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EXECUTIVE SUMMARY

This research deals with the impact the position of a firm in a strategic alliance network has on different forms of firm performance. Because of the great importance of innovation in contemporary literature, a large part of the focus lies on the innovation performance of the firms within this network. Besides this focus on innovativeness, some financial performance measures are assessed as well.

The thesis starts with a discussion is started on the literature on innovation and shows that innovation exists in may different forms. To make the discussion on innovation a bit clearer and explain what innovation really is, I have chosen to explain the different kinds of innovation and the opinion of a few important scholars who wrote about this topic. 

Then, a detailed description of alliances and the motives to form alliances. Subsequently, a consideration is given regarding network perspectives. 
Based on the literature that is treated, some hypotheses are created that are tested in the empirical research part of the thesis. The different currents of literature, showed positive effects between positional advantages within a inter-firm network and the different forms of performance of the firm.

The first two hypotheses test the impact of two different forms of network centrality on the innovation performance of the firm. The second two hypotheses use the same two forms of network centrality, but this time the focus is on the financial performance of the firm.

The collection of data used was executed by using the strategic alliance database SDC, the COMPUSTAT database, the USPTO database and the UCINET 6 software. In the SDC database I found different companies that were engaged in a strategic R&D alliance. For these companies, I calculated the two forms of network centrality in UCINET 6. Then, I looked for which companies there was financial performance and company characteristics data available in the COMPUSTAT database. For the companies that could be found in this database, I collected the innovation performance measure of ‘patents’ in the USPTO patent database.

The dataset that is created provides data to test the different hypotheses that were formulated. The findings however do not support any of the proposed hypotheses. The findings show that the matter of embeddedness, in terms of different network centrality measures, of firms in a strategic alliance R&D network has no impact on firm performance; neither on innovation measures nor financial measures. In this way the central research question of the thesis is not endorsed and I can conclude that position does not affect the performance of the firm in a strategic alliance network, based on R&D alliances made by different companies.

This study will however provide the reader with additional insight to the existing literature on a wide array of topics and will add to the different network perspectives.
1. INTRODUCTION

In this chapter, I will introduce the central research question which will serve as the backbone of this thesis. I will make clear what different reasons are to engage in alliances, what strategic alliance networks are and how the fact that companies are part of these strategic networks will tribute to the improvement of various performance measures. I will demonstrate that the effects of positioning issues within a strategic alliance network are perceived to be positively related to a range of performance measures. The different topics are treated shortly and are more elaborated later on in the thesis.
1.1 MOTIVES TO ENGAGE IN ALLIANCES

Due to great changes in international trade and liberalization, companies nowadays face profound and continuous changes and see the relative importance of physical distance decrease. Technological improvement and modern communication facilities are enablers of decentralized business management. This continual process of changes constitutes an environment that is becoming more challenging and complex; a response to this can be strategic partnering (revised from Sporleder, 2006) 
Motives to engage in alliances are compelling and often explicit: gaining access to specific markets or distribution channels, acquiring new technologies, leveraging on economies of scale and scope and enhancing new product development capabilities (e.g., Parkhe, 1991; Varadarajan and Cunningham, 1995). An increasing number of companies have chosen to conduct (part) of their research and development (R&D) activities in (strategic) alliances in order to constitute a higher added value than these companies would on their own. The increasing costs of R&D in combination with a shortening of product and technology lifecycles and blurring industry boundaries in a dynamic technological environment have made it almost impossible to develop technology on a stand-alone basis (Gilsing and Lemmens, 2005). These R&D alliances can be seen as strategic alliances and the importance of these alliances is growing. Strategic alliances are no longer a strategic option but a necessity in many markets and industries (Parise and Henderson, 2001). 
Strategic alliances can be defined in multiple ways: as voluntary arrangements between firms involving exchange, sharing, or co development of products, technologies, or services (Gulati, 1998), or as any agreement between or among firms to cooperate in an effort to accomplish some strategic purpose (Sporleder, 2006) and are primarily formed to reduce R&D costs, to transfer technology in order to improve innovative performance, to reduce time-to-market or to search for new technological opportunities (Gilsing and Lemmens, 2005). A large amount of firms engage in these strategic R&D alliances and therefore share certain connections with their alliance partners and bind them to their environment. 
1.2 STRATEGIC ALLIANCE NETWORKS

Analytically, networks can be understood as nodes (actors) and connections between nodes (Lechner and Leyronas, 2007). In this way we can transform these strategic alliances to networks by seeing the alliances as connections between these before mentioned nodes, the companies. Network research conceptualizes social structure as continuing patterns of interaction among actors; these can be individuals, cliques, groups, or organizations. The configuration of network linkages provides both opportunities and constraints on the action potential of the different participants. 
Constraints arise through lock-in effects that make the participating firms unable to alter their behaviour on the short term and a certain form of myopia exists. Opportunities are created through the collaboration on multiple aspects like cost sharing and synergies in processes and production, but also in the flow of information between the different actors within the network. 

The relational ties between parties are connections that function as tunnels for the flow of a wide array of resources, in either the tangible form of money or specific skills or the intangible, like information or social support. The literature on social benefits or constraints of network characteristics is quite extensive; however the inter-organizational interpretation of network perspectives is becoming increasingly more treated.

The basic idea of network analysis is that the connections of an actor can be interpreted in order to better understand the action potential of the concerned actor (Fombrun, 1982). In this way, the strategic alliances a firm has and the way that this firm has built up its relations and exchanges among a certain group, serve as a proxy for the action potential of the firm. There is substantial agreement for treating networks as a source of external resources upon which the firm can draw in its strategic actions and enhance its performance (Farina, 2008). 
1.3 FIRM POSITION AND PERFORMANCE

The routinization and stabilization of linkages among members as a result of a history of exchanges and relations within a group or community is referred to as the firm’s embeddedness (Gulati, 1998) which can be seen as the relative position a firm has in a network. Attention has been paid to how the location of an organization in a pattern of external relations influences the adoption of administrative innovations and corporate strategies (Davis, 1991; Burns and Wholey, 1993; Palmer et. al., 1993; Westphal et. al., 1997) and multiple studies have started to unravel this notion of embeddedness in order to comprehend in what specific ways it contributes to a firm’s innovation performance (Nooteboom et al., 2006). Just as interesting is the work examining the influence of networks on financial relationships (Baker 1990; Podolny 1993; Stearns and Mizruchi 1993). This line of work demonstrates that access to elite partners may have considerable economic benefits, measured by rates of growth, profitability or survival (Baum and Oliver 1992; Podolny 1993; Koput et al 1998). 

In academic literature there is now increasing consensus that a firm’s embeddedness in a network of inter-firm relations matters for its economic and innovative performance (Nooteboom, 1992; Hagedoorn, 1993; Powell et al., 1996; Rowley et al., 2000; Ahuja, 2000; Owen-Smith and Powell, 2004).  

In general the outcomes of research with respect to the effect of innovation on firm performance, like profits and turnover, show a positive effect (Kemp et al. 2003).  In a study by Diederen et al. (2002), in which the relationship between export performance and the innovativeness is studied, the results show significant higher profits and growth for innovative farmer firms than for firms that are not innovative. Favre et al (2002) also find a positive relationship between profits and innovativeness. Contrary to these findings are the results regarding the relationship between profitability and innovation from Sandven & Smith (2000). They find higher rates of growth in terms of sales, employment, assets and productivity, but this was not the case with respect to profits. A reason could be that diverse industries have different rates of innovation, and therefore also have different rates of investment, being either lower of higher (Arnold & Thuriaux, 2000). 

In the analysis of Meinen (2001), he states also that innovation has a positive effect on the firm performance and that it realises extra turnover. Also permanent R&D will increase the turnover more, due to new products. Other factors that have a positive influence regarding innovation and firm performance are cooperation and the use of information sources. 
In most cases innovation will have a positive influence on the performance of a firm, but for some performance measurements it is not quite obvious. This is partly an explanation why innovation is seen as a truly important factor in contemporary business environments, an essential driver for economic growth and widely agreed to be a fundamental determinant of firm performance (Rogers, 1998). 
1.4 RESEARCH QUESTION AND RELEVANCE 
This thesis will shed light on the action potential of firms committing themselves in strategic alliances by analysing the strategic alliance network they are part of and connecting their embeddedness to both the innovation performance as the economic performance of the firm. Therefore, the following research question is formulated:

Does the position of a firm in a strategic R&D alliance network affect its performance?

This thesis will be written in order to answer the before mentioned question and get insight in the economic importance of position in a strategic alliance network. In this way, a contribution will be made to network perspectives as well as to the literature regarding the formation of strategic alliances between firms. Together with the fact that a strain will be laid on innovation performance related issues of firms, the thesis adds to business economic literature and provides with information for different areas of expertise. 

Company owners are provided a view on the potential influences of strategic alliances and the effect they have on network issues. Again, these network issues are brought into a connection with certain performance issues that are of interest to these company owners. These company owners, or managers named to act on their behalf, can choose to engage in these alliances, or increase their attention directed to it, if results are proven to be positive and improve their performance measures. Either way, the result can be taken along during the decision making process of firms. In addition, governance boards and governments can use the outcomes presented in order to stimulate economic growth the best way and secure future economic goals in a better manner. Also the insights in the formation of networks and the importance of strategic alliances can bring some interesting information that governance boards or governments can use. 
Furthermore an important component of R&D alliances, on which the focus of this study will lie, is the topic of innovation. The magnitude of innovation management is growing in size and importance and more focus is laid on this aspect in order to enlarge competitive competences firms have. This thesis also adds relevant information about the way to handle innovation through the formation of the earlier mentioned strategic alliances. 

To back up the before mentioned research question, a variety of sub-questions is created in order to generate a decent platform to act from. These questions are considered in the literature part of the thesis and taken along during the empirical part of the paper as well where they form the basis for the proposed hypotheses. These sub-questions are the following:

· What is innovation and what different types of innovation can be distinguished?

· What is an alliance and what different types of alliances can be distinguished?

· How does innovation influence measures of firm performance?

· What are networks and what are network characteristics? 

In the following chapter, the literature part of the thesis will be treated. In this chapter the subjects of innovation, strategic alliances and networks will be elaborated. In this chapter, also the different hypotheses will be formulated. These hypotheses are based on previous studies and form the empirical basis for answering the research question. 

The third chapter will show how the hypotheses are tested and tells us more about the methodology used in the thesis.

The fourth chapter will have its focus on the data that is collected for this research and treats possible inconsistencies in the dataset, along with the different variables used in the regressions that are made.

Based on the empirical analyses done I will discuss the results in the fifth chapter. Finally I will come to a conclusion in the sixth and final chapter. This chapter will answer the central research question and will expose some feedback on the research that has been done.

2. LITERATURE

In this chapter a clear overview is presented on multiple subjects regarding innovation, strategic alliances, networks and their influences on firm performance. Different points of view are provided and discussed in order to construct a respectable theoretical framework for this thesis. The chapter will elaborate on different topics that are ventilated in the first chapter, also it will put forward a broader background regarding the different topics.

2.1 INNOVATION

Innovation has been the centre of theoretic discussion for a long time. Besides the discussion on its definition, also its uses are repeatedly discussed. In this chapter, I will discuss the view of different important scholars that handled innovation. I will discuss different forms and sources of innovation and finally I will add my share to the discussion by providing my own definition on innovation.

2.1.1 SCHOLARS ON INNOVATION

In this part the definition of innovation and the different types of innovation will be discussed. I will make clear what different scholars regarded as being innovation. I will start with the theory and definition of Schumpeter, than some other definitions will follow and also additional classifications.

Schumpeter defined innovation in 1934 as the carrying out of new combinations, which envisions five different cases: (1) The introduction of a new good or of a new quality of a good; (2) The introduction of new method of production; (3) The opening of a new market; (4) The opening of a new source of supply; (5) The carrying out of the new organization of an industry (Schumpeter, 1934). In his view, it is the producer that is the sole person that innovates, and most often innovations are carried out by new firms that start producing along the old ones. The carrying out of new combinations does not necessarily mean that only vacant means of production are employed; new combinations draw the required means of production from old already existing combinations; therefore innovation consists in a different employment of the existing resources by composing new combinations with them. A difference is also made by Schumpeter between an invention and an innovation: as long as an invention is not carried into practice it is economically irrelevant, and furthermore, innovations do not need to be inventions in the least.

In 1942 Schumpeter defined innovation as follows: “reform or revolutionize the pattern of production by exploiting an invention or, more generally, an untried technological possibility for producing a new commodity or producing an old one in a new way, by opening up… a new outlet for products” (Schumpeter, 1942, p. 132).
Innovation can also be described as “the effort to create purposeful, focused change in an enterprise’s economic or social potential” (Acs et al, 2001). Another definition is given by Amabile (Amabile, 1988) who defines innovation as “the successful implementation of creative ideas within the organization”, and Thompson defined innovation as “the generation, acceptance, and implementation of new ideas, processes, products, or services” (Thompson, 1965). The definitions from Amabile and Thompson are different from some other definitions that focus only on the production of ideas, rather than implementing them. But most current definitions of innovation do include both the development and the implementation of these new ideas.

