy during the knowledge interactive procedures. We focus 

on finding out whether subsidiaries within a close geographical realm of HQ, or as 
influenced by certain strategic factors (including personnel exchange mechanisms and 
centralised strategies) are more willing to share the possessed knowledge than those 
without HQ's linkages. 

7.3.4 The impulses of network resources 

The literature on network theory (e.g. Burt, 1992; 1997), innovation systems (e.g. Cooke, 

2001; Morgan, 2004), agglomeration economies (e.g. Barrell & Pain, 1999; Ciccone, 2002), 
and industrial clusters (Porter, 1990) show us that information exchange and dynamic 

interactions between actors create benefits and network resources to share with other 
actors. Based on network theory and a resource-based view, network relationships are 
specific resources that firms have established (Burt, 1992; 1997; Ebers, 1997; Nahapiet & 

Ghoshal, 1998). Internal networks do not focus on bringing new knowledge from the 
outside, but create the environment and interactive culture between internal units. Via an 
interactive atmosphere and culture within MNEs, internal network relationships 

encourage knowledge flows efficiently and motivate subsidiaries to share more between 
internal units (Birkinshaw & Fry, 1998; Stabell & Fjeldstad, 1998). As for external local 
networks, these are location-bounded resources that are not easily transferred between 

locations (Bartlett & Ghoshal, 1998; Porter, 1990; Verspagen & Schoenmakers, 2004). Past 
studies, e.g. on agglomeration economies (Gomes, 2004) and industrial clusters 
(Doeringer & Terkla, 1995; Porter, 1990), have explained that local actors' interactive 
learning creates positive externalities within specific locations where firms can gain 
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benefit from knowledge spillovers. When subsidiaries establish more external networks, 

they can learn more from external sources to share within MNE. The utilisation of both 

internal and external network resource seems to be critical to creating better innovative 

performance in the knowledge interactive process (Oerlemans et al., 2001, p .347). 

Network studies point out that the relational embeddedness, i.e. network 
relationships, can motivate knowledge transfer and interactions between different units 

(e.g. Kostova, 1999). Internal networks with headquarters or other subsidiaries 
accumulate internal social trust between internal personnel. The socialisation procedure 

encourages subsidiaries to be more willing to share the knowledge that they have 
acquired (Nahapiet & Ghoshal, 1998; Oliver & Ebers, 1998). The social connections, via 

internal network relationships, help all units within MNEs to access unique knowledge, 
location-specific or subsidiary-specific, from other subsidiaries (Bartlett & Ghoshal, 1998). 
Birkinshaw & Fry (1998) have proposed that subsidiaries can play the role for internal 
network optimisation. The role of network optimisation means that subsidiaries seek out 

and eliminate inefficient activities within the multinational network. MNEs' different 

R&D centres (subsidiaries) are located in different places and have their specific roles. 
This provides coordination of different functional activities within the MNE and aims to 
fulfill the enterprise's goals (Birkinshaw, 2002, p .251). In other words, specific 

subsidiaries play brokerage roles, such as a coordinator or gatekeeper, within internal 
networks and improve the atmosphere of internal communications. Internal network 
relationships facilitate knowledge flows between units and strengthen the MNE's 

innovation capability. The role of facilitating knowledge interactions may also give the 
subsidiary a critical position in innovation for the whole MNE. 

External networks, i.e. subsidiary's linkages with local outsiders, are the location

specific and subsidiary-specific resources that motivate subsidiaries to diffuse 
knowledge. As Fey & Birkinshaw (2005, pp. 600-601) explained, innovation occurs 
primarily through new combinations of resources, ideas, and technologies. Firms have to 

use efficient co-operative methods to contact different actors (including customers, 
suppliers, and all different local stakeholders) to establish diversified external network 

resources. According to past studies, firms may rely on different external sources since 
their R&D activities are aimed at different resources, i.e. market-related or technological
related resources (Birkinshaw & Fry, 1998; Cantwell & Mudambi, 2000; Cantwell & 
Piscitello, 2002; Dunning & Narula, 1995; Hakanson & Nobel, 1993a, 1993b; Kuemmerle, 
1999; Von Zedtwitz & Gassmann, 2002). Market-driven R&D behaviour aims at 
exploiting existing capabilities in new markets, therefore these firms focus on accessing 
resources from customers and local industrial actors. This external contact with local 
customers and suppliers provides a bridge to understanding local markets, getting 
creative insights about local customers, and fostering exploitative R&D activities 
(Desouza et al., 2005; Holm et al., 1996; Von Hippel, 1988). Meanwhile, tech-driven R&D 
focuses on seeking technological resources so their asset-seeking behaviour aims to 
establish linkages with research and academic institutions or universities. Past studies 

also show evidence that the interactions between industry and universities can create 
higher benefits for both firms and academic research institutions (Fey & Birkinshaw, 
2005, p . 601; Laursen & Salter, 2003; Santoro & Chakrabarti, 2002; Schartinger et al., 2001) . 
All the different network relationships within subsidiaries comprise the resource base 
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and knowledge base that seem to be the "impulse" in facilitating knowledge diffusions 
within MNEs (Gupta & Govindarajan, 2000; Pantzalis, 2001). 

However, we wonder whether subsidiaries' accumulated resources, from network 
relationships, have different impacts on subsidiary's knowledge sharing behaviour. Does 

market-specific experience or tech-related knowledge further motivate subsidiaries to 

contribute in different ways to knowledge diffusions within MNEs? Therefore, we 
should identify different knowledge networking patterns and further examine whether 

subsidiary's different knowledge network patterns have different impacts on the 
motivations to diffuse knowledge within MNEs. 

7 .3.5 Interactive impacts on knowledge diffusion 

In our research model we also try to examine whether some interactions between 

subsidiaries' characteristics and other factors (i.e. HQ's factors and subsidiary's network 

factors) exist, and if they have an impact on knowledge sharing behaviour. Such 

interactions can be examined in two ways: mediation or moderation (Venkatraman, 1989, 

more details are discussed in Appendix VII.2). We look for further understanding as to 
whether these explanatory variables (moderating or mediating relationships) interact 
and influence a firm's knowledge diffusion. 

As discussed above, besides direct impacts of headquarters' strategies and the local 

resources, there exist indirect influences on knowledge diffusion. Let us review what we 
discussed in the first research issues (in section 7.3.2). Subsidiary's organisational 
characteristics, including active knowledge searching behaviour, technological leading 

capabilities, and R&D importance, are the critical factor to diffuse a subsidiary's specific 
knowledge (the first research issue discussed in section 7.3.2). The indirect impacts on 

knowledge diffusion might be via strengthening subsidiary's innovative characteristics. 

Or, the indirect factors make moderations on the relationships between subsidiary's 
characteristics and knowledge diffusion. 

Headquarters' strategies and the local knowledge resource that subsidiaries can 

absorb are also drivers in encouraging subsidiaries to share their local knowledge (i.e. the 
second research issue in section 7.3.3 & the third one in section 7.3.4). These are direct 

impacts on knowledge diffusion. Alternatively, for indirect impacts, we could explore 
whether HQ's strategy and the local network resources influence knowledge sharing 
behaviour via certain organisational characteristics reinforcement (mediating impacts). 
We also examine whether the positive impacts of innovative characteristics on 

knowledge sharing might change depending on HQ's strategic managing mechanisms 
(moderating relationships)! (see Appendix VII.2: The differences between moderator and 

mediator in empirical analysis). 

Besides the direct influences, the mediating and moderating effects explain different 
types of interactions for dependent variables. Besides direct impacts of HQ's strategies, 

1 With regard to moderation, we examine whether the relationships between subsidiary's characteristics and 
knowledge diffusion will be different when subsidiaries are under different HQ's strategies or when subsidiaries 
have different kinds of network resources. 
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we find that HQ also brings an indirect influence on knowledge diffusion (via mediators, 

e.g. some organisational characteristics). They may also have moderating effects on the 

relationship between subsidiary's capabilities and its contributions. The most preferred 

strategy for HQ seems to not be directly involved and in control of the subsidiary's 

behaviour, but instead to be more flexible in management and in tum provide resources 

to support subsidiary's goals so that they fit into MNEs overall goals (Bartlett & Ghoshal, 

1988, p.94; Roth & Morrison, 1992, p .718). 

First, according to Rugrnan & Verbeke (2001), headquarters' strategies act as the 

driver in subsidiaries learning different knowledge from other units within MNEs, 

consequently improving subsidiaries' innovative capabilities (Rugman and Verbeke, 

2001). The strong relationship between subsidiaries' innovative capabilities and 

headquarters' resource base is demonstrated in patent citation data (Frost, 2001). This 

encourages us to examine whether subsidiary's innovative characteristics may be the 

mediator to strengthen the impacts of HQ's strategies (including centralised strategies 

and personnel exchange mechanisms) on subsidiary's knowledge sharing behaviour. 

Secondly, besides the indirect impacts (as mediators), HQ's strategies tend to also 

have moderating influences on the linkages between subsidiary's characteristics and 

their behaviour. As Frost (2001) mentioned, there exist positive relationships between 

subsidiary's innovative characteristics and HQ's resource base; this positive relationship 

might become stronger or weaker, depending on HQs execution of centralised strategies 

(Doz & Prahalad 1981; Taggart, 1992). Birkinshaw et al. (1998) emphasized that 

subsidiary autonomy has strong impacts on subsidiaries' contribution to MNEs. In other 

words, HQ's centralised strategies may mitigate the subsidiary's contributory role within 

the MNE. However, according to the organisational literature (Edstrom & Galbraith, 

1977; Ouchi, 1980), HQ's formalisation and centralisation is a way in which MNEs can 

encourage subsidiaries to accumulate capabilities and facilitate internal coordination 

between units. Although Roth et al. (1991, p .377) cannot find empirical support, the HQ's 

integrative mechanisms still play an important role in the knowledge diffusion process. 
These different opinions point out that HQ's strategies may have impacts on subsidiary 

knowledge sharing behaviour in different ways. Furthermore, Hansen & L0vas (2004, 

pp.819-820) have showed evidence that informal and formal relations could offset the 

negative effect of spatial distance in knowledge transfers between regions. We also 

examine whether the strategic linkages with HQ could moderate influence or solve the 

negative impacts of distance on knowledge diffusion. In order to find out more about the 

role of HQ-subsidiary linkages during the knowledge sharing process, our empirical 

models are designed to answer whether HQ's strategic linkages could influence 

knowledge diffusion indirectly (via a mediator) or create moderator effects that 

strengthen (or mitigate) the relationships between subsidiaries' innovative characteristics 

and knowledge diffusing behaviour. 

In addition, local knowledge networks and internal networks not only directly 

facilitate subsidiaries' knowledge diffusion but also have indirect impacts via 

strengthening subsidiaries' capabilities and knowledge base (Johanson & Mattsson, 

1987). Creating value for innovations within MNEs always needs intensive knowledge 
interaction, therefore the internal interactive network provides a bridge to facilitate 
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knowledge diffusion (Stabell & Fjeldstad, 1998). Compared to external networks, internal 

networks might not access new resources but rather create the interactive atmosphere 

and culture within the whole MNE. The intensive interactions within the local network 

encourage the personnel to be innovative and thus create more new innovative 

capabilities and create higher growth (Siler et al., 2003). The internal networks strengthen 

subsidiary capabilities and then encourage the knowledge diffusion within MNE. 

Similarly, the external relationships do not solely directly motivate subsidiaries to diffuse 
current knowledge, but also have indirect impacts. External linkages bring specific 
benefit, for subsidiaries to accumulate their capability and innovative characteristics 

(Gupta & Govindarajan, 2000; Pantzalis, 2001), that determinate how subsidiaries diffuse 

their knowledge within MNEs. In other words, our next focus tries to examine whether 

network relationships have indirect impacts on knowledge diffusion (via the mediators, 

subsidiaries' characteristics). 

7.4 Empirical Examination 

We draw again on the online survey to analyze the research questions posed above. In 

most of the analysis, we will use the 150 cases that correspond to multi-unit firms, 
although some parts rely on the total valid sample (340 cases), such as in the case of 
interactions between local networks and organisational characteristics. 

