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ABSTRACT 
 

This dissertation is motivated by an overarching research question: How do firms leverage 

external resources residing in their ego network (portfolio of alliances) and their clusters in order 

to innovate in a sustained manner?  Research suggests that firms often struggle and falter in their 

innovation efforts.  However, past research has paid little systematic attention on why firms 

struggle in their innovation efforts. Further, though network and clusters— the key sources of 

external resources— may overlap in several ways, the extant literature has not examined their 

joint effect on a firm's technological innovation. In this dissertation, using a longitudinal research 

design I examine how the characteristics of a firm's ego network and of its cluster independently 

and jointly impact its patent output in the U.S. semiconductor industry.  The research provides a 

framework showing how networks and clusters may work in tandem in helping a firm overcome 

innovation barriers. The study demonstrates how firms can leverage network and cluster 

resources. The empirical evidence indicates that the efficacy of cluster resources increases in the 

presence of network ties within the cluster. It also shows that firms can mobilize resources of 

distant clusters using their network ties. The study further demonstrates that resource-rich firms 

leverage networks resources more effectively than the resource-deficient firms do while 

resource-deficient firms leverage cluster resources more effectively than the resource-rich firms 

do. The dissertation makes important theoretical and empirical contributions to alliance, network, 

cluster, and innovation literatures. The research findings also have important managerial 

implications.   
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1.0 INTRODUCTION 
 

This dissertation is motivated by an overarching research question: How do firms leverage 

external resources residing in their ego network (portfolio of alliances) and their clusters in order 

to innovate in a sustained manner?  In this dissertation I advance a conceptual model drawing on 

the social network theory to explain how a firm’s ego network and its location in a geographic 

cluster independently and jointly influence its technological innovation output. I further examine 

the conditions in which ego networks and clusters are likely to be more effective and efficient 

mechanisms to generate technological innovations.  Using a longitudinal research design, I 

empirically examine how the characteristics of a firm's ego network and its cluster impact its 

technological innovation output in the U.S. semiconductor industry. 

1.1 RESEARCH MOTIVATION 

The phenomenon of innovation has received tremendous attention of scholars from various 

fields such as strategic management (Abernathy & Clark, 1985; Ahuja & Katila, 2001; 

Henderson & Clark, 1990; Teece, 1996; Utterback & Suarez, 1993), economics (Dosi, 1988; 

Mansfield & Rapoports, 1975; Teece, 1992), geography (Jaffe, Trajtenberg, & Henderson, 1993; 

Powell, Koput, Bowie, & Smith-Doerr, 2002; Saxenian, 1994) and sociology (Rogers, 1995; 

Valente, 1995). This impressive body of research has highlighted the critical importance of 

innovation for firms and society and has considerably advanced our understanding of this 

phenomenon. The importance of innovation in firms’ growth, survival, and ability to create 

competitive advantage has been well documented. Research also suggests that firms often 

struggle and falter in their innovation efforts (Galia & Legros, 2004).  However, past research 

has paid little systematic attention on why firms struggle in their innovation efforts and how they 

overcome their struggles. Innovation research has primarily focused on the role of internal 
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factors in the innovation performance of firms. More recently, the focus of innovation inquiry 

has shifted from examining the role of internal factors to the role of external factors, particularly 

to the role of networks (Ahuja, 2000a; Baum, Calabrese, & Silverman, 2000; Pennings & 

Harianto, 1992; Powell, Koput, & SmithDoerr, 1996; Shan, Walker, & Kogut, 1994) and clusters 

(Baptista & Swann, 1998; Feldman, 1994; Saxenian, 1994).  Recent studies in the inter-

organizational network literature suggest that the structural factors of a network (e.g. centrality 

and structural holes) have important implications for a firm’s innovation performance (Ahuja, 

2000a; Baum et al., 2000; Salman & Saives, 2005; Soh & Roberts, 2005). With the focus on 

formalized inter-organizational relationships, this research largely ignores the role of cluster 

related factors (also viewed as “informal networks”) while examining the impact of network on 

innovation. Moreover, due to the strong structural heritage in the network literature (Blau, 1977; 

Burt, 1992; Mayhew, 1980), researchers have largely ignored the role of non-structural factors 

particularly that of nodal factors (Beckman & Haunschild, 2002) on firm innovation. Further, the 

network research with its focus on understanding the impact of a firm's position in a large 

network, has not examined the role of a firm's entire set of relationships (portfolio of alliances or 

ego network) in its innovation generation. The research in alliance literature has focused at the 

dyad level and has not examined the effect of a firm's entire portfolio of alliances in its 

technological innovation output either.  Thus, the current network and alliance research has 

primarily focused on the role of formal relationships and has examined the role of only a part of 

a firm's set of relationships with other firms in its innovation generation performance.  

On the other hand, the literature on the economic geography emphasizes the role of 

geographic proximity in firm innovativeness. Research in this tradition suggests that firms in a 

geographic cluster are more innovative than others (Baptista & Swann, 1998). One of the major 
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empirical findings in this literature is that knowledge spillover tends to be bounded within a 

geographic region (Jaffe, 1986; Jaffe et al., 1993). The cluster literature implicitly suggests as if 

knowledge “floats” in the cluster and all firms in the cluster are equally privy to it (Marshall, 

1920). Beyond the finding that firms benefit from their presence in a geographic cluster, we have 

little understanding of the underlying cluster mechanisms (Benneworth & Henry, 2004). More 

importantly, the impact of cluster on innovation is inconsistent (Martin & Sunley, 2003).  

Further, we also know little about the conditions in which a firm is likely to benefit from its 

membership in the cluster. Even though clusters and networks are likely to overlap in some 

ways, the cluster literature almost completely ignores the role of formal networks within the 

cluster.  Recently, there have been some initial attempts to integrate these two literature streams 

(Bell, 2005; Owen-Smith & Powell, 2004; Rosenkopf & Almeida, 2003; Tracey & Clark, 2003; 

Zaheer & George, 2004). This emerging body of literature highlights the importance and need of 

bringing the relational and geographic space literature together.  

1.2 CONCEPTUAL OVERVIEW 

In this study, I focus on how firms leverage external resources residing in their networks and 

clusters. I argue that the characteristics of a firm's entire portfolio of alliances (ego network) and 

its geographic cluster have important bearings on the firm's likelihood of generating 

technological innovations. I advance a coherent conceptual framework (Figure1.1 and Figure3.2) 

that suggests how network and cluster factors independently and jointly influence a firm's ability 

to generate technological innovations. The network literature suggests that network is an 

important resource and a firm’s centrality and its network density influence its innovation output.  

Drawing from this basic tenet of network theory, I argue that the characteristics of a firm’s ego 

network in terms of its resource potential, the firm’s ability to mobilize those resources, and 
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quality of those ego network resources suggests the extent to which a firm can leverage its 

network to overcome key innovation barriers and in turn enhance its innovation output. The 

geographic cluster literature suggests that a firm’s innovation performance is positively 

influenced by its presence in a geographic cluster. Building further on this research foundation, I 

argue that the characteristics of a geographic cluster in terms of its resource potential, and vitality 

influence to what extent firms located inside the cluster would benefit from it. The conceptual 

framework also suggests the conditions in which networks and clusters are more effective and 

efficient organizing mechanisms to generate technological innovations.  

Innovation Output
• Volume
• # of Breakthrough

Innovations

Network  Resource  Potential
• Volume
• Resource Characteristics

• Diversity of Resources
• Intellectual Capital

Ability to mobilize
•Tie Characteristics
•Network Interconnectedness

Firm level Innovation 
Barriers
• Lack of Resources

Environmental Innovation
Barriers
• Market Uncertainty
• Technological Uncertainty

Cluster Resource Potential
• Volume
•Resource Characteristics

• Cluster Vitality

Ability to Mobilize
•Located in the cluster

FIGURE 1.1
Conceptual Model

 

1.3 CONTRIBUTIONS 

In this dissertation I examine how, why and when firms can leverage the external resources 

residing in their ego networks and in their geographic clusters to enhance the likelihood of their 

innovation output. This research provides the evidence of the role played by ego network and 

cluster resources in a firm's pursuit of technological innovations. This study attempts to shift the 
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focus of discussion from simply being on the networks and clusters to the resources these 

networks and clusters hold. Further, this research demonstrates the importance of examining a 

firm's entire portfolio of alliances rather than focusing just on dyadic alliances.   The research 

also provides a framework showing how networks and clusters may work in tandem and 

provides the empirical evidence of how the effectiveness of cluster resources increases in the 

presence of alliances within the cluster. This research shows under what conditions networks and 

clusters may help or inhibit a firm's innovation efforts. This study brings several very significant 

findings that have great implications for the research in the alliance, network, cluster and 

innovation fields as well as for the managers struggling to organize technological innovation 

activity in an effective manner.  
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2.0 CONCEPTUAL BACKGROUND 
 
The goal of this chapter is to lay a foundation for this dissertation by reviewing the relevant 

literature in the network, geographic cluster and technological innovation streams. The review 

suggests the motivation for this research and what we know about how networks and clusters 

influence a firm’s ability to generate technological innovations. This dissertation focuses on how 

to organize for technological innovation.  

2.1 TECHNOLOGICAL INNOVATION 
 

Innovation is considered the most fundamental activity contributing toward growth, 

profitability (Roberts, 1999) and even survival of firms (Greve, 2003).  Emphasizing the 

importance of innovation Schumpeter (1950) notes “it is not that kind of (price based) 

competition that counts but the competition from the new commodity, the new technology, the 

new source of supply, the new type of organization— competition which strikes not at the 

margins of the profits and the outputs of the existing firms but at their foundations and their very 

lives” (Schumpeter, 1950:84). 

During the last couple of decades the phenomenon of innovation has drawn considerable 

attention of researchers from various disciplines including strategy, economics, sociology, and 

geography (Abernathy & Clark, 1985; Ahuja & Katila, 2001; Dosi, 1988; Henderson & Clark, 

1990; Jaffe et al., 1993; Mansfield & Rapoports, 1975; Powell et al., 2002; Rogers, 1995; 

Saxenian, 1994; Teece, 1992, 1996; Utterback & Suarez, 1993; Valente, 1995).  As a result a 

large body of research has evolved focusing on the phenomenon of innovation. Broadly the study 

of innovation can be divided into two streams: adoption of innovation and generation of 

innovation. The innovation adoption literature (Downs & Mohr, 1976; Kanter, 1983; Pennings & 

Harianto, 1992) defines innovation as “the adoption of any new device, system, process, 
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problem, program, product, or service that is new to the organization” (Dougherty, 1996). The 

focus of innovation adoption literature is on innovation that is new to the adopter (Van De Ven, 

1986). On the other hand the innovation generation literature (Ahuja, 2000a; Baum et al., 2000; 

Shan et al., 1994) focuses on the introduction of an idea, process, or product by an organization 

that is new to the world. Technological innovations refer to innovations generated through 

technological means. Technology indicates a link between ideas, people, and objects (Hargadon, 

2003). The focus of enquiry in this dissertation is on understanding the phenomenon of 

technological innovation generation, which is new to the world. The administrative innovations 

such as new policies and organizational forms (Van De Ven, 1986) are outside the scope of this 

study.  

