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Abstract 

 

There are disagreements as to the continued relevance of localized knowledge spillovers for 

the clustering of firms when there are more international linkages in the research performed in 

many high-technology industries. It is therefore debated whether globalization mechanisms 

will make some locations more specialized or more diversified in terms of research 

competence. This thesis studies how the research competence of the Swedish pharmaceutical 

industry changed over the three decades between 1980 and 2009. It also studies how some 

international linkages in research evolved during the same period of time. The main findings 

are that although the research competence became more evenly dispersed over some 

therapeutic areas, it was still restricted to a limited number of areas. These findings are 

discussed in terms of the importance of localized knowledge spillovers for the research 

competence of a region. 

 

Keywords: global research linkages, localized knowledge spillovers, research competence, 

specialization, pharmaceutical industry 
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1. Introduction 

 

The globalization which has occurred during the last decades with better information and 

communication technologies has facilitated, and thereby increased, the flows of knowledge 

over the globe (Gassmann, Enkel & Chesbrough, 2010). However, many high-technology 

industries are still geographically clustered in certain locations, a phenomenon which has 

often been ascribed to the existence of so called localized knowledge spillovers (Marshall, 

1890; Feldman, 1994a; Audretsch & Feldman, 1996; Asheim & Gertler, 2005). In addition, 

more firms have established R&D facilities abroad in order to benefit from location-specific 

knowledge (Florida, 1995:530). Thus, at the same time as knowledge travels more easily, 

some locations manage to attract subsidiaries of multinational corporations due to localized 

advantages. A good example of an industry which inhabits both of these tendencies is the 

biotech industry, which is not only heavily localized, but also dependent on the latest 

discoveries in global research (Gertler & Levitte, 2005:488-489). This paper looks into how 

the research competence of the pharmaceutical industry in Sweden has evolved during this 

evolution. This will reveal whether research the research competence in the country has 

become more focused due to the preserved relevance of localized knowledge spillovers, or 

whether it has become less focused due to better access to global knowledge flows. 

 

1.1 Background 

 

Castells (1996:66-7) argued that a new economy had emerged since the late 1970s and early 

1980s, which was distinguished by two main characteristics; it was informational and it was 

global to an intensity that had previously not been observed. In innovative industries, this has 

caused a phenomenon which has been referred to as ‘techno-globalism’. This term is 

concisely defined by Archibugi and Michie (1995:121) as “…the fact that the generation, 

transmission and diffusion of technologies is increasingly international in scope”. They 

attributed three different meanings to the term; global exploitation of technology, global 

technological collaboration and global generation of technology. Thus, innovations more 
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often depend on internationally generated knowledge, at the same time as they are directed at 

a larger number of markets.  

Porter (1990:74) argued that companies acquire competitive advantages by innovating, and 

that innovation could either be manifested in a new product design, a new production process, 

a new marketing approach or a new way of conducting training. In high-technology 

industries, the competitiveness of firms is predominantly based on their ability to produce, 

appropriate and distribute knowledge (Gertler et al., 2005:488). This knowledge may 

originate from the R&D or market research activities of firms, but more often it is discovered 

by firms or individuals being open to possibilities that have previously been hidden by 

common preconceptions of how the world is formed (Porter, 1990:74-75). In order to come 

up with successful new innovations knowledge-intensive firms must therefore constantly be 

attentive to what is demanded by its external environment and what new technologies are 

available. This includes engaging in interactive learning both inside and outside the firm 

(Lundvall & Johnson, 1994:25, Chiesa & Manzini, 1997:472), with actors such as users and 

clients (von Hippel, 1988), suppliers (Ragatz, Handfield & Scannell, 1997), and universities 

(Grimpe & Sofka, 2009). The access to such actors may thereby be seen as a competitive 

advantage in these industries (Enright, 2000:115-116). 

This is one reason for why these knowledge-intensive industries often are built up around 

regional clusters, or so called megacenters of knowledge (Gertler et al., 2005:488-489). 

Another reason, used by scholars within the field of the geography of innovations (Feldman, 

1994a; Audretsch et al., 1996; Asheim et al., 2005; Moodysson, Coenen & Asheim, 2008a), is 

that the existence of clusters is due to particular knowledge spillovers that are more accessible 

to firms positioned within a closer distance to the knowledge source, e.g. a university or a 

larger firm performing innovation activities. This part of the literature on the geography of 

innovation is based on the idea that there are different characteristics of knowledge which 

define how easily it can travel. The knowledge can either be easily codified, which means it 

can be standardized and written down in documents, or it can be tacit, which basically means 

it is best mediated through face-to-face interaction and geographical proximity (Feldman, 

1994a:386). Codified knowledge is therefore easier to transfer over long distances than tacit 

knowledge (ibid.). 
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A consequence of the existence of tacit knowledge, is that learning sometimes is localized, 

which could in turn lead to a region becoming specialized and competitive within one 

particular area of research (Malmberg & Maskell, 1997:28-29). Similarly, this may affect the 

innovations in a location to resemble each other, and attract firms from other locations that are 

focused on the same niche (Fabrizio & Thomas, 2012:44). Mudambi (2008:702) discovered 

that firms, to a larger extent than before, dispersed activities over a larger geographical area in 

order to take advantage of location-specific benefits. Similarly, Florida (1995:530) argued that 

the number of corporations that had R&D facilities abroad had increased. Thus, having 

foreign R&D subsidiaries may enable the international firm to tap into local expertise and 

knowledge. In fact, over the last two decades, access to local scientific and technological 

resources has become an increasingly important factor for firms deciding where to locate their 

R&D facilities (Sachwald, 2008:365).  

Cluster regions and local firms may also benefit from the establishment of foreign subsidiaries 

in the area (Enright, 2000). The strongest argument for this is the possibility that knowledge 

may spill over from the firm to the local industry, but other factors such as the increase in 

local employment, the expected growth of the industry, as well as the argument that increased 

competition advances the local industry, are also important (Blomström & Kokko, 2003:3). 

Although these regions are often built up around some localized specialization, external 

knowledge sources are also important for the growth of the firms in the cluster (Bathelt, 

Malmberg & Maskell, 2004:33).  

According to Sölvell, Lindqvist and Ketels (2003:24), a cluster must be able to attract foreign 

companies, venture capital, skills and other resources in order to keep the cluster from 

stagnating. Moreover, they argue that firms inside the cluster do also need access to global 

markets in order to sustain efficiency and competitiveness. Thus, international linkages seem 

to be a crucial component for keeping a dynamic cluster environment. Such findings have 

given rise to literature (Bathelt et al., 2004; Gertler et al., 2005) on the importance for industry 

clusters not only to have good local knowledge spillovers (local buzz), but also to have a good 

connection to other clusters specialized within the same area of research (global linkages) in 

order for innovations in the cluster to be based on front-rank research. Furthermore, 

international linkages have been found to strengthen the competitiveness of local firms in a 

number of ways.  In a study of firms in the UK, Simmie (2003) found that firms that used 
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more international knowledge sources were more innovative than firms that did not. 

Moreover, Zahra, Ireland and Hitt (2000) found a positive correlation between the 

international presence of new venture firms and their organizational and technological 

learning, i.e. new venture firms that were present in foreign markets were also exposed to 

more diverse knowledge, and they thereby increased their potential for technological learning.  

In sum, specialized research in a location may be a way for a cluster to attract foreign 

subsidiaries. This establishment of foreign subsidiaries in locations with a specific knowledge 

specialization should be facilitated by the increased global connectedness that was a part of 

the techno-globalism. This could in turn imply that locations would become more specialized 

within particular areas of research as this would attract more foreign firms to the location. In 

contrast, with better global communications this specialized knowledge should also be better 

available at a distance, which would allow for more dispersed research in specific locations at 

the same time that the locational pull of clusters should decrease. 

One of the most knowledge-intensive industries of today is the biotech industry (Gertler et al., 

2005:488; Cooke, 2005:325). According to Gertler et al. (2005:488-489), there is an 

ambiguous development in this industry, where the increased circulation of codified 

knowledge in scientific journals has not made the industry more geographically dispersed, but 

rather more geographically clustered. Enright (2000:115-116) discussed this paradox, and 

suggested that globalization mechanisms, such as improved transports and communications, 

may have diverging effects. At the same time as they may allow for more widely dispersed 

access to technological knowledge, they may also enable firms to exploit locational 

competitive advantages over larger geographical areas. These locational advantages could, for 

example, be the access to human capital, key suppliers, or efficient local institutions. Enright 

argues that the relative localization of industries depends on which of these two is the 

stronger.  

If Enright’s arguments are correct, the competitive advantage of clusters in the industry would 

be access to local resources rather than access to specific technological knowledge, since that 

could be more easily accessed in other locations. Thus, although the industry would become 

more localized, the research competence of a particular location could actually become more 

dispersed. In contrast, Cantwell and Janne (2000:244) argued that even though globalization 
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will strengthen the knowledge flows between countries it may also increase the specialization 

of nations. This would occur because multinational enterprises would be able to specialize in 

different areas of research in different locations, and countries would thereby be able to attract 

more multinational firms by becoming more specialized within a specific area of research. 

Owen-Smith, Riccaboni, Pammoli & Powell (2002) compared the various research 

competences within life-science in different locations in the United States and Europe, and 

D’Este (2005) studied the relative research competence of firms within the Spanish 

pharmaceutical industry. However, so far, no one has studied how the research competence of 

a nation evolves when there are more international linkages involved in the research. This is 

an interesting aspect since it will suggest how the dependence on localized knowledge 

spillovers evolves when technological knowledge becomes more dispersed. Therefore, this 

thesis compares the relative research competence of one location in three decades when 

improved communications facilitated international knowledge flows. For this purpose, 

Sweden is an interesting country to look at, since it contains five biotech clusters despite of its 

relatively small size (Dolk & Sandström, 2005). 

 

1.1 Research question 

 

The research question investigated in this thesis is:  

How does the relative research competence in the pharmaceutical industry in Sweden in the 

three decades from 1980 to 2009 apply to the disagreement over the effects of globalization 

on the relevance of localized knowledge spillovers that is found in Enright (2000) and 

Cantwell and Janne (2000)?  

In order to establish this, it is important to first have a look at how the use of international 

linkages in the research actually has evolved, in order to secure whether or not the Swedish 

research has become more internationally oriented. That is, how did the importance of global 

research linkages of the Swedish pharmaceutical industry evolve during the years 1980-

2009? This will be measured by looking at the number of scientific articles written by 

Swedish authors in collaboration with foreign authors, compared to those that were written 

only by Swedish authors. In addition, the distribution of the external R&D costs of Swedish 
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pharmaceutical firms will be discussed as this is considered to be an important international 

linkage for tacit knowledge flows.  

Following that, the focus will change to look at whether the research competence of the 

Swedish pharmaceutical industry has become more or less focused in terms of research on 

different therapeutic areas during the studied decades. Thus, how did the research competence 

of the Swedish pharmaceutical industry evolve during the three decades between 1980 and 

2009? This will be measured by analyzing the titles of the 500 most cited scientific articles in 

the three respective decades, and categorizing them according to which therapeutic areas they 

treat. This will enable a comparison of the relative research competence of the three 

respective decades that are studied, and a discussion as to whether Enright’s or Cantwell and 

Janne’s arguments are better applicable to describe the situation that is observed. 

The findings of this study suggest that the importance of international linkages in Swedish 

pharmaceutical research has increased significantly, and that the Swedish research 

competence has become more equally distributed into a larger number of therapeutic areas, as 

well as into locations outside the clusters. However, as some therapeutic areas are rarely 

treated in the most cited scientific publications, this suggests that the research competence of 

Sweden is still relatively specialized, although on a larger number of therapeutic areas. Thus, 

the findings can be claimed to support both of the opposing arguments. 

 

1.2 Delimitations 

 

Since the biotech industry is one of the most knowledge-intensive industries in our economy 

(Gertler et al., 2005:488; Cooke, 2005:325), it is an interesting example when looking at the 

geography of innovation since other less technology-intensive activities to a larger extent will 

be eliminated from the analysis. Furthermore, the biotech industry has a strong localization 

tendency towards so called nodes of excellence (Cooke, 2001), which makes it even more 

interesting to look at from a specialization perspective. Feldman (2000:356) argued that 

regional specialization can arise both in terms of products and processes, i.e. in the form of 

technologies as well as in the form of specific products. As this study will measure the 

relative specialization in terms of therapeutic areas, it will not treat knowledge spillovers in 



10 

 

terms of processes. However, since Pavitt (1988:137) noted that innovations in science-based 

firms were rather focused on products than on processes, this is expected to have a minor 

significance for the clustering of high-technology firms. 

This study will cover the Swedish research competence within pharmaceuticals, since most 

Swedish biotech firms are specialized within the development of pharmaceuticals (Dolk & 

Sandström, 2005). Thus, it should be noted that pharmaceuticals only make up one strand of 

research within the biotech sector (McKelvey, Alm & Riccaboni, 2003:488).  

Sweden is a relatively small and open economy (Cantwell & Janne., 2000:247), which is also 

very knowledge-intensive (McKelvey et al., 2003:483). Its small size makes it more 

interesting to look at as the research in the country cannot be expected to be very diverse to 

begin with. Cantwell and Janne (1999:125) argued that small economies have to focus on 

technological niches within industries because more extensive R&D is costly and thus too 

risky for these countries. Moreover, Chesbrough (2003:45) argued that the ability to perform 

top-class research was not any longer restricted to the top universities, but that this ability was 

being spread to an increasing number of universities over the world due to the wider 

distribution of scientific knowledge. However, he upheld that the top universities were the 

only ones that had the ability to conduct high quality research in a broad range of areas, which 

in turn strengthens the argument by Cantwell and Janne. This may also mean that it could be 

harder to discern changes in specialization patterns by looking at the research patterns in a 

more advanced center of research. The openness of Sweden is also an interesting 

characteristic as this will assure that the country is internationally connected. Cantwell and 

Janne (2000) found that Swedish firms had a very large share of their R&D facilities located 

abroad, compared to firms in other countries. Thus, the country may be used as a good 

example for possible future developments in other countries as research becomes increasingly 

international. 

Furthermore, since Sweden is a developed economy this study does not cover any deeper 

understanding of what the patterns could look like in developing economies. Although it is 

outside the scope of this study, it would be interesting to perform a similar study of a 

developing economy in order to compare the patterns in different types of economies. 
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The study performed in this thesis covers the three decades between 1980 and 2009. This 

period include the last two decades, which have seen an increase in the tendency of firms to 

offshore their R&D activities (Sachwald, 2008:365), as well as a control decade. 

Unfortunately, data on the distribution of external R&D on different types of actors is only 

available for the period 1995-2009, but this will be used anyway since it covers most of the 

period when firms have offshored R&D activities. 

 

1.3 Structure 

 

The thesis will start by exploring the case of the Swedish pharmaceutical industry and what 

has happened there during the last three decades. This will be followed by an extensive 

literature review. This review will explain how knowledge flows arise, how they travel and 

through which linkages they may travel. It will also treat the debate on the importance of 

knowledge spillovers as was presented in this introduction and an introduction to what forces 

may be causing the clustering of firms if localized knowledge spillovers become irrelevant. 