7 .4.1 Constructing variables 

a. Knowledge diffusion 

The main dependent variable in our study is the role of subsidiaries in knowledge 

sharing behaviour within MNEs. In order to measure the concept of knowledge 

diffusion, we include different questions for managers regarding the behaviour of 

subsidiaries in knowledge diffusion within the MNE. We define the concept of 
"knowledge" to include tangible documents or reports, as well as intangible resources 

"embodied" in people, particularly the information for R&D and innovative activities. A 
subsidiary is like a node within an MNE's internal network (Birkinshaw et al., 1998) to 

absorb or diffuse knowledge between internal units. As Gupta and Govindarajan (1991) 
discussed, knowledge interaction can be explained from two dimensions: magnitude" 
("volume and criticality") and "directionality" ("receivers or providers"). In the 
magnitude dimension, a specific subsidiary can be the one that possesses "lots of" and/or 
"important" knowledge for the whole MNE. In the directionality dimension, subsidiaries 

may play a bridging role to coordinate knowledge between internal units or as an 

importer to infuse new knowledge; knowledge geared towards internal units from 
external sources. We measure knowledge diffusion from the view of subsidiaries as well 

as the whole MNE so the knowledge sharing behaviour (including inflows and outflows) 
can be expressed more completely (Gould & Fernandez, 1989). The relevant questions 

about knowledge diffusion within the MNE construct the factor, KN_DIF (Knowledge 
Diffusion) (Appendix VII.1, Table A(VII.l).l; Table A(VII.l).2-1). 
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b. Subsidiary's innovative characteristics 

We include several items about organisational culture in innovative activities to 

construct the specific characteristics within the organisation. The respondents are asked 
to express their strategies, attitudes, behaviour, and capability in innovation. All these 
items are extracted into four concepts in innovative activities (Appendix VTI.1, Table 

A(VII.1).1; Table A(VII.1).2-2). One measures the extent of subsidiary's organisational 
attitude and behaviour in searching knowledge for their R&D activities (ACT). The 

second factor is about their leading position in technological capability in different R&D 
projects within the MNE (Tech_lead). The third and fourth concepts are both related to 
the R&D importance within the MNE. The third characteristic expresses the relative R&D 

importance by the subsidiary's relative scale and leading characteristics in innovations 
(RD_imp). The fourth one, representing R&D importance as well, expresses the 

responsibility in R&D function (FUN) for the whole MNE. This concept is related to the 
"mandate" or "mission" that past studies have discussed (Birkinshaw, 1996; Forsgren et 
al., 1995; Roth & Morrison, 1992). The third and fourth factors are only meaningful for 

multi-unit firms so the independent unit is not asked to answer these items. Finally, we 

consider the local strategies related to the local human resource strategies (HR_emb), 
and R&D localisation (LOC). 

c. The linkages with HQ 

We also consider the impacts of HQ-subsidiaries linkages on knowledge diffusion. The 
first variable here is about the central power of HQ i.e. centrality (CEN), which expresses 
how HQ influences her subsidiaries in different functional activities, e.g. financial budget 

or human resource allocation. We asked R&D managers to rate their agreement with 
statements about the nature of R&D decision-making in their company group (Appendix 
VTI.1, Table A(VTI.1).1 & Table A(VII.1).2-3) . Secondly, we use a dummy variable to 
express whether the firm has a formal personnel exchange mechanism (EXCH). This is 
defined as a formal mechanism to represent the communication channels between HQ 

and subsidiaries, as well as to facilitate personnel in different locations in sharing 
experience and information. It is coded "0" when there exist exchange mechanisms 
between HQ and subsidiaries, and "1" for firms without an exchange mechanism. 

Furthermore, we consider the geographical linkage between HQ and subsidiaries. We 
use the physical distance to headquarter (DIS), which is measured by the travelling time 
between headquarters and subsidiary, to observe whether the distance is an issue for 
knowledge diffusion within the company group (Appendix VII.l, Table A(VII.1).1). 

d. Different types of network embedded in subsidiary 

Our questionnaire measures the importance of network relationships for R&D activities. 

It includes both internal sources and external sources. Internal networks include the 
interaction with headquarters and other subsidiary units within 1 hour, 1-3 hour, and 
more than 3 hours. For each respondent, we classify the interactions with R&D-related 
departments and other functional departments. The external network includes seven 
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sources: the interactions with universities, public or government research institutions, 

commercial private research institutions, competitors, suppliers, customers, and local 

technological or academic conference/workshops. All questions are asked with a 6-point 
Likert-scale (from zero to five), of which zero means the sources of interaction do not 
exist or are not applicable for the firm. Based on this measurement (i.e. the importance of 
different network relationships), we use factor analysis to examine different knowledge 
interaction patterns. We find three internal networks and two external networks. Internal 
networks include networks within local units (IN_loc), networks with R&D related units 
(IN_RD), and networks with other non-RD functional units (IN_nRD). While the 
external networks include academic networks (EX_acd) and industrial networks 
(EX_ind) (Appendix VII.1, Table A(VII.1).1, Table A(VII.1).2-4 & A(VII.1).2-5). External 
relationships with competitors and scientific events (e.g. conferences) are taken as two 
further external networks2• 

e. Other organisational factors and control variables 

Some variables about firm's general organisational characteristics are also tested in 
regression models. These variables include firm size, R&D size, age, sector and some 
organisational structure information. Firm size (Size) is represented by the number of 
employees. We also use R&D ratio (RD employee I total employee) to represent R&D size 
of the local subsidiary (RD_size). The firm's age (Age) is the year that the firm was 
established. Localisation strategy (LOC) is used to measure the localised-orientation 
within subsidiaries and localisation strategy so LOC is also negatively correlated to their 
globalisation strategy. Other organisational variables include firm type, i.e. whether 
firms are pure R&D laboratories or part of commercial firms (Pure), and industry. 
However, since domestic standalone firms are not asked to answer some questions, they 
will be excluded from some regression models. Finally, we include two regional 
variables. REG1 (economic condition) is GDP per capita of the region where firm locates 
while REG2 (technological condition), measured from patent citation data, represents the 
importance of specific regions in knowledge flows within European areas (The definition 
of REG1 and REG2 can be found in 6.4.2 in Ch.6. For more detail about the data sources, 

REG1 is on the basis of RECIO database that discussed in Ch.2. REG2, representing 
technological network position within the whole Europe, is the factor named "network 
standing" in Table III.S in Ch.3.). 

For the sector dummies, we apply again the typology developed by Marsili and 
Verspagen (2002) (Appendix V.l, Table A(V.1).1): complex-system industry (CS), 
continuous-processes industry (CP), product-engineering industry (PE), science-based 
industry (SB), and fundamental-processes industry (FP). We use the dominant sector 
(sector selected most times). However, most of the sector dummy variables have no 
significant relation to our dependent variables and thus we include only that for the 
science-base sector (DOM_SB). 

2 Because these two items cross-loaded in different factors and made the results worse, we have to exclude them from 
the factor analysis. Both indicators (networks with competitors and network with scientific events) are taken as 
single-item indicators in the regression models. 
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7 .4.2 Methodology 

The main methodology that we use to explore the research questions includes factor 
analysis (see above) and different regression models. The Tobit-Regression model is 

again used since some variables do not fit the assumption of a normal distribution3• The 
factors that are extracted from different factor analysis models are shown in Appendix 
VII.1 Table A(VII.l).2-1 to 2-6. Factor scores for each concept are used to represent the 

specific characteristics in the regression models. Our regression models, including two 
parts, try to discover the impacts of different variables on knowledge diffusion within 

MNEs. The regression model (I) in the first part, which includes the relationships h,, ii to 
iii in Figure VII.1, examines the direct determinants on knowledge diffusions, whereas 
the second part, Model (II)4, focuses on the interaction impacts, i.e. the relationships h, iv 
and v in Figure VII.l. We use iv and v to examine whether HQ's role (iv) I network (v) 

indirectly influences subsidiary's knowledge diffusion behaviour and takes subsidiary's 

innovative characteristics as a mediator to link the relationships (i.e. Model II). In 
addition, based on another empirical view, i2 also examines the indirect impacts of HQ 
strategy. HQ strategies have been taken as the moderators that might mitigate or 

strengthen the relationships between subsidiary's characteristics and knowledge 
diffusion (Model ill). The existence of interaction may explain how these factors 

influence knowledge diffusion, directly or indirectly. 

In order to test both direct and indirect relationships in our research model, we also 
consider whether it is necessary to use 2-Stage Least Square to avoid the bias caused by 

endogeneity. Davidson & MacKinnon (1993) suggest an augmented regression test 
(DWH test), which can easily be formed by including the residuals of each endogenous 

right-hand side variable, as a function of all exogenous variables, in a regression of the 
original model. In our model, variables in "subsidiary's characteristics" category (SUBi) 

are the mediators, which might also be influenced by the variables in "HQ'' strategy 

category (HQj) and "network resource" category (NETk). Therefore, we firstly get 
residuals Z_RESi for each variable5 in the "subsidiary's characteristics" category and test 
whether each Z_RESi has a significant impact on our dependent variable6 (i.e. KN_DIF, 

knowledge diffusion behaviour). We find each coefficient of Z_RESi is not significantly 
different from zero, so the regression models (i.e. MODEL I and Model II that we 
establish separately to test the direct and indirect relationships) are consistent. 

3 Although we did not find many differences when we compare the results in OLS models and Tobit regression 
models, we decide to show the results of Tobit regression model . 
'The interaction impacts consider both the mediator effects and moderator effects (Venkatraman, 1989). In Appendix 
VI1.2, we compare the differences of these two concepts when applied in empirical analysis. 
' Sub;= cO+ cl*HQi + c2*NET• + c3* Sub;· +c4 (Control variables)+ epsilonl 
' KN_DIF =dO+ dl*SUBi + d2*(control variables)+ d3*Z_RESi + epsilon2 
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HQ and other characteristics 

• Centralisation 

• HR exchange mechanism 

• Distance i1 
-

l iv 

Sub. Characteristics i2 

• Knowledge searching actively 
ii ~~owledge diffusi~ • Tech_lead capability 

• R&D importance 

• R&D scale 
• R&D function 

• Local HR embeddnedness iii 

tv 
Control variables: 

Network resource Firm size; age; R&D size; sector; 

• Internal networks REG!; REG2 
• External networks 

Figure VII.l. Research framework 

7.5 Results 

7.5.1 Direct impacts on knowledge diffusions 

We use different regression models to examine the direct impacts of three main 
categories on knowledge diffusion within MNEs (dependent variable, DV). Table VII.1 

and 2 show the results. The three categories include: subsidiary's innovative 
characteristics; headquarter strategies; and subsidiary's network resources (independent 

variables, IV). In model 1-1, 1-2, and 1-3, we test the impact of variables in these three 

categories separately. 

The hypotheses about the direct impacts on knowledge diffusion, i.e. h, ii, iii in 
Figure VII.l, are supported when we examine the relationships separately via model 1-1 

to 1-3. In innovative characteristics, only human resource embeddedness (HR_emb) has 
no significant impact on knowledge diffusion (Model 1-1). HQ's strategies also play a 
critical role whereby centralised strategies and exchange mechanisms show positive 
impacts on knowledge diffusion. The geographical distance (between subsidiary and 

HQ i.e. DIS) encourages subsidiaries to share knowledge between internal units within 
their MNE (Model l-3a). As for the impact of networks, some of the internal networks 
(i.e. IN_RD and IN_loc) and local external networks (i.e. EX_acd or EX_ind) also 

encourage knowledge sharing behaviour (e.g. Model 1-2, 1-3). In other words, when 
networks can become the critical sources for subsidiaries to accumulate the subsidiary

specific capabilities, they tend to share what they learned from various netWorks for the 
rest of units within MNEs. 
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Then, when we include other variables into the model, the impact of some variables 

changes (model 1-5 to 1-7). For example, the internal networks weaken in significant 

impacts on knowledge diffusion, but external networks (with competitor or industrial 

actors) become stronger. In addition, external networks with local scientific events 

(EX_conf) have negative impacts on knowledge diffusion. In other words, the external 

informal scientific interaction encourages subsidiaries to keep self-capability and self

experience within their local unit. In model I-7, we also find some organisational 

characteristics or regional factors that make subsidiaries share more knowledge within 

MNEs. For instance, we find long-term learning effects where older firms have more 

experience in knowledge sharing. Local economic conditions, i.e. regional economic 

output (local GDP per capita), encourage the firm to share knowledge within MNEs. An 

RIS with good economic performance might be able to shape their knowledge position 

via the MNE' s subsidiaries. 
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Since some insignificant relationships between networks (or HQ's strategies) and 

knowledge diffusion are found in model 1-7, it encourages us to further explore whether 

there exist relationships between the three categories, i.e. the relationships between 
network resource/headquarter strategies and subsidiary's innovative characteristics. 