The prior literature makes a distinction between invention and innovation (e.g.Ahuja & 

Lampert, 2001; Phelps, 2003).  Utterback (1971) defines invention as “an original solution 

resulting from the synthesis of information about a need or want and information about the 

technical means with which the need or want may be met” (Utterback, 1971:77). However, 

invention is an integral part of technological innovation, for many organizations innovation is 

even “synonymous with the pursuit of invention” (Hargadon, 2003). According to Utterback 

(1971) technological innovation  is “an invention which has reached market introduction in the 

case of a new product or first use in a production process, in the case of a process innovation” 

(Utterback, 1971:77). While invention involves generation of ideas and solution of problems, 

innovation involves generation of ideas, solution of problems as well as commercialization of 

solutions (Utterback, 1971). Solving problems in a systematic manner is at the very core of 

technological innovations (Dosi, 1988). While a particular technological innovation, may be the 

result of a spurt of creativity or sheer random chance, innovative organizations go about pursuing 
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innovation in a systematic and organized manner; for them, it is a matter of organizational 

routine (Benner, 2002; Galunic & Rodan, 1998; Nelson & Winter, 1982).  

2.1.1 Breakthrough Innovations 

Technological innovations vary in their quality and not all technological innovations are 

equally important.  Breakthrough innovations, radical innovations (Dewar & Dutton, 1986; 

Gatignon, Tushman, Smith, & Anderson, 2002) and discontinuous innovations (Tushman & 

Anderson, 1986) are some of the indicators of the underlying quality of innovations. 

Breakthrough innovations of a firm often break new grounds for it, help it grow and set up new 

businesses (Burgelman, 1983; Phene, Fladmoe-Lindquist, & Marsh, 2006). Lack of breakthrough 

innovations may affect a firm’s performance adversely (Voss & Voss, 2000; Zhou, Yim, & Tse, 

2005). 

 Breakthrough innovations imbibe new ideas, state-of-the-art technological advances in new 

products that are very different from their previous generations of products and have significant 

ability to change the market landscape (Wind & Mahajan, 1997; Zhou et al., 2005). Ahuja and 

Lampert (2001) define breakthrough innovations as “those foundational inventions that serve as 

the basis for many subsequent technological developments” (Ahuja & Lampert, 2001:523). The 

ability to source external knowledge is particularly important for generating breakthrough 

innovations (Phene et al., 2006).   

Previous innovation research has considerably advanced our understanding of the phenomenon 

of innovation. Some of the stylized facts regarding technological innovation include uncertainty, 

path dependency, cumulative nature, irreversibility, technological interrelatedness, and tacitness 

of technological knowledge (Dosi, 1988; Teece, 1996). The uncertainty in the technological 

innovation process suggests why firms may find it difficult to innovate; the path dependency, 
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tacitness of technological knowledge and irreversibility of technological innovations indicate 

why firms which are behind in the innovation process may be further left behind.  The 

cumulative nature and technological interrelatedness suggest why firms increasingly find it 

difficult to innovate in a sustained manner solely based upon their internal capabilities and 

resources. Consistent with this stylized fact is the shift witnessed in the focus of innovation 

research from examining the role of internal factors such as firm size, R&D intensity, and 

organizational structure (Damanpour, 1991, 1992) of a firm to the role of external factors such as 

networks (Shan et al., 1994) and clusters (Baptista & Swann, 1998; Krugman, 1991) in the 

innovation performance of firms. Role of external knowledge and other resources is particularly 

important for innovation (Allen & Cohen, 1969; Feldman, 1994; Pennings & Harianto, 1992). 

Networks and geographic clusters are the two primary conceptual lenses that have been used to 

examine the role of external factors on firm innovation performance. However, these two 

literature streams have largely evolved independent of each other without explicitly 

acknowledging the role of each other. In the following section I review the network and cluster 

literature which lays the conceptual and empirical foundation for this dissertation.  

2.2 NETWORKS 

The last couple of decades have witnessed a growing interest of scholars in the field of 

networks.  Emphasizing the importance of networks, Parkhe, Wasserman, and Ralston quip “of 

all the phenomena that have gripped the business world in recent years, few match the impact of 

network” (Parkhe, Wasserman, & Ralston, 2006:560). Nohria suggests that the growing interest 

in the field networks is due to the rise of ‘new competition’ which is based upon firms competing 

not alone but together with a group of firms (Nohria, 1992). Network is defined as “a set of 

nodes and the set of ties representing some relationships, or lack of relationships between nodes” 



 10

(Brass, Galaskiewicz, Greve, & Tsai, 2004).  Laumann et al. (1978) provide a similar definition 

of network by defining network as a “set of nodes linked by a set of social relationships” 

(Laumann, Galaskiewicz, & Marsden, 1978:458). The notion of ties in this dissertation is limited 

to voluntary and cooperative inter-organizational relationships which are rather enduring 

providing some stability to the network. The similarities in the various definitions of network 

indicate that there is a basic agreement regarding the definition of a network however, what is 

less clearly understood is the boundary of a network (Laumann, Marsden, & Prensky, 1983). The 

whole world can be conceptualized as an interconnected network, but under what condition such 

a network would matter is an important question to which the network literature has paid little 

attention. I discuss the issue of network boundary later.  

2.2.1 Ego Network 

Traditionally an ego network is defined as a set of direct partners of a focal node and the 

relationship between those partners (Burt, 1983b; Hite & Hesterly, 2001; Wasserman & Faust, 

1994). In the extant network literature, the ego network is primarily a method of data collection 

(Burt, 1983a; Laumann, 1966; Minor, 1983; Wellman, 1979) and may be even an inferior way of 

data collection (Everett & Borgatti, 2005). However, at the interorganizational level, the ego 

network may be a more appropriate unit of analysis, as the most significant elements of an 

organization’s environment are the organizations with which the focal firm must transact (Evan, 

1966; Nohria, 1992; Warren, 1967).   

A network is more than just a structure of a set of nodes connected with a set of ties. Networks 

influence both access to and flow of resources (Gnyawali & Madhavan, 2001).  The theoretical 

underpinning of networks regarding why and how networks matter, particularly for innovation, 
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comes from the concept of social capital.   In the following section I review the literature on 

social capital from which I draw some of the core arguments in this study.  

2.2.2 Social Capital – the Conceptual Foundation of Networks 
 

According to Lin (2001) social capital has three key ingredients (1) resources embedded in a 

social structure, (2) accessibility to such social resources by nodes, and (3) use or mobilization of 

such resources by nodes in purposive actions. Similarly, Flap (1994) defines social capital as a 

combination of network size, relationship strength, and resources possessed by those in the 

network.  Social capital indicates the potential resources inherent in an actor’s set of social ties 

(Kilduff & Tsai, 2003). Social capital is considered a capital as it takes time and effort to build it 

it may have economic consequences, and it can also be employed as a means of production 

(Stiglitz, 2000). The key premise of social capital theory is that “the network of relationships 

constitutes a valuable resource for the conduct of social affairs” (Nahapiet & Ghoshal, 1998).  

Though there is a broad agreement regarding social capital that social relationships are a 

valuable asset (Burt, 1992; Coleman, 1988) but there is some confusion on what constitutes a 

social capital. As mentioned above, some proponents of social capital include the resources at the 

nodes as part of the definition of social capital, but some others ignore the role of nodal 

resources.  For instance, Burt (2005) defines social capital as “the advantage created by a 

person’s location in a structure of relationships” (Burt, 2005:4). Furthermore, to some (e.g. 

Colemen, 1988) social capital generates because of trust, reciprocity, and norms in the network, 

to some others (e.g. Burt, 1992) social capital is drawn from the structure of relationships or 

rather from lack of relationships.     

Related to the concept of social capital is the notion of embeddedness. Embeddedness 

implies an ongoing social structure (Marsden & Laumann, 1977). The idea of embeddedness is 
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further advanced by Uzzi (1996, 1997). Embedded ties perform unique functions and are 

characterized by trust, fine-grained information transfer, and joint problem solving arrangements 

(Uzzi, 1996). The conceptual model I advance in this dissertation draws from the social capital 

theory (Lin, 2001) and also incorporates the idea of (relational) embeddedness while discussing 

the relational aspects of networks.   

 There are two perspectives on social capital in terms of whether social capital is a collective 

good or an individual good.  The collectivist perspective focuses on the collective benefits of 

social capital (benefits realized by all actors), and the individualist perspective focuses on the 

benefits incurred by an actor due to its relationships with other actors in the network (Lin, 2001). 

In this dissertation, consistent with my objective of understanding how firms benefits from their 

networks in their innovation efforts, I follow the  second perspective— the benefits realized by 

individual firms due to their relationships with other firms.  

2.2.3 Structuralist Heritage of Network Research 
 
The core argument of structuralist perspective, the dominant view in network research, is that 

the actions and behaviors of a node can best be explained by its position in the overall network 

(Burt, 1992; Mayhew, 1980; Wellman, 1988). The central tenet of network research is that it is 

the structure of relationships which is of importance rather than the attributes of nodes (Kilduff 

& Tsai, 2003). Mayhew (1980: 349) argues that “the study of individuals is a ‘dead end’”— the 

characteristics of individuals is not important, instead it is the network structure and the 

individual’s position within the network that matters.  Wellman (1988) even suggests that 

sociologists have been misled into studying the attributes of aggregated sets of individuals rather 

than the structural nature of social systems.  Due to such structuralist heritage, the network 



 13

research has focused its attention on the network structure and the position of a node in the 

network and has neglected the role of nodal characteristics.  

However, more recently researchers have argued that the focus on the nodal characteristics is 

important along with the focus on network structure in order to better understand the effects of 

networks (Parkhe et al., 2006).  The structural, relational and nodal characteristics of a network 

together describe the network capital (Wellman & Frank, 2001). 

2.3 Empirical Findings from the Network and Alliance Literature 
 
During the last decade considerable empirical work has been done in understanding the 

impact of network factors on firm level outcomes. In this section, I review the empirical research 

in the inter-organizational network literature in general and the impact of network factors on 

innovation in particular. I organize the review of empirical network literature in terms of key 

network constructs and how they relate to firm innovation outcomes.  

2.3.1Centrality. The concept of centrality is one of the most dominant and oldest construct 

in the social network research (Freeman, 1979). The centrality of a node indicates the extent of 

involvement of the node with others in the network (Wasserman & Faust, 1994). There are 

broadly two types of centrality: local centrality and global centrality.  The local centrality, also 

called degree centrality, is indicated by the number of immediate ties a node has. Global 

centrality indicates the strategic influence of a node in a network structure (Scott, 2000). There 

are primarily two types of global centrality: (1) closeness centrality (2) betweenness centrality 

(Freeman, 1979). The closeness centrality indicates how quickly a particular node can reach out 

to others in a network. The betweenness centrality indicates the extent of dependence of others 

on a given node in the network. Thus, higher betweenness centrality implies greater power and 

control within the network.  The preceding description of centrality suggests that the choice of 
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the type of centrality should be driven by theoretical arguments (e.g. joint development, 

information collection, or control within the network), however, in the network literature choice 

of centrality type has been often arbitrary (Freeman, 1979; Salman & Saives, 2005).   