Kuznets (Kuznets, 1962) distinguished several characteristics with respect to technical innovation (product and process innovation), and came to the following definition of innovations: “…new combinations of existing knowledge in devices potentially useful in economic production and resulting from a mental performance above the average…” [Kuznets, 1962, p. 24]. This definition also focuses more on radical innovations, because it says innovation is a product of a mental effort above the average and therefore distinguishing from improvements in technique that are made in the daily process (incremental innovations).
2.1.2 RADICAL AND INCREMENTAL INNOVATION

In the literature an interesting  distinction can be made between radical and incremental innovations (Werker, 2003), which adds to the innovation literature. It is a clear classification of different innovations and therefore it helps to understand the topic of innovation better. 
Incremental innovations are innovations within a technical paradigm that are generated in an ordered and accumulative way, and an ex-ante idea exists about their possible outcomes and implications. In contrast, radical innovations cause a change of the technical paradigm, and there is a lot of uncertainty about their possible outcomes and implications.

A radical innovation causes a technological breakthrough, and after an era of ferment with rivalry between alternative technological regimes, a standard is set (Anderson & Tushman, 1990). Within this dominant design there is a long period of incremental changes, that may be broken after some time by another subsequent technological breakthrough, and the whole process starts again.

Schumpeter restricted his analysis to radical innovations. It is beyond this research to explain Schumpeter’s theory about creative destruction in detail, but the theory deals with changes (innovations) that destroy the market equilibriums (the ‘circular flow’) (Schumpeter, 1934). These discontinuous changes in the channel of the circular flow are what we call nowadays ‘radical innovations’.
2.1.3 SOURCES OF INNOVATION

It is said innovation results from two major sources: (1) internal R&D that draws on the firm’s accumulated knowledge, and (2) imitations of the innovations of other firms (Lewin and Massini, 2003; Nelson and Winter, 1982). Economists acknowledge innovation consists largely of the recombination of existing knowledge. Innovation is often the result of synthesizing or “bridging” ideas from different knowledge domains (Hargadon and Sutton, 2000; Burt, 2004). Therefore, firms increasingly enter into research and development (R&D) alliances with other firms to combine complementary knowledge in the pursuIt of new innovative technologies (Dyer et al., 2006). 

2.1.4 INNOVATIVE DEFINITION

I combined some elements of the aforementioned definitions, to formulate my own definition of innovation. The definition I will use is: “A new combination of knowledge which is potentially useful and possible to implement.” In this definition I used Schumpeters definition for the first part,  a new combination of knowledge, and in the second part, that is potentially useful and possible to implement, I also emphasized the characteristic of usefulness. Although Amabile defined innovation as a ‘successful implementation’ (Amabile, 1988), I defined an innovation as being potentially useful, like Kuznets did (Kuznets, 1962), because not all innovations are implemented, although they may possess some potential usefulness. For instance, a firm can have ‘sleeping’ patents but never make use of them. However it should be possible to implement the innovation, because useful combinations of knowledge that cannot be implemented are just ideas and cannot be considered innovations. So with possible to implement I aim at the importance of (possible) implementation that is mentioned by Amabile and Thompson (Amabile, 1988; Thompson, 1965).
2.2 ALLIANCES

In scientific literature, a widespread discussion exist considering the topic of alliance formation. I will show different kinds of alliances that can be named, what the reasons are to engage in alliances or not to engage in them at all and connect this to economic literature. 

2.2.1 DEFINITION AND TYPOLOGY OF ALLIANCES

To discover whether there is an effect of position on performance in a strategic alliance network, I begin to provide a view on what a strategic alliance actually is and what different kinds of alliances exist. A detailed definition of a strategic alliance is given by Yoshino & Rangan (1995). They state that a strategic alliance has to meet three criteria:
· The two companies that cooperate to strive for goal(s) about which they agree, remain independent after forming the alliance.

· The participating companies both receive advantages from the alliance and they control together the execution of the tasks the have agreed before. 

· 
The participating companies continually invest in strategic areas like technology, production, etc.

As a result of these criteria, a lot of collaborative forms are excluded from being a strategic alliance. For example, licensing and franchising agreements are not strategic alliances following this definition, and also mergers and acquisitions are excluded from being alliances. Even subsidiaries that are established between a multinational and a local company, in order to penetrate new geographic markets are not defined as strategic alliances. This because these two companies do not strive both to reach certain goals, and the control stays mostly in hands of the multinational. 

Note that this definition mentions ‘strategic alliance’ and not ‘alliance’ (Seppälä, 2004). An alliance is a broader term which does not include that the collaboration needs to be of:

(1) Significant (and not easy replaceable) magnitude that it is of great importance for the company, and/or (2) has to be clearly linked to the strategic intent of the company. 

Now that the definition of alliances is clear, I can elaborate on the different types of alliances. Again, the book of Yoshino & Rangan (1995) is helpful, since it provides a useful categorization of the different types of inter-firm agreements.

They split inter-firm agreements in two groups by making a difference between collaborations with equity exchange and collaborations without equity exchange, which are defined as contractual agreements. 
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Figure 1 (Yoshino & Rangan, 1995)

Equity arrangements involve the sharing or exchange of equity (Gulati, 1995), while contractual (non-equity) arrangements don’t involve any form of equity. 

In this way a clear distinction is provided between inter-organizational linkages, under which any form of cooperation can be categorized.

For the full list of strategic alliances, please look at figure 1. It shows that strategic alliances consist both of contractual agreements and equity arrangements. In the case of contractual agreements, non-traditional contracts are categorized as strategic alliances. Such agreements are for example Joint R&D, Joint Product Development and Joint Marketing.

Alliances within equity arrangements are arrangements that do not create a new entity, such as minority equity investments or equity swaps. Alliances can also be formed by creating an entity by forming non-subsidiary Joint Ventures. 

2.2.2 REASONS TO ENGAGE IN STRATEGIC ALLIANCES

Before I can say anything about the effect of the alliances that are formed between different firms, it is useful to understand why companies would engage in alliances in the first place. I will provide a variety of reasons to do so and will show that the rationale is both broad and versatile. 
The five categories of Oliver (1990) why firm are motivated to form alliances are shown here (Seppälä, 2004):

· Necessity, i.e. an organisation establishes relationships with other organizations to meet legal or regulatory requirements

· Asymmetry, i.e. that a gap between the amount of information different organizations have, makes at least one of them want to interact to breach that gap.

· Reciprocity, i.e. that organizations want to strive for balance, harmony and mutual support instead of dominance, control or competition

· Efficiency, i.e. organizations want to cooperate to improve their input/output ratio

· Stability, i.e., that the desire to improve a company’s reputation and the need to be associated with other companies, leads to the desire to cooperate.

In the alliance literature there are numerous reasons given why firms choose to form alliances. With this overview, a general background is given for these reasons. I purposefully chose not to mention all the detailed reasons, since this would lead to an endless list of bullet points, which would transcend the scope of this study.

Within these reasons a few clear reasons can be extracted to form strategic alliances. In the subsequent literature parts, a more theoretical reasoning is provided in order to explain the rationale for firms to form strategic alliances. This is done by treating the transaction costs economics (TCE) and the resource based view (RBV) theories. 
2.2.2.1 TRANSACTION COSTS ECONOMICS

The transaction costs economics theory will provide insight in a reason to engage in an alliance. It will show that a combination of the make-or-buy decision based on the level of transaction costs will let the firm choose to form an alliance.
The central thought of this theory is that a firm should minimize the sum of transaction costs and production costs when making a decision to receive ownership over a certain good. (Coase, 1937; Williamson, 1975). Transaction costs are made when activities which are necessary for an exchange occur. Production costs arise when a firm has to coordinate activities in-house. Now, when transaction costs of an exchange are high, an internal strategy (produce it yourself) is more efficient, since the transaction costs are lower when you produce a good yourself compared to when you decide to buy it. However, when transaction costs are low and production costs are high, a market exchange will be preferable. Therefore, according to TCE, the choice between markets and hierarchies is driven by efficiency considerations. 

Between these two ends of the continuum (make vs. buy), the option to form an alliance is present. Strategic alliances combine characteristics of both internalisation and market exchange. On the one hand an alliance accounts for production costs, since a firm that is part of an alliance also produces the good for a part. On the other hand an alliance produces transaction costs, since contracts between firms will still be needed. 

When transaction costs are intermediate and not high enough to justify vertical integration, alliances will be preferred above total internalisation and total externalisation (Gulati, 1995). So the advantage of an alliance from a TCE point of view is that it produces the lowest sum of transaction costs and production costs in a specific situation, and is therefore most suitable to that situation. 

Although these arguments are plausible and transaction cost theory has answered the question why firms ally to a great extent, the transaction cost theory has also many shortcomings. Especially the focus on cost minimization and individual transactions has often been criticized. Hagedoorn (1993) found that cost minimizing goals of collaborations were not an important factor when organizations had to decide to collaborate in technological oriented collaborations; the main goal of alliances was to create value. The transaction cost view fails to recognize this (Das & Teng, 2000; Tsang, 2000). Transaction cost also fails to incorporate the learning effect of alliances, because it treats each transaction in an isolated way.

2.2.2.4 RESOURCE BASED VIEW

The firm is dependent on their own collection of resources and continually tries to improve the set of resources in order to develop their conduct of business in a better way. Sometimes these resources are not easily acquired and strategic partnering can be the solution from a resource based point of view.

Unlike the transaction cost view, the recourse-based view is able to explain why firms focus on creating value and not so much on cost minimization. The RBV looks at inter-organizational collaboration from a value maximizing perspective (Tsang, 2000). 

Firms are not able to gain automatically access to every valuable resource they want to. But when companies share resources via a collaborative agreement, this can lead them to this resource (Dyer & Singh, 1998).  So when a company wants to gain access to a certain resource or when it wants to further develop a resource, it has two options: develop it internally or exchange via the market. When exchanging resources or building them internally becomes difficult, mergers, acquisitions and strategic alliances are a solution (Eisenhardt & Schoonhoven, 1996). Strategic alliances are preferred above mergers and acquisitions when not all resources of the partner are valuable to the firm. In an alliance a firm is able to select the resources it needs, which is not the case with mergers and acquisitions (Das & Teng, 2000).

The focus of this study will lie on the strategic R&D alliances that are formed between companies and in this way only a part of the strategic alliances is treated. This is done because these R&D alliances are easy identifiable and are highly connected to the innovativeness of the firms. This innovativeness again can lead to higher performance measures of the firm and the relation between strategic R&D alliances, innovation and firm performance becomes clear. If further in this thesis is referred to alliances, strategic R&D alliances are meant.

2.2.2.5 REAL OPTION ANALYSIS
Also the real option theory provides an analysis that is of interest to the alliance literature and supports the justification of alliance formation.  I will show that firms can handle uncertainty and increase their strategic flexibility by forming alliances.

Real options are likened to financial options because the purchase of the option conveys the right, but not the obligation, to make further investment (Adner & Levinthal, 2004; Kogut & Kulatilaka, 1994). With financial options, you can consider a call option on stock for a certain moment in time. If the stock price has risen, it might be a good decision that the investor exercises his option and buys the stock at option price. He can than sell at the higher market price. If the stock price does not go up, he can choose to abandon the option at a certain premium price.

To put the theory in a broader perspective, this theory helps the investor, but possibly also a manager, decide to delay, expand, abandon or reposition the investment (Smit and Trigeorgis, 2004). The key attributes of this model are the uncertainty about the future price, the contrast between limited downside risk and unlimited upside potential, and the property rights conveyed by ownership (Warner and Fairbank, 2008).

The theory argues that managers can undertake projects that more traditional valuation techniques, such as net present value analysis, might undervalue if they have discretion in the timing of investments, can wait for the resolution of uncertainty (Leiblein, 2003) and then choose to take further action, defer, or even abandon the opportunity (Bowman & Hurry, 1993). The theory has originally been used to value internal developments but can also be applied investments between firms like joint ventures or strategic alliances.

An emerging line of real option theory recognizes that growth options emerge if particular capabilities (Folta & O’Brien, 2004) or technological positions (McGrath, 1997) can be generated by investment under high uncertainty. Growth options are particularly valuable in high technology environments because they create the opportunity for firms to participate in subsequent generations of products (Leiblein, 2003).
Because of great uncertainty about future market developments and R&D outcomes, it can be an incentive to engage in long-lasting R&D alliances, which will create the opportunity to participate in subsequent generations of products. Furthermore it will provide the firm the right, not the obligation, to engage in future investments which grants them strategic flexibility in having the option on investment. 