Because most of the innovative characteristics have positive impacts on knowledge 
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diffusion, if we find significant relationships between the local networks and subsidiary's 

characteristics, or between HQ's strategies and subsidiary's characteristics, this implies 
network resources and HQ' s strategies can influence knowledge diffusion indirectly via 
subsidiary's characteristics. Model II (the indirect impacts via subsidiary's innovative 
characteristics) and Model III (the moderator effects of HQ's strategies) are used to help 
us examine the impacts of interactions between different variables on knowledge 
diffusion. 

7.5.2 Indirect impacts on knowledge diffusions 

The second part of our empirical analysis tries to examine the indirect impacts of 
network resources or headquarter strategies via subsidiary's capabilities (i.e. the 
mediation effects). We also look at the moderator impacts of HQ's strategies7 • The 
indirect relationships imply that the factors in the three categories (subsidiary's 
characteristics, HQ strategies, and different networks) create some interactions that 
impact on knowledge diffusion behaviour. Model Il-l examines how various network 
resources influence subsidiary's innovative characteristics. In Model II-2, besides the 
network factors (in Model Il-l), we include variables about HQ strategic and 
geographical factors (i.e. CEN, EXCH, and DIS). 

i 
1~: Since HR_emb does not have any impact on knowledge diffusion, it cannot also be a mediator to facilitate knowledge diffusion. However, in 
model Ill, HR_emb is a significant influence knowledge sharing for a limited number of finms (i.e. those without exchange mechanisms or 
centralised finms, see Table Vll.3). 
1~, Results on weighted data, significance levels are adjusted to take account of the fact that using weights enlarges the observed numbers. 

' More details about the comparisons of mediation and moderation could be found in Appendix VII.2 of this chapter. 
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Some variables in the two categories, i.e. networks and HQ strategies, have 

significant influences on subsidiary's organisational characteristics. Considering Model I 
supports the direct impacts (it, ii, and iii in Figure VII.1), some significant relationships 

of iv and v show that HQ's role and subsidiary's network relationships are critical for 
improving subsidiaries' innovative characteristics. The results match what Andersson et 
al. (2005) show: that HQ's strategies indeed influence subsidiary's behaviour in 
knowledge searching and development. As a result of the significant relationships 

between subsidiary's characteristics and knowledge diffusion behaviour (i.e. ii in Figure 
VII.l) and the significant relationships of iv and v, we are led to suggest that network 

resources and headquarter strategies are having indirect impacts (via the subsidiary's 
innovative characteristics) on knowledge sharing within MNEs. 

In model II, we examine how the mediator role of subsidiary's innovative 
characteristics (e.g. knowledge searching behaviours or technological leading capability) 

works. First, in internal networks, IN_loc (internal local network) and IN_RD (internal 
RD network) have a positive influence on subsidiary's innovativeness (e.g. Tech_lead 

and RD_fun), which then encourage the subsidiary's knowledge diffusion. However, 
internal non-R&D networks do have a positive influence on subsidiary's innovative 
characteristics so there are no indirect impacts from IN_nRD. In the role of external 
networks, the external academic network significantly encourages subsidiary's behaviour 

in knowledge seeking (ACT). This creates a relatively stronger positive indirect impact 
although there is a smaller negative indirect impact via R&D importance (RD_imp). In 

addition, external networks with competitors (EX_comp) and with local scientific events 
(EX_conf) also create indirect impacts via RD_imp and RD_Fun, respectively. These 
external networks encourage subsidiaries to play a more important role within the MNE. 
However, negative indirect impacts are found for external industrial networks on 
Tech_lead and RD_fun. External industrial actors seem to be helpful when subsidiaries 

need to apply their existent technologies to local market demands. This network has 
negative impacts on subsidiary's technological leading capabilities and the role of R&D 
responsibilities for the whole MNE. Therefore, when we consider the importance of 

external industrial networks for knowledge sharing within MNEs, we find not only 
positive direct impacts (in model 1-5-1-7; coefficients between 0.129-0.172) but also 
negative indirect impacts (Table VII.2). 

Industrial networks have positive impacts that encourage subsidiaries to share 
knowledge between units, but negative indirect impacts on knowledge diffusion (Table 
VII.2). The reason could be that industrial networks are influenced by their R&D goals 
(access to local markets and customers), so their behaviour focuses on learning market 

experiences and local adaptations but not absorbing new technological knowledge for 
further advanced innovative activities. These subsidiaries' industrial networks within 

specific locations cannot help subsidiaries improve their R&D strategic role (e.g. 
Tech_lead or RD_fun), or even have negative impacts on its strategic role. Although the 
direct influence of industrial networks on knowledge sharing is significant (Table VII.l), 
its indirect impacts are negative (via strengthening the subsidiaries' strategic roles -
Tech_lead and RD_fun) or insignificant (other subsidiaries' characteristics). Therefore, 
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the total influence (direct and indirect impacts) of industrial networks on knowledge 

diffusion within MNEs is lessened. Although Birkinshaw & Hood (1998) proposed that 

subsidiaries should strengthen their position by initiating market development, 

subsidiaries still need to consider carefully whether the new market development 

strategies fulfill what their whole company group aims to do. If not, although they have 

rich knowledge from industrial actors, their strategic role cannot be promoted to 

facilitate the knowledge sharing within MNE. Subsidiaries have to use different 
networks, e.g. with academic actors, competitor or joining local scientific events, which 
assist them in accumulating more innovative characteristics and contribute to the whole 

MNE. 

Secondly, we examine the role of headquarters strategies and organisational 

characteristics. When examining the impacts of geographical distance between 
subsidiaries and HQ we find that subsidiaries located far away from HQ (i.e. DIS) tend 

to have a less important role in R&D activities (RD_imp) within their MNE and these 

subsidiaries tend not to be so active in their knowledge searching behaviour (ACT). In 

contrast, HQ's centralisation strategy (CEN) encourages subsidiary's innovative 

characteristics (ACT and RD_fun) that create positive indirect impacts on knowledge 

sharing. Exchange mechanisms (Exch) significantly motivate subsidiary's knowledge 
searching behaviour (ACT) and also make the firms rely less on local human resources 

(HR_emb). The former creates positive indirect impacts on knowledge diffusion, the 
later has negative influences on knowledge diffusion, yet only for a limited number of 

firms (those without exchange mechanisms or centralised firms, see Model Ill). Thirdly, 

for the other organisational factors, localisation strategy (LOC) consistently has a 
negative impact on the subsidiary's innovative characteristics (including ACT, 
Tech_lead). It tends to imply that global-oriented culture within subsidiaries is a 

motivator to encourage subsidiaries to accumulate innovative characteristics and 
technological capabilities within their locations. 

Furthermore, we try to examine the moderation effects of HQ's strategies in Model 

III (Table VII.3). Since most of the independent variables (except HR_emb) in this part 
have positive impacts on knowledge diffusion, the moderator testing shows whether 

these moderators strengthen or mitigate the impacts. We separate samples by the HQ's 
strategies (i.e. the moderators for testing) to compare the differences. One is classified by 
whether firms have HQ personnel exchange mechanisms and the other is classified by 

the degree of a centralisation strategy (high centralised or low centralised). 

In the first regression-testing moderator (exchange mechanism), we find differences 
between the firms with mechanisms and without mechanisms in CEN, Tech_lead, and 
HR_emb. CEN has bigger impacts for the firms with exchange mechanisms. In other 

words, there exist interactions between centralised strategies and exchange mechanisms, 

and these interactions have positive impacts on knowledge diffusion. However, 
innovative characteristics in Tech_lead and HR_emb have stronger impacts on 
knowledge diffusion behaviour if the subsidiaries and HQ have no exchange 

mechanisms. It seems to imply that firms without exchange mechanisms have no formal 
mechanisms to rely on and thus their knowledge sharing behaviour become more active 
once the local human resources are highly location-embedded. In contrast, the firms with 
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formal mechanisms believe that these help them in knowledge sharing, therefore they do 

not share the knowledge actively when accessing locational-embedded human resources. 

ACT 0.435 ... 0.435*** 0.482*** 0.519*** 
Tech_lead 0.124 0.269*** 0.437-* 0.064 
RD_Imp 0.369*** 0.275*** 0.276*** 0.475*** 
RDfun 0.286** 0.231** 0.112 0.301 
HR_emb 0.01 0(X) 0.118• 0.180* 0.091 
CEN 0.226*** 0.0.091 
Exch -0.160A 0.068(X) 
DIS -0.060 -0.002(X) -0.018(X) -0.166• 

-0. -0.402 
45 

LR chi2 26.90*** 
Pseudo R2 0.289 0.244 0.2833 0.1941 

likelihood -48.72 -78.38 -64.47 -55.84 

Note: (1) ACT, RD_IMP, and RDfun have tile same impacts (including tile direction and extent) altllough tile group has 
been classified into two groups. This implies tllat tile classifying indicalor cannot moderate tllese influence of 
tllree factors on dependent variables. 

(2) Centrality groups are classified by factor score of centrality (3) Results on weighted dala, significance levels are 
adjusted lo lake account of tile fact tllat using weights enlarges tile observed numbers, (X) means tile 
coefficients are not significant when we enlarge tile sample size lo til at of the population (not real sample size); 
(*)or (•) indicate significance after weighting and adjusting to tile real sample size. 

Concerning the moderator role of centralised strategies, we find differences in 
impacts of some subsidiary's characteristics (Tech_lead & HR_emb) and the 

geographical distance (DIS) factor. HQ can use centralised strategies not only to 
encourage subsidiaries to share their innovative capabilities within the MNE, but also to 
mitigate the distance barrier for knowledge interaction. The technological leading 

capabilities in centralised firms are helpful for knowledge sharing within MNEs, while 
the characteristics have no impact in decentralised firms. Centralised firms are 
encouraged to share more knowledge when they have locally-embedded human 
resources within subsidiaries. Differing from a formal exchange mechanism, a centralised 

strategy influences organisational internal culture. Subsidiaries operating under 
centralised strategies are encouraged to share their knowledge when they have 
accumulated more local-embedded human resource to diffuse within the MNE. As the 
interactions of CEN and Exch show, centralised firms can gain benefits of exchange 

mechanisms during the knowledge sharing behaviour. However, decentralised firms are 
sharing knowledge if they are located far away from headquarters. According to Hansen 
& L0Vas (2004, pp.819-820), formal and informal relations can offset the negative effect of 
spatial distance in knowledge transfers between regions. The centralised strategies, such 
as informal centralised culture sharing or centralised budget control, helps firm to 
mitigate the spatial deterrence and the difficulty in personnel rotations. (Summary 
results are shown in Table VII.4). 
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Organisational 

Organisational No(+) 

Locational No(+) 

Locational 

. Other variables (in model ill) that are not showed here have no different impacts when using 
exchanging mechanism/centralised strategies as moderator. 

!2l; +(positive) or- (negative) means the directions of impacts on knowledge diffusion 

High (yes) 131 

High(+) 

High(+) 

Low(-) 

!3l: High (yes) means using exchange mechanisms makes positive impacts on knowledge diffusion behaviours only for the firms 
with high centralised strategies but not for the firms with low centralised strategies. 