The interorganizational network research has primarily employed degree centrality as the 

measure of centrality. Past research suggests that higher degree centrality benefits firms by 

bringing more new resources, growth opportunities, and enhancing innovation capabilities 

(Ahuja, 2000a; Powell et al., 1996). In one of the early network studies, Shan, Walker, and 

Koput (1994) examine the effect of interfirm cooperation on the innovation output of 

biopharmaceutical start-up firms. They find that the number of ties has a positive impact on the 

start-up firms’ innovation output. Similarly, in a study of chemical industry firms, Ahuja (2000) 

find that more direct ties -degree centrality- enhances a firm’s patenting rate. He further finds 

that indirect ties have a positive impact on the firm’s patenting rate, however, the effect of 

indirect ties decreases with increase in number of direct ties.  More recently, Salman and Saives 

(2005) find some support for the influence of immediate indirect ties (step 2 ties). In a study of 

Quebec biotechnology firms, using the survey responses of managers Salman and Saives (2005) 

find that number of indirect ties of a firm has a positive impact on the likelihood of the firm 

getting access to complementary knowledge.  

In another study of biotechnology firms, Powell et al. (1998) find that firms use 

interorganizational relationships to enhance their capabilities by increasing the flow of resources, 

information, and opportunities through the relationships with other firms.  They find that more 

R&D ties increase the growth prospects of biotech firms. However, more recent research 

suggests that firms differ in their ability to benefit from their networks. Soh and Roberts (2005) 

find that firms with greater research capabilities benefit more from their centrality. In a study of 
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US computer networking firms, Soh and Robert (2005) find that firms with greater research 

capabilities demonstrated better innovation performance by receiving greater number of new 

product awards. At the business unit level, Tsai (2001) has similar findings. Tsai (2001) find that 

the innovation output of business units increases with their centrality in the organization. Further, 

the study also finds that the effect of business unit’s centrality on its innovation output increases 

with the business unit’s absorptive capacity. Thus, the above review suggests that centrality of a 

firm has a positive impact on its innovation output, however, firms with greater absorptive 

capacity benefit from their centrality to a greater extent.  

2.3.2 Network Density. Network density indicates the extent to which network members are 

connected with each other. Structural hole, defined as a relationship of nonredundancy between 

two contacts (Burt, 1992; Burt, 2005), is a related construct which indicates the lack of 

interconnectedness among network members. There are two different perspectives regarding the 

effects of network density. The first perspective, known as closure perspective, argues that dense 

network is more effective as it contributes to emergence of trust and norms within the network 

which in turn facilitate more effective coordination among network members (Coleman, 1988; 

Uzzi, 1996). The other perspective argues in favor of sparse network (Burt, 1992) by suggesting 

that sparse network contributes to efficient flow of information and reduces redundancy of 

information reaching a focal node. The structural hole argument is related with the second 

perspective on network density. The structural hole perspectives suggest that when a focal firm’s 

partners are not connected with each other, the focal firm obtains coordination from partners 

through control and the enhanced dependence of partners on the focal firm. While structural hole 

argument is based on control, dependence, and efficient flow of information, the closure 

argument is based on emergence of trust, enforcement of norms and effective coordination.  
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The empirical findings related to structural hole are also rather inconsistent at the 

interorganizational level, though they are largely consistent at the interpersonal level (e.g. for 

finding new job, job promotion and evaluation). In a study of chemical industry firms, Ahuja 

(2000) finds that presence of structural hole negatively affects the patenting rates of firms. 

Similarly, comparing the social capital theory and structural holes theory in the biotechnology 

industry, Walker, Kogut, and Shan (1997), find support for social capital theory but not for the 

structural hole theory. The authors find that firms enjoying social capital are more likely to form 

new relationships indicating their enhanced ability to secure resources. They suggest that 

structural hole theory may apply more to networks of market transactions than to networks of 

cooperative relationships. On the other hand some studies find negative effects of network 

density on firm level outcomes. For instance, in a study of telecommunication firms Bae and 

Gargiulo (2004) find significant negative effect of network density on firm profitability.  

 A careful examination of dense and sparse network /structural hole argument and the 

empirical findings suggests that it seems where coordination is more important dense network is 

more effective but where information (uniqueness) is more important sparse network is more 

effective.  

2.3.3 Strength of Ties. Strength of ties is a “combination of the amount of time, the 

emotional intensity, the intimacy, and the reciprocal services which characterize the tie” 

(Granovetter, 1973:1361). At the inter-organizational level, tie strength between partners is 

indicated by the “frequency of interaction between partners and their level of resource 

commitment to the relationship” (Rowley, Behrens, & Krackhardt, 2000:371). Since 

Granovettor’s weak–tie-arguments, strength-of-tie has attracted considerable research attention.  
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Similar to other network constructs, the strength of tie construct was also developed at the 

interpersonal level (Granovetter, 1973).  

Granovetter (1973) argues that the degree of overlap of two individuals’ friendship networks 

is a function of their strength of relationship. Granovetter (1973) suggests that not all weak ties 

are bridges— ties connecting the two unconnected networks— but all bridges are weak ties. 

Thus, some weak ties have additional properties— they connect the two unconnected networks. 

Granovetter (1973) further argues that weak ties are likely to bring different information from 

outside the network and considers them as “indispensable to individuals’ opportunities” 

(Granovetter, 1973:1378).  

However, there is a fundamental issue in the interpretation of the notion of weak ties, 

particularly when this notion is brought at the inter-organizational level.  A careful examination 

of Granovetter’s (1973) conceptualization of weak ties suggests that geographic proximity may 

be a confounding factor in his definition of weak ties. Implicitly, all meaningful interpersonal 

weak ties often connect an ego with a node which is geographically distant. By being 

geographically distant, this node is not connected with other nodes of the ego’s network. 

Similarly the conceptualization of small-world network also assumes the geographic proximity 

of nodes. Due to the ill-defined role of geographic proximity in the networks, we see the 

problems get further deepened in the empirical research. For instance, in the Uzzi’s (1996, 1997) 

work, all the 23 apparel firms in his sample are New York based— geographically proximate. 

More importantly, geographically proximate weak ties within a network may even indicate the 

presence of negative relationship. Thus, it is important to understand the role of geographic 

proximity in networks. To a certain extent, Burt’s (1992) notion of structural holes reduces the 

problem implicit in the definition of weak ties. A tie bridging a structural hole by its very 
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definition connects two unconnected networks, but a weak tie when it does not connect two 

unconnected networks is of little use. Therefore, access to different information is contingent 

upon the presence of bridge ties rather than on the strength of ties.  

There is a considerable debate within the network literature regarding the relative benefits of 

strong ties and weak ties (Hansen, 1999; Levin & Cross, 2004; Nelson, 1989). Weak ties (when 

they are also bridge ties) may be more effective and useful in bringing in novel information (new 

but not complex) to a network, while strong ties may be more effective in sharing complex 

knowledge (Hansen, 1999). Recent research finding by Rowley et al. (2000) indicates that strong 

ties have positive effect on firm performance in a rather stable environment, while weak ties 

have greater effect in a rather dynamic environment. I have summarized the findings of empirical 

network literature on technological innovation in the Table 2.1. 

2.4 GEOGRAPHIC CLUSTER 

Michael Porter has been among the most prominent proponents of geographic clusters. Porter 

(2000) defines clusters as “geographic concentrations of interconnectedness companies, 

specialized suppliers, service providers, firms in related industries, and associated institutions in 

a particular field that compete but also cooperate”. The notion of coopetition— competition and 

cooperation—is very central to the Porter’s definition of cluster. In a similar vein, Baptista and 

Swann (1988) define a geographic cluster as “a strong collection of related companies located in 

a small geographical area, sometimes centered on a strong part of a country’s science base”. 

Similarly Pouder and St. John (1996) describe geographic clusters in terms of –“a high growth, 

usually technology based, and geographically clustered groups of competing firms”. Maskell 

(2001) suggests two dimensions of a cluster— horizontal and vertical. The horizontal dimension 

indicates the extent to which firms of similar capabilities operate in a cluster, and the vertical 
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dimension indicates the extent to which firms of complementary capabilities operate in the 

cluster. 

 The similarities in the definitions of cluster suggest that there is some consensus regarding key 

elements of a cluster. However, the geographic scope of cluster is quite ambiguous and is left to 

the discretion of researchers (Porter, 2000). In addition, though Porter (2000) includes 

interconnectedness among firms as part of the cluster definition, however, the nature of 

“inteconnectedness” and the mechanisms of cooperation are not clear. 

From the literature review view point, I will confine my self to reviewing the literature that 

addresses the question of how clustering of firms helps firms in enhancing their innovation 

performance. There are several competing perspectives in the cluster literature which offer 

explanations for greater innovation performance of cluster firms.  

2.4.1 Agglomeration Perspective 

Alfred Marshall is among the first who examined the phenomenon of clustering in industrial 

organizations. Marshall (1920) suggests that clustering of firms operating in similar industries 

creates externalities in the form of economies of labor and supply of specialized input materials, 

which can only be realized by the firms that are located in the cluster. Primarily, the focus of 

Marshall’s (1920) argument is on the cost based advantages firms realize by being located in an 

industrial cluster due to specialization and division of labor. Even though the agglomeration 

perspective is largely about cost based advantages cluster firms enjoy, it lays the foundation for 

the cluster literature related to innovation advantages of being located in a cluster. As Marhall 

(1920) points out that supply of labor with desirable skill sets increases in a cluster as skilled 

employees may be naturally drawn to the cluster. Clusters often act as “magnets”-- have ability 

to attract resources from the other parts of the economy (Porter, 1990). Along with the increased 
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inflow of resources, cluster also enables firms to achieve economies of scale (Krugman, 1991). 

Cluster firms also benefit from the development of specialized infrastructure, and specialized 

division of labor (Krugman, 1991). Similarly, Arrow (1962b) argues that clustering of firms 

operating in related industries facilitates sharing of untraded interdependencies (Storper, 1997).  

Arrow (1962a) further notes that learning is a function of experience; specialization of firms in a 

cluster creates cumulative learning opportunities for the cluster firms.  Romer (1986) argue that 

externalities arise because knowledge generated by one firm can not be kept completely secret 

and it spills over to other firms. The common thread in the arguments of Marshall (1920), Arrow 

(1962b) and Romer (1986) is the externalities created due to specialization of firms operating in 

related industries in a geographic region. On the other hand Jacobs (1967) argues that the 

knowledge spillover occurs when firms operating in different industries are located in a 

geographic region. The key point of Jacob’s argument is that diversity of firms provide with 

opportunities to combine diverse knowledge in different ways to generate innovation. The 

Jacob’s perspective is also referred as ‘urbanization economies’.  