In this way, real option theory underlines the potential of alliance formation in handling uncertainty and providing the firm with strategic flexibility. 
2.2.3 POSSIBLE PITFALLS OF ALLIANCE FORMATION
Alliance formation is not only characterized by positive outcomes and indeed there are multiple downsides and dangers to be identified. Besides lock-in effects, opportunism and lack of trust can be reasons not to engage in alliance formation. 
Certainly, the decision to work in partnership with other companies, some of which may even be competitors, is often troubled with strategic uncertainty. Creating a steadiness between risk and opportunity seems reachable on paper, but despite attractive opportunities, the danger of entering restrictive, complex or unproductive relationships is present. Mismatched capabilities, cultures, internal processes and a general lack of trust between partnering companies constitute the primary relational risks that obstruct alliance development (Wilson and Tuttle, 2008). 
Moreover, the peril of opportunistic behaviour is often present in the formation of alliances, with companies trying to take more from a partnership than they are willing to invest themselves. Subtle shifts in objectives, from mutual goals to competitive advantages, add instability to relationships that can become competitive and collaborative at once.
While an alliance agreement’s exit arrangement could provide a check on opportunism by allowing the parties to exit at will, such exit provisions also can be used opportunistically. Most alliance agreements, therefore, provide for contractual “lock in” of the alliance partners, with only limited means of exit (Smith, 2005). Lock in, of course, remains disputed as well by not providing the firm with proper strategic flexibility and creating path dependencies that can result in strategic myopia.
2.3 NETWORKS
Now that it is clear which different types of alliances firms can engage in, and the reasons whether or not to engage in these alliances, it is time to consider the position of these firms within a network to get a better understanding of the effect of network position on firm performance. As discussed in paragraph 1.2, the strategic alliances firms form can be transformed to connections. Put together, these connections can be seen as a strategic alliance network.

2.3.1 NETWORK THEORY

Rather than focussing on the environment as a constant, network theories see the marketplace as a flexible and changeable surrounding. The following part will show that the basis of a network consists of connections between actors and that monitoring and understanding the flows that exist between actors through these connections is the underlying thought of network analysis.

Firms’ capabilities to recombine their resources to create new innovations have been deemed critical in determining survival and success (Nelson and Winter, 1982; Prahalad and Hamel, 1990; Schumpeter, 1934; Selznick 1957). R&D capabilities are the capabilities of a firm that enable effective knowledge recombination and integration among different sources of innovation to create new products and processes (Zhao et al, 2001). 

Transfer of knowledge is therefore highly important and is customarily treated in two theoretical currents. Both are already shortly treated and the first one is Transaction Costs Economics (TCE). This theory is formed under the assumption of opportunism and deals with the way the decision maker minimizes so called transaction costs and seeks a stimulus in the knowledge transfer. The posture of the transfer of knowledge forms the main motivation for the choice between markets and hierarchies in TCE.

The second one is the resource base view (RBV) which focuses on the available assets or resources a company holds. This theory lays a strain on the mobility of these resources and their ability to convert short run competitive advantages into sustainable advantages. To really comprehend the knowledge creation and harmonization to attain sustainable advantages is its main driving force. 
In their study, Dyer and Singh (1998) comment on the RBV that argues that differential firm performance is fundamentally due to firm heterogeneity rather than industry structure. They argue that, according the RBV, firms that are able to accumulate rare, non substitutable, valuable and difficult to imitate resources will achieve a competitive advantage. In this way seeing the firm as primary unit of analysis. The scholars however say that a firms critical resources may span firm boundaries and maybe embedded in interfirm resources and routines. They argue that an increasingly important unit of analysis for understanding competitive advantages is the relationship between firms and they explain this as the relational view of the firm (Dyer and Singh, 1998). 
The network theory has started to evolve and join force with the two traditional camps to explore the nature and dynamics of the knowledge creation, coordination and transfer among network members. With the tools of this theory, we can understand better the storage and movement of knowledge among multiple agents in an empirical setting, rather than looking at knowledge transfer as an isolated interaction between two individual agents (Zhao, 2001). 
In essence a network is a set of relationships between individuals, groups or organizations (Ansell, 2006). An economic network, however, can be seen as the pattern of relationships among firms and institutions (Kogut, 2000) and this is the type of network on which the focus will lie in this thesis.

The basis of all networks exists from a relationship between two actors or nodes, a dyad. However, network approaches are more concerned with the analysis of interconnected dyadic relationships and the simplest version of a network therefore requires three different actors, or nodes; a triad. The focal point of network approaches is to what extent and in what way, flows arise between the different actors that operate in the perceived marketplace and how these network ties are maintained or altered.

2.3.2 STRONG AND WEAK TIES
The connections or ties between different actors within a network can be of various kinds and various intensities. A way to distinguish between different ties, is through the strength of the tie which will be made clear in the following part.

Granovetter (1983) focuses in his study on social network ties. He distinguishes between strong ties and weak ties. The first being people that you are directly related to in a social way and can be seen as close friends; in these people you invest a considerable amount of time. The latter are acquaintances that are less likely to be socially involved with one another and these receive far less time. He says that a certain person (person A) would have, next to his or her collection of close friends, a collection of acquaintances of who few would know one another. However, these people are likely to have close friends on their own with whom they form a small knit of social contacts that is however different from person A’s social structure. The weak tie between person A and his acquaintance, therefore, becomes not merely a trivial acquaintance but rather a crucial bridge between the two densely knit clumps of close friends (revised form Granovetter, 1983).  The centre of attention lies here on the fact that without these weak ties, the different knits, or cliques, of close friends would not have been connected. In this way it can be said that certain people with a small amount of weak ties, can be disadvantaged when it comes to informational sharing from other parts of the social network. 
2.3.3 NETWORK EMBEDDEDNESS
Powell and Smith-Doerr (1994) focus on their notion that the most important facet of an organisation’s environment is its social network of external contacts. They emphasize that economic action – like any other form of social action – does not take place in a barren social context but, rather, is embedded in social networks of relationships. Based on the thoughts of Granovetter, I will show that it is possible to distinguish between different forms of embeddedness within a network.

Gulati (1998) says, that network perspectives build on the general notion that economic actions are influenced by the social context in which they are embedded and that actions can be influenced by the position of actors in social networks. He refers to this embeddedness as the routinization and stabilization of linkages among members as a result of a history of exchanges and relations within a group, which can be seen as the relative position an actor has in a network. 
Granovetter (1992) examines two analytical approaches of the influence of social networks and distinguishes between relational embeddedness and structural embeddedness. 

Relational embeddedness or cohesion perspectives on networks stress the role of direct cohesive ties as a mechanism for gaining information and these actors that share direct connections with each other are likely to possess more common information and knowledge of each other (Gulati, 1998). Cohesion can also be viewed as the capacity for social ties to carry information that diminishes uncertainty and promote trust between actors (Granovetter, 1973; Podolny, 1994; Gulati, 1973; Burt and Knez, 1995); it creates trust and transparency among organizations which in turn increases learning performances and reduces costs of mitigating opportunistic behaviour (Gulati, 1998; Wuyts, 2003).

Structural embeddedness or positional perspectives on networks go beyond the immediate ties of firms and emphasize the informational value of the structural position these partners occupy in the network. This information does not only travel through proximate ties in networks, but through the structure of the network itself and the structural embeddedness focuses on the informational position of the location an organization occupies in the overall structure of the network (Gulati, 1998).

These approaches both underline the informational rewards that social networks can confer on certain actors.

2.3.4 FROM SOCIAL TO INTERFIRM NETWORKS
Since a tie can be any kind of relationship between people, groups or organizations (Ansell, 2006) and networks exist of the ties that these actors have with each other, every interaction can be seen as being a part of a network. Here I will show that networks theory can be considered in a much wider sense than only social networks. 

While the original focus of network research was on understanding how the embeddedness of individuals influences their behaviour, a similar argument was extended to organizations (e.g. Burt, 1982; Walker, 1988; Mizruchi, 1992; Gulati 1995b). Also Gulati realizes that although the notion that certain actors possess social capital has been most developed for individuals and their interpersonal networks, the idea can easily be extended to organizations and their inter-organizational networks (Gulati, 1997). In this way, all different relations that firms have with each other, like supplier relations, relationships among the working staff or even strategic alliances interconnect the firm through an extensive amount of social and economic relationships. Therefore, the network theory can interchangeably be used for both social and inter-firm relationships, because they are both based upon human interactions.

The image of atomistic actors competing for profits against each other in an impersonal marketplace is increasingly inadequate in a world in which firms are embedded in networks of social, professional and exchange relationships with other organizational actors (Granovetter, 1985; Gulati, 1998; Galaskiewicz and Zaheer, 1999). Translating the social network analysis into economic analyses and analysing what combination of strong and weak ties, or relational and structural embeddedness, as treated by Granovetter, would be best for the firm is what becomes interesting. 
In this way a certain behavioural aspect affects their relative position in the inter-firm network and has consequences for their competitive advantages and are therefore of strategic purpose. The strategic network consists of a variety of relationships with other companies that can be customers, suppliers, competitors and can be cross-border and across industries. 
According to Gulati (2000), strategic networks can provide a firm with access to information, resources, markets, technologies; with advantages from scale, and scope economies; and allow firms to achieve strategic objectives. In this way, the importance of the knowledge or information overflow becomes clear. The main argument for the formation of inter-firm linkages has been that it provides firms in innovation-driven industries access to new knowledge (Mowery et al., 1996). 
A substantial amount of research has analyzed both the contingencies under which one network structure is more beneficial relative to the other and the relations between firms’ network position (deriving from ties from other firms) and performance (Farina, 2008). Again the focal point of the analysis is on the way the ties of the network are built up and their ability to distribute information’ and resources’ flows amongst the actors.

2.3.5 NETWORK POSITION

Now that the background of networks and the embeddedness of actors in these networks is clear, I can elaborate on the perception that the position a firm has within a network is of importance to the firm. I will show that this position is expected to affect the firms innovative and financial performance. Based on the propositions made, I will hypothesize on this to create a foundation for the empirical research. 
The centrality a firm has is a measure for the extent to which an actor controls or is deeply involved in network flows (Gnyawali and Madhavan, 2001; Wasserman and Faust, 1994; Burt, 1980) and therefore treats the relative position of the actor in the network en the way the actor is embedded in the network. This makes centrality a particular useful measure because it identifies the relative importance or prominence of individual actors in a network based on information about all the actors in a network (Ansell, 2006). The centrality of firms can be divided in some different forms of which a few will be treated here.

First there is the node or degree centrality, that simply concerns ‘nodal’ attributions of actors and their hierarchical position amongst other actors (revised from Wall and van der Knaap, 2008). This measure of centrality is concerned with the absolute number of network ties an actor or node has and can be seen in one line with the earlier treated relational embeddedness of actors like it is treated in 2.3.2. The larger the extent of node or degree centrality, the larger the amount of information the node will get and the greater the power a node can exercise on its relations. This degree centrality can be seen supportive of the strong tie theory of Granovetter (1983), these firms have direct contact in having a strategic alliance and invest a considerable amount of time in each other. 

The embeddedness and competition in alliance networks drive the formation of alliance networks and affects firms’ innovative performance (Granovetter, 1992; Gulati 1998). Empirical evidence indicates that firms can indeed take advantage from their embeddedness in alliance networks and from occupying certain positions in these networks (e.g. Podony and Stuart 1995, Stuart and Podolny 1996, Stuart 1998, Ahuja 2000, Rowley et al., 2000; Gulati et al., 2000; Gargiulo and Benassi, 2000).
When you count the number of direct network ties, you are measuring the results of entrepreneurial networking (Lechner and Leyronas, 2007). Different studies have proposed a simple relationship between network size (as a centrality measure) and firm performance, that is, the more direct partners an entrepreneur has, the better it is (Johannisson, 2000). Actors occupying central positions in a network are viewed as potentially powerful because of their greater access to and possible control over relevant resources (Boje and Whetten, 1981). They enjoy advantages from network position also because their resource superiority reduces competitors’ likelihood of response (Chen, 1996).
It can be expected that firms that engage in these alliances can create a certain amount of synergy due to acquiring complementarity of knowledge that exceeds the knowledge accumulation established by single firms. Hagedoorn and Schakenraad (1994), Ahuja (2000) and Shan et al. (1994) found a positive relation between the direct number of alliances a firm has and its innovation performance. Therefore the following hypothesis is constructed:

H1a: 
Firms enhance their innovation performance by having more direct strategic alliance ties (network size or degree centrality). 
Kogut (1988) argues that the resources required from an alliance partner can facilitate a firm’s effort to alter its competitive position. This alteration of this competitive position could mean an improvement in the overall strategy that a firm depends on that result in higher financial performances. Johannison (2000) said there would be a direct relationship between centrality measures within strategic alliance networks and the financial performance of the firm. In fact, the idea that network structure and embeddedness affect firms’ competitive behavior and performance is well acknowledged in network literature (Uzzi, 1997; Burt, 1992; Coleman, 1988; Granovetter, 1973). 
Next to this, a higher level of innovation is met through the formation of R&D alliances and literature showed us that innovation has positive influences on firm performances so this reinforces the assumption made that R&D alliances stimulate firm performance. So also the indirect effect indicates a rise in financial performance through higher innovational performance.