The chapter will be concluded by a discussion of the relative advantages and disadvantages of 

a specialized versus a diversified cluster. In the fourth chapter, the data and methodology used 

to perform this analysis will be presented and discussed. This will be followed by a 

presentation of the empirical findings of this study in the fifth chapter, before the results will 

be applied to the debate and the literature on knowledge flows in the sixth chapter. Finally, 

the conclusion will contain a discussion of the relevance of this study for further studies on 

knowledge flows as well as implications for governments wishing to provide an efficient 

business climate, and multinational firms setting their international research agenda. 
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2. The Swedish pharmaceutical industry 

 

In a study by PwC (2010), it was estimated that the world’s three largest pharmaceutical 

clusters, based on employment, were located in areas around New York, London and 

Zurich/Basel. The Swedish pharmaceutical industry is mainly located within five larger 

regions (Stockholm/Uppsala, Gothenburg, Malmö/Lund, Umeå and Linköping). 

Stockholm/Uppsala is the strongest of the Swedish biotech clusters, and it has also got 

international potential, while Malmö/Lund is a possible future challenger with its connection 

to Copenhagen in the Medicon Valley cluster (Coenen, Moodysson & Asheim, 2004:1006). 

All of the five cluster regions are located close to at least one university. The Karolinska 

Institute in Stockholm is the leading university in medical research in terms of scientific 

publications and citations, but Sahlgrenska in Gothenburg and Lund University are also very 

competent in some areas (McKelvey, Alm & Riccaboni, 2003:489). Sweden has got a 

historically strong position within medical science research (Archibugi & Pianta, 1992), 

although this strong position has suffered some major setbacks in the recent years.  

Until the 1980s Sweden was a net importer of medicines, but in the mid-1990s, the 

pharmaceutical industry had become one of the two leading high-tech industries in Sweden1 

(Stankiewicz, 1997:94-95). Fabrizio and Thomas (2012:47) studied the diffusion of 

innovations by the Swedish pharmaceutical industry and found that 95 percent of its 

innovations were launched in the home market between 1980 and 2001. Those countries to 

which the largest share of innovations was spread were Germany (95 percent), Britain (91 

percent), and Switzerland (86 percent). In 1990, the Swedish pharmaceutical industry’s share 

of sales in the home market was only 7 percent, while 26 percent of the sales were made in 

the United States, 18 percent in Germany, and 12 percent in France (ibid.).  

By the end of the 1970s the Swedish pharmaceutical industry largely consisted of seven large 

firms (Astra, Kabi, Pharmacia, Ferring, Leo, Ferrosan, and ACO), but this number was 

reduced to three (Astra, Pharmacia, and Ferring) within a short period of time (Stankiewicz, 

1997:94-95). In the mid1990s, the two largest of the three, Astra and Pharmacia, were 

respectively merged with the international firms Zeneca and Upjohn (Nilsson, 2010). A large 

                                                           
1 The telecommunications industry was the other. 
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share of former Pharmacia was relocated abroad, but AstraZeneca’s head office was kept in 

Södertälje (south of Stockholm), and for a few years the company even increased its number 

of employees in Sweden (ibid.). However, in the 2000s, the global pharmaceutical industry 

experienced a backlash with fewer new medicines being introduced, and the importance of the 

Swedish share in AstraZeneca decreased (ibid.). During the 2000s, the total number of 

employees in the industry remained at a stable level (ibid.), but in 2010, AstraZeneca 

announced it would close its R&D department in Lund, and move some of it to Mölndal 

(outside Gothenburg) (Sandström, 2012). In 2012, it also announced it would close down its 

R&D department in Södertälje (ibid.).  

In 2010, AstraZeneca employed 7277 people in Sweden, which was 49 percent of the total 

number of employees working in the pharmaceutical industry (Sandström, 2012). Thus, the 

industry suffered a major setback with the downsizing of AstraZeneca. Since AstraZeneca has 

made up such a large share of the pharmaceutical industry in Sweden it is also interesting to 

see whether its research has influenced the research competence of the country, and therefore, 

it is relevant to see in which areas it has focused its research. AstraZeneca’s research is 

focused on six therapeutic areas: the stomach and intestines, the cardiovascular system, the 

respiratory system, cancer, neuroscience, and infections (ibid.). Its research within the 

therapeutic areas has been split up at different locations, an overview of how the Swedish 

research has been split up can be seen in Table 3.1. 

 

Table 3.1 Research focus of AstraZeneca’s R&D facilities in Sweden (Source: Sandström, 2012) 

Location Research focus 

Lund Respiratory system 

Mölndal (Gothenburg) Cardiovascular system 

Stomach and intestines 

Respiratory system (After 2011) 

Södertälje (Stockholm) Neuroscience 

 

Major parts of Pharmacia’s business were acquired by Pfizer in 1997, and at this point, the 

total Pharmacia sphere employed around 6,600 workers (Sandström, 2012). In 2010, the 

whole sphere had been split up into 12 smaller firms that together employed around 6 000 
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people in total, which was almost 43 percent of the total pharmaceutical industry in that year, 

less than 1,000 of them were employed by Pfizer (ibid.). In the years after Pharmacia & 

Upjohn left the country, a large number of new start-ups were formed in Uppsala and other 

places where the corporation used to dominate (McKelvey et al., 2003:490). 

Some other changes that influenced the Swedish biotech-pharma industry during the 1990s 

and 2000s were the introduction of government policies that encouraged university 

entrepreneurships and university-industry linkages, as well as changes in the Swedish 

research system that lead to the increased funding of knowledge creation in new areas such as 

biosciences (McKelvey et al., 2003:489). Moreover, Coenen et al. (2004:1007) describes a 

change in the global biotech industry since the 1970s where the domination of large 

pharmaceutical firms has been gradually replaced by an environment where larger firms have 

become dependent on a large number of dedicated biotech firms (DBFs) each specializing in 

specific skills of a complicated scientific niche. However, this dependence is mutual as the 

DBFs rely heavily on the financing of the large pharmaceutical firms, and is also one possible 

explanation for the clustering of DBFs around larger firms (ibid.).  

Large pharmaceutical firms may therefore turn to both the DBFs as well as the universities for 

the supply of new knowledge and techniques (McKelvey et al., 2003:484). Dedicated biotech 

firms base their competitive advantage on its innovative capacity, since this will influence 

what products are marketed (Coenen et al., 2004:1006). This trend with many new DBFs 

seems to have been present in Sweden as well. McKelvey et al. (2003) noted that the number 

of biotech firms in Sweden increased steadily between 1980 and 1998, and that Sweden had a 

relatively large number of firms within the industry compared to most other European 

countries, although many of them were very small.  

The next chapter presents an extensive literature review. In the review, the presented literature 

will continuously be connected to research performed on the pharmaceutical industry. 
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3. Literature review 

 

This chapter will look deeper into the literature on the paradox on how the increase in 

international knowledge flows has co-occurred with an increased spatial agglomeration of 

many high-technology industries, and why these two seemingly diverging trends in have 

occurred in the biotech industry. According to Enright’s (2000) line of reasoning, better 

global communications could make the research competence of nations and regions more 

dispersed, since knowledge becomes better available at a distance. However, in some 

industries, regions with strong competitive advantages, such as access to skilled personnel, 

would maintain the clustering of firms in certain industries, although the access to knowledge 

spillovers would become less important. This argument is contradicted by Cantwell and 

Janne’s (2000) reasoning that the possibility for multinational enterprises to separate their 

functions in different locations has incentivized countries to narrow their technological 

specialization in areas where they historically have had a competitive advantage in order to 

attract foreign firms to locate in the country. According to this reasoning, knowledge 

spillovers are still an important factor for why some industries are still clustered in certain 

locations, which would imply that the research competence would therefore become more 

specialized into fewer research areas.  

The literature on knowledge spillovers and their expected reach provide a basis for 

understanding how the local research climate is formed. These knowledge spillovers can 

either be localized or transferrable over larger distances. However, it has been debated how 

restricted to geography that localized knowledge spillovers can truly be, and some argue that 

localized knowledge may actually spread farther through the right channels. Thus, it is 

important to understand how different channels for the transfer of these knowledge flows 

function in order to discuss how improved communications may affect these flows. These 

channels could be made up by local actors, such as universities and home-based firms, as well 

as foreign actors, such as multinational enterprises establishing in the region.  

This thesis draws on two different strands of the literature on clusters, innovation and the 

behavior and influence of multinational firms. The literature on economic geography, which 

focuses on the location (McCann & Mudambi, 2005:1865), is used to discuss knowledge 
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spillovers and cluster agglomerations, while the international business literature, which 

focuses on the multinational enterprise (ibid.), is used to explain why firms become 

multinational and how and why they conduct business in different countries simultaneously. 

The first section of this chapter will cover the literature on knowledge spillovers and the 

debate on the extent to which they are able to travel longer distances. The second section will 

cover international linkages, how they work, how they are accessed, and how knowledge may 

be absorbed through these channels. It will also look deeper into two such channels which are 

international co-authorships of scientific articles and firms offshoring their R&D facilities. 

Finally, the third section will look into how specialization versus diversification of research 

may affect the attractiveness of a region and the local research climate, in order to discuss 

whether countries should promote the one or the other. The theoretical literature in each 

section will be complemented by examples from studies on the pharmaceutical industry in 

order to see how the literature applies to the case of this study. 

 

3.1 Knowledge spillovers and spatial agglomerations 

 

Many studies have found that investments in R&D by both private companies and universities 

result in spillovers which can be exploited by third-party firms (e.g. Feldman, 1994a; Acs, 

Audretsch & Feldman, 1994). This is partly due to the public good character of knowledge 

(Jaffe, 1989:957), which means that the consumption of a piece of knowledge by one 

individual does not inhibit other individuals from consuming it, and also, that it is hard for 

one individual to prevent other individuals from consuming the good (Stiglitz, 1999:308). 

Even though knowledge may be protected as a trade secret or by a patent, once it has become 

public it is hard to prevent it from being spread (ibid.:309-310). Peri (2005:308) defines what 

takes place when one institution learns of an idea generated in another institution as a 

knowledge flow. This section will look into the literature on knowledge flows and their 

importance for the geographical clustering of firms in an industry.  

R&D activities at firms and research laboratories at universities are considered to be the most 

important source of new knowledge (Audretsch, 1998:20). However, new innovations are not 

as often a product of the findings of one single firm as it is a product of assembled knowledge, 
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input and capabilities of a number of actors (Malmberg & Maskell, 1997:28). Hence, 

knowledge flows are an important part for innovations to take place, although it is important 

to note that knowledge generating firms may not always be willing to share their findings with 

external actors. For example, important and classified information that leaks out from a firm 

to a competitor may damage the firm’s competitiveness (Dahl & Pedersen, 2004:1687), 

therefore, there are be incentives for actors to prevent their knowledge from being spread by 

patenting ideas et cetera. 

The existence of so called localized knowledge spillovers has been used by agglomeration 

economists to explain why firms within the same industry choose to cluster in specific 

locations (e.g. Feldman, 1994a; Malmberg et al., 1997; Asheim & Gertler, 2005). By studying 

citations across patents, Peri (2005) found that only 20 percent of the knowledge which is 

generated in a typical region flows outside of its boundaries. A traditional explanation for why 

these geographic boundaries exist has been that not all knowledge can travel distances as 

easily as other (e.g. Feldman 1994a, Malmberg et al., 1997). According to this explanation, 

there is a difference between so called tacit and codified knowledge, where tacit knowledge is 

harder to communicate and may sometimes require face-to-face interaction, while codified 

knowledge can be written down and standardized (Feldman, 1994a:386). According to 

Howells (2002), a piece of knowledge does not have to be either tacit or codified but could 

inhibit characteristics of both types. For example, codified knowledge presented in a scientific 

article may also inhibit some tacit characteristics as it may have to be interpreted and 

assimilated in a specific way to be completely understood. This might mean that scientific 

articles, although accessible in practically all geographic locations, may be better understood 

and used by actors located in the vicinity of the author (ibid.). 

According to Bathelt, Malmberg & Maskell (2004:38), local knowledge is spread by a so 

called ‘buzz’, which they define as “…the information and communication ecology created by 

face-to-face contacts, co-presence and co-location of people and firms within the same 

industry and place or region”. This buzz is enabled by informal contacts between individuals 

and the labor mobility of employees between firms in a location (Fabrizio & Thomas, 

2012:44). Dahl et al. (2004) found that regular informal contacts between employees of firms 

in the same industry constitute an important channel for tacit knowledge flows and that firm-

sensitive knowledge may even be exchanged through these contacts. Bathelt et al. (2004:38) 
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argue that firms that wish to take part of this buzz do not have to make any investments since 

this information is gained automatically by those participating in the social and economic 

spheres of the cluster. However, Coenen, Moodysson and Asheim (2004:1008) criticize this 

view as it seems to assume that local learning is less organized than what learning from global 

pipelines is. Moreover, Lissoni (2001) criticizes the idea that the local buzz should be 

available to everyone in its physical vicinity, arguing that knowledge rather circulates in small 

epistemic communities consisting of single firms within the same market niche. 

This critique can be related to the literature on the absorptive capacity of firms, which argues 

that the ability of a firm to absorb knowledge from its environment depends on the firm’s 

internal skills (Cohen & Levinthal, 1990; Laursen & Salter, 2005; Grimpe & Sofka, 2009). 

This absorptive capacity refers to the firm’s capability to recognize the true value of external 

knowledge sources, which could be made up of customers, suppliers, competitors and 

universities (Grimpe et al., 2009:495). Cohen et al. (1990) found that a firm’s absorptive 

capacity largely is a function of its prior level of knowledge. Laursen et al. (2005) built on this 

observation and concluded that the benefits to additional openness were subject to decreasing 

returns, and thereby that additional external searching activities become unproductive at a 

certain point. 

Critique has also been directed at the emphasis on geographical proximity as this is neither 

required nor sufficient criteria for successful collaboration (Bathelt et al., 2004; Boschma, 

2005; Ponds, van Oort & Frenken, 2007). Bathelt et al. (2004) argued that the relevance of 

localized knowledge spillovers had been overemphasized and that non-local knowledge flows 

were vital for the innovative capacity of firms. Boschma (2005) suggested that the concept of 

geographical proximity must be discussed related to other dimensions of proximity, such as 

cognitive, organizational, social and institutional proximity. Ponds et al. (2007) built on this 

idea and found that collaborations between different types of organizations, such as 

universities, industry or governmental research institutes, are often more localized than those 

between organizations of a similar institutional character, e.g. university-university or 

industry-industry collaborations. Thus, institutional proximity seems to enable organizations 

to better overcome the differences arising with geographical distance in collaborative research 

projects.  
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Boschma (2005:69) underlines that face-to-face contacts are still necessary for the transfer of 

tacit knowledge, but that it is possible to overcome geographical distances by regular 

travelling, and that permanent co-location is thereby not a prerequisite for the transfer of tacit 

knowledge as long as the parts experience other types of proximity. Weterings and Ponds 

(2009) examined whether the character of local and non-local knowledge flows were 

structurally different, and found that regional knowledge flows were more often characterized 

by face-to-face contacts. They also found that knowledge flowing through non-local channels 

seemed to be more valuable than knowledge that was absorbed locally. Their conclusion was 

that just because the occurrence of face-to-face contacts was higher in the regional vicinity it 

did not have to imply that valuable information was exchanged at these meetings, and 

although the non-local contacts were fewer they were often formed with the incentive to 

exchange valuable knowledge. 