7.6 Conclusion 

The role of the subsidiary within a whole MNE has become a very critical research issue 

in the globalisation era. This study has taken a subsidiary view to explain how the 
subsidiaries' innovative characteristics, subsidiary's network resources and headquarters 

strategies influence knowledge diffusion within organisations. Since knowledge 
interaction is the critical process to lead the whole MNEs to become more competitive in 

innovative activities, the knowledge acquired and accumulated by subsidiaries is critical 
for new development. We have examined subsidiaries' innovative characteristics in 

knowledge seeking, technological leading capability, and R&D efforts as the main 

determinants to facilitate knowledge diffusion between units. Headquarters' 
centralisation strategies or personnel exchange mechanisms also facilitate the diffusion in 
a central formal force, while the knowledge network resources motivate knowledge 
interactions in a social-trust force. 

In addition, we have found headquarters' strategies, subsidiary's network 

resources, and some local R&D strategies have indirect impacts on knowledge diffusion 
via the strengthening of subsidiary's innovative characteristics. These indirect impacts, of 
centralisation strategies, shape the internal formality that encourages all units in different 

geographical areas to share knowledge they have acquired. Network relationships not 
only strengthen the resource base of sharing between units but also create the interactive 

atmosphere between them. Particularly in knowledge-seeking behaviour, external 
academic networks motivate the knowledge-seeking attitude and behaviour, usually the 
first step for a subsidiary to play an active role within the MNE. Furthermore, 
technological leading capabilities, representing the stock of knowledge within a 

subsidiary, are strengthened by internal local networks. This implies that the interactive 
atmosphere within the subsidiary create values and capabilities for a specific subsidiary. 
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Titis chapter has expressed the implications for both headquarters and subsidiaries. 

Firstly, headquarters have to find a suitable strategy to manage knowledge in different 

subsidiaries, e.g. centralisation strategy or personnel exchange mechanism. Some 
subsidiaries, focusing on a localisation strategy or focusing on establishing industrial 
networks, cannot be motivated to share knowledge. Therefore, the existence of formal 

mechanisms and a centralised atmosphere can encourage subsidiaries in different 
locations to share knowledge within MNEs. However, subsidiaries that rely on the 
formal mechanisms to exchange knowledge might not actively diffuse knowledge when 

they accumulate local-embedded knowledge from local human resources. Secondly, for 
subsidiaries, their accumulated knowledge and innovative characteristics may help them 

to establish their strategic importance within the MNE. Subsidiaries themselves should 
accumulate the specific innovative characteristics, e.g. active attitude and behaviour in 
knowledge seeking, leading technological capabilities, or critical network relationships. 

They need also to establish different networks in the local areas and accumulate 
capabilities through such interactions. The acquired resources within subsidiaries 

motivate them to be active in knowledge sharing. Subsidiaries, as playing a "brokerage" 
role bridging the internal and external resources, absorb local knowledge to share with 
other internal units for the whole growth of MNEs. 
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Appendix VII 

Appendix VII.l: Results of Factor Analysis 8t Correlation Matrix 

Table A(VII.1}.1. Questions and extracted factors 
Variable 1 Reliability 

ACT 1 o.s3 

Please rate how much you agree or disagree with the following statements about R&D emplovees 
and organization culture in your unit (1=comptetely disagree, 5 =completely agree) 

• Actively search for external knowledge in fields relevant for our R&D 
• Actively attend relevant technological conferences or workshops outside the company. 

Tech lead 1 0.11 
Please rate how much you agree or disagree with the following statements about R&D employees 
and organization culture in your unit (1 =completely disagree, 5 = completely agree) 

• Our R&D projects are crucial for the overall innovation strategy of the whole company 
• Our goal is to remain/become a technological leader in our field. 

RD imp I o.s2 
Please rate how much you agree or disagree with the following statements about R&D employees 
and organization culture in your unit (1=completely disagree, 5 =completely agree) 

• When the company launches a new innovation project, our unit will always be involved. 

• The scale of R&D activities of our department is relatively large as compared to other R&D units 
within our company 

HR emb 1 o.79 
Please rate how much you agree or disagree with the following statements about R&D emplovees 
and organization culture in your unit (1=completely disagree, 5 =completely agree) 

• Local engineers are an important asset for our R&D activities. 
• Our unit relies to an important extent on local engineers 
• Local engineers in our team cannot easily be substituted by engineers from other places 

Centralisation (CEN) 1 o.a3 
Please rate how much you agree or disagree with the following statements about the nature of R&D 
decision making in your company group 

• The R&D budget for our unit depends very much on decisions made at a central level within the 

company group 
• The nature and extent of R&D activities in our unit depends very much on decisions made at a 

central level within the company group 

• Decisions made at a central level within the company group greatly affect the hiring of R&D 
employees, and/or the transfer of R&D employees from elsewhere in the company group 

LOC 
Please rate how much you agree or disagree with the following statements about the rote of R&D 
activities in your unit for the company (group) as a whole (1=completely disagree, 5 =completely 
agree) 

• Our R&D activities focus on local market adaptation, not global markets. 

EXCH 
Does your company (group) use mobility of R&D workers between its units/affiliates in different 
locations in an active way? 

Yes/ No 
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DIS 
The headquarters (HQ) of the company group to which my firm belongs .. . 
D is located within 1 hr travelling time 
D is located at a travelling distance between 1 and 4 hr 
D is located at a travel distance longer than 4 hr? 
D my firm is the HQ of the group. 

It is recoded into 4-point scale, which 0 means that the local unit locates in the same place of HQ and 
3 means that local unit is located at a travelling distance longer than 4 hrs. 

KN DIF (Dependent Variable) 1 o.79 
Please rate how much you agree or disagree with the following statements about the role of R&D 
activities in vour unit for the company (group) as a whole (1=completely disagree, 5 =completely 
agree) 

• Our unit has an important role in transferring new knowledge from outside the company to other 
units within the firm 

• We often act as a coordinator for joint R&D projects between different units within our company. 
• Sharing knowledge within the company (group) is an important goal for our R&D employees. 
• A larger amount of knowledge flows from our unit into other units within the whole company 

(group) 
• We play a leading role in R&D activities for other R&D units or business divisions in the 

company 

Table A(VII.1).2-1. Factor Analysis (I) 

KN DIF 
• We often act as a coordinator for joint R&D projects between different units within our company. 
• We play a leading role in R&D activities for other R&D units or business divisions in the company 
• Our unit has an important role in transferring new knowledge from outside the company to other units 

within the finm 
• Sharing knowledge within the company(group) is an important goal for our R&D employees. 
• A larger amount of knowledge flows from our unit into our unit 
Reliability 

Table A~VII.1}.2-2. Factor Analysis ~Ill 

HR emb 
• Local engineers are an important asset for our R&D activities. ,900 
• Our unit relies to an important extent on local engineers ,899 
• Local engineers in our team cannot easily be substituted by engineers from other ,691 places. 
• Our R&D goal is to remain or become a technological leader in our field . ,139 
• Our R&D projects are crucial for the overall innovation strategy of the whole 

,049 company 
• Our R&D employees actively attend relevant technological conferences or -,027 workshops outside the company. 
• Our R&D teams actively search for external knowledge in the fields relevant for 

,354 our R&D 
• When the company launches a new innovation project, our unit will always be 

,149 involved. 
• The scale of R&D activities of our department is relatively large as compared to 

-,308 other R&D units with in our company 
Component's Variance Cumulative % 31.14 
Reliabili!): 0.8 

Table A~VII.1}.2-3. Factor Analysis ~III} 

Factor 
Tech lead 

,214 
,173 

-,264 

,840 

,766 

,065 

,307 

,151 

,114 

51.30 
0.7 

• The nature and extent of R&D activities in our unit depends very much on decisions made at a central level 
within the company group 

ACT 
,110 
-,037 

,126 

,215 

,071 

,903 

,671 

-,079 

,420 

64.4< 
0.7 

• Decisions made at a central level within the company group greatly affect the hiring of R&D employees, and/or 
the transfer of R&D employees from elsewhere in the company group 

• The R&D budget for our unit depends very much on decisions made at a central level within the company group 
Component's Variance Cumulative(%) 
Reliabili 

202 

,798 
,795 

,722 

,630 
,611 
0.79 

RD ime 
,008 
-,102 

,405 

-,042 

,364 

,078 

-,074 

,855. 

,554 

75.76 
0.6 

CEN 

,884 

,835 

,793 
70.27 
0.83 
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Table A{VII.1}.4. First stase factor analxsis 

2 3 4 5 
9c-Our R&D employees actively attend relevant technological conferences or 

,786 ·,033 ,069 ,026 ,233 
workshops outside the company. 
9d-Our R&D teams actively search for external knowledge in the fields relevant for 

,718 ,275 ,114 ,210 ·,172 
our R&D 
9e-Our unit has an important role in transferring new knowledge from outside 

,676 ,003 ,201 ,145 ,198 
the company to other units within the finn 
9b-Sharing knowledge within the company (group) is an important goal for 

,554 ,164 ·,041 ,441 ,277 
our R&D employees. 
9g-Local engineers are an important asset for our R&D activities. ,161 ,894 ,020 ,214 ·,044 
91-0ur untt relies to an important extent on local engineers ,059 ,892 -,073 ,181 ·,096 
9h-local engineers in our team cannot easily be substituted by engineers from other 

,003 ,722 ,275 ·,199 ,093 
places. 
Be-When the company launches a new innovation project our unit will always be 

·,158 ,160 ,797 ,187 ,109 
involved. 
8d-We play a leading role in R&D activities for other R&D units or business 

,399 ·,012 ,725 ,056 ,188 
divisions In the company 
Be-We often act as a coordinator for joint R&D projects between different 

,488 ,073 ,722 ,059 ,076 
units within our company. 
9a-Our R&D goal is to remain or become a technological leader in our field. ,278 ,118 ,002 ,800 ,096 
Sa-Our R&D projects <J"e crucial for the overall innovation strategy of the whole 

,057 ,033 ,281 ,795 ,064 
company 
Sg-A larger amount of knowledge flows from our unit into our unit ,202 ,072 ,069 ,119 ,876 
Sf-The scale of R&D activities of our department is relatively large as compared to 

,129 ·,207 ,388 ,081 ,626 
other R&D units within our corn~anl 

Note: In lhe first stage of factor analysis, we put all items about organisational beha~ours in R&D acti~ties within the whole company. The overall cumulative 
explaining power is less than 60% since many items have high loading in more than factors. Most of these items are related to our dependent variables-
kn®lledge sharing behaviours. On one hand, it shows the dependent variables and independent variables in our model are related and shoukt be further examined 
in relationship model, e.g. regresson. However, on lhe other hand, if we hope to get a pure indicator about knowiedge diffusion, these items should be run in 
another factor analysis models. 
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Appendix VII.2: The Differences between Moderator and Mediator in 
Empirical Analysis 

In this study, we consider there exist interactions between explanatory variables (i.e. two 

interactions: (1) between subsidiary's characteristics and HQ's strategies (2) between 
subsidiary's characteristics and network relationships). Our research model hopes to 

explain whether the interactions exist their impacts on knowledge diffusions. In our 

methodology, we fit as mediation or moderation in our research model to test the 
relationships. Venkatraman (1989, p.424) pointed out the difference of moderation and 

mediation. According to the moderation perspective, the impact that a predictor variable 
has on a criterion variable is dependent on the level of a third variable, termed as 

moderators (Figure A(VII.2).1). The mathematical representation is as following. 

Y=f (X, Z, X*Z) 

Where Y is dependent variable, X is predictor (explanatory) variable, and Z is the moderator. 

Figure A(VII.2).1. Fit as moderation in schematic model 

Another way to examine the impacts of interactions could fit the variable as 

mediation (Figure A(VII.2).2). According to Venkatraman (1989, p.428), the mediation 
perspective specifies the existence of a significant intervening mechanism between an 

antecedent variable (or independent variable) and consequent variable (or dependent 
variable). The mathematical equation is: 

Y= ao +a1Z +cuX+e 

X=bo+b1Z+e 

Figure A(VII.2).2. Fit as mediation in schematic model 
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When b1, a1, and a2 are significant in the models, empirical analysis calls this 

mediating factor (X) plays a "full" mediator role. When a1 is not significant (but only b1 
and a2 significant), X plays a "partial" mediator role. However, if either of b1 or a2 is not 

significant, X does not play any mediating role between Z andY. 