H1b:
Firms enhance their financial performance by having more direct strategic alliance ties (network size or degree centrality).
Burt (1992) describes that firms should develop ties to firms that are not directly connected to the existing group of partners. Such a tie will provide access to new information and entrepreneurial opportunities to the extent that it offers access to non-redundant sources of information (Burt, 1992). These kinds of ties cover so called structural holes. Structural holes guarantee that the partnering companies on both sides of the hole have access to different flows of information (Hargadon and Sutton, 1997). If this hole is covered by two actors, they take an interesting and important position in the network. The actor finds itself in a brokerage position in which it actually controls certain flows of information between its own clique and that of its partner. Also these kinds of positions can be measured. This centrality measure is called betweenness centrality. It is conventionally thought to measure the volume of traffic moving from each node to every other node that would pass through a given node (Borgatti, 1995). Now it is said to measure the amount of network flow that a given node ‘controls’ in the sense of being able to shut it down if necessary (Borgatti, 2005).
This can be seen in line with Granovetter’s idea about the importance of weak ties, since they open up new gateways to information that is available within the network. The focus here is more on the previously treated structural embeddedness of the actor and the relative position of this actor within the network and treats the network in total rather than on direct ties.
The number of connections is not the only measurement for successful performance. The ‘structural holes’ approach to networks, which focuses on fulfilling opportunities, being an unserved space in a network that can be exploited. It also stresses that there are advantages in less dense networks where the brokerage function enables the gaining of advantages (Burt, 1992). Lechner and Leyronas (2007) actually see in their research that the network size is less important than network position and the following hypothesis is fabricated:

H2a:
Firms that connect more otherwise unconnected actors in a strategic alliance network, have a better innovation performance (network embeddedness or betweenness centrality).
In addition to this, a great group of scholars suggest that one of the most important mechanisms for increasing performance is firms’ ability to use network ties for accessing information about opportunities and choices that are otherwise not available to them (Farina, 2008).

H2b:
Firms that connect more otherwise unconnected actors in a strategic alliance network, have a better financial performance (network embeddedness or betweenness centrality).
2.3.6 STRATEGIC R&D ALLIANCE NETWORKS
Because there are many different forms of networks on many different levels in society, I need to explain in what kind of context this thesis will be written. In this thesis, the focus is on strategic R&D alliance networks. This means that the network that is used, exists from rather specific interactions between the different firms. It is no longer about the relationships that the firms have with each other in the form that people know one another, but the focus is set upon the formation of a strategic R&D alliance as the basis for the network which will bring a high focus on information exchange that can lead to high levels of innovation.
R&D alliances are even more challenging than other types of alliances, because knowledge sharing is characterized by inherently problematic issues that require careful governance, and because the innovation process itself is characterized by a high degree of uncertainty, which makes success extremely difficult to predict. Success in an R&D alliance is more likely to occur when the firms initiating the alliance: (a) partner with other firms that possess relevant complementary knowledge, and (b) effectively share and combine that complementary knowledge (Dyer et al., 2006). Furthermore stress should be laid on corporate management, financial management, project management, staff management, communication management and result management (Creech, 2006) to name a few. Under the assumption that these alliances are handled properly and companies succeed in their efforts to engage in strategic alliances, the formation of their alliance portfolio becomes more essential.
Joint R&D that two or more firms do together is a component of the larger theoretical discussion about strategic alliances and is also driven by the accumulation or transfer of knowledge and information between the firms that are active within the alliance. The increasing costs of R&D in combination with a shortening of product and technology lifecycles and blurring industry boundaries in a dynamic technological environment have made it almost impossible to develop technology on a stand alone basis (Gilsing and Lemmens, 2005). R&D partnerships in which companies jointly perform R&D, and also share existing technologies, and develop new products and processes as, more than other forms of cooperation such as cross-licensing, second-sourcing or customer-supplier agreements, these R&D partnerships are seen as a major vehicle for knowledge transfer (Hagedoorn, 2002; Mowery, Oxley and Silverman, 2002). In this way there are both efficiency’ and creativity reasons to be looked at when forming a strategic R&D alliance. Firms use these technology alliances to reduce costs of R&D, to transfer technology in order to improve the innovative performance, to reduce the time-to-market or to search for new technological opportunities (Hagedoorn, 1993). Particularly in high-tech sectors, alliances have become more the dominant strategy and the empirical studies have produced evidence that they positively affect corporate performance in terms of speed of innovation (Hagedoorn, 1993). The alliances are formed to better serve the firms with information and knowledge which they can use for doing their R&D. This R&D, subsequently, will have to lead to a greater innovation performance, which coincides with the overall strategy formulation of the firm and results in a better overall performance of the firm.

2.3.7 RECIPROCITY AND INTERDEPENDENCE

Networks become more interesting the more complex they become. The market that exists is no longer static but evolves in a way that exists from relations between companies that are based on ongoing social control and reputation. Because of the long term perspective that arises on transactions within networks, companies deal with reciprocity and interdependence which form the basis for mutual trust. 
Reciprocity can be seen as the extent in which the ties or connections between two nodes are both ways, so that the information, resources or whatever there is exchanged between the nodes and does not flow in one way. If transactions develop, more specific investments are made. In this way the dependence is increased between the companies and also adds to the trust between the companies. Stability is created within the network and this stability leads to further investments between the network actors. In this way, the network cycle is therefore almost vicious and sometimes locks firms into unproductive relationships and shuts their eyes for alternative opportunities that might arise.
Hagedoorn et al (2006) rightfully address the topic of both inward and outward knowledge flows and the way that the firms position themselves, as being an interesting gap in the network literature and of considerable interest in strategic R&D alliance formation. Wall and van der Knaap (2008) identify favourable positions in networks created by shorter ‘path lengths’ between different actors. It concerns here the number of steps the information or knowledge towards or from all the other nodes in the network should take in order to reach the node that is of interest; this is called closeness centrality. 
In this thesis the focus is on the position of the firm within the strategic alliance network and empirical not on the strength or characteristics of the ties between the partners. I do not look at the extent of the knowledge that is traded between the companies, nor the features of particular nodes and physical distances between nodes, but only whether a connection exists or not and the position the firm takes based on these connections. 
3. METHODOLOGY

Before doing any analysis whatsoever, I need to find out whether my sample is representative. The sample is constructed will be brought in line with the overall dataset provided from the SDC database. This is done with a frequency distribution made up for both cases and by appraising the descriptive statistics on both cases. 
HYPOTHESIS 1a

In this hypothesis the innovation performance of firms is discussed. The innovation performance is measured with patents that have been collected from the USPTO database. In this database, patents for all North-American countries are saved and counted and this coincides with the fact that the data gathered from COMPUSTAT is for North-American countries as well. 

The hypothesis is about the innovation performance of the firm. There are multiple ways to assess this performance through both innovation input and output variables. I have chosen to test it with the output variable of ‘number of patents’. This because these patent numbers are easy attainable, clear and widely accepted as a measure for innovation. With this variable it will be possible to test the influence of the degree centrality on the innovation performance of the firm.

To better understand the relation between the variables of ‘NrmDegree’ and that of the number of patents per firm, some tests are done. I have chosen to test the relation with an ANOVA test, correlation matrix, independent sample T-test and a regression model.

For the regression model, the dependent variable ‘LogNrPat’ is used that is the natural log of the number of patents to provide a better view on linearity and avoid heteroscedasticity. ‘NrmDegree’ is used as independent variable together with some control variables. This variable ‘NrmDegree’ represents a normalized distribution of degree centrality over the different companies. 

The control variables are: Sales/Turnover (Net), Research and Development Expense, Number of Employees and dummy variables for the sectors of Telephone Companies, Semiconductors, Pharmaceutical, biological research and laboratory testing Companies and Computer and Computer Services Companies. 

HYPOTHESIS 1b
The second hypothesis is tested in the same way as the first one. However the stress in this hypothesis is on the betweenness centrality of the firms. It focuses on the ability to connect otherwise unconnected actors within the network and this particular hypothesis looks to what the effect will be on the innovation performance of the firm. 

To validate this hypothesis, again I did my testing with correlation matrices, an ANOVA test and a regression model. Here the independent variable is changed for ‘nBetweenness’ which stand for the normalized distribution of betweenness centrality for the different companies. The control variables in the regression model are the same as in the previous hypothesis. 

HYPOTHESIS 2a
In this hypothesis, a look is taken at the financial performance of firms and whether this financial performance is influenced by the degree centrality of the firm. The financial performances used to test this hypothesis are all tested separately being the dependent variable with multiple independents.

Financial performance is measured with the variables ‘Return on Assets’ (ROA) and ‘Return On Capital Employed’ (ROCE). I chose for ROA and ROCE to measure financial performance because they are related to profits and they provide a good analysis on the returns of certain incentives like firm position. Also they are chosen because these variables are no absolute numbers but ratios. Ratios are favourable, because they normalize for firm size. ROA compares the net income with the assets (ROA = Net income / Total Assets). ROCE is quite similar to ROA, but here the numerator is the Pretax operating profit (EBIT, earnings before interest and taxes), and the denominator is Capital Employed, which can be derived by subtracting the Current Liabilities from the Total Assets (ROCE = EBIT / (Total Assets – Current Liabilities). A correlation table and an independent sample t-test are made to back up the regressions. 

HYPOTHESIS 2b 


This hypothesis is tested in a similar way as H2a, except for the fact the focus in this hypothesis will be on the variable ‘nBetweenness’ which stand for the betweenness centrality of a firm. The degree centrality variable will be excluded due to their high correlation. This hypothesis will be tested with a regression model and a correlation table. 

4. DATA

In this chapter, I will discuss the data that is used to base my findings on. I will show how I have composed my final dataset and which variables I composed in order to make a proper empirical study. 
This chapter will show that fabrication of the dataset consisted of three parts. First there is the alliance data from the SDC Platinum database. Secondly, I needed patent data from the USPTO database. And thirdly, I needed company specific information from the COMPUSTAT database.
4.1 DATA ACQUIRING

The way that the alliance data that I needed to fabricate my independent variables is acquired will be discussed in this part, the way this information is transformed to create these variables, can be read in 4.3. I retracted data of companies who have an alliance from the database of SDC Platinum, which is a financial transactions database. This data consisted of businesses that have founded R&D alliance between 01-01-1998 and 09-05-2008. 

A list was fabricated of 3358 alliances, of which 15 lacked data. These 15 alliances were removed which resulted in 3343 alliances formed by 3960 different companies. All these companies had a CUSIP (Committee on Uniform Security Identification Procedures) and a SIC (Standard Industrial Classification) code. 
From these 3960 companies, only 342 hits were found in the COMPUSTAT database in which I could find the company statistics that I needed for a proper regression; in this database company variables like numbers of employees, R&D expenses and total assets are found. Based on the availability of these company specific data in COMPUSTAT, I created a list of these 342 companies. 

Of these 342 companies, 46 findings had double information. I sought for company details between January 2006 and June 2007 and some companies had provided with multiple annual statistics. After the elimination of the earliest year, a total of 296 companies remained on which I could base my arguments. For all these 296 companies, I have looked up the amount of patents they possess in the USPTO patent database, which covers all patents of North American companies. In this way, a database was created for 296 companies that showed hits in all three different databases and provided me with complete information to base my arguments on.
4.2 DEPENDENT VARIABLES
Empirical testing is done to consider the influence of types of variables on the dependent variables that are in line with the proposed hypotheses. The dependent variables used in this thesis are the number of patents per company, Return On Assets (ROA) and Return On Capital Employed (ROCE).
Patents per company is a variable acquired from the USPTO database. This variable serves as an indicator for innovation performance of the firm. 
ROA is created by dividing the Net income of the company by the total assets. ROCE is fabricated by dividing earnings before interest and taxes by the difference between total assets and total liabilities.
4.3 INDEPENDENT VARIABLES
The independent variables that will be used are those of ‘centrality’ and ‘betweenness’. These variables were computed by using the UCINET 6 software. First the data from the SDC database had to be transferred into data that could be read by the UCINET 6 software. In order to do so, the data had to be set up another way than provided by SDC. During the transformation of the data, I encountered a few alliances that were lacking certain information like SIC codes or company names or all information questioned for. These incomplete alliances were erased in order to avoid future difficulties. Furthermore, all alliances with three or more partners were simplified into a direct alliance between two nodes in order to make it readable to the software. 

In the UCINET 6 software, the degree centrality and the betweenness centrality were computed. These were used again in SPSS as being the independent variables and put together with the company specific information to create the database used for my empirical research.