Thus, non-local knowledge flows seem to be important for keeping an innovative 

environment. And it seems like the transfer of non-local tacit knowledge flows has become 

more likely through better international communications, by enabling parties to meet face-to-

face more frequently. This is especially true when the two parties share some other basis for 

mutual understanding, such as institutional alikeness.  However, it is not clear whether this 

increase in international linkages would diminish the importance of localized knowledge 

spillovers for firms deciding to locate in clusters. This is why the next section will look deeper 

into how these international linkages may actually work, and if they are able to transfer tacit 

knowledge and, in that case, how that would work. It will also treat how international linkages 

are developed and how the knowledge acquired through these international linkages may 

diffuse in a region. 

 

3.2 International knowledge linkages 

 

Lorenzen and Mudambi (2012:3) define linkages as “… channels for the efficient transfer of 

resources such as technology, knowledge and capital”. Both multinational enterprises that 

establish a subsidiary in a region to tap into local competence, and local firms that are trying 

to access foreign knowledge sources are important international channels for the transfer of 
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innovative knowledge flows into a region (Cantwell & Iammarino, 2000:319). Other possible 

channels for international knowledge flows consist of public scientific databases, and online 

journals (Chesbrough, 2003:44). The access to these latter databases has been facilitated by 

the Internet which was introduced in the beginning of the 1990’s (ibid.). Moreover, better 

communication technologies have facilitated the possibility for firms of doing business in a 

number of locations simultaneously, and thereby also the possibility to transfer knowledge 

through these channels (Mudambi, 2008:704). Lorenzen et al. (2012:3) discerned between 

two different types of global linkages, and these were either organization-based or person-

based. The organization-based linkages can also be referred to as pipelines (Bathelt et al., 

2004), and are created by organizations for the efficient transfer of resources over a 

geographical distance2, while the person-based linkages are those that are held and maintained 

between individuals (Lorenzen et al., 2012:3-4).  

Bathelt et al. (2004:46) suggested that the extent and quality of global pipelines in a cluster is 

positively correlated with the quality of the local buzz. However, Lorenzen et al. (2012) 

argued that the benefits of global pipelines to local firms depend on the characteristics of the 

globally linked actors in the cluster. If the linkages are distributed over many actors in the 

cluster, the local buzz is also more positively affected by them, and additionally, where the 

linkages are personalized rather than organization-based the effect on the local buzz of the 

cluster is also more positive (Lorenzen et al., 2012). In contrast, Blomström and Kokko 

(2003) found that the spillovers from foreign multinationals established in a cluster depend on 

the local firms’ ability and motivation to invest in trying to absorb knowledge from the 

foreign firms. But just because there are globally connected actors in a cluster it does not have 

to mean that all local actors will benefit from them. This can also be related to the critique of 

the local buzz by Coenen et al. (2004) and Lissoni (2001), that it is not equally available to all 

actors present in the location. 

Malmberg et al. (1997:28) argued that more global knowledge flows of codified knowledge 

made tacit knowledge a more important factor for firms to gain sustained competitive 

advantages. In contrast, Chesbrough (2003:44-45) suggested that the entry barriers to certain 

industries that were made up of the large costs acquired to create an internal R&D function 

had been mitigated by the availability of knowledge through public scientific databases as 

                                                           
2 Multinational firms are controlling a system of such global pipelines. 
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well as low-cost internet access et cetera. This knowledge availability has also made it 

essential for innovators to tap into the newest research findings originating in prominent 

regional innovation centers in order to become internationally competitive, which means that 

knowledge-intensive firms and organizations wishing to compete in an international market 

will have to develop high-quality global networks of innovation and production (Florida, 

1995:531, 534). Thus, although increased knowledge flows have improved the access of 

knowledge to more actors, it seems like tacit knowledge, which can by definition not be 

published in scientific articles, has become more important for the competitiveness of firms. 

The ability to acquire and transfer tacit knowledge through these international linkages would 

therefore be an important indicator of the true value of the linkage. 

This thesis will look into two types of global linkages, international co-authorships and R&D 

offshoring, where the former is more of an organizational character and the latter of a more 

personal character. Both of these linkages may transfer tacit knowledge to a location, while 

the former can be expected to benefit the local actors more, since universities are more willing 

to spread their research findings with the public. The sections below will present previous 

research on how these international linkages work, their ability to transfer tacit knowledge, 

and why they arise. 

 

3.2.1 Co-authorships 

 

Scientific knowledge is supra-national can generally be applied in all countries once it has 

been discovered (Subramanyam, 1983:33). As Subramanyam (ibid.) expresses it: “There is no 

such thing as ‘American physics’, ‘Russian chemistry’, or ‘Chinese thermodynamics’.” 

Therefore it should not either be surprising that many authors of scientific articles choose to 

collaborate with foreign fellow scientists that are specialists within their area of research. Co-

authorships are joint research efforts which constitute an important channel for the transfer of 

tacit knowledge between the collaborating authors since they involve face-to-face interactions 

(Cockburn & Henderson, 1998:166). Frame and Carpenter (1979:482) stated that an 

international co-authorship takes place when the authors of a paper work for institutions in at 

least two different countries. Participation in international co-authorships by local scientists 
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can be expected to gain the community surrounding them, by increasing the amount of non-

local knowledge flows. The tacit knowledge acquired through these collaborations may also 

be expected to gain local actors if these come in contact with the authors. Moreover, co-

authorships involve both the generation and the exchange of new knowledge (Cockburn et al., 

1998:166), which means that the information gained through these collaborations constitute a 

valuable source of knowledge for local firms.  

Grimpe et al. (2009) found that university research was the most important external source of 

knowledge for firms in high- and medium-high-technology industries. Cockburn et al. 

(1998:160-161) found that research performed by the public sector was also an important 

source of knowledge in the drug discovery of the private sector. This is logical as the industry 

is not the leading research performer in biosciences, but rather this is the public research 

laboratories that are associated with the leading universities (Cooke, 2005:326). 

Correspondingly, high-technology clusters are often located in the vicinity of a university 

(ibid.). In a study of the pharmaceutical industry, Henderson and Cockburn (1996) noted that 

many scientists in the private sector found it important to be aware of the research performed 

by public research facilities, as well as by their competitors. Moreover, they found that firms 

in the pharmaceutical industry experienced that prior knowledge was not the only factor 

affecting the ability of firms to absorb knowledge spillovers from public sector research, but 

that other factors such as hiring the most skilled researchers and rewarding them based on 

their public ranking, and encouraging them to connect and be engaged with the public sector, 

were also critical factors. Thus, it is not only important for firms in the pharmaceutical 

industry to have a competent internal R&D department in order to be able to benefit from 

knowledge spillovers, but also that firm representatives actively participate in the research 

community surrounding the firm. 

Moreover, Feldman (1994b) found that small firms relied more heavily on knowledge 

spillovers from university research than did larger firms, while Jaffe (1989) found that there 

was a strong relationship between university research and the number of corporate patents in 

pharmaceuticals, i.e. in countries where universities focused on drug research, there were also 

many firms patenting drug innovations. In a study of large European firms in different sectors 

Arundel & Kabla (1998) found that the propensity of firms within the pharmaceutical industry 
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to patent their product innovations was 79.2 percent, which was the largest number observed 

in the study.  

According to Jaffe (1989:957), there are two channels through which knowledge flows from 

universities. These are journal publications and informal conversations, of which the former is 

not restricted by geographical boundaries in the same way as the latter. Research performed at 

universities can naturally be expected to flow more freely than that performed by firms since 

the former have fewer incentives to keep the findings from being shared (Jaffe, 1989:957). 

Nevertheless, Adams (2002) found that university spillovers were actually more localized 

than industrial spillovers. He found that this was because firms tend to consult universities in 

their vicinity when they need advice, research or employ students, while their industrial 

interactions, such as collaborative agreements and personnel movements, often occurred with 

actors at a farther distance. The tacit knowledge that is absorbed by the co-authors of an 

article through their face-to-face interactions could gain the surrounding community given 

that the participating author(s) would be willing to share their knowledge, and given that there 

exists efficient linkages to the community. Knowledge acquired by universities in 

international co-authorships can therefore make up an important source of tacit knowledge 

flows for those performing research in the sector. 

However, firms are not restricted to the knowledge acquired by universities in international 

co-authorships, but may actually participate in the writing of scientific articles themselves. 

Fontana, Geuna and Matt (2006:312) argued that firms were often willing to share their 

knowledge and participate in the writing of scientific publications, since this would not only 

expand their networks, but since it could also generate feedback from users or suppliers. One 

of their main findings was that the larger the firm, the more likely it was to collaborate with 

universities. Just because firms are willing to share their knowledge, it does not mean that this 

would harm their competitiveness. This can be related to the argument by Malmberg et al. 

(1997:28) that the freer flows of codified knowledge being enabled by better communications 

would make codified knowledge less important for the competitive advantage of firms, while 

tacit knowledge would become relatively more important. Thereby, the writing of scientific 

publications may be an efficient way to improve the credibility of products that are marketed, 

without harming the competitiveness of the firm.  
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In addition, Chesbrough (2003:45) noted that it had become more usual for universities to 

seek out industry support for their research projects as public funding of basic research had 

decreased, and this had also led to university research becoming more aligned with the 

interests of the industry. Traditionally, universities in the United States have been more 

connected to the industry than universities in Europe, primarily due to the mix of public and 

private institutions in the U.S. university system (Owen-Smith, Riccaboni, Pammoli & 

Powell, 2002). Grande and Peschke (1999) established that weak linkages between science, 

industry and politics in European science and technology policy posed an obstacle for 

efficient policies in the area. Moreover, this weak linkage to industry was perceived by Owen-

Smith et al. (2002:24) as a reason for why research in the life sciences in the United States 

was performed in a wider range of therapeutic areas, while the European research was more 

regionally specialized in fewer therapeutic areas. Thus, this would suggest that the research 

focus would become more dispersed if there were many linkages between firms and 

universities. 

Due to the large attention directed at university research by the pharmaceutical industry, 

international co-authorships can be expected to provide a valuable source for non-local 

knowledge flows. Pharmaceutical firms may therefore be expected to try to seek out contacts 

with researchers in their vicinity that have participated in international collaborations to get 

their hands on valuable tacit knowledge. They may also participate in co-authorships 

themselves in order to get first-hand access to the newly generated knowledge, and at the 

same time improve the credibility of their products. Thus, knowledge acquired in international 

co-authorships may therefore also be expected to constitute a valuable inflow of tacit 

knowledge to a cluster, which may in turn have an influence on the general research direction 

of the cluster, given that localized knowledge spillovers are still relevant. Therefore, it is 

interesting to look at how scientists in the cluster collaborate in international co-authorships, 

either if the scientists are hired by the firms or the universities. 
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3.2.2 R&D offshoring 

 

This section will focus on how local firms may offshore R&D facilities to other countries as 

an instrument for absorbing knowledge spillovers from the foreign location. Manning, 

Massini and Lewin (2008:35) defines offshoring as “… the process of sourcing any business 

task, process, or function supporting domestic and global operations from abroad…”. Thus, 

offshoring is the transfer of an activity abroad, which is considered having a leveraging effect 

on the entire firm, or at least, on the headquarters. Pure sales or HR activities are thereby 

excluded from the concept offshoring (ibid.:39). There are three ways for firms to tap into 

foreign knowledge bases; the firm may establish a foreign R&D facility, it may acquire or 

merge with a local actor, or it may enter into alliances with a local actor (Narula, 2002:796).  

International business theory treats how and why firms become international. Hymer (1976) 

was one of the first to try to address the problem of why firms expand abroad when they 

obviously have a disadvantage compared to domestic firms, especially when it comes to 

knowledge on the local business climate (Forsgren, 2008:15). Hymer (1976) suggested that a 

firm going abroad must have some firm-specific advantage that makes it overcome its, so 

called, ‘liability of foreignness’. Buckley and Casson (1976:69) built on this assumption and 

suggested that the advantages of a multinational enterprise were based on three attributes, 

which were its past investments in (a) R&D facilities, (b) an internal team of skills, and (c) an 

internal information transmission network, where (c) allows for the skills and knowledge of 

(a) and (b) to be transmitted within the organization at a low cost, while protecting it from 

leaking outside of the firm boundaries. Based on these attributes they developed 

internalization theory of the multinational enterprise, which states that due to market failures, 

tacit knowledge may be hard to transfer from one actor to another, and therefore, the firm may 

sometimes be better off internalizing its activities for the transfer of knowledge over country 

borders (Forsgren, 2008:34-35). 

However, Kogut and Zander (1993) opposed the idea that it was only market failures that 

impeded the efficient transfer of knowledge between actors, and instead suggested that it was 

the characteristics of the knowledge that hindered it from being traded, i.e., that it could not 

be separated from the firm producing it (Forsgren, 2008:54). Kogut et al. (1993) viewed the 

firm as a social community in which knowledge is embedded in the competence of the 
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employees, as well as in their routines and principles of work. According to their view, 

knowledge transfers are more easily performed within the firm boundaries than between 

different actors in the market. They also suggested that knowledge that is perceived as tacit 

can sometimes be transferred over distances through the communication channels of the firm. 

Their theory of the multinational enterprise thereby suggested that the firm’s domestic as well 

as international growth depended on its ability, relative to other firms or the market, to 

transfer tacit knowledge over a geographical distance. Thus, according to Kogut et al. (1993), 

the multinational firm exists because it is superior to the market in transferring knowledge, 

and it can therefore be anticipated to transfer locally absorbed tacit knowledge within its 

boundaries and over country borders. This ability should generally be expected to be 

facilitated by better international communications, and thereby, firms should also be expected 

to offshore more R&D activities when international communications improve.  