2.4.2 Knowledge-based Perspective 

The intellectual heritage of knowledge-based perspectives can be traced back to the positive 

externality arguments of Marshall (1920), Arrow (1962b) and Romer (1986). The knowledge 

based perspective within the cluster literature argues that within a cluster, firms are able to 

monitor, share, and transfer knowledge due to their geographic proximity (Howells, 2002; 

Malmberg & Maskell, 2002; Maskell, 2001a; Tallman, Jenkins, Henry, & Pinch, 2004).  Due to 

geographic proximity, firms can observe the actions and practices of other cluster firms, compare 

their solutions, and thus advance their learning.  The notion of ‘knowledge spillover’ (Jaffe, 

1986) rooted in the traditional economics literature, further contributes to the growth of 
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knowledge-based perspective. The knowledge spillover literature (Henderson, Jaffe, & 

Trajtenberg, 1998; Jaffe et al., 1993) suggests that spillover of knowledge tends to be 

geographically localized.  Maskell (2001) notes “co-location provides firms with an arsenal of 

instruments to obtain and understand even the most subtle, elusive, and complex information of 

possible relevance developed along the horizontal dimension of the cluster” (Maskell, 

2001b:929). Developing the knowledge-based perspective further, Tallman et al. (2004) take the 

focus of analysis to the characteristics of knowledge and to that of firms. Drawing from the 

knowledge based view within the organization theory literature, Tallman et al. (2004) suggest 

that there are basically three types of knowledge within a cluster— ‘component knowledge’, 

‘firm architectural knowledge’, and ‘cluster architectural knowledge’.  According to Tallman et 

al. (2004), component knowledge is acontextual and can be easily understood by and shared with 

individuals familiar with the knowledge. They further suggest that the ‘firm architectural 

knowledge’ involves different organizational subsystems and is difficult to share with others. 

Tallman et al. (2004) attribute the performance variance among cluster firms to the ‘firm level 

architectural knowledge’. They attribute the differences in performance of cluster firms and 

firms outside the cluster to the ‘cluster level architectural knowledge’. They argue that the 

‘cluster level architectural knowledge’ is shared by the cluster firms and is not accessible to the 

firms located outside the cluster.  According to Tallman et al. (2004) cluster specific knowledge 

includes “understandings of reciprocity, reputation, interdependencies, and the other relational 

aspects of the social system of the knowledge cluster” (Tallman et al., 2004:265). The work of 

Tallman et al. (2004) suggests the possibility of not all cluster knowledge being freely available 

to all cluster firms and of some cluster knowledge being accessible to non-cluster firms.  
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2.4.3 Social Network Perspective 

While the agglomeration perspective assumes no form of intentional cooperation among the 

cluster firms, the social perspective argues that intentional cooperation among firms and 

individuals is critical to the development and growth of cluster. The social network perspective 

within the cluster literature argues that an active cluster is not just a collection of independent 

economic agents but is a system of interconnected firms and individuals sharing common 

interests and affiliations.     Steinle  and Schiele (2002) argue that “without the intensive 

interaction that exceeds traditional market exchange, the advantages of proximity would 

basically confine to lower costs of transportation and lower switching costs for employees only” 

(Steinle & Schiele, 2002:851). The geographic proximity creates frequent interaction 

opportunities which in turn facilitate development of trust and an environment of co-operation 

(Gordon & McCann, 2000). Vonhipple (1994) suggests that sticky and tacit knowledge is best 

transmitted through frequent face-to-face interactions, direct observation and communication. 

Informal interactions among employees and a set of common rules create an environment 

conducive to knowledge sharing (Gordon & McCann, 2000). 

2.5 Empirical Findings from the Geographic Cluster Literature 

Baptista and Swann (1998) find that a firm is likely to generate more patents when it is located in 

a region where there is greater concentration of own sector employees. More specifically, “ if 

region A has about 100, 000 more employees in a certain industry than region B, then a firm 

belonging to that industry and located in region A will, on an average, produce one more 

innovation per year than a similar firm located in region B” (Baptista & Swann, 1998:535). 

Baptista and Swann (1998) also find that employment in other sectors does not affect a firm’s 

patenting activity. Baptista and Swann’s (1998) findings offer support in favor of MAR 
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externalities (Marshall, 1920, Arrow, 1962, Romer, 1986) due to specialization of firms in the 

geographic region. Ejermo (2005) in a study of Swedish geographic region finds that regional 

technological specialization increases the likelihood of patent generation from the region, thus 

supporting the MAR externality logic. On the other hand, Harrison, Kelley & Gant (1996) find 

no support for the MAR externalities but find that the diversity in the region promotes adoption 

of innovation. The observation that Baptista and Swann’s (1998) study is about innovation 

generation (patents), and Harrison et al.’s study is about adoption of innovation (adoption of 

programmable automation) suggests that presence of firms operating in related industries may be 

more relevant for generation of innovation, which requires sharing and commitment of resources, 

while firms operating in different industries may be more relevant for the innovation adoption.  

2.5.1 Knowledge Spillover. One of the key findings of the cluster literature is that knowledge 

tends to localize in a geographically bounded region.  Knowledge spillover within a cluster 

implies that R&D activity of geographic neighbors affects the innovation output of a firm. 

Spillovers affect the cost of innovation (Jaffe, 1988).  In a study of start-up semiconductor firms 

located in Silicon-valley, Rosenkopf and Almeida (2003) using patent citation analysis find that 

geographic similarity of firms has a positive effect on the likelihood of knowledge inflows. The 

findings of Rosenkopf and Almeida (2003) suggest that to a certain extent firms also have 

(geographic) local search tendency. Jaffe (1989) finds that corporate patenting activity is 

influenced by the university research spending indicating the presence of knowledge spillover. 

Jaffe, Trajtenberg, and Henderson (1993) argue that knowledge flows leave a paper trail. In a 

seminal study, examining to what extent knowledge spillover is localized, Jaffe et al. (1993) 

based upon citation analysis of patents find that most of the forward citations comes from 

geographically proximate firms. Jaffe et al. (1993) also find that approximately 40% of total 
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forward citations do not come from the same technology patent class suggesting that firms draw 

significant amount of knowledge from other firms operating in different technological space. 

Jaffe (1988) finds the evidence of positive externalities while showing that “when R&D in firm’s 

vicinity increases, the firm does more R&D itself and its productivity grows faster” (Jaffe, 

1988:437).  

2.5.1.1 Knowledge Spillover Mechanisms. In the quest of understanding the underlying 

knowledge spillover mechanisms, Jaffe, Trajtenberg and Fogarty (2000) survey the scientists 

involved in the patenting process. Jaffe et al. (2000) find that in about 50% of the total forward 

citations, there is no link between the scientists involved in the forward citing patents and those 

involved in the originating patents. However, they find evidence of knowledge spillover in about 

25% cases. The overall implication of Jaffe et al.’s (2000) findings is that patent citation may not 

be a very good indicator of knowledge spillover (knowledge-flow path). In a sense, patent 

citations may be more about fulfilling legal requirement than about acknowledging the incidents 

of knowledge inflows. Zucker, Darby, and Armstrong (1998) find that knowledge spillover from 

a university does not reach to all the co-located firms, but only to a small subset of firms, which 

are connected to the university star scientists through some formal agreements. Thus, the Zucker 

et al.’s (1998) findings raise a big question mark on the "knowledge-in-the-air" hypothesis. 

Exploring the possibility of knowledge spillovers due to the mobility of patent holders, Almeida 

and Kogut (1999) find evidence in support of their claim that “ideas are spread, in part, by the 

mobility of patent-holders”.  Almeida and Kogut (1999) argue that knowledge is held by 

engineers, who remain within a region, and that is why knowledge tends to be spatially localized; 

knowledge crosses the firm boundaries but does not cross spatial boundaries. Lissoni (2001) 

reports in his study of Brescia mechanical cluster that knowledge spillover within the cluster is 
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not a ‘public good’ rather a ‘quasi public good’. Lissoni (2001) finds that the knowledge flows 

among a few smaller “epistemic communities” consisting of mechanical engineers and other 

technicians from both suppliers and customers. Contrary to the assertion of Almeida and Kogut 

(1999), Lissoni (2001) finds that interfirm mobility of labor “may disseminate jargon and some 

personal knowledge on useful social ties, but not all the firm-specific knowledge, despite this 

being codified” (Lissoni, 2001:1499). Lissoni (2001) reports, based on the survey response of 

200 mechanical engineers, that less than 18% of the engineers have technical discussions with 

engineers outside the firm. Lissoni (2001) further reports that most of the informal relations with 

outside engineers arise because of the formal relations of the firm with other firms. A summary 

of empirical cluster literature on technological innovation is given in the Table 2.2. 
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   Table 2.1: Empirical Findings in Interorganizational Network Research on Innovation 
 

# Authors Year 
Network 
Construct 

Dependent 
Variables 

Independent 
Variables Industry Sample Key Findings 

1 Ahuja 2000 
Innovation 
output Direct ties Chemical  

97 Leading 
firms 

Greater number of direct ties has 
positive impact on innovation 
output. 

2 Ahuja 2000 
Innovation 
output Indirect ties Chemical  

97 Leading 
firms 

Greater number of indirect ties 
has positive impact on innovation 
output. 

3 Ahuja 2000 
Innovation 
output 

Direct ties* 
Indirect ties Chemical  

97 Leading 
firms 

The interaction effect of direct ties 
and indirect ties is negative on 
innovation output. 

4 

Shan, 
Walker & 
Kogut 1994 

Innovation 
output 

Commercial 
ties Biotechnology 

85 startup 
firms 

Innovation output of startup firms 
increases with their relationship 
with large firms. 

5 

Shan, 
Walker & 
Kogut 1994 

Innovation 
output 

Research 
agreements Biotechnology 

85 startup 
firms 

Research agreements with the 
universities have negative but 
non-significant impact on startup 
firms' innovation output.  

6 
Soh & 
Roberts 2005 

New 
product 
awards 

Closeness 
centrality Networking 

49 Primary 
vendors 

Closeness centrality has positive 
impact on the likelihood of getting 
new product award. However, the 
effect centrality increased with 
greater research capability. 

7 
Soh & 
Roberts 2005 

New 
product 
awards 

Number of 
partners Networking 

49 Primary 
vendors 

Number of partners has positive 
impact on the likelihood of getting 
new product award. 

8 
 
 
 

Tsai 
 
 
 

2001 
 
 
 

Centrality
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

New 
product 
introduction 
 
 

In-degree 
centrality 
 
 
 

 2 Large MNCs 
 
 
  

Likelihood of new product 
introduction increases with the 
business unit's in-degree 
centrality in the firm. The 
likelihood of new product 
innovation further increased with 
the business unit's absorptive 
capacity. 

 



 27

Table 2.1: Empirical Findings in Interorganizational Network Research on Innovation (Contd.) 
 

# Authors Year 
Network 
Construct 

Dependent 
Variables 

Independent 
Variables Industry Sample Key Findings 

9∗ 
 

Rowley, 
Behrens & 
Krackhardt 

 
2000 

 

Firm 
profitability 
 

Network 
density 
 

Semiconductor and 
Steel  
 

 138 
(semiconductor) 
and 132 (steel) 

Density has negative but non-
significant impact on firm 
profitability. 