When examining the different interactions (mediations and moderations), we still 

have to consider the support of theoretical backgrounds. According to literature, HQ's 

strategies can play as a moderator role between subsidiary's characteristics (X in Figure 
A(VIl.2).1) and knowledge diffusion (Y in Figure A(VII.2).1). It may also make both 
direct and indirect impacts on knowledge diffusion (Z: HQ strategies; X: subsidiary's 
characteristics; Y: Knowledge diffusion in Figure A(VIl.2).2). Subsidiary's characteristics 

may become a mediator in the model. In addition, the impacts of network resources on 
knowledge diffusion can also be direct or indirect. We examine whether networks might 

encourage subsidiaries to diffuse knowledge in a direct way (Z to Y). We also examine 
whether network resources make subsidiary to diffuse knowledge indirectly via 

strengthening subsidiaries innovative characteristics and capabilities (Z: network 
resources; X: subsidiary's characteristics; Y: Knowledge diffusion). 
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PART IV 

Conclusions 



8.1 Introduction 

Conclusions and Perspectives 

CHAPTER 8 
Conclusions and Perspectives 

This thesis focuses on explaining the relationships between location and innovative 
activities in the European area. Innovative performance at the regional level leads to 
different growth patterns of regional innovation systems (RIS), and firms' innovative 

activities reflect the different impacts of R&D investment on locational development. In 

order to analyze these phenomena, we have tried to apply empirical analysis on both the 
regional and the firm level. We firstly focused on the regional level, which helps us to 

understand the differences between regional innovation systems in terms of various 
regional conditions, e.g. technological and economic indicators. We also tried to assess 
the role of national borders for knowledge diffusions between different locations, and to 

identify the role of specific regions in the whole European knowledge network. The 
regional part of the thesis has illustrated that the position of a specific RIS in the 

knowledge network is influenced by the local economic and innovative resources, as well 
as technological characteristics (e.g. diversification and specification). 

Secondly, turning to the firm level, we collected information about R&D managers' 

opinions and strategic thinking in decision-making on R&D activities. We have explained 

how firms are motivated to undertake R&D activities in specific locations and how the 

R&D goals can be accomplished by the support of local factors. We also explain how 
firms can make use of different local networking strategies. Furthermore, from the view 
of a subsidiary firm, our research model explains how local network resources and 
organisational factors facilitate knowledge sharing within the larger MNE. 

Locational development and firms' innovative activities are highly correlated. 

Locational advantages encourage firms' investment, while the R&D investment creates 
knowledge interactions between actors and accumulates location-specific knowledge. In 
the chapters focusing on European regions, we find that different RISs have specific ways 

to develop specific technologies and improve economic performance. Specific 
combinations of economic conditions and technological development are shown to be 
correlated to regional development. Investment in high-tech sectors might not be the 

only path to regional success. What makes regions attractive to firms can be 
distinguished into two main types, of which one is a market-related driver and the other 
is a technology-related driver. These two main locational drivers are shown to identify 
R&D behaviour in terms of investment motivations. The different motivations also lead 
to different firm behaviour within the local area. 
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This chapter summarizes what we have found in the previous chapters and 
discusses some implications for the "practical world". In the next section, we summarize 

how the questions that we raised in the first chapter are answered. After this, the main 

empirical results are put in the perspective of implications for regional policy-makers 
and firm managers. Finally, we discuss the limitations of the study and explore the 
possible research issues for the future. 

8.2 Summary of the Empirical Findings 

In this section, we summarize how the previous analysis provides insights into the 

relationships between location factors, economic growth and innovative activities. In 
8.2.1, we discuss the application of various datasets and methodologies. Then we discuss 

what we have learned from the results of regional-level studies (in 8.2.2) and firm-level 
studies (in 8.2.3). On the basis of our empirical results, we try to outline some critical 

implications for not only practical issues (e.g., for managers or policy-makers) but also 
for scholarly research (e.g. different theoretical approaches). 

8.2.1 Combining different methodologies and datasets 

Our research in this thesis applies some new ideas to existing studies in the relevant 
fields. First, we have some new methodology applications. We have combined network 

analysis, which has so far mostly been applied in sociology, multivariate analysis and 
SEM (structural equation modeling), which both are popular methodologies in 
marketing and business, as well as regression models that economists are familiar with. 
These methodologies are complimentary, and help explore the dynamic and interactive 

relationships between various factors. Secondly, we have included research issues on 
different levels of aggregation, which gives us more a complete explanation for the 
relationships between innovation and location. Regional studies identified the specific 
developing patterns of innovation systems, explaining the phenomena of knowledge 
flows between locations, and examining the ways how specific RISs get ahead. Firm-level 
studies focused on exploring the strategic thinking of location decisions for R&D and the 
role of subsidiaries within MNEs to improve innovative capabilities. From the regional 
level to the firm level, we have analyzed not only the relative importance of specific RISs 
and the growth paths of RISs, but also the locational advantages for firm's innovative 
activities, the role of subsidiaries in knowledge network within MNEs, and the firm's 
impacts on locational advantages (see the summary in Table VIII.l). 

However, when including data at the regional level (collected from the patent office 
and REGIO database, etc.) in the analysis of the firm database collected in our own 
survey, we have found that these regional variables do not significantly explain firm's 

innovative activities. This indicates that the overall evaluation of locational factors by 
firms is highly specific at the firm level. Although some RISs have no relative higher 
value in economic (e.g. GDP per capita or economic growth rate) or technological (e.g. 
patent output) indicators extracted from REGIO or patent databases, these regions can 
still attract R&D investments. In addition, according to the responses from the relative 
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underdeveloped countries/regions, e.g. in Greece or Portugal, the domestic multi-unit 
firms' evaluation of the local region is not significantly lower than the evaluations from 

the firms in higher-order regions, e.g. in UK, France, or Belgium. Firms choose these 

locations because they are satisfied with local conditions or they have already adjusted 
their expectations before investing. We cannot conclude so definitely that firms' 

investing locations must necessarily be the so-called "higher-order'' RISs or that only 
these "higher-order'' systems can attract (technology-driven) R&D investments. 

Table VIII.l. Summary of the empirical work of this study 

Research topics 

• Typology of RISs • REGIO (EuroStat, • Cluster 
• The role of national borders EC) analysis 

and regions in knowledge • Patent (EPO) • Network 
flows; Hierarchical • Patent Citation (EPO) analysis 
relationships between RISs 

• Development within RISs - • SEM model 
how RISs play critical role 
within the whole European 
network 

• Drivers of R&D behaviours • Questionnaire Survey • Regression 

• The role of subsidiaries in + Target: on a basis of models 
knowledge diffusion European R&D 

Organization Directory 

2003 

• Others: including 
some regional 
variables 

• The impacts of firms • Survey • Regression 
of two level innovative activities on models 

location 

8.2.2 Implications from the regional analysis 

The regional-study chapters in this thesis try to identify different types of RISs and find 
out how different RISs develop. We also have explored the role of national borders for 
knowledge flows between regions, and ask whether specific RISs play critical brokerage 
roles for the rest of Europe, and how RISs develop their network advantages within the 
large European knowledge network. RISs in Europe were distinguished into four main 
types: (1) high-innovativeness & high-tech development system, (2) low
innovativeness/low economic performance & low specialization, (3) high employment & 
traditional & basic metal industrial system, and (4) low growth & natural-resource-based 
technology system. The specific combinations of technological, economic, and innovative 
conditions illustrate the different growth paths. Some RISs focus on high-tech sectors and 
also create an innovative environment, e.g. S&T human resource, for the local actors, 
whereas some may take advantage of technological capabilities in traditional sectors that 
can have a positive impact on labour market and economic performance (Chapter 2). 
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Taking each RIS as a node in the larger European network, we find that national 

borders play a crucial role in knowledge flows between different RISs. Knowledge 
interactions between the RISs within the same country are more intensive than RISs 
across different countries. In addition, some RISs in the network play specific brokerage 

roles in diffusing knowledge through the network. Some regions are found to be very 
central in the knowledge network, and diffusing internal knowledge to external regions 

or/and absorbing external knowledge for domestic RISs. Therefore, knowledge diffusion 
via these "higher-order" RISs may lead to technological development in poorer regions 
(Chapter 3). In order to explain how network centrality emerges in specific regions, we 

showed that technological diversification and specializations in different sectors have 
different impacts on the network positions. Not only high-tech sectors, but also some 

other technological characteristics (esp. in multiple traditional sectors) can take 
advantage of local economic conditions as mediator to improve regional network 

position. Different RISs have their unique initial conditions and growing paths to help 
themselves situate in an advantageous positions in the network (Chapter 4). 

a. How knowledge is transferred between locations 

Knowledge is sticky and embedded within specific location but it can also become 
footloose within exchangeable distance or under the right networking mechanisms. We 

use the term "exchangeable" distance to indicate that knowledge can be shared between 
some nearby locations, e.g. between neighbouring regions or between domestic regions. 
This points to the importance of distance for knowledge sharing but it also indicates that 
knowledge is not so sticky that we cannot transfer it to somewhere else. As argued in 

Chapter 1, tacit/uncodified knowledge for innovative activities (e.g. R&D) is stickier 
within a location than the other functional activities, i.e. manufacturing or production 

activities. Knowledge cannot easily be shared or exchanged with the actors who do not 
belong to the same location. Specific local co-operations, e.g. between industry, 
government, and universities, create knowledge spillovers in specific locations. Because 
of the unique interactions and network established by the local actors, if external (out of 
the location) firms aim to access to the knowledge resource, these firms have to locate 
near to these resources. MNEs locate their subsidiaries, which may operate different 

functional activities, to absorb knowledge from different locations. Internal units of the 
MNE bring their local experiences and knowledge to the rest of the MNE. Thus, 
knowledge in different locations is integrated and utilized via MNEs and its subsidiaries. 
MNEs play the role of transferring knowledge not only for their internal units but also 
for the relevant external partners, which have formal or informal contacts with different 
internal actors locating in different locations (Chapter 7). 

In addition, according to traditional international business theory, the high

involvement R&D investment might start in the locations near HQ or within the horne 
country. Therefore, the diffusion of knowledge between locations seems to be more 
obvious within national borders or neighboring regions. Patent citations analysis seems 
to show that domestic regions or neighbouring regions are the relative exchangeable 
distance for knowledge sharing. Our research (Chapter 3) about knowledge flows 
between more than 120 European regions shows that for international linkages, the 
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relative underdeveloped European countries, e.g. Portugal, Greece or Spain, have been 

absorbing knowledge from other countries more than the other countries. In addition, 

relatively underdeveloped regions seem to make strong and direct linkages with the core 

regions, e.g. the London region, Baden-Wiirttemberg or Lombardia. Knowledge network 

analysis at the regional level shows that linkages of knowledge sharing between poor 
and rich regions, and hence balance the development between regions. 

b. The balance between policies for regional purposes and EU goals 

Knowledge interactions between and within regions stimulate the development of the 

whole EU, and help each RIS to establish a unique position. Cohesion policy in the EU 
tries to improve the development in some underdeveloped regions and encourage more 

interaction between rich and poor regions, but we wonder whether regions face the 

dilemma between internal regional development and cooperation between regions. The 

former focus helps regions to become advantageous among all regions, but not all 

regions have the ability to foster their capabilities. As to the later strategy, it facilitates 

knowledge sharing within the whole European network, but relative competence of 
specific regions might become less. Chapters 2 and 4 have showed that different regional 
paths towards development exist, and make use of specific advantages and competence. 

Specific developing patterns are determined by initial local conditions, e.g. economic 

outcomes, technological conditions, labour market, as well the input of S&T (Science and 
technology) human resources. The uniqueness and competence is not only accumulated 
by high-tech or specific technological development, but it could also be characterized by 
some traditional industrial development. For example, Germany's Nordrhein-Westfalen, 

Italy's Lombardia and Trentino-Alto Adige, or UK's Yorkshire and Humberside are 
highly dependent on local traditional industrial resources. 