Penner-Hahn and Shaver (2005) argued that a firm’s ability to tap into foreign knowledge 

bases by establishing R&D subsidiaries in the location depended on their former research 

competence within the basics of the technology. Thus, the literature on absorptive capacity is 

equally important when it comes to foreign research subsidiaries as when it comes to 

absorbing knowledge from the vicinity of the firm’s headquarters. Moreover, Szulanski 

(1996) argued that there were impediments to the efficient transfer of knowledge within the 

firm as well, which he referred to as ‘internal stickiness’. This stickiness arises between the 

individual or unit that possesses the knowledge, and the individual or unit that is about to 

learn it (ibid.). Mudambi (2008:706) argued that firms that were able to overcome this internal 

stickiness could benefit from so called ‘linkage economies’, i.e. when the aggregate control of 

several different value chain activities has a leveraging effect on the efficiency and 

effectiveness of all of them. The key to competitive advantage for these firms lies in their 

ability to combine the benefits from specific locations with the strengths of the firm (McCann 

et al., 2005). Improvements in communication and information technologies have made it 

easier to split up different business functions and to locate them where the function will 

benefit the most from the location. (Mudambi, 2008:704) 

Kuemmerle (1999) argued that the motives for setting up a foreign R&D facility could be 

divided into two categories; either the motives were to exploit the firm’s knowledge abroad, 

or the motives were to increase the firm’s existing knowledge. Thus, there is a distinction 
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between capability-exploiting and capability-augmenting motives. In a study of the largest 

R&D performing companies in North America, Western Europe and Japan, Roberts (2001:31) 

found that Japanese and European firms that had established foreign R&D facilities were 

mainly focused at learning from lead markets and lead customers, while North American 

firms rather wanted to adapt their products to local markets. Thus, according to Kuemmerle’s 

definitions, European and Japanese firms rather offshore activities for capability-augmenting 

motives, compared to North American firms that rather offshore for capability-exploiting 

motives. These findings can be related to Cantwell and Janne’s (1999) finding, that firms 

from leading centers want to build on their own expertise and adapt their products to local 

demands, while firms from centers that are not as advanced will absorb more general 

expertise and skills from their foreign locations. Thus, firms from leading centers are also 

likely to be more diversified in their different locations than will firms from lower order 

centers (ibid.).  

Of the Swedish clusters, Stockholm/Uppsala is the only which can be referred to as a higher 

order cluster, or a ‘megacenter of knowledge’ as Coenen et al. (2004:1006) call it. Such a 

megacenter is defined by inhabiting a large number of dedicated biotech firms and life 

scientists, at the same time as large amounts of venture and big pharmaceutical firms’ capital 

is being spent on the R&D activities of the dedicated biotech firms. According to the 

reasoning above, this means that the foreign activities of most Swedish pharmaceutical firms 

should be more likely to aim at absorbing general skills and knowledge that can be valuable 

for the entire firm, compared to firms looking to improve their position in a particular market. 

Thereby, the research performed in the home location by Swedish firms with a R&D facility 

abroad can also be expected to be relatively influenced by the knowledge absorbed abroad. 

This is, nevertheless, contradicted by the finding by Fabrizio et al. (2012) that the research 

performed by firms in the pharmaceutical industry were rather affected by the demand by 

customers in their home locations, since the firms were better able to understand this demand 

than the demand arising in foreign locations. According to this reasoning, the offshoring of 

R&D by firms in the pharmaceutical industry would thereby be capability-exploiting rather 

than capability-augmenting. 

Due to the expected possibility of firms to transfer knowledge between their subsidiaries and 

their head-quarters, the investments by Swedish firms on different types of external R&D will 
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be studied in this thesis. The study of the distribution of firms external R&D costs will be 

demonstrated in terms of external R&D from the offshoring, or outsourcing of R&D 

activities. This will allow for a comparison of the industry’s tendency to hire external actors 

for knowledge sourcing, or whether this is mainly performed by the firms themselves. A 

larger focus on R&D offshoring would suggest that the firm is superior to the market in 

transferring knowledge over borders. 

So far, this literature review has deliberately not treated the location choices of multinational 

enterprises in offshoring activities. In this section it has been established that multinational 

firms may experience benefits from locating different activities in different regions. The 

following two sections will treat how multinational’s choose between different locations and 

also how local governments may try to attract foreign firms. Cantwell and Iammarino 

(2000:319) suggest that these two perspectives of the multinational and the local host context 

should be studied conjointly since skills and expertise which is cumulated locally is the key to 

competitiveness for multinational enterprises. The next section will discuss the two diverging 

explanations for why many high-technology industries continue to be localized while 

international knowledge flows have obviously become more important. 

 

3.3 The relevance of knowledge spillovers for the spatial agglomeration 

of industries 

 

Due to the presumed increase in global tacit knowledge flows, it has been debated whether 

localized knowledge flows are actually important for the agglomeration of certain industries. 

This section presents the literature on the two opposing sides that differ in their views of the 

importance of localized knowledge spillovers. The authors agreeing with Enright argue that 

localized knowledge flows are not important since knowledge can flow more freely with 

better communications, while the authors agreeing with Cantwell and Janne (2000) argue that 

localized knowledge spillovers are still an important factor for the geographical 

agglomeration of high-technology industries. 
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3.3.1 Enright’s line of reasoning 

 

Enright (2000:115-116) argued that increased global competition would make some industries 

more geographically dispersed, while some other industries would become more 

geographically concentrated. In the industries that become more geographically concentrated, 

location-specific sources to competitive advantage are still strong enough to attract firms to 

certain locations (ibid.). These forces can be arranged under three categories, which were first 

expressed by Marshall (1890). He argued that there were mainly three benefits from the co-

localization of firms within an industry; and that these were (1) the existence of a pooled 

market for workers with specialized skills, (2) the facilitation of the development of 

specialized inputs and services, and (3) the possibility of firms to benefit from technological 

spillovers (ibid.). According to Enright’s reasoning, technology becomes more widely 

dispersed with the globalization mechanisms, while the other benefits still are sufficiently 

strong to preserve the clustering of certain industries.  

Enright was definitely not the first to adhere to this idea, many previous authors have argued 

that the importance of intra-industry spillovers for the clustering of industries has become 

obsolete. This section presents some of the studies that reject the significance of intra-industry 

knowledge spillovers as a force for agglomeration and comes up with other explanations for 

why firms in some industries are located in clusters. However, it is important to note that 

these authors do not reject the existence of knowledge spillovers; they just reject the idea that 

the spillovers should be restricted by geographical boundaries (Audrestch, 1998:21). Enright 

(2000:115-116) gives six examples for geographic sources of advantage which may enforce 

localization although the importance of localized knowledge spillovers fades. These are 

localized human capital, presence of key suppliers, tastes of local consumers, demand patterns 

of industrial customers, the nature and levels of local competition and cooperation, and local 

institutions. In this section, some studies of these factors will be presented. 

Several authors have pointed to the existence of skilled human capital as an important factor 

for attracting firms to a location (e.g. Florida, 1997:86, 2002; Gertler & Levitte, 2005). 

Florida (1995) argued that the shift to a knowledge-based economy has made it more 

important for firms to hire high-skilled employees throughout the organization. Therefore, he 

suggested that innovative regions are dependent on a so called human infrastructure, or labor 
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market, from which they can employ skilled and talented workers. In a later work, Florida 

(2002:220) took this suggestion to another level and argued that there had been a shift in the 

nature of the pooled labor market, such that it was no longer the existence of an industry in a 

location that attracted workers, but rather the existence of skilled workers in a location that 

attracted firms. This statement was confirmed in a study by Manning et al. (2008:41), who 

established that access to skilled personnel was an important factor for firms that offshored 

their R&D activities.  

There are both horizontal and vertical dimensions of a cluster, i.e. horizontal firms which are 

direct competitors and vertical firms such as suppliers and customers (Bathelt et al., 2004:36-

37). von Hippel (1988:107) argued that firms in high-technology industries should turn to so 

called lead users in their marketing research, since these could give hints to product 

developments that could satisfy future needs.  The access to such users in a location may 

therefore be an advantage for local firms. Fabrizio et al. (2012) found that the pattern of 

innovation in the pharmaceutical industry was geographically concentrated, in the sense that 

drugs treating the same disease were often developed in particular regions. However, they did 

not ascribe this phenomenon to the existence of technological knowledge, as this knowledge 

could diffuse over the world, but rather to localized demand that inspired firms to produce 

innovations from this knowledge. They argued that demand varied over countries, not because 

of varied incidences of disease, but because people in different social cultures prioritized 

diseases differently. According to this view, the research competence of a location would 

logically be rather specialized, even though technological knowledge spillovers would not be 

the causing factor. 

A number of studies have questioned whether it is actually not intra-industry spillovers that 

are the most beneficial to firms in a location but if inter-industry spillovers are rather more 

important (Glaeser, Kallal, Sheinkman & Shleifer, 1992; Feldman & Audretsch, 1999). 

Glaeser et al. (1992) compared the argument that the most important knowledge spillovers 

occur between firms in the same industry, with Jacobs (1969) argument that the most 

important knowledge spillovers were those that flowed between firms in different industries. 

Glaeser et al. (1992) found that industrial growth was larger in those locations where there 

was a greater mix of industries, rather than in those with a few dominating industries. 

Moreover, Feldman et al. (1999) found that regions with a more diverse economic activity 
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were better at promoting innovations than regions with a more specialized innovative activity. 

Glaeser et al. (1992) argued that this was a sign that knowledge spillovers were in fact, not 

that important for the co-localization of industries, but that other externalities, such as access 

to skilled workers were more influential. 

Thus, there can be other sources to advantages in a region that may explain why an industry 

would locate there. However, the facilitation of knowledge spillovers over the globe would, 

according to these authors, improve the capability of actors outside the clusters to access the 

knowledge and perform more qualified research in areas where no other competence has 

previously existed in the area, i.e. in cities located outside of the clusters. At the same time, it 

could be argued that researchers located in clusters would depend less on localized knowledge 

spillovers, and therefore also be able to perform research in a more varied range of topics. 

This explanation could therefore be applied to explain if the research competence of Sweden 

would become distributed into more therapeutic areas. 

 

3.3.2 Cantwell and Janne’s line of reasoning 

 

In contrast, Cantwell and Janne (2000) argued that localized knowledge spillovers were still 

an important reason for why firms in high-technology industries located in clusters. Audretsch 

(1998) argued that with increased international trade flows, i.e. global exploitation of 

innovation, tacit knowledge flows inherent in certain regions would be a significant key to the 

competitiveness of global firms, and thereby localized knowledge spillovers should still be 

considered an important reason for why industries remain agglomerated. The multinational 

firm may increase its competitiveness by locating subsidiaries in those areas with a 

competitive advantage within relevant research areas, and then, by coordinating the 

knowledge absorbed from different locations (Mudambi, 2008:700). Respectively, the main 

key to success in the inter-country competition for inward foreign direct investments is a 

historically strong local innovation tradition in the specific industry (Cantwell and Iammarino, 

2000:319). Thus, the state may improve its competitiveness by encouraging the national 

research within an area with strong international potential (ibid.). 
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According to this reasoning, improved international communications would lead to more 

geographically differentiated research climate, with more regional specialization and an 

intensified research competence of locations into fewer areas of research. However, Cantwell 

and Janne (1999:119-120) argued that the extent of this geographical dispersion would vary 

from industry to industry, but that it would generally be high in industries with many strong 

multinational firms with different home locations, and where these firms have developed 

extensive network linkages between various megacenters. Moreover, Cantwell and Janne 

(2000:245) argued that the European integration and creation of an internal market further 

would increase the specialization of innovation between different countries as this would 

allow for the exploitation of economies of scale and scope in innovatory activities. Thus, if 

Cantwell and Janne’s assumptions are correct, the research competence of regions would 

become more specialized into fewer therapeutic areas, such that the local industry could 

become especially competent within a particular area of research, which would in turn 

provide for globally competitive firms. Moreover, multinational firms would be likely to seek 

to establish subsidiaries in these regions as these would give them access to internationally 

prominent localized knowledge spillovers. 

 

3.3.3 The relevance of localized knowledge spillovers in pharmaceutical research 

 

The discussion on the relevance of technological knowledge spillovers for the clustering of 

firms should be applied to the literature on different knowledge types and how they are able to 

travel since this would also depend on what knowledge is required to perform research in the 

particular industry. Asheim et al. (2005) distinguished between two types of industrial 

knowledge bases, the analytical (or science-based) and the synthetic (or engineering-based), 

which shape the innovation process of firms within specific industries. They argued that the 

biotech industry primarily belongs to the analytical knowledge base, in which most 

knowledge can be codified, compared to the synthetic knowledge base, where new knowledge 

arise through the interactive learning between actors. This was confirmed in another study by 

Moodysson, Coenen and Asheim (2008b), who also found that analytical knowledge creation 

is less geographically bound than synthetic knowledge creation. However, Asheim et al. 

(2005) observed that this does not mean that industries with analytical knowledge bases were 
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more geographically dispersed, in fact, they found that the more technologically intensive an 

industry, the more geographically clustered it was also likely to be. Moodysson, Coenen and 

Asheim (2008a) built on this observation, and concluded that research projects in the biotech 

industry may include both analytical as well as synthetic knowledge, and thereby they found a 

possible explanation for why both local and distant knowledge sources could be important for 

new innovations to take place in the industry.  

Biotechnology research can therefore be assumed to be dependent on both synthetic and 

analytic knowledge, and thereby on both tacit and codified knowledge flows. Thus, if it is 

assumed that codified knowledge flows are equally dispersed to all locations, the dependency 

on localized knowledge spillovers would depend on the extent to which tacit knowledge can 

be transferred over distances. Moreover, this would also affect the relative advantages and 

disadvantages of a specialized or a diversified research competence in the vicinity of 

researchers. The next section therefore looks into which research climate can be expected to 

benefit the pharmaceutical industry the most. 

 

3.4 Advantages and disadvantages of a specialized versus a diversified 

research environment 

 

Except from the possibility of attracting multinational enterprises, the local research climate 

should benefit the research of the domestically based firms, or the attraction of foreign firms 

would be contra-productive. Therefore, this section seeks to explore the relative advantages 

and disadvantages of a more specialized versus a more diversified research competence 

within a location. Porter (1990:77) argued that nations could create advantages for 

themselves, in order to attract and encourage business activities of a certain industry, and for 

the industry by making it easier to conduct business. In order to make these advantages more 

difficult for foreign locations to imitate, they should be highly specialized to support the 

industry’s particular needs (ibid.:98). However, Kuemmerle (1999:19) recommended public 

policy makers trying to attract foreign direct investments to set up realistic expectations as to 

what advantages could be provided with regard to the specific prerequisites of each specific 

region. Based on his findings, he assumed that it would be easier for non-developed regions to 
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start by providing a good business climate and demand to attract home-base exploiting firms, 

wishing to adapt their products to the local market. Due to localized knowledge spillovers, 

this would, in turn, provide for a local science-base which could benefit local firms as well, 

and thereby start to attract home-base augmenting foreign direct investments.  

Although the demand for pharmaceutical products varies distinctly between countries, the 

drugs are often marketed globally due to the scale economies associated with the research and 

development activities involved in the production of drugs (Fabrizio et al., 2012:46). This 

would suggest that the more specialized knowledge that may be accessed in a location would 

benefit the firm. However, too much specialization in research is not desirable in a region. 

Boschma (2005:70) argued that too much regional interdependence for knowledge spillovers 

may result in a spatial lock-in, where the innovative capacity of local actors may even be 

weakened such that they have trouble adapting to new technological developments originating 

from other places. This lock-in, or R&D inertia, occurs when there are rigid institutions in a 

location focused around a specific technology, which may eventually become obsolete if 

newer technologies arise (Narula, 2002). The risk of spatial lock-in is especially imminent in 

highly specialized regions with a lack of openness to global research (Boschma, 2005). Narula 

(2002) therefore argued that the risk of country-specific lock-in will decrease as R&D 

becomes more internationalized. This would mean that the disadvantages of a regionally 

specialized research climate would decrease with better international communications. This 

would in turn also benefit clusters located in smaller countries as these are somewhat required 

to focus on certain niches within an industry due to the lack of resources that are required to 

be internationally prominent in a broad selection of areas (Cantwell & Janne, 1999). 