Because I wanted to control for and use a certain amount of specific variables, I looked for the following company specific characteristics and added them in an SPSS database:

· Sales/Turnover 

· Net Income 

· Number of employees 

· Patents: number of patents 

· SIC Code 

· R&D expenditures 

· EBIT (Earnings Before Interest and Taxes) 

· Total Assets 

· Total Liabilities 

Using these variables some other variables are created. Therefore I measured some ratios, and I also categorized the SIC codes, the number of employees and the number of patents. For each category of SIC Code a dummy variable was created. These additional variables are:

· Number of patents per employee (Patents divided by employees)

· R&D to sales ratio (R&D expenditure divided by total sales)

· ROA (Return On Assets) 

· ROCE (Return On Capital Employed)

· Category size of the firm (1 = small, less than 1,000 employees; 2 = medium, 1,000-10,000 employees; 3 = large; more than 10,000 employees) (Appendix 2)

· Sector Pharmaceuticals (dummy variable SIC codes 2833 – 2836, 8731 and 8734) Medicinal Chemicals and Botanical Products, Pharmaceutical Preparations, In Vitro and In Vivo Diagnostic Substances, Biological Products (Except Diagnostic Substances), Services – Commercial, Physical and Biological Research and testing Laboratories. 
· Sector Computer (dummy variable SIC codes 3571 – 3579, 7372 - 7379) Computer and Office Equipment and Computer Programming, Data Processing and other Computer Related Issues.
· Sector Telephone (dummy variable SIC codes 4812 – 4813, 3661, 3663) Telephone Communications, Telephone & Telegraph Apparatus, Broadcasting and Communications Equipment.
· Sector Semiconductors (dummy variable SIC code 3674) Semiconductors and related devices.
Outliers

The data is also checked for outliers by using boxplots. However, there were no cases which in fact contained impossible data that had to be removed in order to have a representative view on the sample. Some outliers just had significant higher values in terms of assets, liabilities, employees, or sales. However, it would jeopardize the sample if they were excluded from the dataset. When I was already doing regressions, I saw that some of the values were reported in CAD instead of in USD. In this way, a bias existed in the data. Despite the fact that these values are not totally accurate, it concerns only 6 values on a total of 296 so this will not affect the findings in this research on a large scale. However, this comprehension will be taken along during the research limitations. 

Multicollinearity

I also tested for multicollinearity while doing regression analysis and checking Variance Inflation Factors (VIF), which is an index measure that assesses how much the level of variance of a coefficient changes because of collinearity, and by analyzing the correlation matrix that is presented in appendix 4. Normally the analysis of a correlation matrix is a pretty good method of detecting multicollinearity; however it often misses the more subtle forms of multicollinearity. If the largest VIF is larger than 10, then there is cause for concern (Myers, 1990) and when the tolerance level is below 0,2 this indicates a potential problem (Menard, 1995). 
I noted that the two independent variables ‘NrmDegree’ and ‘nBetweenness’ are highly correlated. Therefore, I did not add them together when doing a regression analysis, because this might distort the outcomes.
5. RESULTS AND DISCUSSION 

First, a look needs to be taken at the descriptive statistics and the frequency distribution that is composed to compare the sample I used to the entire dataset (appendix 1). The companies that were present in the alliance database derived from SDC were not all to be found in the COMPUSTAT database. After calculating the betweenness and degree centrality variables with the UCINET 6 software for all companies, I linked them to the companies that were to be found in COMPUSTAT. In appendix 1 can be seen that this sample from COMPUSTAT (sample dataset) actually fits the total dataset pretty well for both the normalized betweenness and degree centrality variables if we compare the descriptive statistics tables. The means, standard deviations and the variance can be compared and the sample therefore displays good representation of the total database.

Also the frequency distributions in the form of histograms that can be seen in that same appendix 1 show us that the distribution of the total dataset and the sample data set is alike. Of course the total dataset shows some values that do not occur in the sample; however, the resemblance is apparent and again the sample can be seen as representative. 
In appendix 2, we see the descriptive statistics that are based on the means, standard errors and the variances of all the different variables that will be taken along during this discussion part. Also the correlation table, presented in appendix 4, will be of considerable interest to this research. From the correlation table (appendix 4) we can see that  the independent variables ‘NrmDegree’ and ‘nBetweenness’ (normalized degree centrality and betweenness centrality respectively) show high levels of correlation and can therefore not be taken along in one and the same regression. So the two of these independent variables are tested separately for the different hypotheses.
5.1 HYPOTHESIS 1a 
To test the first hypothesis that I composed, I wanted to do a regression analysis and use a dependent variable that represented the level of innovation performance that a firm realizes.  This innovation performance is in this hypothesis embodied by the variable ‘Number of patents’ which stands for the number of patents that a certain firm has. The independent variable that I focus on here, is that of ‘NrmDegree’ which stands for the degree centrality a certain firm has within a strategic alliance network. The hypothesis argues that the more (degree)central a firm becomes, the number of patents would rise accordingly.

To do a proper regression, some assumption are made. One of these assumptions is the assumption of homoscedasticity which can be tested by using a One-way ANOVA test. In appendix 5.1, we can see that the null hypothesis, which in this case says that the variance of the dependent variable is equal or homogeneous across groups defined by the independent variable, can be rejected because of the low significance level of 0,025. In this way, the variance is heteroscedastic. 

A way to solve this problem is by transforming our dependent variable with a logarithmic transformation. I created this variable in SPSS and named it ‘LogNrPat’ and the outcomes in appendix 5.2 shows that now the null hypothesis can be accepted and homoscedasticity is present. 

Table 1.   Homogeneity of variance
	
	Levene Statistic
	P-value  

	Number of patents
	2.341 
	0.025

	LogNrPat
	1.015
	0.421


This transformation brings some other interesting things. Appendix 5.3 shows that the normality of the

Dependent variable has improved which can be seen in the Q-Q plot. Although this normal distribution is not a necessity, it does not harm the regression at all. Also, the linearity that exists between the dependent variable ‘LogNrPat’ and the independent variable ‘NrmDegree’ is improved which is shown in the scatterplot of appendix 5.3. Moreover, the balance between the mean and the variance has improved drastically. In appendix 2, the variance of the number of patents is far bigger than its mean, which can jeopardize a linear regression analysis. Now with the logistic transformed dependent variable, the variance is smaller than the mean and this variable can be used for linear regression analysis. In the same way, the control variables ‘Total Assets’, ‘R&D Expenditures’ and ‘Turnover/Sales’ are transformed in ‘LogTotalAssets’, ‘LogRDEx’ and ‘LogSales’ respectively. For the independent variable ‘NrmDegree’, this has not been done since the transformation disturbs the balance between mean and variance. In appendix 5.4 we can see that this improves linearity and the balance between mean and variance of each different variable. In the correlation table of appendix 5.4 I noticed a high correlation between ‘LogTotalAssets’, ‘LogRDEx’ and ‘LogSales’. Because ‘LogTotalAssets’ was correlated the highest with the other two, and I definitely wanted to keep the R&D variable in, I excluded this variable.

The regression is done with the independent variable degree centrality and there is controlled for multiple variables that are of interest to the dependent variable. Interesting detail is the control variable ‘number of employees’, because in this way the dependent variable is not influenced by the size of the firm. It is logical that larger firms have more patents, but in this way a normalized view is provided on innovation and not a mere focus on the number of patents a firm has.

Table 2.   Degree centrality on innovation performance
	
	R2
	Beta ‘NrmDegree’
	P-value ‘NrmDegree’ 

	Number of Patents
	0.601
	0,478
	0,783


The impact of degree centrality on the innovative performance measured by patents per employee is not significant. This means we can assume that H1 can be rejected. Thus, based on the outcomes of the regression model, firms that have more direct network ties in a strategic alliance network will not have a higher innovative performance. 

Furthermore, I performed an independent sample T-test, based on two patent variables. I added the variable ‘patents per employee’.  Because of the fact that the Independent sample T-test is a more robust way of testing, I do not need to use the natural log.

Table 3. Independent Samples T-Test
	
	DegreeCentr
	N
	Mean
	P-Value

	Patents per employee
	>= 0,0081
	78
	456,8866
	0.307

	
	< 0,0081
	205
	4080,5101
	

	Number of patents
	>= 0,0081
	81
	1998,38
	0,427

	
	< 0,0081
	215
	2677,46
	


The results based on the independent sample t-test do not support H1a. The means in table 2 show the average numbers of patents for companies with a normalized degree centrality higher than 0,0081 and lower than 0,0081. This number is chosen based on the descriptive statistics that can be found in appendix 5.6. Here can be seen that 70,2% of all firms have a normalized degree centrality of 0,0081 which represents one connection to another firm. In this way, a great majority of the sample’s values has only one alliance.  If I assume that the word ‘centrality’ will only become of use if there are at least dyadic relationships with other companies, so if there is something to be central between. In this way a very clear-cut distinction is made between central and non-central firms and this cut can only be made at the point of a degree centrality of 0,0081. Also, if we take a look at the number of network ties, we can conclude that a centrality of 0,008 is the same as one alliance.
Table 3 shows us then, that the average number of patents for central firms is actually lower than the non-central firms. On average, central firms have fewer patents than non-central firms, especially in the case of patents per employee this is a remarkable difference. Inherently, the innovation performance of central firms seems to be lower than that of non-central firms and this does not support H1; however I cannot conclude anything concretely, since none of the values is significant.
So with respect to H1, the results are rather straightforward. I will have to reject H1a. 

The regression model takes into account other variables for which I need to control and this model tells us that I cannot assume that a higher value of degree centrality leads to higher innovation performance. This is backed up by the Independent Sample T-test that I have performed. This means that an increase in total number of direct strategic alliances does not enhance the firms’ innovation performance.

An explanation for this can be that alliances need a long incubation time. The sample shows the number of alliances and the patents per employee, but it might take a great amount of time to evolve from an alliance partner to actually a firm that is acquiring patents. In this research, there is not accounted for time series and even the alliance dates are not taken along. It might be the case that a great deal of the alliance are only very short existent and need additional time before they pay-off in terms of patents.

Significant effect of other variables

The first thing that catches the attention is the significant influence of R&D Expenses on the natural log of the number of patents. This positive significant influence is to be expected, because if firms invest more in the research and development of things it seems obvious that this would result in a change of patents to claim possible new inventions or innovations.

The second significant effect is the negative effect of the pharmaceutical, biological research and laboratory testing companies sector. This tells us that for every pharmaceutical, biological research and laboratory testing company that is added to the sample the number of patents per will decrease and that these companies have a significant negative effect on innovativeness. Basically, this tells us that pharmaceutical, biological research and laboratory testing companies are slowing innovative processes terms of patents per employee.
Table 4. Effect of control variables on innovative performance
	
	Beta
	P-value

	LogRDEx
	0.693
	0.000

	Pharmaceutical, biological research and laboratory testing companies sector
	-0.550
	0.000


5.2 HYPOTHESIS 1b

In the same way I have handled the first hypothesis we are going to deal with the second one as well due to the similar traits the two hypotheses have. In this second hypothesis, the degree centrality from the first hypothesis is traded for the betweenness centrality that describes the possibility in which a firm can act as a broker between other firms. 

Again ‘LogNrPat’ will be the dependent variable to see what the effect of the selected variables is on the innovation performance of the firm in terms of number of patents. Again ‘LogTotalsAssets’’ has to be excluded from the regression due to the multicollinearity it brings to the model. 
Table 5.   Betweenness centrality on innovation performance
	
	R2
	Beta ‘nBetweenness’
	P-value ‘nBetweennss’ 

	Number of Patents
	0.602
	0,758
	0,454


We can see in table 5, that the effect of betweenness centrality is not significant with respect to the innovation performance of the firms in the sample. Therefore I can reject H1b and conclude that the extent to which a firm will act as a broker between other firms does not have a significant impact on the innovation performance of the firm, measured in number of patents.
For this hypothesis, it is hard to do an independent sample t-test because it is nearly impossible to divide the groups in two in a way that is consistent and valid. With the first hypothesis, I could distinguish between different firms groups because a firm has some form of degree centrality by simply counting the nodes to which the firm is connected. However, with betweenness centrality this is rather difficult, because the outcome of this variable is not presented by absolute numbers but an approximation of the number of shortest paths a node holds which have to be travelled from random firms to others. If a larger amount of shortest paths are routed through a certain node, this node will have a higher betweenness centrality and ‘control’ a larger amount of network flow. The approximation is done by the calculation that can be found in appendix 6.3 and explains that also the effect of what is behind the firms to which firm v is connected is of considerable interest for this variable and not only the dyadic relationship between two separate firms. In this way, the betweenness centrality is not a variable that easily splits my outcomes into two groups; this would even be rather arbitrary. Therefore, I have chosen not to conduct this t-test for this hypothesis. 

H2 shows straightforward outcomes as well. Again, I will have to reject this hypothesis. I will have to choose for the outcomes presented by the regression model. This model also focusses on other variables for which the outcomes need to be controlled. 

This means that firms that connect otherwise unconnected actors in strategic alliance networks, do not have a better innovation performance. 