Both policy activities in specific RISs and in the larger EU aim to help regions 

accumulate specific competence and attract new inward investment. Regional policy 
makers have to understand what their RISs posses and what they aim to be. Higher
order and lower-order RISs have different technological and economic conditions which 

help them toward different growth paths. RISs should utilize their advantages to interact 
with other RISs so that the interactive networks become another facilitating mechanism 
to help strengthen network positions, and help the whole EU accumulate competence for 
innovations. 

Furthermore, higher-order RISs will not lose their competitive advantages if they 
keep an interactive environment for industrial actors and technological policy. 

Metropolis urban environments are an indispensable component for higher-order 
innovation systems. Population, high-quality human resources, governmental resources, 

and capital from private corporations make city possess unique resources. The 
establishment of public institutions and universities encourage various skilled-labour to 

come from other, suburban, places. Furthermore, metropolis cities possess high-quality 
local infrastructure, such as transportation systems or telecommunication networks. 
These resources shape specific advantages for the city and the areas of conurbation, 
which attract new innovative activities and create innovative outputs more than other 
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locations. Chapter 4 has expressed the higher-order innovation systems in terms of the 
relative network position within Europe and illustrates that higher-order systems usually 

have a metropolis city embedded within the region. Thus, cities like London, Paris, 
Brussels, as well as Berlin, have a high influence on their neighbouring areas and 

facilitate the development of advantages for the regions they are situated in. The unique 

characteristics and advantages established by these cities are not easily imitated but 
could become the local resource base for the exploration of new frontiers. 

Besides the role of cities, in order to reach a higher position in the knowledge 

network, RISs may take advantages of local technological specializations and 
diversifications. In Chapter 4, we has found that high-tech specialization (e.g. electronic 

sectors or bio-chemical sectors) have a positive impact on the probability of being a 
higher-order RIS, while specializations in certain more "traditional" sectors may improve 
the network position via their influence on local economic advantages and technological 
diversification. In other words, for those regions that do not have capabilities in high

tech technological development, absorbing knowledge from the central regions and 
devoting efforts to specific traditional sectors can be helpful to improve economic 
conditions, which is the mediating force to improve these RISs' position. When 

accumulating sufficient economic strength and a specific technological base, such regions 
can also achieve a diversified technological development, which is another mediating 
force to improve network position. 

Thus, developing high-tech technologies is not the only way to make RISs grow and 

to be advantageous (or become richer). For the non-high-tech RISs, diversified traditional 
technologies imply high regional economic potential and locational advantages that 
encourage some specific R&D activities from external regions. High economic 
performance is then playing a mediator role, facilitating development towards becoming 

a higher-order RIS. Policy makers in poorer RISs have to find single, unique technologies 
to improve economic performance so that their economic base may be enhanced. Policy 

makers in richer RISs may try to develop diversified technological capabilities or high
tech technologies, which both can help them to gain a higher order network position. 

According to the above discussion, we conclude that interactions between different 

RISs and the interactions of various conditions within a RIS are a fruitful avenue for 
further research in economic geography and regional studies. This future research 
should analyze the determinants to make linkages between different types of RISs 
(higher and lower order RISs), and the positive or negative influences of sharing tangible 
and intangible knowledge between locations. In addition, because the interactions of 
various local conditions lead RISs to accumulate more competencies, studies in this area 

should try to analyze more deeply the micro behaviours within a RIS. Local economic or 
technological advantages can be the attractive factors to encourage new investments, and 

these conditions can be influence (become better or worse) by firms' innovative activities, 
as well as by policy. As examined in some past studies (e.g. Battisti & Stoneman 2003), 
the local networking behaviours have an impact on locational advantages. Trying to find 
a better measurement or methodology to observe interactive learning effects within a RIS 
or between RISs, regional researchers can explore local interactive learning effects, e.g. 
the linkages between universities and industry, or the linkages between customers and 
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suppliers. Researchers should explore whether we can find different networking 

relationships play different roles in different types of RIS or in different types of growing 
patterns. 

Furthermore, when we proposed that knowledge could be shared within 

"exchangeable" distance, we raise the issue whether the different types of local networks 

can play some role to establish a network between locations. Extending the idea to 
research issues, we should examine under which conditions "local networks" create 

"cross-regional network". The specific local networks may consist of some MNE actors or 

(internationalized) universities, which also have knowledge sources in external regions. 
In other words, specific network relationships, consisting of specific key actors, tend to 

have a high influence for knowledge sharing between different locations. This also brings 
us to consider whether a specific industrial cooperative value-chain is more prone to 
make cross-regional networks, and whether specific geographical conditions can 

establish such virtuous circle of network creation. 

8.2.3 Implication from firm-level study 

The firm-level chapters in this thesis aim to identify different types of R&D behaviour, 
explain how their specific R&D goals are accomplished, and discover the different 

impacts they have. From the subsidiary's perspective, we have explored what kinds of 

local network resources and organisation characteristics encourage subsidiaries' 
knowledge diffusion behaviour within the whole MNE. According to the survey data, 

four different R&D types (aggressive R&D, tech-driven R&D, market-driven R&D, and 
aimless R&D) have been identified (Chapter 6). These four types of initial R&D 
investment motivations encourage firms to establish different local networking 

behaviours, and thus the various local networks exist in each specific location, leading to 
further developments within the region. When firms are driven by market-related 

factors, they tend to focus on making networks with local industrial actors, but not so 
much academic actors or (semi-)public research institutions. In contrast, tech-driven 
R&D investments tend to establish networks with local research institutions and 

universities. These external knowledge networks within the local area are associated 

with positive impacts for establishing a better environment for the firm, especially in 
accumulating knowledge resources and human resources for innovations (Chapter 6). 

For subsidiaries, the internal innovative culture and characteristics, e.g. an active 
attitude in innovation, and the network resources via which they learn local knowledge, 
encourage them to share knowledge that they have accumulated within the local area 

within the larger MNE. We also find that subsidiary's knowledge sharing behaviours are 

influenced by HQ's strategies, e.g. a centralised strategy by HQ and personnel exchange 

mechanisms. The HQ's strategies also can both moderate the relationships between 
subsidiaries' innovative culture/characteristics and knowledge sharing (Chapter 7). These 

findings point to the relationships between local resources (before starting R&D 
investment), the firm's innovative activities (e.g. initiating R&D, network establishment, 
or knowledge sharing), and their impacts on locational development (after R&D 
investment). We try to make two main points to illustrate what we have learned from 
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these results in terms of implications for managers' strategies and for academic 

researchers. 

a. Interactions between different levels within RIS 

Although in the literature many typologies of R&D behaviour seem to show that firms 

may choose to access either market resources or technological resources, our findings 
imply that most firms have both motivations in their R&D investments. As the study of 

Narula (2003: 5-6) has showed, the typical R&D behaviours (including exploitation, 
generation and collaborations) are not exclusive, but overlap in nature and extent with 
each other. The two main R&D drivers also encourage firms to interact with different 

local actors and make impacts on different innovative environments. Market-driven 

motivations encourage firms to establish networks with industrial actors, so that the 
industrial research clusters within the area thrive. Tech-related drivers lead firms to 

establish linkages with local public and private research institutions or universities, as 
well as with industrial actors. Firms' R&D investments are encouraged by specific local 

resources, and these investments also tend to improve local innovative environments, 
that motivate new R&D activities from other places, thus suggesting the existence of 

virtuous circles of locational advantages. Not only do location advantages encourage 
innovations, but also innovative activities facilitate the accumulation of the local 

knowledge base. 

MNEs are like a channel to facilitate the knowledge flows between regions and 

encourage the development within a specific local area. Due to the investment of MNEs, 
business, labour markets, and consumer markets within the local area are forced to face 

the challenges from the global world. New impulses from foreign firms bring 
opportunities for local industries and government to accumulate the competencies that 
improve local advantages. As to regional innovation policy, each RIS should understand 

and utilize the specific local resources to develop better environments for innovative 
activities that lead to reach the R&D goals (Lisbon agenda) at the regional level. 

On the basis of our findings about firm's R&D locational decision, the relation 
between locational factors and firm's motivations explains not only whether specific 
R&D goals can be accomplished in a certain region, but suggests a focus for regional 
policies. What these firms are mostly concerned with is the accessibility of local 
technological resources, and policies outside the realm of technology resources (e.g., tax 
rates) are not so crucial. However, market advantages cannot become the utmost factor 
to motivate R&D activities unless the location possesses other attractive tangible or 
intangible resources. When R&D activities aim to extend existent technologies to new 
locations, the existence of an established communication infrastructure, financial system, 
or local government support become indispensable to make the market-driven R&D 
successful. In other words, a RIS possessing less technological advantages should make 

efforts in establishing better local infrastructures, financial systems, as well as the 
governmental supporting policies. These auxiliary local conditions can encourage those 
firms aiming to exploit their existent technologies to new markets. In contrast, the 
technological advantageous RISs should try to not only maintain a leading position in 
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technological development but also create a convenient interactive learning environment 

for industrial actors to establish locational-specific networks. For policy-makers in poorer 

or richer RlSs, this finding may help in formulating a specific strategy for which 

competencies to accumulate for their RISs. 

The findings in the firm-level chapters have also illustrated the importance of 

interactions within a RIS for the local innovations. The "interactions" in the regional 

chapters focus on various local conditions, whereas the "interactions" in the firm-level 

chapters aim to emphasize the interactions between different levels of aggregation. 

Regional research cannot ignore the role of micro behaviour (e.g. firm's investment) 

because the actors at the micro level shape specific characteristics for RlSs. The 

organisational studies should also discuss the reciprocal relationship between a firm's 

strategic goals and locational development, since the locational advantages help firms to 

fulfill their goals. International business theory uses the concept of a "nation/country" to 

describe how firms locate. However, international business studies should not ignore the 

knowledge spillovers created within a narrower geographical boundary, since 

knowledge diffusion mostly takes place with a region or between neighbouring regions 

(e.g. Hansen, 2002). This insight may also help to solve the weakness that traditional IB 

studies used to explain how managers efficiently utilize resources between host countries 

and home countries, but largely fail to address the interactive sharing between regions 

within a same country. 

b. Subsidiaries extend the boundary of innovative activities for MNEs 

Subsidiaries do not only claim unique roles for themselves, but also broaden knowledge 

networks for the whole MNE. In early international business, a subsidiary was portrayed 

to be a replicated miniature that only executes HQ-assigned tasks. Recently, subsidiaries 

have been recognized as strategically important within the MNE, as a result of their role 

in absorbing local resources for the benefit of the whole MNE. For subsidiaries, this 
implies that they might face a conflict between intra-subsidiary goals and intra-MNE 

goals. Subsidiaries aim to establish some unique competencies that other subsidiaries 

cannot easily imitate but they also have to share what they have accumulated for others 

in order to get more resource support from HQ. This dilemma sounds like the dilemma 

for regional policy-makers, who have to not only stimulate regional competence but also 

help the whole union to be advantageous in the global world. Our results cannot give an 
answer about how to deal with this dilemma, but the part of the analysis dealing with the 

subsidiary view shows that the unique role of subsidiary within MNEs is largely 

influenced by the subsidiary itself. From the view of the subsidiaries, specific 

accumulated local sources of knowledge may improve their internal innovative 

capability or innovative culture. The accumulated local resources and knowledge become 

the advantages for a subsidiary to establish its position within the MNE, or to develop a 
more independent strategy for the subsidiary. 

These implications encourage organisation theory to extend the application of a 
network concept. Although many past studies discussed the concept of whole MNE as a 

network (e.g. Ghoshal & Bartlett, 1990), this is still an area for fruitful research. 
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Networking relationships between MNE units in different locations, and how the local 

networks impact on knowledge sharing behaviours within the whole MNE are 

interesting questions for future research. We have learned that both subsidiaries and 
subsidiaries' local network resources are part of MNE network. This leads us to analyze 
networks not only from the MNE's perspective (knowledge shared between locations 
and with internal actors), but also from the location view (knowledge shared between 

locations and with external actors). Including the network resources of subsidiaries 
explains how MNEs can be the critical mediators to facilitate knowledge sharing between 

different locations. 