10* 
 

Bae & 
Garguilo 2004 

Firm 
profitability 

Network 
density Telecommunication 44 Leading firms 

Network density has negative 
impact on firm profitability. 

 
11 Ahuja 2000 

Density 
 
 
 

Innovation 
output 

Structural 
holes Chemical  97 Leading firms 

Structural hole has negative 
impact on innovation output. 

12* 
 
 

Rowley, 
Behrens & 
Krackhardt 

 

2000 
 
 

Firm 
profitability 
 

Strong ties 
 
 

Semiconductor and 
Steel  
 

138 
(semiconductor) 
and 132 (steel) 
 

Strong ties have negative 
impact on firm profitability. 
However, in the steel industry 
(stable environment) strong 
ties have positive impact on 
firm performance. 

13* 
 
 

Rowley, 
Behrens & 
Krackhardt 

 

2000 
 
 

Firm 
profitability 
 

Weak ties 
 
 

Semiconductor and 
Steel  
 

 138 
(semiconductor) 
and 132 (steel) 
 

Weak ties have positive 
impact on firm profitability. 
Weak ties have positive 
impact on firm profitability in 
the semiconductor industry 
(dynamic environment) but no 
impact in steel industry. 

14* 
 
 

Hansen 
 
 

1997 
 
 

Project 
completion 
time 
 

 
Strong ties 
 
Moderator: 
Complexity of 
knowledge 

Large MNC 
 
 

41 Sub-units 
 
 

Strong ties reduce the project 
completion time when the 
knowledge being transferred 
between the units is more 
complex. 
 

15* 
 
 

Hansen 
 
 

1997 
 
 

Strength 
of Ties 
 
 
 
 
 
 
 
 
 
 
 
  

Project 
completion 
time 
 

Weak Ties 
Moderator: 
Complexity of 
knowledge 
 

Large MNC 
 
 

41 Sub-units 
 
 

Weak ties reduce the project 
completion time when the 
knowledge being transferred 
between the units is less 
complex. 
 

                                                 
∗  These studies are not directly related to innovation. 
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 Table 2.2: Empirical Findings in Cluster Literature on Innovation 
 

# Authors Year   
Dependent 
Variables 

Independent 
Variables Industry/Region Sample Key Findings 

 1. 
Baptisa & 
Swann 1998 

Innovation 
output 

Regional 
employment in the 
firm's own industry 

11 Central 
Statistics 
Office regions 
in Great Britain 
and North 
Ireland 248 firms 

Regional 
employment in the 
firm's own industry 
positively influences 
the firm innovation 
output. 

 2. 
Baptisa & 
Swann 1998 

Innovation 
output 

Regional 
employment in all 
the other industries 

12 Central 
Statistics 
Office regions 
in Great Britain 
and North 
Ireland 248 firms 

Regional 
employment in 
other industries has 
negative but non-
significant impact 
on firm innovation 
output. 

 3. Ejermo 2005 
Innovation 
output 

Technological 
specialization Swedish region 81regions 

Technological 
specialization of a 
region enhances 
the region's 
innovation output. 

 4. 
Harrison, Kelly 
& Gant 1996 

Adoption of 
innovation 
(Programmable 
Automation) 

Degree of 
localization (number 
& size of 
establishments) 

21 Industries 
("metalworking 
sector") at the 
county level 

1363 
Establishments

Localization does 
not influence the 
likelihood of 
adoption of 
technology after 
controlling for 
establishment 
characteristics. 

5.  
Harrison, Kelly 
& Gant 1996 

 Knowledge
Creation/ 
Adoption 

 
 
 
 
 
 
 
 
 
  
  
  
  

Adoption of 
innovation 
(Programmable 
Automation) 

Degree of 
urbanization (Based 
on county 
population) 

21 Industries 
("metalworking 
sector") at the 
county level 

1363 
Establishments

Urbanization 
increases the 
likelihood of 
adoption of 
technology.  
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Table 2.2: Empirical Findings in Cluster Literature on Innovation (Contd.) 
 

# Authors Year   
Dependent 
Variables Independent Variables Industry/Region Sample Key Findings 

 6. 

Jaffe, 
Trajtenberg & 
Henderson 1993 

Patent 
citation  

Geographic similarity 
(same 
SMSA/state/country,0/1) 
of citing patent and 
cited patent 

All industry 
patents 

4750 
citations(1975 
cohorts); 
5218 citations 
(1980 
cohorts) 

Excluding self 
citations, 4-8% of 
patent citations 
are likely to come 
from same SMSA. 

 7. 

Jaffe, 
Trajtenberg & 
Fogarty 2000 

Patent 
citation  

Familiarity with cited 
inventor na 

166 citing 
patents, and 
214 cited 
patents 
(Inventors' 
survey)  

In 50% of the 
cases, there is no 
link between 
citing-patent-
inventor and cited-
patent-inventor. 

 8. 
Rosenkopf & 
Almeida 2003 

Knowledge 
Spillover 

 
 
 
 
 
  
  

Knowledge 
inflow 
(Patent 
Citation) 

Geographic similarity 
(same state,0/1) Semiconductor 

74 startup 
firms 

Geographic 
similarity 
increases the 
likelihood of 
knowledge inflow.  

 9. 
 
 
 
 
 
 
 

Almeida & 
Kogut 
 
 
 
 
 
 

1999 
 
 
 
 
 
 
 

 Knowledge 
Spillover 

Mechanism 
 
 
 
 
 
 

Patent 
citation  
 
 
 
 
 
 
 

Mobility of inventors 
 
 
 
 
 
 
 
 

Semiconductor 
 
 
 
 
 
 
 
 

131 highly 
cited patents 
in 12 regions 
 
 
 
 
 
 

Intra-regional 
mobility of 
inventors has 
positive impact 
while inter-regional 
mobility of 
inventors has 
negative impact on 
the patent citation.  
Knowledge is 
shared through 
informal ties, 
which arise due to 
formal inter-firm 
relationships.  
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Table 2.2: Empirical Findings in Cluster Literature on Innovation (Contd.) 

# Authors Year   
Dependent 
Variables 

Independent 
Variables Industry/Region Sample Key Findings 

 10. Almeida & Kogut 1999 Patent citation 
Mobility of 
inventors Semiconductor 

131 highly 
cited patents 
in 12 regions 

Intra-regional mobility 
of inventors has 
positive impact while 
inter-regional mobility 
of inventors has 
negative impact on the 
patent citation.  
Knowledge is shared 
through informal ties, 
which arise due to 
formal inter-firm 
relationships.  

 11 Lissoni 2001 
Knowledge 
access 

Informal 
and formal 
ties 

Brescia 
Mechanical 
Cluster Case study 

1. Knowledge within the 
cluster circulates within 
a few small "epistemic 
communities" centered 
around mechanical 
engineers.  
2. Knowledge is shared 
though informal ties, 
which arise due to 
formal inter-firm 
relationships.  
3.Inter-firm labor 
mobility may 
disseminate some 
knowledge but not all 
the firm-specific 
knowledge despite this 
being codified. 

 12 
Rosenkopf & 
Almeida 2003 

Knowledge 
inflow (Patent 
citation) 

Mobility of 
inventors Semiconductor 

74 startup 
firms 

Mobility of inventors 
increases the likelihood 
of knowledge inflow. 

 13 
Rosenkopf & 
Almeida 2003 

  
  

Knowledge 
Spillover 

Mechanism
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Knowledge 
inflow (Patent 
Citation) 

Alliance 
(0/1) Semiconductor 

74startup 
firms 

Alliance has no main 
effect on the likelihood 
of knowledge inflow. 



 31

Table 2.2: Empirical Findings in Cluster Literature on Innovation (Contd.) 
 

# Authors Year   
Dependent 
Variables 

Independent 
Variables Industry/Region Sample Key Findings 

 14. 
 
 
 
 
 
 
 
 

Zucker,Darby & 
Armstrong 
 
 
 
 
 
 
   

  
 
 
 
 
 

Knowledge 
Spillover 

Mechanism
 
 
 
 
 
  

Products in 
development 
 
 
 
 
 
 
     

Link 
between 
star-
university-
scientist 
and firm 
 
 
 
 

California 
Biotech 
 
 
 
 
 
 
 

110 firms 
 
 
 
 
 
 
 
 

Co-located firms that 
are commercially tied to 
university-star-
scientists increase their 
number of products in 
development with the 
number of articles by 
the star scientists. But 
co-located firms that 
are not commercially 
ties tied with the star-
scientists do not benefit 
from their articles. 
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3.0 CONCEPTUAL DEVELOPMENT  
 
In this chapter I advance a conceptual model that provides the foundation for empirical 

testing of the model. First, I identify and discuss the key innovation barriers firms face in their 

pursuit of technological innovation. In the subsequent sections, I discuss the conceptual model 

and develop the propositions. And, finally I develop the testable hypotheses based on the 

propositions.  

 
3.1 Innovation Barriers and Their Role in the Innovation Process 
 

Firms often struggle or even fail in their innovation efforts due to several innovation 

barriers (Mohr, 1969). The innovation literature suggests three barriers as being the most critical: 

resource constraints (Greis, Dibner, & Bean, 1995; Mansfield & Rapoports, 1975; Mone, 

Mckinley, & Barker III, 1998), uncertainty (Abernathy & Utterback, 1978), and organizational 

rigidity (Ahuja & Lampert, 2001; Dougherty & Hardy, 1996). Resource constraints indicates that 

the firm does not have the means, uncertainty indicates the firm does not know what to do, and 

rigidity indicates that in spite of knowing what to do and having the means the firm may still not 

be able to do it because it can not change.  

The sources of these barriers lie in the innovation process itself, in the organization, and 

in the external environment.  These barriers act like clogs in a pipe— unless the focal firm is able 

to overcome all key innovation barriers, its ability to innovate on a sustained basis will be very 

limited. I discuss below each of these barriers before arguing why and how a firm’s ego network 

might help it to mitigate the barriers and become more innovative.  

3.1.1 Resource constraint. Resource constraint refers to the lack of the amount and type 

of inputs required to pursue innovation successfully. I use the term resource in a broader sense 

and include physical resources, technology, and know-how.  Resources are required to search 
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ideas, conduct experiments, pursue multiple projects, develop and test prototypes, manufacture 

and launch new products. 

Due to lack of resources firms struggle to innovate (Ahuja & Lampert, 2001; Dougherty, 

1996; Galia & Legros, 2004; Greis et al., 1995; Mone et al., 1998) as sustained innovation 

activities necessitate continued flow of resources to innovation projects. Furthermore, path 

dependency, causal ambiguity, time pressure, monetary constraints, and the lack of 

“prerequisites” debilitate a firm’s ability to develop new resources (Cohen & Levinthal, 1990; 

Dierickx & Cool, 1989). Sometimes developing those resources may not be economically 

worthwhile, when the focal firm requires them for a limited purpose. Thus, the focal firm may 

not have the ability or motivation to develop those resources. Organizations often find their 

resources thinly stretched to support continued experimentation, which is an integral part of 

innovation process (Dougherty & Hardy, 1996). Changing environmental conditions warrant 

different types of resources and capabilities over time and thus create a gap between the current 

organizational knowledge domain and the required knowledge domains to generate innovations 

(Grant & Baden-Fuller, 2004). Developing that new knowledge and acquiring those new 

resources and capabilities may pose enough resource challenges for the organization in pursuing 

sustained innovation activities. As innovation activity is time sensitive, because of the time 

constraint, the resource barrier may further intensify in a dynamic environment in which firms 

need different types of complex resources over time. 