Significant effect of other variables

In this regression there are again two values that show us a significant influence on the dependent variable ‘LogNrPat. And once more it are the variables ‘LogRDEx’ and the pharmaceutical, biological research and laboratory testing companies. Again they have a positive and negative influence respectively on the dependent variable.
Table 6. Effect of control variables on innovative performance
	
	Beta
	P-value

	LogRDEx
	0.691
	0.000

	Pharmaceutical, biological research and laboratory testing companies sector
	-0.558
	0.000


5.3 HYPOTHESIS 2a

Because the balance between mean and variance (Appendix 7.1) does not improve is a log transformation is exercised, the dependent variables, Return On Assets (ROA) and Return On Capital Employed (ROCE) remain in their original form. Log transformation are done for the control variables ‘R&D Expenditures’ and ‘Sales/Turnover’.
The financial performance measures used to test the third hypothesis are Return On Assets (ROA), which actually looks at how profitable a company is in relation to its assets and Return On Capital Employed (ROCE), which looks at the efficiency of capital investments and is an indicator for how well a company is utilizing capital to generate value. These two variables are used as dependents, ‘NrmDegree’ as independent and the other control variables. Table 7 shows the results of the regression analyses concerning the effect of whether a firm’s position in a strategic alliance network in terms of degree centrality has an effect on the financial performance of the firm for each of the financial performance measures.

Table 7. Effect of degree centrality on financial performance

	
	R2
	Beta ‘NrmDegree’
	P-value ‘NrmDegree’

	ROA
	0.281
	- 1.602
	0,334

	ROCE
	0.013
	- 2.066
	0.755


For both the financial performance measures, the effect of degree centrality on the financial performance is negative, but none of these effects is significant. I also constructed a correlation table (appendix 9) and an independent sample t-test (appendix 7.5). 

The results from the correlation matrix show both negative and positive values, but are however not significant. The results from the independent sample t-test are negative, but again the results are not significant.

To conclude, the results from the regression analysis, the correlation table and the independent sample t-test do not support the third hypothesis, so I will have to reject this hypothesis. This means that the sample that is used, does not show that the more central a firm becomes, in terms of degree centrality, the better its financial performance will be. Increases in the total number of direct strategic alliances do not enhance the firms’ financial performance. Contradictory to what the literature had shown, I even discovered that firms perform less if they become more central, then again, these results were not significant.
Significant effects of other variables

The second regression, that with ROCE as the dependent variable, does not show any significant values whatsoever and will therefore not be treated any more. The first regression does have significant values. As can be seen in Table 8, two variables have a significant effect on the ROA of the firm. First of all, the number of employees shows a negative influence on the ROA, which could mean that the hiring of additional people makes the firm slow and hampers the profitability. The extra people do not increase the net income enough in relation to the total assets of the firm to facilitate a rise in ROA.

The positive effect of the natural log of sales on the ROA can be expected. An increase in sales will increase the net income of the firm, which is the numerator in the equation that creates the ROA ratio. 
Table 8. Effect of control variables on ROA
	
	Beta
	P-value

	Number of Employees
	-0.003
	0,010

	LogSales
	0.386
	0.000

	*** Correlation is significant at the 0.01 level (2-tailed).


5.4 HYPOTHESIS 2b

With this hypothesis, again a look is taken at the ROA and the ROCE of the firm, and how these two dependent variables are influenced by the position of the firm. This time the position is described by the betweenness centrality of the firm and the regression is controlled by numerous other variables, shown in appendices 8.1 and 8.2. Table 9 shows the results of the regression analyses.
Table 9. Effect of betweenness centrality on financial performance

	
	R2
	Beta ‘nBetweenness’
	P-value ‘nBetweenness’

	ROA
	0.279
	- 0.601
	0,536

	ROCE
	0.013
	- 0,622
	0.872


For both dependent variables the influence of betweenness centrality is negative, but none of these particular effects is significant. The correlation table that is used to back up this regression can be seen in appendix 9 and shows us that the direct relation between betweenness centrality and ROA and ROCE is positive, however again the results are not significant. 

Again, the results from both the regression and the correlation table do not support this hypothesis. 

This leads to the rejection of hypothesis 2b, because the regression and correlation matrix do not provide me with sufficient information to accept it. This means that firms that connect otherwise unconnected firms in a strategic alliance network, do not have a better financial performance.
Significant of other variables

Again the regression with ROCE as dependent variable does not show any control variable with a significant effect on the dependent variable. With the ROA as the dependent variable, the same image is created as the previous hypothesis. Again the number of employees shows a significant negative influence on ROA. Also when the natural log of sales rises, this will have a significant positive effect on ROA.
Table 8. Effect of control variables on ROA
	
	Beta
	P-value

	Number of Employees
	- 0.003
	0,010

	LogSales
	0.384
	0.000


In a way, the findings of both H2a and H2b coincide with the findings from the first two hypotheses that do not provide support for a significant positive relationship between the position of the firm in a strategic alliance network and the innovation performance of the firm. In paragraph 1.3, I have argued that there exists a positive impact from innovativeness on firm performance. From this point of view, it seems rather logical that if H1a and H1b were not supported, H2a and H2b would not either. If more central firms are not more innovative, than they will not perform better in financial terms as well. 

If there was a significant effect of position on innovation and financial performance, it would be highly interesting to assess the mediation and moderation effects between the variables. It would be nice to understand the relation between position and financial performance of the firm, that is influenced by the innovation performance which is somewhere between these two. However with insignificant values, these moderation and mediation effects would not have the platform they would need to come to interesting conclusions.

6. CONCLUSION

The formation of strategic (R&D) alliances is widely discussed in economic literature and extensively elaborated on. The topic is viewed upon as being almost a must for firms acting in the fast moving markets of today’s world economy through different literature sources. The literature points into the direction of positive outcomes that are attached to these alliances. 

Also the topic of networking is discussed widely in economic literature. It started of in the social context, after a while, scholars realized that there are also economic issues attached to the network perspectives. In addition, the social network issues were translated to inter-firm relations but the centre of attention remained on the connections between the different nodes within these networks. The focus in these network studies is mainly set on the embeddedness a firm has in relation to other firms in the network at hand. In this way the strategic alliance literature and network perspectives are combined to create the topic of strategic alliance networks, as treated in this thesis.
However, despite different findings in economic literature, there is no sufficient basis to say that the position of a firm in s strategic R&D alliance network is of influence on its performance.
6.1 RECAPITALIZATION OF FINDINGS 
The hypotheses composed for this research, after considering the literature at hand, were all perceived to be true. In this way it was expected that a better embeddedness within a strategic alliance network, would enhance both innovation and financial measures of the firm. 

However, I did not find enough support for H1a, so the number of ties that a firm has in a strategic alliance network does not enhance the innovation performance of these firms. Only the control variables ‘LogRDEx’ and ‘Pharmaceutical, biological research and laboratory testing companies sector’ had a significant influence on the innovation performance, this was a positive and negative effect, respectively.

I did not find support for H1b either, thus firms that connect to otherwise unconnected firms and open up more knowledge for themselves, do not enhance their innovation performance by doing so. Again the control variables ‘LogRDEx’ and ‘Pharmaceutical, biological research and laboratory testing companies sector’ had a significant influence on the innovation performance.
For H2a no support was found as well. The outcomes of data even showed a negative influence of the number of alliances on the financial performances of the firm; however these were no significant values. The ‘Number of Employees’ and ‘LogSales’ variables are however of significant influence on the ROA of the firm. They are related to this performance measure negatively and positively, respectively. With respect to the ROCE of the firms, the control variables do not show any significance whatsoever.  

The fourth hypothesis, 2b, considered the firms’ betweenness centrality and the financial performances of the firm. Again the outcomes of the regressions did not support the hypothesized statement. Here, a straightforward influence can be seen; the betweenness negatively interacts with the ROA and the ROCE of the firm. It has to be said again that there is no evidence of significance to be found in this regression considering the betweenness centrality of the firm.

With the knowledge that none of the proposed hypotheses is proven to be true, I can answer the research question I have formulated. I did not find any differences in firm performance, either financial or innovative, between firms based on their extent of network embeddedness. Regarding the used data I can therefore say that the position of a firm in a strategic R&D alliance network does not affect its performance. 

It is too bad that these findings are not in line with the proposed hypotheses, because it would have been highly interesting to see what the moderation and mediation effects of innovation on financial performance would have been. 
6.2 RESEARCH LIMITATIONS
The data that is used to do the analysis carried out in the previous chapters does have some limitations. I used a dataset of worldwide R&D alliances formed between 1998 and 2008 from the SCD platinum database. The network was composed based on the alliances as they were up onto June 2008. These were alliances that consisted of two or more members of the alliance that was formed. However, if I wanted to insert these alliances in the UCINET 6 software to get the variables of ‘Degree Centrality’ and ‘Betweenness Centrality’, I could only use alliances with one partner and had to erase the additional partners and not all partners were included in the sample. 
The sample that I have created has not provided the insight that was expected beforehand. Despite the fact that the sample did resemble the entire dataset, I do have some question marks that can be raised about this thesis and its sample. It could be that the sample picks different actors that are situated on the edge of the total network. In this way the image presented is not that of a simplified version of the giant component, but only a gathering of different companies that happen to be in the network on different locations. Next to that, UCINET handles only dyadic relational input and different companies were excluded in some cases and in this way certain cliques were cut in pieces in order to get the data in the right form.
Some of the firms reported their financial statistics in CAD instead of in USD. I did not find the urge to modify all different data because the problem was not very big. First of all, the total amount of companies that reported in CAD was 6 out of 296, which is fairly small part. Furthermore, these values still could be used in formulas to obtain ratios like ROCE. In this way, the effect of difference in reporting was in my opinion so small, that I left the variables for what they were.

Analyzing performance at the firm level, literature has considered firms’ strategic resource endowments (Peteraf, 1993; Barney, 1991; Teece, Pisano, and Shuen, 1991). Farina suggests that one of the most important mechanisms for increasing performance is firms’ ability to use network ties for accessing information about opportunities and choices that are otherwise not available to them (Farina, 2008). In this way, he is saying that what the firm actually does with its favourable position depends on the internal resource endowments. The article of Cohen and Levinthal’s (1990) explains the notion of ‘absorptive capacity’ which means that the extent to which firms can learn from external knowledge is largely dependent upon the similarity of the knowledge base of the partners.

In this way, it is not the position per se that offers the firm with better results, but it is the way that the firm handles the position in which it is located within a network and allocates resources in order to maintain or improve this position. From this point of view, each firm is idiosyncratic because of differences in resources and assets acquired over time and because of the routines developed to manage them. If a favourable position in the network gives the firms the potential to access the information on the existence of diverse opportunities, the possibility to fully exploit these opportunities is depending on the presence of some firm-specific characteristics (Shipilov, 2006; Lee, Lee, and Pennings, 2001). Dyer and Singh (1997) synthesize the research on inter-organizational collaboration into four sources of competitive advantage that derive from such relationships: the creation of relationship-specific assets, mutual learning and knowledge exchange, combining of complementary capabilities, and lower transactions costs stemming from superior governance structures. 

It therefore can be said that the analysis made in this thesis is a somewhat apparent one. It does not focus on the competences a firm owns; neither does it focus on the extent of the relationship between different actors in the network. It would be interesting to see the amount of information and knowledge that is distributed within the network and the direction in which it travels. This gives a more in depth view on the position a firm holds and focuses on the reciprocity of the relations between actors. It could be more interesting to have positions that facilitate the transport of a great deal of information, rather than having a position that holds a lot of ties that do not transport a large portion of information. In this way, also the betweenness centrality can be much more elaborated on and will provide decent insight in the relative position of the firm. Truth is though, that it is comparatively hard to quantify these kinds of information flows and indicate what information is to what extent valuable to which firm. Nevertheless, it is an interesting topic to take a look at within the inter-firm network perspective.

In this study the number of patents to measure the innovative performance of a firm is used. Although this output measure has some advantages, there are also disadvantages. First of all, not all innovations that are made by a firm are patented, for instance because of the costs of making a patent and the danger of competitive imitation resulting from the revelation of the innovation (Kuznets, 1962). Patents are also viewed as relatively ineffective (Von Hippel, 1988). Therefore there may be a lot of innovations that are not patented. Second, patents differ widely in their potential economic value. Of all patents 33%-40% does not reach commercial use by the end of the fifth year after the patent is made (Kuznets, 1962). And after all, the impact of R&D alliances (just like R&D expenses) may be a long term impact. Therefore it is difficult to measure the effect of R&D alliances.

Seen the before mentioned limitations, researchers should focus on getting valid data that is reliable and preserve more attention for the fabrication of a good list of alliances. This list should be adjusted for a longer period than ten years to get a better view on the citations of patents. It is also recommendable to perform time series analyses, to get better insights. This also allows us to examine the extent to which alliances formed by firms may lock them into path-dependent courses of action in the future (Gulati, 1998)

In addition, more emphasis on the innovation measures should be laid. Innovative performance can also be measured in other ways than only in terms of number of patents and this should provide a better understanding of the innovativeness of firms. Also a certain stress should be on the fact if patents are really used to introduce new goods and services because of their high failure rate.
Altogether there remain certain aspects that can be improved which go beyond the extent of this study.

REFERENCES
· Abernathy, W., Clark, K. (1985) Innovation: Mapping the winds of creative destruction, Research Policy 14, 3-22.

· Acs, Z. J., Morck, R.K. & Yeung, B. (2001) Entrepreneurship, Globalization and Public Policy, Journal of International Management 7 (3), pp. 235-251.
· Adner, R., & Levinthal, D. A. (2004). What is not a real option: Considering boundaries for the application of real options to business strategy. Academy of Management. The Academy of Management Review, 29(1), 74.
· Ahuja, G. (2000a). Collaboration networks, structural holes, and innovation: A longitudinal study. Administrative Science Quarterly, 45: 425-455. 