From the strategic viewpoint of the larger MNE, subsidiaries in different locations 

are the sources of knowledge for the innovative activities within the whole firm. 
According to our findings, not only organisational factors but also local relevant 
resources (i.e. network resources) have an influence on the firm's innovative behaviours 
(in Casson & Singh, 1993, we find a similar conclusion). The technological knowledge 

and network resources accumulated in subsidiaries' sites are critical for the innovations 
within the MNE, and the managers in subsidiaries or HQ should consider the intra-units 

as important sources of knowledge. Managers in subsidiaries should try to cultivate 
innovative characteristics (e.g. an active attitude in innovations, or technological 
capabilities) to facilitate knowledge sharing among units within the MNE. In addition, 

managers should manage the local-embedded external network resources (e.g. academic 
network or industrial network) since the network resources help firms to strengthen 
subsidiaries' contributions in knowledge sharing. For HQ's managers, when the whole 

MNE executes a centralised strategy and routine personnel rotations simultaneously, the 
interactions of central and decentralised strategies facilitate subsidiaries' knowledge 
sharing. However, although a centralised strategy could make subsidiaries to implement 
the R&D goals of the whole MNEs, subsidiaries under the informal and flexible 

relationships between HQ and subsidiaries (i.e. without exchange mechanisms) tend to 
be more active than the subsidiaries under formal personnel rotations to share 
knowledge when accumulating locational-embedded human resources or leading 
technological capability. Subsidiaries can play a strategic role in innovative activities via 
organisational characteristics and network resources, whereas HQ could utilize a 
centralised strategy and interactive relationships to strengthen the centripetal force 

toward the MNE as a whole. 

Academic research on the subsidiary's role should emphasize more the linkages 
between the MNE's home site and subsidiaries' sites. This thesis tries to explain the 
relationships between location and innovation from different viewpoints or different 
levels. The empirical results show that regional development and MNEs' innovative 

activities have intertwined relationships. Particularly in the study of subsidiaries, we 
cannot ignore locational impacts when discussing innovations and vice versa. Our 
organisational analysis proposed that cross-border knowledge sharing via MNEs is a 
very critical factor for the transfer of knowledge to different actors in different locations. 
Although some location-embedded resources can only be accessed within the local area, 
MNEs' internal transfer process makes the knowledge sharing cross-borders become 
easier. 
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The increasing importance of the subsidiary's role leads researchers to discuss how 

subsidiaries can play an active role in innovation strategy, and encourage other 

subsidiaries to establish local network resources. Future research should discuss how this 

process can make more impact for the whole MNEs. Standing on the other view of 

subsidiaries aiming to be independent from their HQ m theories should try to explore 

how HQ and subsidiaries can establish long-lasting reciprocal relationships. When 

subsidiaries have autonomy and capabilities to extend more innovation strategies in 

other new locations without any supports from HQ subsidiaries may choose not to 

contribute what they possess to the MNE. Besides the management and coordination of 

all units in the global world, m theories also have to discuss whether to let subsidiaries 

depart from HQ leads the whole MNE toward suitable strategic goals. 

8.3 Limitation and Further Research 

This thesis has tried to explore the relationships between innovations and locations from 

different levels of aggregation, but some limitations that emerged during the survey, and 

some of relevant issues that we could not address within the time frame of the thesis 

should also be emphasized. For example, we explained firm's location decisions on the 

basis of answers given by individual managers, and we had to assume that these 

managers were somehow involved in the R&D decision procedure. The answers about 

how they evaluated the locational factors before starting R&D activities must be assumed 

to be representative for the opinion of HQ or the whole MNE decision center. But the 

responses might have included answers from new managers who were not part of the 

actual decisions that were made in the past. 

Some of relevant issues that we could not address in this thesis may encourage 

future researchers to address these issues in future studies. 

1. The micro view of knowledge flow phenomena should be focused on the behaviour of 

human resources/capital. As we discussed, knowledge flows between locations depend 

on how firms make their internal linkages and external relationships to diffuse 

knowledge from one site to another. In addition, if we look at the actors who transfer 

knowledge, these are the persons involved in R&D or innovative activities in MNEs. Our 
empirical results at the firm level show that the technological-oriented R&D tends to 

locate in places where human resources are abundant and accessible. These human 
resources, perhaps engineers or skilled workers, possess new technologies for 

applications, or matured technological knowledge for more practical applications. They 

locate in the place because of their nationality, education background, or the attractive 

environment and opportunities for scientific research work. Their decision influences 

whether or not a firm can find sufficient qualified knowledge workers in a specific 

location, and also determines whether or not a location can accumulate sufficient human 

capital for regional growth. To understand more about the motivations of these skilled 

workers is very important to explain innovative activities and locations, and deserves 

emphasis in future research. 
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2. Since the enlargement of the EU in 2005, we more attention should be paid to the 

relationships between the more developed "old member states" and the "developing" 
"new members states" . According to their relative advantage, the new member states 

offer low-cost input in some manufacturing activities, but they lack other "input" factors, 
e.g. knowledge, financial capital, and S&T human resources. Some of these new member 

states have large internal markets that seem to wait for further developing and exploring. 
Cohesion policy aims to balance the development between poor and rich regions, and 
hence the interactions between the developed parts of the EU and the relatively less 

developed parts. Based on our findings in Chapter 3, we find national border still play a 
role in knowledge flows between regions and some of regions play a brokerage role to 
absorb external knowledge for domestic regions. Further studies may focus on finding 

out whether specific higher-order regions in the old member states play critical roles to 
diffuse knowledge to the new member states. When knowledge flows across nations, can 

we also indicate the importance of culture and distance for the goals of cohesion between 
regions? In addition, although the role of national borders and regions are illustrated in 
Chapter 3, we still fail to explain to what extent inter-region knowledge networks bring 

positive impacts on local development of innovations. Although we explain (in Chapter 
4) how specific RISs accumulate advantages by internal regional conditions (e.g. 
technological specializations I diversifications, economic conditions, or innovativeness), 

how can the innovative activities in poor RISs be improved to reach the R&D goals of the 
Lisbon Agenda by linking into external cross-region knowledge resources? The further 
work should examine more the impacts of cross-region interactions. 

3. Innovation system studies should be extended to more different contexts. Most of 

innovation system studies focus on western countries, but fail to explore how the 
innovation systems in Asian countries are established. In particular, we should establish 
a research model that provides a platform to compare different systems to each other. 
However, so far we can find very little evidence to exact similarities of the developing 

patterns and types of regional systems for European and Asian regions. It would be 
interested to explore whether or not the types of growth patterns in European regional 
innovation systems (RISs) could be used to identify the differences of RISs within Asia. 
Or the geographical level, while most of the European countries are geographical linked 
within the whole big Europe mainland, Asian countries are mostly island countries (e.g. 
Indonesia, Japan, Malaysia, Taiwan, etc.), and this makes knowledge interactions 
different, which may lead to different growth paths. 

4. In order to understand better the impacts of network resources, further studies could 
try to use other characteristics to classify network relationships. For instance, formal 
relationships (alliances) or informal relationships (personal relationships) established 
within the local area may encourage the subsidiaries to diffuse knowledge in different 
ways. This thesis focuses on the intensity of different knowledge sources, but does not 
express so clearly whether the networks with, e.g., academic actors, is on a basis of 
formal contracts, or whether the network with local customers is relatively informal. 
Some studies suggested that loosened/reinforced or formal/informal network 
relationships may influence whether firms could access the knowledge they aim at (e.g. 
Gulati 1998; Madhavan et al. 1998). Furthermore, some studies emphasized that the 
influence of network resources also depends on the absorptive capability of knowledge 
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receivers (Cohen & Levinthal, 1990; Nooteboom, 2004; Tasi, 2001). The survey did not 

measure absorptive capability so precisely but only included the concept of R&D 

importance within the MNE and the organisational attitude in innovations to measure 

the technological responsibility that local unit has been taking. Future studies could 
examine whether local firm's technological capabilities encourage them to accumulate 

more local network resources or make them contribute more to local development. 

5. Extending to the output of innovative activities, a relevant topic is to try to explain the 

impacts on "firm performance". Differing from past output-orientation studies, such as 

the performance of innovation (Birkinshaw et al. 2005; Caloghirou et al., 2004; Fey & 
Birkinshaw, 2005; Persaud et al., 2002; Powell et al., 1999; Yamin & Otto, 2004) or the 

performance of R&D cooperative strategies with other partners, e.g. alliance (Appold, 

1995; Bagchi-Sen 2004; McKelvey 2003; Tasi 2001), our survey aims to explain the 

innovative behaviour and knowledge networking of firms, and focuses on the procedure 
of innovative activities. We did not put our emphasis on expressing how successful a 

firm is, e.g. profitability. However, most managers are interested to know whether their 

strategies help the firm to create more profit because "profit" or "performance" is always 

the criterion to reflect the manager's value-added for the firm. Managers might be 

interested not only in how certain factors facilitate knowledge sharing, but also how 
organisational culture and resources help them to get better performance. The possibility 

to extend this research issue could further explore how the knowledge sharing 

behaviour, as well as the critical knowledge resources impact on the growth or profit of 

the whole MNE. 
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Summary 

Summary 

In recent years, the frequent knowledge interactions between geographical locations have 

been paid attention because of the growing trend of international innovative activities. 

According to WIR 2005 (World Investment Report 2005, published by the United 

Nations), global competition has been intensified and Multinational Enterprises (MNEs) 
are internationalising knowledge-intensive functional activities, i.e. R&D. In order to 

examine the relationships between location and innovative activities from a broader 

perspective, this study applies not only a regional view, but also the firm's strategic view. 

On the regional level, our research explains the differences of developing patterns of 
regional innovation systems (RISs), how knowledge flows between RISs, and how 
relative advantages of RISs emerge and are sustained. On the firm level, we discuss how 

firms choose their location for innovative activities, how firms make impacts on 

locational development, and how subsidiaries play their roles within MNEs with regard 

to innovative activities. 

In order to explain the development of RISs in Europe, on the meso level, we 
utilize the classification of NUTS (nomenclature of statistical territorial units) to define 

European regions, and apply databases from different sources, e.g. EPO (European 
Patent Office) and RECIO (by EuroStat of EC). Multivariate methodology (e.g. cluster 
analysis, factor analysis, and regression models), network analysis, and structural 

equation models (SEM) are used to analyze the research issues in this part. First, we 
identify different types of RISs, based on specific regional economic and technological 

characteristics. Secondly, taking each RIS as a node in the European knowledge network, 
we show the critical role of national borders for knowledge flows between locations. 

Most regions have relative intensive interactions with domestic regions. In addition, 
some of the regions play a crucial brokerage role, not only diffusing knowledge from 

internal domestic regions to foreign external regions, but also absorbing from the 
external to the internal side. These RISs, situated in the central part in the knowledge 

network, are always the sites of metropolis cities that possess abundant innovative 
resources. Additionally, we apply SEM model to show how specific RISs can gain a more 
central network position. The evidence shows that different RISs may take advantage of 
their unique developing paths with specific local resources (e.g. technological 

characteristics or economic potentials), to achieve higher-order position within the 
European network. Not only can high-tech specializations lead RISs to become 
advantageous, but multiple traditional diversification development also helps RISs to 
achieve a unique position in the knowledge network. 