Archibugi and Pianta (1992) argued that the higher degree of specialization of a technological 

industry enabled economies of scale (an exponential decrease in production costs experienced 

in the additional production of an item) and scope (an exponential decrease in production 

costs experienced when producing many different items) at the national level. This could be 

compared to a number of studies that have found that technological diversity at the firm level 

can be essential for its innovative capability. For example, D’Este (2005) found that 

pharmaceutical firms that performed research within a broader spectrum of therapeutic areas 

were more innovative than firms that only performed research in a few. This finding was 

supported by another study by Quintana-Garcia and Benavides-Velasco (2008), who also 
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found that diversification was more important for the exploratory innovative capability rather 

than on the exploitative innovative capability for biotech firms. Similarly, Henderson et al. 

(1996) found that large pharmaceutical firms had an advantage over smaller firms, not due to 

economies of scale as much as due to economies of scope. For example, the search for drugs 

active in the cardiovascular system has resulted in many therapies for the central nervous 

system (ibid, 1996:35). Furthermore, according to a study by Nightingale (2000), 

pharmaceutical firms could also experience economies of scale in the experimentation process 

of R&D, as the parallel running of several research processes has been enabled by computer 

simulations. However, since these research processes could involve the development of drugs 

within different therapeutic areas, this type of economies of scale could rather be interpreted 

as a type of economies of scope in terms of the research focus into therapeutic areas. 

Thus, it seems like pharmaceutical firms may benefit from economies of scope when 

performing research into a varied range of therapeutic areas. For multinational firms, the 

benefits of specialized versus diversified locations would in this sense depend on the extent to 

which these economies of scope can be reached by coordinating the research of subsidiaries in 

different locations. If the multinational firm has got an advanced and efficient system for the 

internal transfer of tacit knowledge and new ideas, then the economies of scope could be 

experienced while locating the different research projects in different locations where there is 

a specific competence in the specific research area. In this case, locations with a strong 

research specialization would still be able to attract foreign firms by excelling in one or a few 

areas. However, local firms that are not able to spread their business over several markets 

would, logically, benefit from a more diverse availability of knowledge spillovers in the 

vicinity. In general, it therefore seems like a more diversified research competence would 

benefit the research capabilities in a region due to economies of scope and spillovers between 

different therapeutic areas in the development of pharmaceuticals.  

This chapter has presented the literature that form the basis for the research performed in this 

thesis. In the next chapter, the method for this study will be presented in depth. 
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4. Method and data 

 

This chapter will present and critically discuss the method and data used in this study. The 

research purpose will be presented in the first section. The second section will treat the 

research philosophy of this thesis, which takes a positivistic approach to science, since it is 

primarily based on quantitative data. The third section will treat the research design and 

present the method being used to, first, examine how internationally oriented Swedish 

research actually is, and second, to compare the relative research competence of the three 

decades that are studied. 

 

4.1 Research purpose 

 

The purpose of this study is to advance the understanding of the characteristics of knowledge 

spillovers and research in the biotechnology industry in a more globalized and open research 

community. The study is aimed at improving the understanding of the research process in this 

industry, which is characterized by strong geographical clustering while at the same time 

being dependent on global research linkages. This will be done by observing secondary data 

from Sweden Statistics and Thomson Reuters’ Web of Science (ISI), in order to analyze the 

relative degree of international connections as well as the relative research competence of the 

Swedish biotech industry in the 1980s, 1990s and 2000s, respectively. If the research 

competence becomes relatively more focused into fewer therapeutic areas, it would suggest 

that globalization makes different locations more specialized and competent into certain 

therapeutic areas. This would in turn suggest that different locations should base their 

competitive advantage on the local research competence, despite of the increase in global 

knowledge flows. In contrast, if the research competence becomes less focused into more 

diverse therapeutic areas, it would suggest that localized knowledge spillovers, and thereby 

also the local research competence, would become less important for the competitive 

advantage of clusters with the increase in global research linkages. In the latter case, it would 

be other factors such as access to skilled workers that would secure the competitive advantage 

of locations and keep the industry spatially clustered. 
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The results of this study might be of interest to national governments looking to attract more 

inward foreign direct investments. If the research focus is found to become more specialized it 

might be reasonable for governments to try to help national firms become more skilled within 

the specific area of expertise, not only in order to attract foreign firms, but also to strengthen 

the competitiveness of domestic firms. If, in contrast, the research focus becomes more 

diverse, it would suggest that the national government should rather focus on creating 

institutions that could benefit the national business climate, as well as investing in the 

education performed at the universities.  

 

4.2 Research philosophy 

 

Since this study is entirely based on quantitative data it will take a positivist approach to 

science. According to Bryman & Bell (2007:16), the positivistic approach can be used in quite 

different ways in the literature, but generally, positivists adhere to five common principles. 

These are that (1) only that which can be confirmed by the senses makes up real knowledge, 

(2) theories should be used to generate hypotheses which can be tested and thereby used to 

evaluate explanations of laws, (3) knowledge is established by the gathering of data which in 

turn forms laws, (4) science can and should be objective, and (5) scientific and normative 

statements are distinctly different, and it is only the first that belongs to the scientific domain. 

This is based on the idea that certain phenomena exist, which can be observed, perceived, 

measured and quantified, and which exist regardless of the human knowledge about them 

(Sousa, 2010:465). The role of research within positivism is to test theories and provide 

materials for the development of laws (Bryman et al., 2007:16). Thus, this study will accept 

the idea that there is a reality, and that it can be observed in, and measured by, data.  

Critical realists, among others, have criticized the positivist approach for neglecting 

unobservables in their focus on the observables (Sousa, 2010:463). Furthermore, Bhaskar 

(1978:15), who was one of the founders of critical realism, criticized the positivist acceptance 

of observables as rules, and suggested these observables should instead be interpreted as 

experimentally produced results. However, since critical realists reject the positivistic idea 
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that quantitative research, by itself, can provide solid descriptions of reality (Sousa 2010:495), 

this approach will not be taken here.  

I argue that purely quantitative research, based on carefully chosen data, can make up a good 

foundation for understanding  how things really are, and I believe this type of research should 

be used to discover patterns which may then be used as a basis for more thorough qualitative 

studies. These studies are then able to detect the reasons for why the patterns were observed. 

In this study, which aims at detecting patterns, I will take a positivist approach. However, I 

will critically assess the data being used in each step, and focus on secondary data which has 

been produced independently of any experiment. And although positivists acknowledge the 

existence of objective research, I will consider my choice of methodology as a factor which 

could eventually affect the results. 

 

4.3 Research design 

 

This paper is based on secondary data, both on a macro level (distribution of external R&D 

costs) and on a micro level (scientific articles). The study will focus on the national level of 

Sweden, although the clustering of firms is mostly a regional phenomenon. This decision is 

taken according to Malmberg and Maskell (1997:29), who argue that there are two 

dimensions to the proximity argument; it is both related to the time-geography of individuals, 

i.e. the physical distance between them, as well as to the individuals’ ability to understand 

each other in terms of language, values and culture. Thus, proximity benefits can be 

experienced by firms and universities located in the regional vicinity of a knowledge source, 

but they can also be experienced by citizens of the same nationality, or citizens of countries 

with similar cultures. Moodysson, Coenen & Asheim (2008b:6) argue that cultural proximity 

is actually more relevant for the spread of tacit knowledge spillovers than is geographical 

proximity. Thus, there is reason to believe that intra-national knowledge flows in many cases 

are more efficient than cross-border knowledge flows.  

Another factor that favors a study of the national over the regional level, is that Sweden is a 

relatively small country. Therefore, its research competence cannot be expected to cover too 

many therapeutic areas to begin with. Moreover, since the total number of articles published 



39 

 

by at least one Swedish author in a decade would be low if looking at a regional level3, which 

would make it hard to establish any significant patterns. 

The data has been gathered from the partly public database Sweden Statistics and also from 

ISI, which requires a login from the user. The data was chosen because it covers possible 

inflows tacit international knowledge flows, both in terms of international co-publications and 

the R&D offshoring of Swedish firms. As it was argued in the literature review, these two 

make up important channels for international knowledge flows in pharmaceutical research. 

The relative research competence will be examined by sorting the most cited articles in the 

three respective decades into categories based on which therapeutic areas they treat. The 

Table 2.1 gives an oversight over the steps performed in this paper and the data used in each 

step.  

 

Table 4.1 Methodology overview 

Research step Data Source 

International linkages International co-authorships 

Distribution of external R&D costs 

ISI 

Sweden Statistics 

Research competence Categorization of scientific articles ISI 

 

In order to be able to distinguish how the use of international linkages in the research has 

actually developed, I will look into how globalized and open the research climate of the 

industry actually was during the time period of the study.  This will be done both by means of 

a study of international co-authorships and how these have evolved during the three decades, 

the 1980s, 1990s and 2000s, but also of a study of how Swedish firms have invested in the 

offshoring of R&D. This will enable and observation of whether there has been a shift in their 

tendency to locate R&D facilities abroad. This data also shows the relative tendency of firms 

to outsource their R&D functions to external partners in the home country and abroad. This 

will provide an insight into whether the firms rather acquire R&D inputs from foreign actors 

or if they rather establish their own R&D facilities abroad. After this step, I will turn to the 

next step of this study and perform a bibliometric analysis of the scientific articles in order to 

                                                           
3 This number was just over 4,000 per decade. 
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discover whether the research focus of the Swedish biotech industry has become relatively 

more competent into fewer therapeutic areas during the last three decades. This step will be 

performed by categorizing the articles published by Swedish authors in the pharmaceutical 

research area into therapeutic areas, which will in turn enable a good overview of the relative 

research competence in the three respective decades. The rest of this chapter will be separated 

into two parts, describing the research design of each respective step in detail.  

 

4.3.1 Measuring international linkages 

 

It is important to note that the study performed in this step does not aim at establishing a 

complete picture of how globally connected the research in pharmaceuticals in Sweden is, but 

it is rather used to illustrate how some international linkages for non-local knowledge flows 

have evolved. The variables that are analyzed here are thus only used to get an implication of 

whether the Swedish research climate has actually increased some of its linkages to global 

knowledge sources, but does not suffice to illustrate the whole picture. These two variables 

have been chosen due to their presumed capability to transfer tacit knowledge, as well as due 

to their expected influence on the research performed by firms in the pharmaceutical industry, 

as it was argued in the literature review. 

I will use data from Sweden Statistics from the years 1995-2009, which is available from 

every other year within the time period, and which shows how much capital Swedish 

pharmaceutical firms spend on external R&D, and whether the costs are made up of domestic 

or international outsourcing, or whether they are made up of offshoring. I will construct a 

graph illustrating how external costs of R&D have evolved over the years. This graph will 

show how the importance of different forms of external R&D inputs has developed.  The data 

is lacking in that it will not show how many, or what type of firms (e.g. SMEs or larger firms) 

that these numbers are distributed onto. Moreover, it will not either give any hint as to which 

locations the R&D costs are distributed on, other than if the actors are located abroad or in 

Sweden. However, as this is purely used as a measure to see whether firms have become more 

international in their R&D activities, it is not necessary to find out about the specific locations 

in this particular study.  
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Since universities make up such an important factor for the creation of new knowledge in the 

biotech industry, a part on international collaborations in the writing of scientific articles will 

also be included. Katz and Martin (1996:3) noted that these co-authorships may take very 

different forms, and that what counts as a co-author may be very different from time to time. 

Thus, the extent of contribution of a co-author may range from simply providing material to a 

more active participation in the writing process (ibid.). Moreover, international co-authorships 

are only one form of international research collaboration. Scientists collaborate in research in 

other ways as well, for example by sharing unique data sources, mail correspondence, 

discussions at conferences, visits to each other’s laboratories, and by exchanging papers 

(Frame & Carpenter, 1979:481).  

Although, there are limits to this approach, Subramanyam (1983) argued that the advantage of 

studying co-authorships is that it is one of the most tangible and well-documented measures 

of collaboration that exist. Thus, the measure enables back-ward research in a way which 

would not have been possible by using a more qualitative approach. Moreover, since a 

relatively large share of the results of the research that is carried out in the pharmaceutical 

industry becomes published in the open scientific literature (Henderson & Cockburn, 

1996:35-36), this can be expected to cover a large part of the performed research activities. 

The data on co-publications will be extracted from the ISI database, which includes thousands 

of the most prominent journals and is therefore also one of the most extensive databases of 

scientific articles (Dahlander & Gann, 2010:700).  

The articles used in the study were chosen on the basis of several factors. First, Document 

Type was set to ‘Article’. Second, articles with at least one Swedish author were screened out 

by typing ‘Sweden’ as a search term for the country of the authors of the articles. Third, 

articles within the research area ‘Pharmacology and Pharmacy’ were screened out. Fourth, the 

publication time range was set to 1980-01-01 to 2009-12-31. This browsing led to a total of 

13,848 articles being screened out, out of which 8,852 included writers based in foreign 

locations. This data will be demonstrated in one graph illustrating the share of international 

co-publications as well as the total amount of articles published by at least one Swedish 

author for each year within the period. This will enable a study of how the collaboration with 

foreign universities and other actors in terms of international co-authorships has evolved 

during the studied time period. 
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Both the data on external R&D and scientific articles are representative of the population as 

they cover the entire (costs for external R&D), or at least a large (scientific publications) 

share of the activities from the population. Moreover, both types of data have been produced 

without any influence of this particular experiment as they are just observations of those 

activities that have taken place. By using both measures it is possible to get a grip of how 

international linkages have evolved in two different aspects. It is reasonable to expect that a 

tendency towards more global knowledge flows will be discovered in both data sets, since 

better ICT and travelling possibilities would enable more international collaborations.  

 

4.3.2 Measuring the research competence 

 

In this step, another type of bibliometric method was used for the measurement of the relative 

competence of the Swedish pharmaceutical research. In this part, the tangible and well-

documented characteristics of scientific publications will be an advantage as the aim is to 

study historical patterns in research. The method used in this step has been inspired by the one 

used by D’Este (2005) for establishing the knowledge base of individual firms. D’Este used 

this method on firms in the Spanish pharmaceutical industry to investigate the implications of 

the firms’ knowledge bases on their competitive position. The study performed in this paper 

draws on this method in order to establish the research focus of an entire industry. D’Este 

(2005:37-38) classified the publications into scientific fields based on the CHI classification 

of journals used in the ISI, and also manually classified the publications based on their 

therapeutic scientific field by studying the keywords and abstracts of the articles. The method 

used here resembles the latter since the CHI classification “Pharmacology & Pharmacy” was 

used to screen out the articles. 