· Ahuja, G. (2000b). The duality of collaboration: inducements and opportunities in the formation of interfirm linkages, Strategic Management Journal, 21(3): 317-343.

· Amabile, T.M. (1988) A model of creativity and innovation in organizations, Research in Organizational Behavior 10, 123-169.
· Anderson, P., Tushman, M. (1990) Technological discontinuities and dominant designs: A cyclical model of technological change, Administrative Science Quarterly 35 (4), 604-634.

· Ansell, C., (2006), ‘Network Institutionalism’, in Rhodes et al.: The Oxford handbook of Political Institutions, chapter 5, 75-90.
· Arnold, E., and B. Thuriaux (2000), Overview, Technopolis, proceedings of the conference
Innovation and enterprise creation: statistics and indicators, session C: Innovation and Firm Performance, www.technopolis-group.com/innoconf, pp. 9-14.

· Badaracco, J. L. (1990). “The knowledge link.” Boston: Harvard Business School Press
· Baker, Wayne E. (1990). ‘Market Networks and Corporate Behavior.’ American Journal of Sociology 96: 589-625.

· Baum, Joel and Christine Oliver. (1992). ‘Institutional Embeddedness and the Dynamics of Organizational Populations.’ American Sociological Review 57: 540-59.

· Barney, J. (1991).’Firm resources and sustained competitive advantage’, Strategic Management Journal, Winter Special Issue, 15, pp. 99-120. 
· Boje, D.M. and D.A. Whetten (1981). ‘Effects of organizational strategies and constraints on centrality and attributions of influence in interorganizational networks’, Administrive Science Quarterly, 26, pp.378-395. 
· Borgatti, S.P., (1995).’Centrality and AIDS’ Connections 18(1), 112-114.
· Borgatti, S.P., (2005).’Centrality and network flow’ Social Networks, 27, 55-71
· Bowman, E. H., & Hurry, D. (1993). Strategy through the options lens: An integrated view of resource investments and the incremental-choice process. Academy of Management Review, 18(4), 760-782.
· Burns, Lawton R. and Douglas R. Wholey. (1993). ‘Adoption and Abandonment of Matrix Management Programs: Effects of Organizational Characteristics and Interorganizational Networks.’ Academy of Management Journal 36: 106-38.

· Burt, R.S. (1982) Toward a Structural Theory of Action, New York: Academic Press.

· Burt, R.S. (1992) Structural Holes, Cambridge MA: Harvard University Press.

· Burt, R.S. (2004). Structural holes and good ideas. American Journal of Sociology, 110(2): 349-399

· Burt, R.S. and M. Knez (1995). ‘Kinds of third-party effects on trust’, Rationality and Society, 7, pp.255-292.

· Calantone, Cavusgil, Zhao, (2001), Learning orientation, firm innovation capability, and firm performance, Michigan State University.

· Chen, M.J. (1996). ‘Competitor analysis and interfirm rivalry: towrd a theoretical integration’. Academy of Management review, 21, pp. 100-134. 

· Coase, R.H. (1937). The nature of the firm. Economica, 4: 386-405.

· Cohen, M., D. A. Levinthal, (1990). Absorptive capacity: a new perspective on learning and innovation. Administrative Science Quarterly. 35 128-152.
· Coleman, J.S. (1988), ‘Social capital in the creation of human capital’. American Journal of Sociology, 94, pp. 95-120.

· Creech, H (2006), What to Consider in Creating an Alliance, IISD Knowledge Communications Practice Note
· Das, T.K., Teng B., (2000), A resource based theory of strategic alliances, Journal of Management, Vol. 26, No. 1, 31-61  

· Davis, Gerald F. 1991. "Agents Without Principles? The Spread of the Poison Pill Takeover Defense Through the Intercorporate Network." Administrative Science Quarterly 36: 583-613.

· Diederen, P., H. van Meijl and A. Wolters (2002), Innovation and farm performance: the case of Dutch Agriculture, in: Kleinknecht & Mohnen (eds.), pp. 73-85.

· Duysters, G.M. and J. Hagedoorn (2000), ‘Core competences and company performance in the world-wide computer industry’, Journal of High Technology Management Research, 11 (1), 75–91.

· Dyer et al., (2006) Determinants of Success in R&D Alliances, National Institute of Standards and Technology. Technology Administration, U.S. Department of Commerce

· Dyer, Jeffrey H. and Harbir Singh. (1997). "The Relational View: Cooperative Strategy

and Sources of Interorganizational Competitive Advantage." Unpublished manuscript,

The Wharton School, University of Pennsylvania.
· Dyer, J., & Singh H. (1998) “The Relational View: Cooperative Strategy and Sources of Interorganizational Competitive Strategy.” Academy of Management Review 23: 660-679.

· Eisenhardt, K. M. and Schoonhoven, C. B. (1996). “Resource-based view of strategic alliance formation: strategic and social effects in entrepreneurial firms.” Organization Science, 7(2): 136-150.

· Farina, V. (2008). ‘Network embeddedness, specialization choices and performance in investment banking industry’, University of Rome II - Faculty of Economics, Rome.

· Favre, F., S. Negassi and E. Pfister (2002), The effects of spillovers and government subsidies on R&D, international R&D cooperation and profits, in: Kleinknecht & Mohnen (2002) (eds.), pp. 201-224.

· Folta, T. B. & O’Brien, J P. (2004). Entry in the Presence of Dueling Options. Strategic Management Journal, 25 (2), 121-138. 
· Fombrun, C.J. (1982) ‘Strategies for network research in organizations’, Academy of Management Review, Vol. 7, pp.280–291.
· Galaskiewicz, J. and A. Zaheer (1999).’Networks of competitive advantage’. IN S. Andrews and D. Knoke (eds.), Research in the Sociology of Organizations. JAI Press, Greenwich, CT, pp. 237-261.
· Gargiulo, M. and Benassi, M (2000), ‘Trapped in your own net?’ Network cohesion, structural holes and the adaption of social capital’, Organization Science, 11 (2), 183 – 96
· Geisberger, R., Sanders, P., Schultes, D. (2008),’Better Aproximation of Betweenness Centrality’. SIAM
· Gilsing, V. and Lemmens, C. (2005), Strategic alliance networks and innovation: a deterministic and voluntaristic view combined, Technische Universiteit Eindhoven.
· Gnyawali, D.R. and R. Madhavan (2001). ‘Cooperative networks and competitive dynamics: a structural embeddedness perspective’. Academy of Management Review, 26, pp.431–45.
· Granovetter, M. (1973).’The strength of weak ties’, American Journal of Sociology, 78, pp, 1360-1380.
· Granovetter, M. (1983),’The strength of weak ties: A network theory revisited’,  Sociological Theory, Volume 1, 201-233.
· Granovetter, M. (1985).’Economic action and social structure: A theory of embeddedness’, American Journal of Sociology, 91, pp. 481-510.
· Granovetter, M. (1992), ‘Problems of explanation in economic sociology’, in N. Nohria and Robert G. Eccles (eds), Networks and Organizations: Structure, Form and Action, Boston, MA: Harvard Business School Press, 25-56.
· Gulati, R. (1995). “Does Familiarity Breed Trust? The Implications of Repeated Ties for Contractual Choice in Alliances.” The Academy of Management Journal, Vol. 38, No. 1., pp. 85-112.

· Gulati, R. (1995b). ‘Social structure and alliance formation pattern: A longitudinal analysis’, Administrative Science Quarterly, 40, pp. 619-652.  
· Gulati, R. (1997). ‘Which firms enter into alliances? An empirical assessment of financial and social capital explanations’, working paper, J.L. Kellogg Graduate School of Management, Northwestern University.

· Gulati R., (1998), ‘Alliances and networks’, Strategic Management Journal, Vol. 19, 293-317

· Gulati, R., Nohria, N. and Zaheer, A (2000), ‘Strategic networks’, Strategic Management Journal, 21, 203 – 15.

· Hagedoorn, J. (1993). “Understanding the rationale of strategic technology partnering: interorganizational modes of cooperation and sectoral differences.” Strategic Management Journal, 14: 371-385.

· Hagedoorn, J. and J. Schakenraad (1994), ‘The effect of strategic technology alliances on company performance’, Strategic Management Journal, 15, 291–309. 
· Hagedoorn, J. (2002),’Inter-firm R&D partnerships: An overview of major trends and patterns since 1960’ Research Policy, 31, pp. 477-492
· Hagedoorn, J., H. Frankort and W. Letterie (2006),’Knowledge flows in inter-firm R&D networks’, Maasstricht University, Maasstricht.
· Hargandon, A. and Sutton, R.I. (1997),’Technology brokering and innovation in a product development firm’. Administrative Science Quarterly 44, 82-111.
· Hargadon, A. and Sutton, R.I. (2000). Building an innovation factory. Harvard Business Review. 78(3): 157-166.

· Hitt,  Hoskisson, Kim (1997), International Diversification: Effects on Innovation and Firm Performance in Product-Diversified Firms, The Academy of Management Journal, (40,4), pp. 768.

· Johannisson, B. (2000) ‘Networking and entrepreneurial growth’, in D. Sexton and H. Landström (Eds). Handbook of Entrepreneurship, Oxford: Blackwell, pp.368–386.

· Kemp, Folkeringa, Jong de, Wubben (2003), Innovation and firm performance, Scientific Analysis of Entrepreneurship and SMEs,  Zoetermeer, pp. 19-20, 22

· Kuznets, S. (1962) Problems of definition and measurement, in The Rate and Direction of Inventive Activity, 19-63.
· Kogut, B. (2000), ‘The network as knowledge: generative rules and the emergence of structure’, Strategic Management Journal, 21, 405-425.
· Kogut, B., & Kulatilaka, N. (1994). Operating flexibility, global manufacturing, and the option value of a multinational network. Management Science, 40(1), 123.
· Koput, Kenneth W., Walter W. Powell, and Laurel Smith-Doerr. (1998). ‘Interorganizational Relations and Elite Sponsorship: Mobilizing Resources in Biotechnology.’ Manuscript under review.

· Lechner C. and Leyronas C., (2007) ‘Network-centrality versus network-position in regional networks: what matters most? – a study of a French high-tech cluster, Int. J. Technoentrepreneurship, Vol. 1, No1, 2007

· Lee, C., Lee, K. and J.M. Pennings (2001). ‘Internal capabilities, external networks, and performance: a study on technology-based ventures’. Strategic Management Journal, 22, pp. 615-640.
· Leiblein, M.J. (2003). “The choice of organizational governance form and firm performance: Predictions from transaction cost, resource-based, and real options theories,” Journal of Management, Vol. 29(6), pp. 937-962.
· Lewin, A.Y. & Massini, S. (2003). Knowledge Creation and Organizational Capabilities of Innovating and Imitating Firms’, in: Tsoukas, H.and Mylonopoulos, N. , Organizations as Knowledge Systems, Basingstoke, Palgrave

· Lööf, H., A. Heshmati, R. Asplund and S.O. Naas (2001), Innovation and performance in manufacturing industries: a comparison of the Nordic countries, SSE/EFI working paper series in economics and finance no. 457, pp. 38.
· McGrath, R. G. (1997). A real options logic for initiating technology positioning investments. Academy of Management Review, 22(4): 974–996.
· Meinen, G. (2001), Industriële innovatie, deel II: loont innoveren? Industriemonitor, Statistics

Netherlands.

· Menard, S. (1995). Applied logistic regression analysis. Sage university paper series on quantative applications in the social sciences. 07-106. Thousand Oaks, CA: Sage.

· Milgram, S. (1967).’The small-worlds problem’, Psychology today, 2:60-67

· Mizruchi, M.S. (1992). ‘The structure of Corporate Political Action’. Harvard University Press, Cambridge, MA.

· Mowery, D.C., Oxley, J.E., and B.S. Silverman. (1996) “Strategic Alliances and Inter-firm Knowledge Transfer” Strategic Management Journal 17: 77-91

· Mowery, D.C., Oxley, J.E., and B.S. Silverman (2002),’The two faces of partner-specific absorptive capacity: learning and co-specialization in strategic alliances’. In F. Contractor and P. Lorange (eds.) Cooperative Strategies and Aliiances: 291-230. London: Elsevier Press

· Myers, R. (1990). Classical and modern regression with applications (2nd edition). Boston, MA: Duxbury.

· Nelson, R. & Winter, S. (1982). An evolutionary Theory of Economic Change, Cambridge, Belknap Press MA, 

· Nooteboom, B.(1992). Towards a dynamic theory of transactions. Journal of Evolutionary Economics, 2: 281-99.

· Nooteboom, B, Gilsing, V, Vanhaverbeke, W, Duysters,G, Oord van den, A (2006). Network embeddedness and the exploration of novel technologies: technological distance, betweenness centrality and density, Tilburg University.