3.1.2 Organizational rigidity. Organizational rigidity—inability of the organization to 

initiate changes—is another major innovation barrier (Ahuja & Lampert, 2001; Dougherty & 

Hardy, 1996; Mohr, 1969). Organizational rigidity may stem from deeply ingrained mental 

models of the top management or the dominant coalition (Cyert & March, 1963; Hambrick & 



 34

Mason, 1984), established organizational routines (Nelson & Winter, 1982), and similar factors 

that resist innovation and changes. Decision makers’ mental models influence the way in which 

they perceive opportunities and act on them (Hambrick & Mason, 1984). Therefore, manager 

with deeply ingrained mental models may not be able to notice and value new and critical 

technological trends. Even if they notice some, they may not be willing to try out new things due 

to high costs of failure (Rosner, 1968). Organizational routines (Nelson & Winter, 1982) serve 

another major source of organizational rigidity. Even though routines bring benefits to a firm in 

terms of coordination, reliability, efficiency, and control (Becker, 2004), the same routines 

become ingrained in organizational practices over time and resist changes and therefore hurt 

innovation. Innovations are also likely to disturb the organizational truce (Nelson & Winter, 

1982). While fostering innovation requires new incentive systems, people fear and resist changes 

in the power structure and reallocation of organizational resources (Kaplan & Henderson, 2005).  

Thus, organizational rigidity stems from the way managers view and value innovation, their 

tenacity to maintain organizational truce, and the way things are done in the organization. The 

effects of organizational rigidity on innovation occur throughout various stages of innovation. In 

the project selection phase, for example, many lucrative innovation projects may be rejected as 

they are less likely to fit with current organizational routines. The projects which may unsettle 

the organizational truce are likely to be rejected. Myopic mindset may constrain managers’ 

ability to see value in many attractive projects (Levinthal & March, 1993). During the 

developmental stage, the projects which are deviant from current organizational routines may not 

get adequate amount of needed resources. As a result, some projects may be delayed and others 

may be abandoned eventually.  
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3.1.3 Uncertainty. Innovation entails, among other things, assessing the technological 

trends in the external environment, knowing what technology or product has the most potential, 

and developing organizational capability to pursue the innovation. Each of these things, 

however, involves high degree of ambiguity (Dickson & Weaver, 1997). Given the rapidly 

changing environment, existence of multiple technology options, and technological convergence 

and divergence, it is very difficult for a single organization to deal with such ambiguities, discern 

a promising innovation path, and commit valuable resources for the particular innovation path 

(Folta, 1998; McGrath, 1997). This barrier, when combined with other barriers as discussed 

above, makes it extremely difficult for firms to innovate on a sustained basis. For example, the 

resource barrier intensifies when the focal firm enters into unfamiliar technological territories on 

its own. The innovation process becomes more uncertain if a focal firm lacks the technical know-

how and it does not have access to the know-how to undertake an innovation project. 

Environmental uncertainty, i.e., “inability of managers to accurately assess the external 

environment of the organization or the future changes that might occur in the environment” 

(Dickson & Weaver, 1997:405), creates confusion regarding what to shoot for. Managers find it 

difficult to discern the desirable properties of the product, technological attributes, 

configurations, etc. It is difficult to predict the demand pattern (McGrath, 1997)when the market 

is “fast changing, unfamiliar, or emerging” (Chen, Reilly, & Lynn, 2005). Similarly, 

understanding competing technologies and their implications is an enormous challenge. When 

uncertainty is high in the environment and in the innovation process, the organizational rigidity 

further intensifies (Mone et al., 1998), making it difficult to get the critical mass (key managers 

of the organization) to agree on a few projects and commit resources to them.  While each of the 
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innovation barriers is critical on its own, these barriers, in combination, make it extremely 

difficult for a firm to pursue innovations internally relying on its internal resources only.  

3.2 CONCEPTUAL MODEL  

The conceptual model (Figure 3.2) provides the theoretical foundation for this study. The model 

describes the key ego network and cluster constructs and how they relate to the innovation output 

of a firm.  

 
3.2.1 Conceptual Boundary: Focus on Ego Network  

I conceptualize a firm’s ego network as consisting of all its direct partners (alters) and 

direct partners of these alters (Beckman & Haunschild, 2002).  The ego network has two 

defining properties. First, the ties are rather enduring and involve formalized cooperative 

relationships between the partners rather than market exchanges. Second, the network is limited 

to the ties in the focal firm’s relational neighborhood. By including all the direct ties of a focal 

firm’s partners as part of our definition of ego network, I may be slightly deviating from the 

traditional definition of ego network (Everett & Borgatti, 2005).  I do so because of the fact that 

a direct partner (B) of a focal firm (A) can connect the focal firm with its own direct partner (C) 

acting as a tertius iungens (Obstfeld, 2005), when such a need arises (Figure 3.1). The firm B can 

vouch for the trustworthiness of both A and C and the newly formed tie can have the benefit of 

trust conferred by B. However, the same cannot be done by firm C in connecting its own direct 

partner (D) with firm A as long as C is unconnected with A.   
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While a broad consensus has emerged within the network literature that network structure 

impacts firm behavior, our understanding of the causal mechanisms by which networks influence 

a firm’s innovativeness is quite limited (Mizruchi & Marquis, 2005). This could be in part due to 

the structuralist heritage, (Blau, 1977; Burt, 1992; Mayhew, 1980) and the conceptual focus on 

the socio-centric network in examining network effects on innovation. Moreover, as the literature 

review in the previous chapter suggests, scholars have been rather selective in their network 

approach (Wellman, 1988), leading to the neglect of critical factors such as nodal (Beckman & 

Haunschild, 2002) and relational (Inkpen & Tsang, 2005; Nahapiet & Ghoshal, 1998). This 

preoccupation with the structural approach and the socio-centric perspective to a certain extent 

has obfuscated our understanding of network effects on innovation. 

I suggest that the ego network perspective, as opposed to the socio-centric network 

perspective, is critical for three key reasons. First, since innovation is complex and requires 

combination of diverse resources and capabilities and since a firm participates in multiple 

networks  (Gulati, 1999), focus on ego network allows us to examine the contribution of diverse 

Figure 3.1
Boundary of Ego Network 

A 

B

C

Trust

D
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network members that may belong to various networks but are part of the focal firm’s ego 

network. While Wellman (1988) pointed out “ability—the competencies and resources at the 

nodes of the network—occupies an ill-defined place in the current state of social theory,” few 

systematic efforts have been made to address this issue. The ego network perspective therefore 

empowers us to understand the role of nodal factors. Second, very distant ties are incapable of 

providing the kind of resources required for innovation (Rowley et al., 2000; Venkatraman & 

Lee, 2004) because innovation involves high degree of resource commitments, and innovation 

resources are sticky and require deeper level of interaction and trust to flow. Moreover, any 

information coming through longer paths may be of questionable quality (Cummings & Cross, 

2003).  Finally, from the standpoint of network design and management, the focal firm can more 

easily structure and orchestrate its ego network. The ego network becomes more of a strategic 

tool to the managers. The focal firm may choose to establish a new tie or break a tie while 

factoring its overall impact on the quality and structure of its ego network. Focusing on ego 

network therefore is critical to discern how well the focal firm can steer its network to gain 

maximum innovation-related benefits from it. Thus, focus on ego network enables us to more 

deeply examine the role of network factors in a holistic yet parsimonious way.   

3.2.2 Ego Network Constructs and Definitions 
 

Network literature clearly suggests two important properties of a network: structural and 

relational (Rowley et al., 2000). Structural properties refer to the specific ways in which the 

actors are linked or the pattern of linkages among firms in a network and “determine the milieu 

in which dyadic ties operate” (Wellman, 1988:33). Relational properties refer to the nature of ties 

among the network members. Third and equally important property in my discussion is the nodal 

property or attributes of partner firms. The nodes or individual firms contain the resources, the 
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nature of ties among firms or relational factors determine how well the focal firm can access and 

acquire specific partners’ resources, and the structural factors determine how well the focal firm 

can access and acquire resources residing among all firms in the ego network.  

I used three criteria to identify constructs in the structural, relational, and nodal aspects of a 

firm’s ego network. First and foremost, the selected constructs should be very relevant 

theoretically to explain how the network factors help the firm mitigate the innovation barriers, 

i.e., enable the firm to reduce costs, access and acquire resources, overcome organizational 

rigidity, and deal with uncertainty.  Second, and in a related manner, they should have 

reasonably good theoretical and empirical support in the literature about various resource flows 

and their threshold levels. Finally, the key constructs should be comprehensive enough to 

broadly represent the ego network effects and yet the model should be parsimonious. Using these 

criteria, I selected six ego network characteristics that importantly influence the focal firm’s 

innovativeness: ego network resource potential and ego network interconnectedness reflecting 

structural aspects, strength of ego network ties and diversity of ego network ties capturing 

relational aspects, and ego network intellectual capital and diversity of ego network nodes for 

nodal aspects.  

I argue that the effectiveness of the focal firm’s ego network in facilitating it overcome 

innovation barriers depends upon the ego network’s resource potential and the firm's ability to 

mobilize the ego network resources. Ego network resource potential is indicated by the sum of 

ego network members’ resources. Here I use resources in a rather broader sense—it includes 

organizational know-how, organizational assets, technological knowledge, organizational 

capabilities, and financial resources among others. The characteristics of ego network resources 

influence the kind of innovations a firm generates with the help of its ego network. The ability to 
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mobilize the ego network resources depends upon the tie characteristics and the extent of 

interconnectedness among ego network members. In a similar vein I argue that the extent to 

which a focal firm benefits from a cluster in its efforts to overcome innovation barriers depends 

upon the cluster’s resource potential and its ability to mobilize the cluster resources. The 

characteristics of cluster resources determine when and how cluster may help a focal firm 

overcome innovation barriers. I further argue that networks are more effective for resource-rich 

firms and clusters are more useful for more resource-deficient firms.   

In the following section I develop the positions (Figure 3.2). In the subsequent section I 

translate some of these propositions into testable hypotheses (Figure 3.3, 3.4 and 3.5).  

3.3 PROPOSITION DEVELOPMENT 

3.3.1 Effects of ego network resource potential. The ego network resource potential refers 

to the sum of the ego network members’ resources and capabilities. The more resourceful the ego 

network members are the greater is the ego network resource potential. When the ego network 

resource potential is high, the focal firm can potentially access large volume of resources through 

its ego network.  

Sustained innovation necessitates continued flow of large amount of resources. Due to lack 

of resources firms struggle to innovate (Ahuja & Lampert, 2001; Henderson, 1993). 