For each decade, the 500 most cited publications were categorized based on their titles, 

abstracts and keywords into the therapeutic areas that are distinguished in the Anatomical 

Therapeutic Chemical Classification System (ATC), which has been developed by the World 

Health Organization. An overview of the ATC-categories is presented in Table 4.2 below. By 

using the 500 most cited articles of each decade, the results will reflect in which therapeutic 

areas the Swedish research is relatively more competent, although it should be noted that this 
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measure will not indicate anything about the relative quality of the research performed in the 

respective decades. It will not either reflect how much research is performed in each 

therapeutic area, but rather in which areas where the research is relatively more competent. 

This measure will also enable an analysis of in which cities the most qualified research is 

performed. If authors from cities outside the clusters more frequently appear in the most cited 

articles this would suggest that knowledge is more dispersed and that knowledge spillovers 

can be accessed in locations outside of the clusters as well. 

 

Table 4.2 Anatomical Therapeutic Chemical Classification System (Source: WHO) 

A Alimentary tract and metabolism 
B Blood and blood forming organs 
C Cardiovascular system 
D Dermatologicals 
G Genito-urinary system 
H Systemic hormonal preparations 
J General anti-infectives 
L Cytostatics 
M Musculo-skeletal systems 
N Central nervous system 
P Parasitology 
S Sensory organs 
V 
U 

Various 
Unclassifiable 

 

Although the positivist approach approves of the existence of objective research, there are 

some limits to the objectivity of this study as it requires a subjective judgment in the 

categorization of the articles into therapeutic areas. Due to my lack of experience with the 

research within pharmacology, and since I was learning by doing, I chose to look over the 

categorization twice to make sure that the articles were at least categorized consistently, in 

order to limit the effects of my own inexperience. Moreover, I created some rules to make 

sure that the articles were categorized consistent. For example, since all publications were not 

possible to classify according to this system, I added the category U, which stands for 

‘Unclassifiable’. Many of the articles that ended up in this category treated the manufacturing 

of pills and research on the genome and cells. In total, 10.6 percent of the publications were 

placed in this category. Another problem which I encountered was that a large number of 

publications treated general drug metabolism, I chose to categorize these into category A, 
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‘Alimentary tract and metabolism’. However, when the publication treated the metabolism of 

a specific drug it was categorized according to the ATC classification of that particular drug. 

In some cases, when the focus was on the metabolism of a specific drug in a specific part of 

the body, the publication was categorized both according to the drug, and according to the 

category representing the part of the body which was studied. In some other cases, when the 

focus of the research covered more than one therapeutic area, it was also necessary to classify 

the publications into more than one category, which is why the sum of the categorizations for 

each year will exceed 500, which is the amount of articles that were categorized.  

The relative degree of research competence will be measured in terms of the standard 

deviation, σ, of the number of articles in each category, which provides a good illustration of 

the distribution into therapeutic areas, and which enables a comparison of the relative 

distribution in the three respective decades. Thus, 

σ�(x) = ��	(
�)(
� − )��
���  

 
Where t represents the specific decade, n equals the number of categories (i.e. 15), P(xi) is the 

probability that an article, x, will be sorted into a specific category, i, (i.e. 1/15), and   

represents the mean value when each therapeutic area would be represented by equally many 

articles, i.e.: 

�(
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� +⋯+ 
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The standard deviation for each respective decade will then be used to compare the relative 

degree of specialization in research. An increase in σ would mean that research becomes more 

specialized into fewer therapeutic areas, while a decrease would imply that research becomes 

more diversified into more therapeutic areas. The standard deviation is a good measure for the 

distribution of research into therapeutic areas as it will neutralize the negative numbers by 

squaring them, and then calculating their square root. Without taking the square root you get 

the variance. In this case, however, the standard deviation is preferred over the variance, as it 
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will not overemphasize the difference. The distribution into therapeutic areas will also be 

studied in a graph, as this will add more dimensions to the analysis. For example, it will be 

able to distinguish into which therapeutic areas the research is relatively more competent. 

The results from the studies described in this chapter will be presented in the next chapter and 

analyzed in the chapter after that. 
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5. Empirical findings 

 

This chapter has been split up into three sections. The first section will treat the inflow of 

international linkages into Swedish pharmaceutical research, while the second section will 

treat the relative research focus in the three respective decades. The chapter will be concluded 

by a summary of the findings.  

 

5.1 The inflow of non-local knowledge flows 

 

The aim of this section is to look into how the two different channels for international 

knowledge flows evolved in the three decades between 1980 and 2009. It will begin by taking 

on the relative and absolute numbers of articles written only by Swedish authors compared to 

those written together with international authors. For this data, it is also possible to see from 

which countries the most common research partners came from in the different decades. This 

is interesting as it will imply which countries are more common partners, and will therefore 

enable a discussion of the geographical as well as cultural proximities to the most common 

partners. This was suggested to be a factor that would affect the relative degree of tacit 

knowledge being exchanged in these co-authorships. This will be followed by a part on the 

distribution of external R&D costs on different targets. Finally, the results will be analyzed in 

order to see how the evolution corresponds with the changes that occurred in the Swedish 

pharmaceutical industry during the period. 

The amount of international co-authorships in Swedish pharmaceutical research increased 

dramatically in the period 1980-2009, both in terms of total amounts and average shares. 

Graph 5.1 illustrates this development. Although there was only a slow increase in the number 

of publications written by Swedish authors, there seems to have been a faster increase in the 

number of publications that were written together with foreign co-authors. The share of 

international co-authorships rose steadily from an average level just below 20 percent in the 

1980s to 60 percent in 2009. After the 1990s when internet was introduced and distant 

communications were simplified (Chesbrough, 2003:44), the share of international co- 



47 

 

Graph 5.1 Scientific publication published by Swedish writers 1980-2009 (Source: ISI) 

 

 

authorships also increased significantly. These results correspond to the intensified 

importance of more non-local knowledge flows that would arise with the globalization of 

research and markets. 

 

Table 5.1 Most common partner countries in international co-authorships, percent of total 

number of articles (number of articles) 

 1980-1989 1990-1999 2000-2009 

1 USA, 5.4% (222) USA, 8.4% (370) USA, 12.6% (542) 

2 Denmark, 2.0% (82) England, 3.7% (165) Germany, 7.4% (317) 

3 Fed Rep of Germany, 1.5% 

(61) 

Germany, 3.6% (158) England, 7.3% (314) 

4 Norway,  1.5% (61) Denmark, 2.4% (106) Denmark, 5.7% (245) 

5 Italy, 1.4% (58) France, 2.4% (104) Netherlands, 4.0% (172) 

 

In Table 5.1, the most common partner countries in international co-authorships for the three 

respective decades are presented. U.S. scientists are the most common co-authors in all three 

decades, and their relative share increases significantly from 5.4 percent of the total articles 
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written by Swedish authors in the 1980s, to 12.6 percent in the 2000s. English scientists are 

among the top-three most common co-authors in the 1990s and 2000s, and the sixth most 

common in the 1980s. The third country, which also contained one of the world’s largest 

pharmaceutical clusters, was Switzerland. The country does not make it to the top-five list in 

any of the decades, but it remains within the top-fifteen during all the three decades. Thus, 

Swedish research seems to have an increasing amount of tacit knowledge linkages to the 

largest pharmaceutical clusters in the world. This pattern is consistent in all of the three 

decades. Moreover, in the 1980s the most common research partners, except from U.S. 

scientists are from countries in Western Europe, and this pattern remains stable through all the 

 

Table 5.2 Swedish organizations with the most international co-authorships (total number of 

international co-authorships), percent of international co-authorships (Source: ISI) 

 1980-1989 1990-1999 2000-2009 

1 Karolinska Institute (253) 

23.1% 

Karolinska Institute (481) 

33.6% 

Karolinska Institute (710) 

51.4% 

2 Uppsala University (129) 

19.1% 

Uppsala University (277) 

31.6% 

Uppsala University (463) 

43.7% 

3 University of Gothenburg (79) 

14.3% 

Lund University (212) 32.6% Lund University (278) 44.8% 

4 Astra Läkemedel AB (75) 

25.2% 

Lund University (75) 15.7% 

University of Gothenburg 

(142) 27.3% 

University of Gothenburg 

(177) 45.0% 

5 - Stockholm University (51) 

31.4% 

Umeå University (51) 30.7% 

AstraZeneca R&D (170) 

55.2% 

6 AB Draco (29) 19.3% - Pfizer (86) 66.7% 

7 AB Hässle (23) 14.1% Astra Hässle AB (43) 30.7% AstraZeneca (79) 70.5% 

8 Umeå University (19) 10.9% 

Linköping University (19) 

9.5% 

Pfizer (40) 35.1% Linköping University (77) 

33.3% 

9 - 

 

Linköping University (33) 

18.5% 

Stockholm University (62) 

51.2% 

10 Stockholm University (17) 

11.0% 

Astra Arcus AB (27) 24.1% Umeå University (61) 34% 
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three decades. However, a large number of new countries are added to the list during the 

years. In the 1980s Swedish authors have research partners in all continents, but only in 51 

different countries. In the 1990s this number has increased to 88 countries and in the 2000s it 

is more than 100 countries.  

Table 5.2 provides an overview over the most internationally connected organizations in total 

numbers. The Karolinska Institute in Stockholm is not only the most frequent producer of 

articles within pharmaceutical research, but it is also one of the most internationally 

connected organizations, both in terms of total numbers and in percent. One interesting 

observation is that although the firms in the list are about as internationally connected as the 

universities in the 1980s, all firms in the list are more internationally connected than all of the 

universities in terms of percent in the 2000s. Thus, it seems like firms are relatively more 

dependent on international linkages to be competitive in their research. This list also 

illustrates that firms do take an active part in the writing of scientific articles, and thus, that 

they are willing to share some of their codified knowledge.  

 

Graph 5.2 Distribution of external R&D costs by Swedish pharmaceutical firms, by type of 

externalized R&D and year(Source: Sweden Statistics) 
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Except from collaborating with international scientists in the writing of scientific articles, 

firms may also locate R&D facilities abroad. Graph 5.2 shows that this tendency also 

increased significantly between 1995 and 2009. The graph illustrates the distribution of 

external costs of R&D by firms in the Swedish pharmaceutical industry between 1995 and 

2009, on the offshoring, the domestic outsourcing and the international outsourcing 

respectively. The total cost of external R&D increased significantly during the time period. 

Still, the distribution on domestic and foreign outsourcing solutions were both relatively 

stable below SEK 1,000 million. In contrast, the importance of offshoring increased 

drastically during the time period, which implies that it became more important to transfer 

some R&D functions abroad. These findings are in line with the literature suggesting that 

firms in high-technology industries need to have international linkages in order to stay 

competitive in their research, and that it is more efficient to transfer the knowledge internally 

within the firm than by hiring external partners in the market.  

In 1995, no investments were made on foreign R&D facilities, but in the late 2000s, this 

number was above SEK 5,000 million. The fact that this post increased drastically, while the 

outsourcing to external partners was relatively stable below SEK 1,000 million, suggests that 

the firms prefer to keep control over the R&D activities within the firm while seeking new 

input from other locations. The findings that the offshoring of R&D increases strengthen the 

findings in the study of international co-authorships in Swedish pharmaceutical research. That 

is, that the Swedish pharmaceutical research becomes significantly more internationally 

oriented between the 1980s and the 2000s. 

 

5.2 The relative research competence in terms of therapeutic areas 

 

This section will look into the relative degree of specialized competence in the Swedish 

pharmaceutical industry in the three decades between 1980 and 2009. The relative specialized 

competence in the three decades will be determined by comparing the standard deviation of 

the distribution into the fifteen therapeutic areas for the three respective decades. After that, 

the specialization patterns will also be discussed by studying graphs over the distribution of 
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articles into therapeutic areas, in order to provide another perspective to the relatively stiff 

measure provided by calculating the standard deviation. 

 

Table 5.3 Distribution of articles on therapeutic areas, 1980s, 1990s and 2000s 

1980s 1990s 2000s 

Change in 

number of articles 

(>+-5) 

A 65 121 138 +73 
B 13 10 21 +8 
C 75 44 35 -40 
D 3 5 2 ~ 
G 23 20 9 -14 
H 2 5 1 ~ 
J 33 24 69 +36 
L  22 25 42 +20 
M 8 3 9 ~ 
N 235 216 148 -87 
P 5 5 5 ~ 
R 40 25 18 -22 
S 1 2 0 ~ 
V 4 2 1 ~ 
U 26 48 57 +31 
Total* 555 555 555  
Mean value (µ) 37.0 37.0 37.0  

*Larger than 500 as some articles were categorized in more than one therapeutic area  
 

 
Table 5.3 demonstrates the number of articles categorized according to each therapeutic area. 

Since some articles were categorized into more than one field, the total exceeds 500 although 

it was only 500 articles that were categorized. By coincidence, the total of each decade 

equaled 555, and thus, the number of articles overlapping several areas was the same in each 

of the three decades. This also means that the standard deviation of the articles can be 

compared without having to weight the distribution according to the different number of 

articles4. By looking at the standard deviation it becomes clear that the research competence 

has become more evenly distributed over the different therapeutic areas. The index value 

demonstrates that the standard deviation in the 2000s was only 81 percent of that in the 1980s. 

However, the change is not significant between the 1980s and the 1990s. Thus,  

                                                           
4 Otherwise, this would easily be solved by comparing the distribution in percent on the different categories. 
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according to the standard deviation, the research competence became more diverse in terms of 

therapeutic areas between the years 1980 and 2009. However, this measure does not 

completely reveal the true nature of the research competence, which will be argued below, 

and therefore it is also relevent to illustrate this distribution in graphs for the three respective 

decades. 

 

Table 5.4 Standard deviation and index value of the distribution into therapeutic areas 

 1980s 1990s 2000s 

Number of categorizations 555 555 555 

Mean value (µ) 37.0 37.0 37.0 

Standard deviation (σ) 57.27 56.23 46.45 

Index value (1980s=1) 1 0.98 0.81 

 

The results from Table 5.3 are demonstrated in the graphs 5:3-5 below, which illustrate the 

distribution into therapeutic areas of the most cited articles in the three respective decades. 

The graphs reveal that Sweden was especially prominent within the research in neuroscience 

(N) in the 1980s, which is treated in 47.0 percent of the most cited publications. This focus 

also lasts into the 1990s and the 2000s, although it is significantly decimated to 29.6 percent 

in the 2000s. The research area with the most significant increase is the alimentary tract and 

metabolism (A), which increases from 13.0 percent in the 1980s to 24.2 percent in the 1990s 

and 27.6 percent in the 2000s. Research on the cardiovascular (C) as well as the respiratory 

systems (R) become less prominent in the period, while the research that is not classifiable 

according to the ATC (U) becomes more prominent together with research in general anti-

infectives (J) and cytostatics (L). 

By looking at the graphs it can be observed that six therapeutic areas were each represented 

by less than 2 percent of the articles, i.e. less than ten articles, in the 1980s and the 1990s, 

while seven areas fall into this category in the 2000s. This means that some of the therapeutic 

areas are rarely treated by Swedish scientists, or at least, that Swedish research is relatively 

less competent in these areas. The relative stability of this pattern suggests that although the 

Swedish research competence seems to be more evenly distributed in some selected areas, 

some other areas are still being left out. This observation would not have been possible by  
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Graphs 5.3-5 Distribution of articles on therapeutic areas, 1980s, 1990s and 2000s, percent 
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simply observing the standard deviation of the distribution. However, it does provide an 

important dimension to the discussion on the relative research competence, which will be 

analyzed in the next chapter. 