· Oliver, C. (1990). Determinants of Interorganisational Relationships: Integration and Future Directions. The academy of Management Review, 15 (2): 241-265.

· Owen-Smith, J., W.W. Powell. (2004). Knowledge networks as channels and conduits: the effects of spillovers in the Boston biotechnology community. Organization Science. 15, 5 – 21

· Palmer, Donald P., Devereaux Jennings, and Xueguang Zhou. (1993). ‘Late Adoption of the Multidivisional Form by Large U.S. Corporations: Institutional, Political, and Economic Accounts.’ Administrative Science Quarterly 38: 100-131.

· Parise, S. & Henderson, J.C. (2001), Knowledge resource exchange in strategic alliances, IBM systems journal, vol 40, no 4

· Parkhe, Arvind. (1991). “Interfirm Diversity, Organizational Learning, and Longevity in Global Strategic Alliances.” Journal of International Business Studies 22(4): 579-601. 
· Pisano, G.P., Russo, M.V. & Teece, D. (1988). “Joint ventures and collaborative agreements in the telecommunications equipment industry.” In D. Mowery (Ed.), International collaborative ventures in U.S. manufacturing: 23-70. Cambridge, MA: Ballinger.

· Podolny, Joel M. (1993). ‘A Status-Based Model of Market Competition.’ American Journal of Sociology 98: 829-872.

· Podolny, J.M. (1994). ‘Market uncertainty and the social character of economic axchange’, Administrative Science Quarterly, 39, pp.458-483.

· Podolny, J.M. and Stuart, T.E. (1995), ‘A role-based ecology of technological change’, American Journal of Sociology, 5, 1224-60

· Porter, M.E. (1980). Competitive Strategy. Free Press, New York

· Powell, W.W. and L.Smith-Doerr (1994). ‘Networks and economic life’. In N. Smelser and R. Swedberg (eds.), Handbook of Economic Sociology. Princeton University Press, Princeton, NJ, pp. 368-402. 

· Powell, W. W., Koput K.W., & Smith-Doerr L. (1996). Interorganizational collaboration and the locus of innovation: Networks of learning in biotechnology. Administrative Science Quarterly, 41: 116-145

· Prahalad, C.K. and Hamel G. (1990), The Core Competences of the Corporation, Harvard Business Review, 68, 79-91.

· Rogers, M. (1998), ‘The Definition and Measurement of Innovation’, Melbourne Institute working paper No. 10/98, The University of Melbourne. 

· Rowley, T. Behrens, D. & Krackhardt, D. 2000. Redundant governance structures: An analysis of structural and relational embeddedness in the steel and semiconductor industries. Strategic Management Journal, Special Issue, 21 (3): 369-386.

· Sandven, T., and K. Smith (2000), Innovation and economic performance at the enterprise level, Conference innovation and enterprise creation: Statistics and indicators, France, 23-24/11/2000.

· Schumpeter, J. (1934) The Theory of Economic Development. Cambridge, MA: Harvard University Press, Ch. 2, 57-94.
· Schumpeter, J. (1942) Capitalism, Socialism and Democracy. New York: Harper, Ch. 7, 81-86.
· Selznick P. (1957), Leadership in Administration, Harper and Row, New York
· Seppälä, M. (2004). “A Model for Creating Strategic Alliances.” A Study of Inter-firm Cooperation in the North European ICT Sector Ekonomi och samhälle, nr 138

· Shan, W., Walker G. and Kogut B. (1994), Interfirm cooperation and startup innovation in the biotechnology industry, Strategic Management Journal, 15, 387 – 394

· Shipilov, A. (2006). ‘Network strategies and performance in Canadian investment banks’. Academy of Management Journal, 49, pp.590-604.
· Smit, H., Trigeoris, L. (2004). Strategic Investment, real options and games. Princeton University Press

· Smith, D. G., (2005), The exit structure of strategic alliances, University of Illinois Law Review

· Sood, A., Tellis, G. (2005) Technological evolution and radical innovation, Journal of Marketing 69, 152-168.
· Sporleder T. (2006),’Strategic alliances and networks in supply chains’, The Ohio State University
· Stearns, Linda and Mark Mizruchi. (1993). ‘Board Composition and Corporate Financing.’ Academy of Management Journal 36: 603-618.

· Stuart, T.E. and Podolnt, J.M. (1996), ‘Local search and the evolution of technological capabilities, Strategic Management Journal, 17, 21-38
· Stuart, T.E., (1998). ‘Network positions and propensities to collaborate: an investigation of strategic alliance formation in a high-tachnology industry’, Administrative Science Quarterly, 43 (3), 668-698

· Thompson, Victor A. (1965), Bureaucracy and Innovation, Administrative Science Quarterly, (10, 1) 1-20.
· Teece, D.J., G. Pisano and A. Shuen (1991). Dynamis capabilities and strategic management. Paper, Center for Research Management, University of Califormnia, Berkely.
· Tsang, E. W. K. (2000). “Transaction Cost and Resource-based explanations of joint ventures: a comparison and synthesis.” Organization Studies, 21(1): 215-242.

· Uzzi, B. (1997). ‘Social structure and competition in interfirm networks’. Administrative Science Quarterly, 42, pp. 35-67.

· Varadarajan, Rajan P. and Margaret H. Cunningham. (1995). “Strategic Alliances: A Synthesis of Conceptual Foundations.” Journal of the Academy of Marketing Science 23 (4): 282-296.
· Von Hippel, E. (1988) The sources of innovation. Oxford University Press, Chapter 4, pp. 47-48.

· Walker, G. (1988). ‘Networks analysis for cooperative inter-firm relationships’. In F. Contractor and P. Lorange (eds.), Cooperative Strategies in International Business. Lexongton Press, Lexington, KY, pp. 227-240.
· Wall, R.S. and G.A. van der Knaap (2008), ‘Centrality and Interdependence within Worldwide Corporate Networks’, Erasmus School of Economics, Department of Applied Economics, Erasmus University Rotterdam
· Warner, A., Fairbank, J. (2008). integrating real option and dynamic Capability theories of firm boundaries: the logic of early acquisition in the iCt industry. International Journal of IT Standards and Standardization Research, Volume 6, Issue 1
· Wasserman, S. and K. Faust (1994). Social network analysis: methods and applications. Cambridge: Cambridge University Press.

· Werker, C. (2003) Innovation, Marker Performance and Competition: Lessons from a Product Life Cycle Model, Technovation 23, 281-290.
· Williamson, O. E. (1975). “Markets and hierarchies: Analysis and antitrust implications.” New York: Free Press
· Wilson, S., Tuttle, D. (2008). The promise and pitfalls of alliances. Deloitte Development, LLC
· Wuyts, S. (2003) “Partner Selection in Business Markets – A Structural Embeddedness Perspective” Dissertation Tinbergen Institute Rotterdam.
· Yoshino, M.R. & Rangan, U.S. (1995). “Strategic alliances: an entrepreneurial approach to globalization.” Boston/Massachusetts, Harvard Business School Press.

· Zhao, L. and Aram, J. (1995) ‘Networking and growth of young technology-intensive ventures in China’, Journal of Business Venturing, Vol. 10, pp.349–370. 

· Zhao, Z., Anand, J. and Mitchell, W (2001), A network perspective on inter-organizational transfer of R&D capabilities: A study of international joint ventures in Chinese automobile industry, University of Michigan Business School. 
APPENDICES

App. 1 Descriptive statistics
	Total dataset descriptive statistics (n=3960)
	NrmDegree
	nBetweenness

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

	1
	Mean
	0.014
	0.006

	2
	Std dev
	0.023
	0.041

	3
	Sum
	56.075
	22.882

	4
	Variance
	0.001
	0.002

	5
	SSQ
	2.8
	6.694

	6
	MCSSQ
	2.006
	6.562

	7
	Euc
	1.673
	2.587

	8
	Minimum
	0
	0

	9
	Maximum
	0.429
	0.733


	Sample dataset descriptive statistics (n=296)
	NrmDegree
	nBetweenness

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

	1
	Mean
	.01480743
	.0068176

	2
	Std. Deviation
	.025232480
	.04223526

	3
	Sum
	4.383
	201

	4
	Variance
	.001
	.002

	5
	Minimum
	.000000
	.00000

	6
	Maximum
	.244000
	.51300

	7
	Valid
	296
	296

	8
	Missing
	0
	0


Total dataset frequency distribution
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Sample dataset frequency distribution
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App. 2 Descriptive statistics
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App. 3

	Size
	# employees
	Category

	Small
	0 – 1,000
	1

	Medium
	1,000 – 10,000
	2

	Large
	10,000 and more
	3
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App. 4 Correlation Matrix

HYPOTHESIS 1a

App. 5.1 Homogeneity test of variance
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App. 5.2 Homogeneity test of variance
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App. 5.3 Q-Q Plot, Scatterplot and descriptive statistics
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App. 5.4 Log Transformation control variables
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App. 5.4 Linear Regression Model 
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Formula H1a :

Y = 1.075 + 0.478X1 + 0.000X2 + 0.693X3 + 0.065X4 + 0.111X5 + 0.329X6 - 0.550X7 + 0.006X8 

Y = Natural Log Number of Patents 

X1 = Normalized Degree centrality

X2 = Number of Employees
X3 = Natural Log R&D Expenditures
X4 = Natural Log Sales
X5 = Telephone companies sector

X6 = Semiconductors sector

X7 = Pharmaceutical, biological research and laboratory testing companies sector

X8 = Computer and Computer Services Companies
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App. 5.5 Independent Sample T-test
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App. 5.6 Descriptive statistics NrmDegree
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HYPOTHESIS 1b
App. 6.1 Linear Regression Model
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Formula H1b :

Y = 1.091 + 0.00X1 + 0.691X2 + 0.062X3 + 0.115X4 + 0.332X5 - 0.558X6 + 0.006X7 + 0.758X8 

Y = Natural Log Number of Patents 

X1 = Number of Employees
X2 = Natural Log R&D Expenditures
X3 = Natural Log Sales
X4 = Telephone companies sector

X5 = Semiconductors sector

X6 = Pharmaceutical, biological research and laboratory testing companies sector

X7 = Computer and Computer Services Companies

X8 = Normalized Betweenness centrality

App. 6.2 Correlation table H1b
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App. 6.3 Approximation of betweenness centrality

The betweenness centrality for node v is:
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This definition counts the number of shortest paths going through v. SPst is the set of shortest paths between source s and target t and SPst (v) the subset of SPst consisting of paths that have v in their interior (Geisberger et al, 2008).

HYPOTHESIS 2a

App. 7.1 Balance between mean and variance
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App. 7.2 Log Transformations control variables ROA and ROCE
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App. 7.3 Regression ROA
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Formula H2a:

Y = -0.915 – 1.601X1 – 0.003X2 – 0.106X3 + 0.386X4 + 0,022X5 – 0,061X6 + 0,159X7 +0,002X8 

Y = Return On Assets

X1 = Normalized Degree Centrality

X2 = Number of Employees
X3 = Natural Log R&D Expenditures
X4 = Natural Log Sales
X5 = Telephone companies sector

X6 = Semiconductors sector

X7 = Pharmaceutical, biological research and laboratory testing companies sector

X8 = Computer and Computer Services Companies

App. 7.4 Regression ROCE
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Formula H2a:

Y = -0.221 – 2.066X1 – 0.002X2 – 0.227X3 + 0.299X4 – 0.069X5 – 0.502X6 + 0.355X7 – 0.225X8 

Y = Return On Capital Employed
X1 = Normalized Degree Centrality

X2 = Number of Employees
X3 = Natural Log R&D Expenditures
X4 = Natural Log Sales
X5 = Telephone companies sector

X6 = Semiconductors sector

X7 = Pharmaceutical, biological research and laboratory testing companies sector

X8 = Computer and Computer Services Companies

App. 7.5 Independent Sample t-test
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HYPOTHESIS 2b
App. 8.1 Regression ROA
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Formula H4:

Y = -0,919 – 0.003X1 – 0.108X2 + 0.384X3 + 0.025X4 – 0.067X5 + 0.146X6 – 0.007X7 – 0,601X8 

Y = Return On Assets 

X1 = Number of Employees
X2 = Natural Log R&D Expenditures
X3 = Natural Log Sales
X4 = Telephone companies sector

X5 = Semiconductors sector

X6 = Pharmaceutical, biological research and laboratory testing companies sector

X7 = Computer and Computer Services Companies

X8 = Normalized Betweenness centrality

App. 8.2 Regression ROCE
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Formula H4:

Y = -0,222 - 0,002X1 – 0.231X2 + 0.296X3 – 0.064X4 – 0.511X5 + 0.335X6 – 0,238X7 – 0,622X8 
Y = Return On Capital Employed 

X1 = Number of Employees
X2 = Natural Log R&D Expenditures
X3 = Natural Log Sales
X4 = Telephone companies sector

X5 = Semiconductors sector

X6 = Pharmaceutical, biological research and laboratory testing companies sector

X7 = Computer and Computer Services Companies

X8 = Normalized Betweenness centrality

App. 9. Correlation matrix
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