Development of new and different types of resources may take a lot of time and investment. The 

focal firm may not even have the required “prerequisites” to develop those resources. As I 

argued before path dependency, causal ambiguity, time, and monetary constraints may inhibit the 

focal firm’s ability to develop those resources. And, sometimes developing all those resources 

may not be worthwhile, for the focal firm needs those resources for a limited use. Thus, the focal 

firm may not have the ability or motivation to develop those resources. Therefore, the amount of 
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resources a firm can access from its ego networks determines the extent to which the focal firm 

can overcome resource related firm level innovation barriers. 

FIGURE 3.2 
CONCEPTUAL MODEL 

Innovation Output
• Volume
• # of Breakthrough

Innovations

Network  Resource  Potential
• Volume
• Resource Characteristics

• Diversity of resources
• Intellectual capital

Ability to mobilize
•Tie Characteristics
•Network Interconnectedness

Firm level Innovation 
Barriers
• Lack of Resources

Cluster Resource Potential
• Volume
•Resource Characteristics

• Cluster Vitality

Ability to Mobilize
•Located in the cluster
•Located outside the cluster

 

When the ego network resource potential is high the focal firm gets more opportunities to 

combine and exchange its resources with those of its partners. The focal firm will be able to use 

its resources more synergistically. By accessing and leveraging its ego network resources the 

focal firm can generate more innovations. Because of the availability of larger volume of 

resources, the focal firm may engage into more experimentation. It may initiate more innovation 

projects from the given set of its own resources. Thus, I propose, 

Proposition1: The greater the ego network resource potential of a focal firm, the greater will 
be the firm’s likelihood of innovation. 
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3.3.2 Role of the Characteristics of Ego Network Resources  

The characteristics of ego network resources indicate the type of resources a focal firm may 

get access to through its network. For innovation, it is not enough to get simply more resources, 

but it is also important what kind of resources the firm is accessing. How useful and valuable 

those ego network resources are depends upon their characteristics. I argue that the two key 

characteristics of the ego network resources are the diversity of resources and the innovativeness 

of the partners.  

3.3.2.1 Effects of diversity of ego network resources. The diversity of resources indicates 

the different types of resources the focal firm can access through its ego network. When the 

diversity of resources is high, a focal firm can potentially access very different types of resources 

through its ego network. The focal firm can access a variety of technological resources within the 

category of technological resources. It can also access a variety of resources across resource 

categories. The diversity of resources stems from the diversity of nodes and the diversity of ties 

by which the focal firm is connected with its ego network partners.  

Increasing technological convergence is also making it imperative to have access to different 

types of technological competencies in order to innovate successfully. Having access to a very 

diverse set of resources enables the focal firm to cope with the challenges posed by increasing 

technological convergence and complexities more effectively. Importance of diversity has been 

well appreciated in the network and innovation literature (Baum et al., 2000; Katila, 2002; 

Nooteboom, 1999; Rosenkopf & Nerkar, 2001; Subramaniam & Youndt, 2005). Baum et al. 

(2000) noted “increasing the number of alliances without considering partner diversity can create 

inefficient configurations that return less diverse information and capabilities for greater cost 
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than a smaller nonredundant set” (Baum et al., 2000:270). However, I argue that it is the 

diversity of resources, which plays the crucial role in the focal firm’s innovation process.  

The variety in the ego network resources will give the focal firm opportunities to come up 

with novel combinations resulting into more breakthrough innovations. It would also help the 

focal firm access different pieces from different partners for a particular innovation as well as 

different pieces over a period of time for more sustained innovations. One of the key reasons 

firms face resource innovation barriers is the need of having very different types of resources at a 

point in time and also different resources over time. As I argued before, developing those 

different types of resources and capabilities may not be economically feasible for several 

reasons, including lack of absorptive capacity, lack of “prerequisite” resources and capabilities, 

financial limitations and time constraints. 

3.3.2.1.1 Effects of Diversity of nodes. Diversity of nodes indicates the alter-to-alter resource 

variety. This construct captures diversity within a resource category, particularly within the 

technological resource category. The diversity of nodes provides a focal firm with a variety of 

resources and capabilities and exposes it to different approaches, technologies, perspectives, 

which in turn provide it with more innovation opportunities both internally and externally and 

enhances its ability to generate more breakthrough innovations. 

The exposure to variety of technologies, practices, and approaches generates variety within 

the organization (McGrath, 2001). It provides the focal firm with different ways of looking at the 

same problem. High internal variety and availability of multiple perspectives enhance creativity 

within the focal firm (Perry-Smith & Shalley, 2003; Subramaniam & Youndt, 2005) 

consequently, the focal firm will engage into more experimentation.  Lack of experimentation 

within the firm inhibits its ability to come up with radically different ideas and as a result its 
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ability to generate breakthrough innovations (Ahuja & Lampert, 2001). Being able to observe 

diverse innovation approaches and their consequences will also improve the quality of focal 

firm’s innovation efforts (Beckman & Haunschild, 2002).   

However, firms struggle to generate breakthrough innovations, less because of lack of ideas 

and more because of lack of different types of resources. The diversity of nodes provides the 

focal firm a variety of resources, which can be combined in novel ways to generate breakthrough 

innovations. The greater diversity of nodes also enhances the chances of finding different types 

of complementary technological resources. The availability of diverse resources and capabilities 

indicates that greater means will be available to transform more new ideas into reality. In other 

words, because of heterogeneity of resources and capabilities available from the nodes, the focal 

firm generates more new ideas and finds greater means to realize those ideas by combining its 

own resources and capabilities with those of its network partners.  

Therefore, I propose, 

Proposition 2a:  The greater the diversity of nodes in the focal firm’s ego network, the 
greater will be the likelihood of breakthrough innovations. 

 
3.3.2.1.2 Effects of Diversity of ties. Diversity of ties refers to the extent to which the focal 

firm is connected to its partners through different types of relationships. Diverse ties are likely to 

bring complementarity in opportunities, resources, and capabilities and each type of tie would 

contribute in unique ways to the focal firm’s innovation efforts. Diversity of ties helps the focal 

firm in its own developmental efforts as well as in joint efforts with its network partners.  

  The diversity of ties helps the focal firm in acquiring a holistic perspective and contributes 

to its “wholesome” development. For instance, marketing ties may help it focus its innovation 

efforts better, manufacturing ties may help it reduce the process related uncertainties, R&D ties 
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may help it acquire new technological knowledge and thus together they enhance the focal firm’s 

ability to innovate and its ability to generate breakthrough innovations.  

Different types of ties also bring resources across resource categories and provide with 

complementary innovation opportunities. R&D ties, ties with customers and suppliers may help 

the focal firm in its joint innovation development efforts. It is able to get access to technological, 

informational, financial, facilities (infrastructure), and other type of resources through these 

different types of ties. Thus, due to greater diversity of ties, the focal firm is likely to enhance its 

own innovation generation capability as well as its co-development capabilities.  

Therefore, I propose, 

Proposition 2b: The greater the diversity of ties in the focal firm’s ego network, the greater 
will be the number of breakthrough innovations. 

 
3.3.2.2 Effects of Intellectual Capital of Ego Network. Innovativeness of the partners 

captures the innovation potential of the resources the focal firm accesses through its ego 

network. Innovativeness of ego network partners indicates the quality of resources the focal firm 

accesses through the ego network. The quality of those resources will determine to a certain 

extent how valuable those resources are to the focal firm in its innovation efforts. The 

characteristics of ego network nodes in terms of collective intellectual capital of the members 

indicate the quality of resources the focal firm may access and acquire from its ego network. The 

intellectual capital is a “valuable resource and a capability for action based in knowledge and 

knowing” (Nahapiet & Ghoshal, 1998).  The basic logic behind the intellectual capital of ego 

network is that friends would be helpful only if they have the capability to do so; they may be of 

little help if they lack the necessary capabilities in spite of all their willingness. The ego network 

intellectual capital (ENIC) enhances the likelihood of innovation by reducing the resource 

barriers and the cost of innovation barriers.  
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The high ENIC positively influences the focal firm’s ability to overcome the resource 

barriers in three primary ways: in coping with technological complexities, developing new 

resources through collaboration as well as internally, and access new resources and 

opportunities. First, one of the key sources of resource barriers is the increasing technological 

complexities firms face in the innovation process.  Collaborating with partners with strong 

technological capabilities will help the focal firm in handling complex technologies. The firm’s 

ability to leverage partners’ technological know-how will reduce the necessity for it to directly 

experiment with unfamiliar technologies to enhance its innovation (Pennings & Harianto, 1992). 

In addition, the high ENIC may also enhance the focal firm’s internal capacity to tackle 

technological complexity. When there are several ego network partners working on the cutting-

edge of technologies, the firm gets greater exposure to enhance its understanding of emerging 

technologies, which in turn enhances its capability to deal with technological complexities. 

Second, the high ENIC also equips the focal firm to develop new resources. The partners 

with high intellectual capital are likely to be quite innovative themselves, and therefore willing to 

engage in innovative activities. By being connected with capable and motivated firms, the focal 

firm gets more opportunities to create new valuable resources by combining its resources with 

those of ego network members (Nahapiet & Ghoshal, 1998).  The high ENIC also creates a 

stimulating environment in the firm’s relational neighborhood. Such an environment provides the 

firm with greater incentives to institute learning mechanisms and knowledge sharing routines 

(Dyer & Singh, 1998) to enhance its internal resources. The focal firm may employ several 

mechanisms- both formal and informal- to access and assimilate the knowledge and other 

valuable resources from its partners. For instance, the focal firm may benchmark its highly 

capable partners’ practices to improve its own innovation process (Ahmed, 1998; Drew, 1995). 
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The ties with intellectually capable firms help the focal firm get insights into their best practices. 

The presence or absence of such an insight may make significant difference between success and 

failure.  

Third, partners with high intellectual capital may also bring more collaboration opportunities. 

Other firms may infer about the focal firm’s resources and capabilities based upon who it is 

connected with. For instance, when the University of Albany at New York recently opened a 

new nanolithography venture with its long time partner IBM, the university invited IBM’s 

partners Micron Technology and AMD to become part of the venture. This opportunity came to 

these firms primarily because they were partners of IBM (Clark, 2005). Thus the firm’s 

qualitative reputation may increase because of its ties with intellectually capable partners.  

The high ENIC also enhances the focal firm’s ability to reduce overall costs of innovation. 

Joint development with intellectually capable partners is likely to enhance the effectiveness of 

search and development routines. Such partners may have a good understanding of evaluating 

the attractiveness of innovation projects. Using the partners’ insights the firm will be able to 

eliminate some less attractive innovation projects earlier in the selection stage. The insights of 

the partners will also be helpful to the focal firm during the developmental stage of innovation 

projects. As I argued before, the firm will have increased ability to cope with technological 

complexities while working in collaboration with intellectually capable partners. The firm can 

reduce the number of overall failures by being able to deal with technological complexities 

effectively as often projects result in failures due to technological issues. The firm can also 

reduce the overall development cost of eventually successful projects too. As the firm uses its 

learning from one project into another project and also makes use of the expertise of its partners, 

it can avoid some of the unnecessary steps/missteps in the experimentation stage as well as in the 
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development stage. Being able to avoid the missteps, especially early, in innovation process the 

firm can reduce the cost of the projects considerably. 