 

Graph 5.6 Publications per city cluster, percent of total amount of publications 

 

 

The most cited publications were also categorized based on which Swedish cities the authors 

were located in, in order to be able to distinguish whether some locations were more 

competent than others. Due to the fact that a large majority of the publications were written by 

authors in the cluster regions (Stockholm, Uppsala, Gothenburg, Malmö/Lund, Umeå and 

Linköping), the publications which were written by authors in other locations were 

categorized together in the category “Other cities”. Cities like Södertälje and Mölndal, which 

are located just outside of the clusters of Stockholm and Gothenburg, were categorized as 

belonging to the respective clusters. Moreover, the city of Helsingborg was included in the 

Malmö/Lund cluster since these cities are located within the same large region. Similar to the 

ATC classification, publications written by authors in more than one location were 

categorized according to all of the locations, and this means that the aggregate percentages of 

all locations will exceed 100.  

0%

10%

20%

30%

40%

50%

60%

1980's

1990's

2000's



55 

 

Graph 5.6 illustrates that the single most prominent location in Swedish pharmaceutical 

research is Stockholm, with around 50 percent of the articles being written there, although its 

importance decreases slightly in the 1990s. Both Uppsala and Gothenburg have become more 

prominent while the Malmö/Lund/Helsingborg area has become less so. Umeå and Linköping 

are relatively stable on a low level, while the importance of locations outside the clusters has 

increased. In the 1980s only six of the most cited articles were written by authors from 

locations outside the clusters, but in the 2000s, this number had increased by more than four 

times to 28. Moreover, the share of those that were written in these locations without 

collaborations with authors from the cluster regions increased from 16.7 percent in the 1980s, 

and 14.3 in the 1990s, to 42.9 percent in the 2000s. The research performed in these locations 

was often performed by local hospitals. In fact, the only firms that were represented in these 

articles in the 2000s (AstraZeneca and Astra Läkemedel AB) were based in cluster locations. 

Thus, although the ability to perform qualified research seems to have become more 

dispersed, nothing in this study suggests that the industry became less clustered5. Hence, the 

ability to perform qualified research seems to have been more dispersed with the facilitation 

of knowledge flows, although firms still seem to prefer to locate in clusters. 

 

5.3 Summary of results 

 

The findings in this chapter support the common view that research has become more 

internationally oriented. International co-authorships have become more usual and 

investments in offshored R&D facilities have increased. According to the list of the most 

common partner countries in international co-authorships, these are most often performed 

with partners in the West, which are not only culturally proximate but also some of the largest 

markets for the Swedish pharmaceutical industry. This suggests that there are more tacit 

knowledge linkages to these countries. However, better international communications seem to 

have enabled research collaborations with more geographically as well as culturally distant 

nations.  

                                                           
5
 It should, however, be noted that it is not possible to draw any significant conclusions regarding the clustering 

of firms based on the data used in this study. 
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Moreover, the results from the bibliometric analysis of the most cited articles suggested that 

the Swedish research competence has become more evenly distributed on a selected number 

of research areas, although little competent research is being performed in almost half of the 

therapeutic areas, based on the ATC categorization. This implies that more international 

linkages have enabled countries to improve their competence in a wider number of areas, 

although a small country like Sweden seem to be restricted to performing qualified research in 

a limited number of areas. In the next chapter, these findings will be more thoroughly 

analyzed in order to develop recommendations for nations and multinational enterprises 

performing research within the pharmaceutical sector.  
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6. Analysis 

 

This chapter will analyze the importance of the wider distribution of research competence into 

therapeutic areas that was discovered in the empirical results, and how this apply to the 

respective arguments made by Enright (2000) and Cantwell and Janne (2000). The first 

section of this chapter will analyze the relevance of international linkages for the transfer of 

tacit knowledge and how this may benefit Swedish firms. The second section will analyze to 

which extent the research competence has actually become more dispersed and what this 

would mean in terms of the arguments of Enright compared to Cantwell and Janne. 

Afterwards, the third section will discuss how the research competence of AstraZeneca may 

influence the research competence due to its large dominance in the Swedish pharmaceutical 

industry. Finally, these findings will be discussed in terms of the advantages and 

disadvantages of a specialized versus a diversified research competence. 

 

6.1 International linkages and the ability to perform qualified research 

 

The results from the empirical study performed in this thesis confirm that the Swedish 

research within pharmaceuticals became more internationally oriented, and that more global 

knowledge was being accessed by the Swedish pharmaceutical sector after the 1980s. During 

the entire period, the universities and the industry increased their participation in international 

co-authorships in scientific publications, and the industry also increased its investments in 

foreign R&D facilities. Weterings and Ponds (2009) suggested that international linkages 

provide more valuable knowledge than do local linkages. If this is the case, and the share of 

international linkages increases, this would suggest that localized knowledge spillovers 

become relatively less important for the research that is carried out.  

Another factor that suggests that localized knowledge spillovers have become less relevant for 

the ability to perform qualified research is the finding that more qualified research is being 

performed in locations outside of the clusters. The trend even suggests that the share of the 

most cited articles that are written in locations outside the clusters is increasing. However, this 
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research is rather performed by hospitals than by firms. This thesis will therefore not reject 

the trend suggested by previous authors (e.g. Gertler & Levitte, 2005; Cooke, 2001) that the 

biotech industry is becoming more geographically agglomerated. However, it seems like 

better communications have facilitated the transfer of the knowledge that is required to 

perform qualified research in more distant locations. 

By studying the list of the most common partner countries it can be assumed that cultural 

proximity is an influencing factor when it comes to choosing partners in international co-

authorships, although collaborations with more geographically and culturally distant partners 

are becoming more usual. The cultural proximity aspect may also secure that these 

international co-authorships are relatively efficient channels for the transfer of tacit 

knowledge since the co-authors would be able to understand each other better. Moreover, 

Fabrizio and Thomas (2012) suggested that the cultural similarity between countries made 

them prioritize about the same diseases. Due to a good understanding of the local demand of 

these diseases, firms get a competitive advantage in the production of drugs that cure those 

diseases. This may also explain why international co-authorships in this case mostly are 

written together with authors from countries with a similar cultural background. Yet, the idea 

of cultural proximity seems to be important in the research and development within 

pharmaceuticals. 

In addition, the most common partner countries in international co-authorships, the United 

States, Germany and England, are also among the largest markets for the national industry. 

Since the Swedish pharmaceutical industry relies on a relatively small domestic market (only 

7 percent of the industry’s sales) (Fabrizio & Thomas, 2012), it should also stay updated on 

the research performed in its largest markets. Moreover, since the United States, England and 

Switzerland also contain the leading centers in pharmaceutical research, the collaboration 

with partners in these countries may provide access to leading research developments. This 

finding is therefore consistent with the idea that firms from smaller centers are focused on 

learning from leading centers in their foreign research efforts, and in this case, the leading 

centers also happen to be among the leading markets for the firms. Hence, Swedish firms may 

benefit both from capability-augmenting and capability-exploiting research, as defined by 

Kuemmerle (1999), in the co-authorships with partners in these countries. Due to the leading 
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character of these markets, it is rather more likely that this research would be capability-

augmenting for the research performed in Sweden.  

The finding that firms increase their offshoring of R&D is consistent with the theory of the 

multinational firm that Kogut and Zander (1993) developed, which suggested that 

multinational firms exist due to their superior ability to transfer knowledge over geographical 

distances. This can also be related to the concept of institutional proximity, that individuals 

belonging to the same organization are better able to understand each other due to a common 

understanding of the institutional practices specific to the organization. The offshoring of 

R&D is thereby based on the ability of the firm to transfer tacit knowledge over borders, 

either if the knowledge is streaming out of (capability-exploiting) or into (capability-

augmenting) the home location. The need for global knowledge linkages should therefore also 

be accompanied by an increase in the R&D offshoring, which is observed here. In addition, 

since this increase is not accompanied by an increase in the international outsourcing of R&D, 

it seems like firms consider their own organization to be superior to the market in transferring 

tacit knowledge between geographically distant locations. This could also be due to the 

market imperfections that could arise in the transfer of knowledge between different actors, as 

was suggested by Buckley and Casson (1976).  

According to the observations made in this study, the research performed by Swedish 

universities and the pharmaceutical industry became more internationally oriented between 

the years 1980 and 2009. Better communications seem to have enabled better knowledge 

flows over borders, which were observed in the increase in both international co-authorships 

and the offshoring of R&D by firms. In the international co-authorships partners from 

relatively culturally proximate countries were preferred, and firms rather acquired knowledge 

from abroad by the presence of an internal subsidiary than acquiring it from an external 

partner. These findings suggest that other aspects of proximity often made up for the lack in 

geographical proximity that is experienced in the cross-border exchange of knowledge. 

Moreover, better communications also seem to have enabled actors outside the cluster 

locations to perform qualified research, although these rather seem to be other research 

institutions than firms. Therefore, this does not imply that the industry has become less 

clustered, but rather, that knowledge is more accessible in more dispersed locations. The next 
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section will analyze the development in the relative research competence of Sweden in the 

three decades.  

 

6.2 The relative research competence in Sweden 

 

In the 1980s, Swedish pharmaceutical research was largely directed at neuroscience. This 

relatively strong focus lasted into the 1990s but declined in the 2000s, and was replaced by a 

more evenly spread competence over more therapeutic areas. At least, this is what was 

suggested by the standard deviation, which measured the distribution of research into the 

various therapeutic areas. However, by studying the graph over the distribution it became 

apparent that many therapeutic areas still were rarely treated by Swedish authors. Thus, 

although the change in the standard deviation shows that the research competence became 

more widely distributed, this was limited to a restricted number of therapeutic areas. These 

diverging results may therefore support both the arguments of Enright as well as those of 

Cantwell and Janne, although they would seem contradicting at first. The arguments of both 

sides can therefore also be combined to provide useful insights to explain the findings in this 

study. 

As was argued by Enright, technological knowledge became more widely dispersed during 

the three decades between 1980 and 2009. This suggests that new competences have 

somehow arisen in the nation, either if it has been imported through international linkages or 

if it has arisen out of spillovers from the research in other therapeutic areas. Furthermore, the 

ability of actors outside the clusters to perform more competent research implies that more 

knowledge flows and better communications seems to have reduced the importance for 

researchers to be located in clusters. Thus, the importance of localized knowledge spillovers 

also seems to have declined. As Enright predicted, this suggests that the globalization 

mechanisms has improved the access to distant knowledge sources. Since the clustering of 

firms in the industry is still strong (Cooke, 2001; Gertler et al., 2005:488-489), Enright would 

suggest that the clustering of firms is maintained through other localized benefits, such as 

Fabrizio et al.’s (2012) argument of tacit knowledge about local demand, or Florida’s (2002) 

argument that access to a talented workforce would attract firms to locate in an area rather 
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than the other way around. These arguments would explain why research is performed outside 

of the clusters, and also why there are no signs of firms moving out of the cluster locations.  

In contrast, Cantwell and Janne’s argument could also be supported by the findings in this 

study. If Enright’s was right in that increased international knowledge flows made 

technological knowledge more widely dispersed, and if localized knowledge spillovers would 

become less important, we should see an increased competence in a wider range of areas that 

had previously not been treated by Swedish scientists as well. However, the number of 

therapeutic areas that are rarely treated in the most cited articles is rather stable; in fact, one 

additional area is actually added to this category in the 2000s. This suggests that localized 

knowledge spillovers to some extent still should be relevant for the research performed in 

regions, although more global knowledge flows have enabled researchers to perform more 

qualified research in a larger number of areas. Thus, Cantwell and Janne might be right in 

their prediction that localized knowledge flows would still relevant for the research in high-

technology industries although more knowledge flows are enabled. Their argument that an 

increase in global knowledge flows would make locations more specialized is still applicable 

to these results by arguing that the changes that were observed actually implied a more 

specialized research competence in terms of a specific set of competences. This would benefit 

the research performed in the location due to economies of scope, and the possibility of 

spillovers of ideas between different therapeutic areas. Thus, locations would specialize in a 

set of competences rather than in one particular therapeutic area. 

The findings of Fabrizio and Thomas provide an alternative perspective to that of Cantwell 

and Janne that can also be applied to describe why there would be limits to the distribution of 

research competence over therapeutic areas. The writers argue that the research direction of 

pharmaceutical firms is essentially based on the demand in their home location rather than on 

the demand that they find in their international markets. Based on this, it would be logical to 

assume that the diseases that are prioritized in a nation could also influence the research 

direction of most of the research institutions in the nation. This perspective would change the 

focus from the idea of localized spillovers in explaining why locations still specialize on 

certain competences, and instead ascribe it to the national prioritization of different diseases. 

This idea is in line with the idea that localized knowledge spillovers become less important, 

although it would explain why the research competence of nations does not become more 
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widely dispersed. According to this view, technological knowledge is more easily circulated 

than the tacit knowledge of demand, which explains why it is possible for nations to increase 

their competences in a wider range of therapeutic areas. Simultaneously, the localized demand 

directs the focus of research to those areas which are most prioritized by the local culture, and 

thereby, the specialization into an increased number of therapeutic areas can be explained. 

Moreover, this explanation does not rule out the importance of other factors for the clustering 

of firms, such as the access to skilled workers or suppliers. 

This section has analyzed three different explanations to the results observed in this study. 

Enright’s argument that more global knowledge flows improves the ability of locations to 

diversify their research competence into a more varied number of research areas seemed to be 

correct. This was strengthened by the observation that actors in non-clustered locations were 

better able to perform qualified research in the 2000s than in the 1980s. Both Cantwell and 

Janne’s and Fabrizio and Thomas’ arguments were applicable to explain why there is a limit 

to the number of therapeutic areas into which competent research was performed. These 

suggested that there still are localized forces still that are relevant for the research competence 

of a nation.  

 

6.3 The alignment between the research competences of universities and 

the industry 

 

In the literature review it was suggested that it was important for firms in the pharmaceutical 

industry to have linkages to public research facilities as this was where the most prominent 

research was performed. Moreover, Owen-Smith, Riccaboni, Pammoli & Powell (2002) 

argued that strong linkages between the research performed at universities and the industry 

could make the research focus of a region more widely dispersed. Since the Swedish 

government introduced policies to encourage university-industry linkages after the 1980s 

(McKelvey, Alm & Riccaboni, 2003:489), this may be a relevant factor affecting the research 

competence. Therefore, this section discusses the probability that this type of linkages is 

likely to be an explanation for why the research competence in Sweden has become more 

widely distributed over therapeutic areas. Although it is beyond the scope of this thesis to 

measure whether the tendency of firms to collaborate with universities in the writing of 
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scientific articles has increased, some indications may be found by analyzing the results in 

this thesis. This section discusses these indications.  