In the other part of the thesis, on the micro view, we examine how firms are 

motivated by local conditions, and how local subsidiaries contribute in knowledge 
sharing within the whole MNE. We collect firm-level data by an on-line survey, which 

targets R&D managers in 15 European countries. First, by regression models, we find 
that most of the R&D investments in Europe are motivated by both market- and tech
related factors simultaneously. To fulfill the specific R&D goals, firms, especially market
driven R&D, rely on other affiliating local supports. In addition, because of firms' 
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different motivations, their networking behaviours within the local area are also different. 
Tech-driven R&D prefers to establish networks with academic actors (e.g. universities or 
research institutions) while market-driven R&D focuses on linkages with local industrial 

actors (e.g. suppliers or customers). In addition, these different networking behaviours 
within the local area also have different impacts on locational advantages in the long run. 
Secondly, we explore how knowledge is shared within MNEs. The research model shows 

that subsidiary's innovative characteristics, local networking factors, as well as the 
relationships between HQ and subsidiary all have an influence on the subsidiary's 
knowledge diffusing behaviour. In particular, a subsidiary's active attitude in innovations 
not only has a direct impact but also plays a mediating role for knowledge diffusion 

within MNEs. The internal R&D network and external academic networks contribute the 

resources for knowledge sharing between units within MNEs, but the resources from 
external local scientific activities (e.g. conferences) encourage subsidiaries to develop 
capabilities and accumulate experience within their local unit. Furthermore, a HQ's 
centralised strategy and nearby distance between subsidiary and HQ make the 

subsidiary to share more for the whole MNEs. 

In this thesis, we address different research issues to examine the relationships 

between location and innovative activities. We conclude on the various ways in which 
different RlSs develop their advantages, which gives some implications for regional 
policymakers. We also show that firms' innovative activities are encouraged by different 

local conditions before the investment decision, and have different impacts on local 
development after localising R&D activities. The strategic role of subsidiaries during 

innovative activities is determined by both internal organisational cultures or 
characteristics, and by external local networking resources. In other words, both the 
managers in HQ and subsidiaries jointly determine the innovative strategies for the 
whole MNE or subsidiary itself. The research issues exploring the relationships between 
location and innovative activities can be addressed from different views or levels of 

aggregation. Combining these different views is helpful to understand both regional 

development and MNEs' innovation strategies. Additionally, the different views also 
help to explore the intertwined and close relationships between different levels, e.g. 
between innovative activities (on micro level) and regional development (on meso level). 
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Samenvatting {Summary in Dutch) 1 

De afgelopen jaren krijgt kennisuitwisseling tussen verschillende locaties aandacht 
vanwege de groeiende trend van internationale innovatieactiviteiten. Volgens het WIR 

2005 (World Investment Report 2005, van de Verenigde Naties) is de wereldwijde 
concurrentie zo verhevigd dat MNEs hun kennisintensieve activiteiten 

internationaliseren, zoals Onderzoek en Ontwikkeling. Om de relaties tussen locatie en 

innovatieve activiteiten in een breder perspectief te bestuderen, tracht deze studie niet 

aileen een regionaal perspectief te behandelen, maar ook een bedrijfsstrategisch 

perspectief. Op regionaal niveau verklaart onze studie de verschillen tussen evoluerende 
patronen van regional innovation systems (RISs), hoe kennis stroomt tussen RISs en hoe 

specifiek relatieve voordelen zijn tussen aile RISs. Op bedrijfsniveau behandelen we op 
welke wijze bedrijven hun locatie kiezen voor innovatieve activiteiten, hoe bedrijven 

lokale ontwikkelingen be"invloeden en hoe deze bedrijven hun rol spelen binnen MNEs 
(Multinational Enterprises) tijdens innovatieve activiteiten. 

Om de ontwikkelingen van RISs in Europa op een meso-niveau te verklaren, 
gebruiken we een classificatie van NUTS (nomenclature of statistical territorial units) om de 
Europese regio te definieren en maken we gebruik van databases afkomstig van 

verscheidene bronnen, bijvoorbeeld EPO (European Patent Office) en RECIO (door 

Eurostat van de Europese Cornrnissie). Multivariatie methodologie (bijv. clusteranalyse, 
factoranalyse en regressiemodellen), netwerkanalyse en structurele 

vergelijkingsmodellen (structural equation models, SEM) worden gebruikt om de 
onderzoeksonderwerpen in dit deel te analyseren. Eerst identificeren we verschillende 

types van RISs, die worden gevorrnd met specifieke regionale econornische en 
technologische eigenschappen. Ten tweede tonen we de belangrijke rol van nationale 
grenzen aan in kennisstromen tussen locaties door iedere RIS als knooppunt in het 
netwerk te nemen. De meeste regio's hebben relatief intensieve interactie met 

binnenlandse regio's. Daarnaast spelen sornrnige regio's een cruciale berniddelingsrol 

niet aileen om kennis te Iaten stromen vanuit interne binnenlandse regio's naar 
buitenlandse externe regio's, maar ook van extern naar intern kennis op te nemen. Deze 

RISs, gesitueerd in het centrale deel van het kennisnetwerk, zijn altijd de gebieden van 
metropolen die een rijkere bron van innovatie vorrnen. Daarnaast gebruiken we SEM om 
aan te tonen hoe specifieke RISs een hogere netwerkpositie kunnen bereiken. De bronnen 

tonen aan dat verschillende RISs voordeel kunnen ondervinden van hun unieke 
ontwikkelingspaden naar een hogere positie binnen het Europese netwerk met lokale 

rniddelen (bijv. technologische eigenschappen of econornische mogelijkheden). Niet 
aileen hightech specialisaties kunnen leiden tot een voordelige positie van RISs, ook 
traditionele meervoudige diversificatie kan RISs helpen om een unieke positie binnen het 
kennis netwerk te verkrijgen. 

In het andere deel, het micro perspectief, bestuderen we welke lokale aspecten voor 

een bedrijf van belang zijn en hoe lokale subsidies kunnen bijdragen aan het delen van 

1 I am grateful to Sjoerd Y. van de Wal, Ted Clarkson, and Bart Verspagen to finish the translation of thesis summary. 
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kennis binnen de gehele MNE. We verzamelen data op bedrijfsniveau door een online 
survey, gericht aan R&D managers in 15 Europese Ianden. Allereerst, door 

regressiemodellen te gebruiken, vinden we dat de meeste R&D investeringen in Europa 
gebaseerd zijn op zowel markt als technologie gerelateerde factoren. Om de specifieke 

R&D doelstellingen te halen vertrouwen bedrijven op enkele andere verwante lokale 
ondersteuningen, dit geldt vooral voor marktgerichte R&D bedrijven. Daarnaast zijn, 

vanwege verschillende redenen voor bedrijven, de netwerk gedragingen binnen het 
lokale gebied ook verschillend. Technologie gedreven R&D bedrijven geven er de 
voorkeur aan een netwerk op te zetten met acadernische actoren (bijv. universiteiten of 

onderzoeksinstituten), terwijl marktgedreven R&D bedrijven zich meer richten op 
verbanden met de lokale industrie (bijv. toeleveranciers of consumenten). Daarnaast 

hebben deze verschillende netwerkgedragingen binnen het lokale gebied ook een 
verschillende impact op lokale voordelen op de lange termijn. 

Ten tweede proberen we de positie van dochterondernemingen te analyseren over 

hoe kennis binnen MNEs beter gedeeld kan worden. Het onderzoeksmodel toont aan dat 

dochterondernemingen voor innovatieve eigenschappen, lokale netwerkfactoren en de 
relatie tussen het hoofdkantoor (moederbedrijf) en dochterondernemingen invloed 

hebben op het kennisdiffusie gedrag van de dochterondernemingen. In het bijzonder 
heeft de houding van de dochteronderneming tegenover innovatie niet aileen een directe 

impact, het speelt ook een bemiddelende rol voor de diffusie van kennis binnen MNEs. 
Het interne R&D netwerk en externe academische netwerken dragen bij aan de middelen 

voor het delen van kennis tussen afdelingen binnen MNEs, maar de middelen van 

externe lokale wetenschappelijke activiteiten (bijv. conferenties) bevorderen ook het 
behoud van de eigen capaciteiten en ervaringen binnen de eigen afdeling van de 
dochteronderneming. Verder deelt de dochteronderneming meer kennis binnen de MNE, 

afhankelijk van de gecentraliseerde strategie van het hoofdkantoor en de onderlinge 

afstand tussen de dochteronderneming en het hoofdkantoor. 

In deze thesis, voegen we verschillende relevante onderzoeksonderwerpen toe om 
de relaties tussen locatie en innovatieve activiteiten te bestuderen. We kunnen leren op 
welke wijze verschillende RISs hun voordelige positie ontwikkelen, wat gevolgen kan 
hebben voor regionale beleidsmakers. We tonen ook aan dat de innovatieve activiteiten 
van een bedrijf worden gestimuleerd door verschillende lokale voorwaarden die van 
belang zijn alvorens een investeringsbeslissing wordt genomen en die een verschillende 

impact hebben op lokale ontwikkelingen na het vestigen van de R&D activiteiten. De 
strategische rol van dochterondernemingen tijdens innovatieve activiteiten wordt 
bepaald door zowel interne organisatorische culturen I eigenschappen als externe lokale 
netwerkmiddelen. Met andere woorden, zowel managers van het hoofdkantoor als van 

dochterondernemingen kunnen beleid maken om een goede innovatieve strategie te 
bedenken voor de gehele MNE of de dochteronderneming. De onderzoeksonderwerpen 
die de relaties tussen locatie en innovatieve activiteiten bestuderen kunnen vanuit 
verschillende visies duidelijk gemaakt worden. Deze verschillende visies zijn nuttig om 
de regionale ontwikkeling en de innovatieve strategie van MNEs te begrijpen. Verder 
helpen de verschillende visies om de verstrengelde en hechte relaties te onderzoeken 
tussen verschillende niveaus, bijv. tussen innovatieve activiteiten (op micro-niveau) en 
regionale ontwikkeling (op meso-niveau). 
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STELLING EN 

behorende bij het proefschrift 

On Explaining Locational Patterns of R&D Activities by 

Multinational Enterprises 

van 
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1. MNEs are a channel that facilitates the knowledge flows between regions, and 

encourages the development of local areas. (Chapter 8 of this thesis) 

2. R&D investments by firms with different motivations create different dynamic 

loops of regional innovation. (Chapter 6 of this thesis) 

3. Not only technological uniqueness in specific sectors but also technological 

diversity supports a central network positioning of regional innovation systems 

(RlSs). (Chapter 4 of this thesis) 

4. "Knowledge has to be improved, challenged, and increased constantly, or it 

vanishes." (Peter F. Drucker) -That's why we have to discuss how to accumulate 

knowledge interactively. 

5. When we feel something is an unscientific phenomenon, it does not necessarily 

mean it is indeed unscientific. It may just be that the current knowledge in 

science is insufficient to explain what we observe now. (after reading a series of 

science fiction by Ni-Kuang) 

6. "Return to sender", "The addressee has gone away"; "DEVUELTO RETOUR", "Se 

mud6"; "Vertrokken/Onbewoond"; "N'habite pas a l'adresse indiquee"; 

"Verzogen/Denenage"; "Inconnu/Okand", "Palautunut osoltteesta", "er ubekendt 

pa adressen", "flyttet, ny addresse ukjent"; "trasferito"; "sconosciuto"; "Zuriick! 

Empfanger nicht zu errnitteln", etc. (These are the messages shown on the 

returned mails from 15 countries where I sent the survey invitation for European 

R&D managers.) 

7. f ... it. *It >lJf.. (An old Chinese proverb: when learning, you are as floating 

on the sea, where you can not see any border; however, there is only one way you 

can reach the border -just be diligent in your learning.) 

8. Many persons feel the life in Eindhoven is too peace and quiet, or a little boring. 

However, the peaceful days in Nuenen, where Vincent van Gogh had finished 

several famous paintings in his early career, really made me find a way to enjoy 

researching. 



9. The same phenomenon might be interpreted as different stories, if researchers use 

different theoretical lenses to observe the world. We have to respect the 

existence of different perspectives, and we also have to admit that what we do not 

know is always much more than what we already know. 

10. The Netherlands is an international & harmonious, innovative & insightful, 

trustworthy & friendly, and beautiful & natural country. It always makes me to 

think how long it will take to make my country, Taiwan (with almost the same 

size as the Netherlands), grow maturely toward such directions in economic, 

politic, in social, in infrastructural, and in academic environment. 
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