By studying the list of the most active institutions it can be observed that the industry was 

active in the writing of scientific publications in all of the three decades. This list is not able to 

reveal anything regarding industry-university co-authorships, but at least, it implies that the 

industry participated in the writing of scientific articles in all of the three decades. This would 

mean that the research focus of the industry will also have an influence on the measure of the 

overall research competence of the nation.  

One possible indication as to whether linkages between universities and the industry have 

improved would therefore be to compare the research competence of the nation with the 

research focus of AstraZeneca. Due to the relative size of AstraZeneca in Sweden, better 

alignment between the firm and the research competence of the nation would imply that 

universities would be influenced by the firm in their research direction. By studying the 

change in research competence it can be observed that out of AstraZeneca’s main research 

areas in Sweden, it is only the research within the alimentary tract and metabolism that have 

become relatively more prominent. Research into the cardiovascular and respiratory systems 

and neuroscience have become less prominent in favor of other therapeutic areas. These 

findings may be one reason for why the firm, after the studied period, decided to close down 

its research facilities in both Lund (focused on respiratory system) and Södertälje (focused on 

neuroscience), while moving some of its activities to Mölndal outside of Gothenburg where 

research was already performed on the stomach and intestines. 

AstraZeneca shut down two of its facilities that specialized on a single therapeutic area each, 

and instead gathered all of its research, except from that on neuroscience, in one its Mölndal 

facility. This could imply that the specialized knowledge that was previously only accessed by 

firms that were present in certain locations has become more widely dispersed due to better 

communications. Moreover, by keeping one research facility in Sweden the firm would still 

be able to absorb input from the Swedish demand, or benefit from localized knowledge 

spillovers. At the same time, by gathering of all of its research into the Mölndal facility, 

AstraZeneca could exploit economies of scope in its research.  
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However, the idea that research within most of AstraZeneca’s main research areas declined 

can be reconsidered when looking at the entire corporation’s main research areas. This reveals 

that even though some of its main areas have decreased in importance in favor of other 

therapeutic areas, the Swedish research competence corresponds very well to AstraZeneca’s 

international research competence. In fact, its six main therapeutic areas are among the eight 

areas within which Swedish research is most competent. As it can be recalled AstraZeneca 

also focused on cancer and infections, two areas in which research gained in competence. 

This suggests that the Swedish research competence nevertheless became more aligned to 

AstraZeneca’s research competence. This could of course be due to AstraZeneca’s relatively 

large size and its tendency to participate in the writing of scientific articles, which is revealed 

in the top-ten list of the most internationally oriented publishers of scientific articles. Still, 

however, little research seems to be performed in the therapeutic areas that are not covered by 

AstraZeneca’s research.  

This would imply that the universities’ research was quite aligned to AstraZeneca’s in the 

2000s, and therefore, that the more widely distributed research competence may be a result of 

such linkages. Yet, this does not rule out that this alignation was enabled by better 

international communications, since AstraZeneca previously preferred to specialize their 

research in different locations into different therapeutic areas, while later, it was able to gather 

all of its research in one Swedish location. Moreover, this could also be a sign that the 

worldwide research competence of AstraZeneca is being shared by all of its units due to its 

internal system for the transfer of knowledge, and that this has been enabled by improved 

communication technologies. Thereby, the firm may also gather research activities in a larger 

variety in all of its locations in order to benefit from economies of scope. This competence 

could then possibly spill over to its vicinity and influence the research competence of the 

Swedish pharmaceutical sector.  

 

6.4 The importance of the research competence for the business climate 

 

In the last section it was argued that AstraZeneca could gain from the ability to perform more 

varied research in its various R&D facilities. This section aims at discussing how this new 
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distribution of research competence may be expected to influence other firms based in the 

nation, and whether this new situation can be perceived to raise the quality of the research 

performed in the country. It will also discuss how the more widely distributed research 

competence of regions may be used to attract foreign multinational firms. 

Feldman (1994b) argued that small firms relies more on the spillovers from universities and 

Adams (2002) found that university spillovers are more localized than those from firms. This 

implies that small firms generally should depend more on the spillovers produced in the near 

vicinity than should larger firms. This may be so even though the general dependence on 

localized knowledge spillovers could have declined. For small and local firms, a more varied 

research competence in the vicinity would therefore imply more varied knowledge spillovers 

which could generate innovations in niches that have previously not been explored. For larger 

firms it can be assumed that localized knowledge spillovers would be of relatively less 

importance, especially if they are internationally present and have the internal competence to 

perform research in a wider range of areas. 

In general, the increased amount of international linkages and the wider research competence 

in the nation are likely to neutralize the risk of spatial lock-in. Moreover, in terms of the 

ability of firms to benefit from economies of scope, this may actually benefit local firms as 

they are able to pursue research in a larger variety of areas in the same location. It was 

generally agreed by D’Este (2005), Quintana-Garcia and Benavides-Velasco (2008), and 

Henderson and Cockburn (1996), that technological diversity is beneficial for the research 

performed at the firm level, and thus, that economies of scope are important in the 

development and discovery of new drugs. In this sense, the wider research competence in an 

area should be positive for local firms as this improves the possibility to benefit from 

economies of scope in their R&D activities.  

The economies of scope could also explain why AstraZeneca chose to close down two of its 

R&D facilities in Sweden, while keeping one that would perform research in more varied 

range of therapeutic areas. Furthermore, if this was the trend in all large pharmaceutical firms 

it would also explain why the industry becomes more spatially agglomerated. Thus, improved 

international linkages combined with the ability of firms to benefit from economies of scope 

in research could make research become more spatially agglommerated in locations that offer 
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the best research environment for the firm. Thus, firms should rather specialize in a set of 

competences in their various locations than specializing in one therapeutic area in each 

location. 

Furthermore, the downsizing of Astra and the splitting of Pharmacia has decreased the 

presence of larger pharmaceutical firms in Sweden, and instead, a large number of small 

dedicated biotech firms have taken their place. Based on the discussion above, the firms in the 

Swedish pharmaceutical industry should become relatively more dependent on localized 

knowledge spillovers, although the increased international linkages would contradict this 

statement. The more varied local research competence would, in this sense, be beneficial for 

the small firms as this would enable them to find a more unique niche to focus on. However, 

as it was argued by Chesbrough (2003) that universities in lower order centers are not able to 

perform top-class research in more than a few number of areas, it would probably be better for 

these firms if the research performed in the location were not too varied as this would have a 

negative effect on the quality performed in each therapeutic area. Thus, the balance between a 

more varied research competence and specialization that was observed would also be optimal 

for these firms. Moreover, the biotech industry has changed, and large firms have begun to 

rely more heavily on the research performed by smaller dedicated biotech firms. Therefore, a 

location that can generate many qualified firms should also be able to attract investments from 

larger multinational firms. A location that can create a good research climate for these firms 

would therefore also be able to attract more foreign direct investments. 

The results in this study does however not indicate that firms rely more on external partners in 

their R&D activities, since the costs that were distributed on external partners for the 

acquisition of R&D inputs were relatively stable over the entire period. Therefore, this would 

not either be a likely explanation for why AstraZeneca chose to close down two of its 

Swedish R&D facilities in 2010 and 2012 respectively. Instead, the development in the 

research competence provides a better explanation for why this was done.  

The ability to attract multinational firms to a location depends on which of the forces of 

localized knowledge spillovers or local demand that are relevant for the clustering of firms. It 

should be noted that these two are not exclusive, but that they could exist simultaneously. If 

localized knowledge spillovers are still important, multinational firms will be able to perform 



67 

 

research in a wider range of therapeutic areas in each location, which will in turn enable them 

to benefit from economies of scope. Multinationals firms may then separate their research into 

a number of locations that are particularly competent within specific sets of therapeutic areas. 

Thereby the firm can absorb localized knowledge within a variety of research areas in each 

location. If the Swedish case is representative for the general development for lower order 

centers in the industry, research in these locations will no longer be specialized in terms of a 

single therapeutic area, but each location will rather have a specialized research competence 

into a specific set of therapeutic areas. Multinational firms could therefore reduce their 

number of R&D facilities, as AstraZeneca did, and at the same time become more efficient in 

their research due to economies of scope. Thereby, the industry could also become more 

spatially agglomerated. 

 

6.5 Summary 

 

In sum, the results of this study could be observed because improved international 

communications have gradually become more important than localized knowledge spillovers, 

and thereby, competent research within more therapeutic areas has been enabled. The findings 

suggest that when the inflow of international knowledge was sparse, the scientists had to rely 

on the competence that existed in the vicinity, within neuroscience in this case, and thereby, 

most local research was also directed at this segment. When more international global 

knowledge flows were accessed, the research could become more varied as knowledge within 

other therapeutic areas was also more accessible. It therefore seems like improved 

international communications have enabled nations to acquire knowledge and perform 

research in a wider range of therapeutic areas, as Enright predicted.  

However, this does not explain why there seems to be a restriction to the number of 

therapeutic areas in which research can be especially competent. Is it because localized 

knowledge spillovers still have an important role in the ability to perform research as argue by 

Cantwell and Janne? Or is it rather because the local demand has a strong influence on the 

research that is performed as argue by Fabrizio and Thomas? Whether it is one of these 

explanations that is more correct or if it is a combination of the two, at least it is found that 
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local forces still are relevant for the research competence of a nation, either if it is the tacit 

knowledge of local demand or if it is the maintained relevance of localized technological 

knowledge spillovers. The empirical findings in this thesis cannot establish which of the two 

is the more likely; however, they suggest that the relevance of localized spillovers at least has 

decreased in favor of international knowledge flows, and that the increase in international 

knowledge flows has made it possible for researchers in a location to become more competent 

in a wider range of areas. 

This wider competence is expected to be positive for the innovative capability of regions 

since firms located there will be able to experience economies of scale. Moreover, this can 

also be expected to provide for a more dynamic environment for dedicated biotech firms as it 

will be easier to find small niches of the market, when research in the area is competent in a 

wider range of areas. A summary of the main findings is found in table 6.1 below. 

 

Table 6.1 Summary of findings 

• Swedish pharmaceutical research became more internationally oriented between 1980 

and 2009. (Section 6.1) 

• Localized linkages thereby became relatively less important for the research 

performed in the Swedish pharmaceutical sector in each decade. (Section 6.1) 

• This enabled researchers in locations outside the clusters to perform more qualified 

research. (Section 6.1) 

• Swedish pharmaceutical research became more evenly distributed into a limited 

number of therapeutic areas. (Section 6.2) 

• The improved ability to transfer knowledge over distances seems to have enabled 

small nations to have a more varied research competence. (Section 6.2) 

• This suggests that localized knowledge spillovers are relatively less important for the 

ability to perform qualified research, but that some localized forces still are active to 

preserve a rather focused research competence of nations. (Section 6.2) 

• In Sweden, this could be due to the large market share of AstraZeneca, since the 

Swedish research competence becomes more aligned to the firm’s international 

research competence. (Section 6.3) 
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• The more varied research competence in Sweden would benefit firms that wish to 

gather all research into one location and thereby benefit from economies of scope. 

(Section 6.4) 

• This could, in turn, also explain why the biotech industry has become more spatially 

agglomerated. (Section 6.4) 
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7. Conclusion 

 

This thesis presents an empirical analysis of changes in the research competence of a nation 

when more international knowledge flows can be accessed. It presents two sides of the debate 

regarding the continued relevance of localized knowledge spillovers in a more globalized 

research climate. These sides are then discussed based on the empirical findings of the study.  

In this thesis it has been found that international linkages have become significantly more 

important for the research performed in the Swedish pharmaceutical sector, and that this has 

diminished the dependence on localized knowledge spillovers. This lesser dependency is 

reflected in the research competence in therapeutic areas, which becomes less focused into 

neuroscience and distributed into more varied therapeutic areas at the same time as the 

research becomes more internationally connected. It is also found that the ability to perform 

research becomes more widely distributed, which suggests that both tacit and codified 

knowledge is more widely distributed due to better communications. Thus, Enright was 

correct in his prediction that more knowledge flows would make the ability to perform 

research more widely distributed. However, there still seems to be benefits to locating in 

clusters as well as for the location to be specialized into a restricted number of research areas. 

Thus, Cantwell and Janne were also right in their predictions. Although this study presents 

some possible explanations for why these results are observed, it is not able to conclude 

anything as to the continued relevance of knowledge spillovers. However, it does support that 

the research competence of small nations still is affected by local characteristics.  

The general conclusion of this thesis is that although globalization mechanisms seem to 

enable nations to perform research in a wider range of areas, nations still seem to prefer to 

remain relatively specialized into specific sets of competences. This may be because resources 

have to be directed to the research within specific areas, that local demand sets the agenda for 

the research, or because localized knowledge spillovers are continuously important for the 

ability to perform top-class research. Future research should therefore be directed at 

establishing from where researchers get their inspiration for research projects, and how they 

assemble the necessary knowledge to perform their research? This is reasonably done through 

a qualitative analysis where the behavior of researchers can be better analyzed.  
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Since Sweden was argued to relatively internationally connected, the findings of this study 

may suggest how the research competence of nations will transform in the future, as more 

countries become more and more dependent on international linkages. The empirical findings 

of this research can be expected to be of relevance for both governments operating in small 

developed economies and multinational firms. Due to the ability of larger regions containing 

the top-universities, to perform competent research in a more varied range of areas to begin 

with, these locations may not have to be as specialized as Sweden was found to be. Moreover, 

since developing economies were recommended to focus on establishing efficient institutions 

to support the local business climate, these will also be excluded here. The implications are 

presented below. 

 

7.1 Policy implications 

 

Kuemmerle (1999:19) argued that it was possible to attract foreign direct investments based 

on either the institutions that make up a good business climate, or based on the quality of the 

research performed in the region. He recommended the first alternative to developing 

countries and the second to more developed economies. Since Sweden belongs to this second 

category, and also has got an established research potential, it should therefore primarily focus 

on creating an efficient research climate as this may also benefit local firms. Therefore, it may 

also become more important to invest in other factors rather than the specialization into one 

specific area of research, especially since the pharmaceutical industry seems to be subject to 

economies of scope in research activities. Thus, national governments could, for example, 

invest in the improvement of the education at the universities in order to improve the skills of 

the workforce, and to attract more talented students to study and research at the universities. 

This investment would benefit local firms as well as it could be a way to attract more foreign 

direct investments. 

Introducing new institutions can however also be useful for attracting foreign direct 

investments at the same time as they will be useful for the national business climate. Due to 

the trend in the pharmaceutical industry where more dedicated biotech firms are introduced, 

national governments should also make sure that its institutions are beneficial for smaller 
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firms. Since large multinational pharmaceutical firms acquire their research from these firms, 

efficient institutions may indirectly attract foreign direct investments. 

 

7.2 Implications for multinational firms 

 

With better communications, locations can become more competent in a more varied range of 

research areas. For multinational firms wishing to perform research in a number of different 

locations, it should be suggested that they gather different research activities in locations with 

the right mix of competences. Thereby, they could benefit from local advantages as well as 

from economies of scope in their research. This may help them reduce their number of 

research facilities, but at the same time, to become more efficient in the research activities of 

the firm. 
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