Having more innovative partners in the ego network also helps the focal firm enrich and 

enhance its own resources. As the partners themselves are quite innovative, the focal may find a 

lot to learn from those partners. Therefore, the focal firm will make more efforts to institute 

knowledge sharing routines (Dyer & Singh, 1998). The focal firm may employ several 

mechanisms- both formal and informal- to enrich its resources base by accessing and 

assimilating the knowledge from its partners.  

In sum, I suggest it matters with whom you roam around with. Through the intellectually 

capable partners, the focal firm can not only get valuable resources and capabilities for 

innovation, but also learn from their practices, and blend partners’ practices and its own internal 

practices to develop the overall resource advantage and be able to utilize the resources for 

innovation. Consequently, the innovativeness of partners plays an important role in enhancing 

the focal firm’s innovations. They have motivation, awareness and capability to be partners in 

the focal firm’s innovation efforts. 

Proposition 3:  The greater the intellectual capital of ego network, the greater will be the 
likelihood of breakthrough innovations. 

 
3.3.3 Role of the Ability to Mobilize Ego Network Resources 

The ego network resource potential and the characteristics of those resources indicate the 

amount and nature of resources, which are potentially available to a focal firm. However, these 

resources will be of little use to the focal firm unless it is able to mobilize those network 

resources. The tie characteristics and the network interconnectedness impact the extent to which 

a focal firm can mobilize its ego network resources. 
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3.3.3.1 Effects of tie characteristics1. Tie characteristics capture the quality of the ties the 

focal firm has with its partners and indicates the extent to which valuable resources are likely to 

flow through the ties. The characteristics of ties influences to what extent the focal firm can 

mobilize its ego network resources through access and exchange mechanisms from its ego 

network. I refer a tie of high quality when it is imbued with both inter-personnel and inter-

organizational relational trust between the focal firm and its partner. The inter-personnel trust 

and inter-organizational trust often reinforce each other and one may arise because of the other, 

although the presence of one may not imply the presence of the other. Quality of tie between a 

pair of firms may be indicated by the frequency of interaction, renewal of the relationship, 

duration of the relationship, and multiplexity of the relationship (Beckman & Haunschild, 2002; 

Koka & Prescott, 2002; Rowley et al., 2000). A high quality tie influences the focal firm’s ability 

to mobilize ego network resources through effective interorganizational knowledge sharing 

routines, greater mutual commitments, and increased adaptation ability. 

First, when a focal firm has high quality ties with its partners, the focal firm can create 

effective knowledge sharing routines with its partners. Firms guard their know-how and other 

valuable resources very carefully. As long as the partners doubt the motives and intentions of the 

focal firm, the focal firm will not get access to their valuable resources. The frequent and richer 

interactions with the partner would allow them to develop a shared understanding; they would 

understand each other’s motives and aspirations better. Such interactions reinforce the existing 

level of trust between them and create an environment conducive for sharing and exchanging 

valuable resources between them. The presence of interorganizational and interpersonal trust 

enhances the effectiveness of their knowledge sharing routines. These routines facilitate regular 

                                                 
1 While resource potential is indicated by the alters and the alters’ direct partners, mobilization of those resources 
occurs primarily through the ties to the alters. 
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and systematic flow of resources between the partners. By being able to mobilize ego network 

resources through the ties, the focal firm is able to enrich its resource base and is able to 

effectively combine its own resources with those of its partners.  

Second, the high quality ties with partners allow them to increase the level of mutual 

commitments. With better understanding of each other’s motives and aspiration, and greater 

mutual faith, the partners are likely to increase the level of resources they commit to the 

relationship. Such enhanced commitments provide the continued flow of resources on the one 

hand and on the other they also improve the morale of the employees involved in the project. It 

gives a positive signal to the employees regarding the organizational commitment to the project 

and its importance. 

Third, rapid technological changes often require partners to modify the nature of their 

resource commitments, expectations, and obligations in order to adjust to new realities. The fast 

changing environment often poses new problems. Partners connected through high quality ties 

view these changes not as creating a zero sum game but as providing opportunities for a win-win 

situation in the long run. They are less likely to play the “endgame” due to the likelihood of 

future interactions (Gulati & Singh, 1998).  Greater ability to adjust the nature of relationship to 

the environmental changes, allows the focal firm to solve problems on the fly and jointly with 

the partners (Uzzi, 1996). When there are disagreements and the relationship is unable to adapt 

to the environmental changes the flow of resources between the partners will be adversely 

affected.   Therefore, being able to adapt the relationship in the face of environmental changes is 

critical to the continued flow of resources. 

Thus, due to the high quality ties with its partners, the focal firm is able to mobilize existing  

ego network resources through knowledge sharing routines, gets its partner commit greater level 
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of resources, and by instituting joint problem solving mechanisms prevents any decline in the 

flow of network resources.  

Proposition 4:  The greater the number of high quality ties a focal firm has in its ego 
network, the greater will be the number of breakthrough innovations. 

 
3.3.3.2 Effects of extent of network interconnectedness. The extent of interconnectedness 

refers to the degree to which the ego network members are connected to each other. Closure 

(Coleman, 1988), structural holes (Burt, 1992) and ego network density (Baum et al., 2000; 

Rowley et al., 2000) are examples of structural network concepts used to examine 

interconnectedness. While resourcefulness reflects the focal firm’s access to network resources 

and nature of such access, interconnectedness creates the condition in which network resources 

may start flowing into the focal firm. Drawing from the perspectives of closure (Coleman, 1988) 

and embeddedness (Uzzi, 1997), I suggest that interconnectedness up to a certain point will 

contribute to the focal firm’s innovativeness, but extremely high interconnectedness will 

adversely affect it. Interconnectedness contributes to the flow of ego network resources and in 

turn to the focal firm’s innovation in three primary ways: trust and institutionalized norms of 

cooperation, increased chances of finding partners with right attributes and learning from them, 

and reduction in network management costs. 

First, interconnectedness among partner members contributes to the emergence of norms of 

cooperation and trust (Rowley et al., 2000; Uzzi, 1996), which enable the network to survive and 

prosper (Grindley, Mowery, & Silverman, 1994). Interconnectedness creates structural trust—

the network members trust the system to monitor and control any deviant behavior of the 

members. Information about opportunistic behaviors circulates rather quickly among the network 

members. Due to increased surveillance, the members will be forced to adhere to the norms of 

cooperation (Raub & Weesie, 1990).  Thus, the system curbs any opportunistic behavior and 
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creates a social pressure on the network members to honor commitments in both letter and spirit. 

As a result, resources requiring intermediate threshold levels (such as market knowledge, 

technological knowledge) will flow in the network and such flows will be more efficient.  

Second, interconnectedness is likely to help the focal firm in finding partners with right 

attributes. The network as “prism” view (Podolny, 2001) suggests that a network may be used to 

identify the characteristics of a node.  High interconnectedness provides the focal firm with 

mechanisms to obtain information about any particular potential partner firm from multiple 

sources. Using its connections, the focal firm could obtain fine-grained information about the 

potential partners, including about the quality of resources held by the firm and its reliability as a 

trusted partner. By devoting attention to partners with right attributes and learning from them, the 

focal firm’s innovative capability as well as its confidence to undertake more risky innovation 

projects will be enhanced.   

Third, interconnectedness will also reduce the time, efforts, and costs associated with 

managing the network. Due to effective enforcement of norms in an interconnected network 

(Coleman, 1988), less time is needed to monitor the conduct of member firms as the onus of 

managing the network is shared among the network members rather than being the sole 

responsibility of the ego. The ego network members do not act simply as information collection 

devices but also act as information processing devices for the focal firm (Ahuja, 2000a). 

Equipped with the experience in managing the network and the help from other network 

members, the focal firm could more effectively manage a larger ego network and increase its 

resource pool. As a result, the overall costs of network management decrease, while resources 

utilization is optimized through the reduction of wastage and allocation of resources in areas with 

greater potential for success (Uzzi, 1996). 
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Though greater interconnectedness contributes to focal firm’s innovativeness, but extremely 

high interconnectedness or overembeddedness (Uzzi, 1997) is likely to be detrimental to 

innovation. When interconnectedness is very high, the ego network becomes rather rigid and 

monolithic as the ego network members interact mostly with each other and do not notice the 

developments outside their network. At this level, the disadvantages stemming from the lack of 

diversity in the network and from its rigidity outweigh the advantages of the stronger structural 

trust, which is generated due to increased interconnectedness. When the network firms are very 

similar and highly connected, the focal firm gets less diverse resources and opportunities from its 

ego network (Burt, 1992; Uzzi, 1997). Reduced interaction with outside firms, high dependency 

within the network and reinforcement of widely held practices will reduce the flow of unique 

information, ideas, and opportunities among the members. Even if external ideas are brought in, 

they will not gain currency within the network (Abrahamson & Fombrun, 1994) due to the 

resistance from firms within the network. Hence, a firm’s ability to innovate on a sustained basis 

is likely to be adversely affected as the supply of new ideas, resources, and opportunities may 

simply get dried up with very high level of interconnectedness among ego network members. 

Therefore, I propose, 

Proposition 5: The extent of interconnectedness of the focal firm’s ego network is likely to 
have a curvilinear (inverted U shaped) relationship with the firm’s likelihood of innovation. 

 

3.3.4 Effects of Cluster Mechanisms 

As noted above, the cluster literature does not very clearly articulate the specific mechanisms 

through which clusters influence a firm’s innovation output. In the paragraphs below, I attempt 

to identify key cluster mechanisms and explain how they influence firm innovativeness. As noted 

earlier, I define cluster as a geographically proximate group of associated institutions and firms 
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in related industries (Porter, 1990). The spatial concentration of firms within the cluster is much 

higher than that is outside the cluster. Economic geography literature suggests that innovation 

output of cluster firms is greater than that of non-cluster firms. The empirical findings further 

suggest that knowledge spillover tend to be localized (Feldman, 1994; Jaffe et al., 1993). 

Geographic localization of knowledge spillover is considered a primary reason why firms in 

clusters innovate more. However, this raises a new question in the form of why knowledge 

spillover is geographically localized. The impact of cluster on firm innovativeness can be better 

understood through the underlying cluster mechanisms.  

I argue that the extent to which a cluster will influence a focal firm’s innovation output 

depends upon the cluster resource potential, the characteristics of the cluster resources, and the 

extent to which the focal firm is able to mobilize cluster resources. Firms which are located in a 

cluster with greater resource potential will have superior innovation performance than those 

which are located in clusters with lower resource potential and also within a given cluster, firms 

which are able to mobilize the cluster resources more effectively will have superior innovation 

performance than those which are not able to mobilize the cluster resources. 

3.3.4.1 Effects of cluster resource potential. Cluster resource potential refers to the amount 

of resources a focal firm can potentially access through the cluster. It is indicated by the number 

of customers, suppliers, public research organizations/ universities and number of competitors 

located within the cluster. I argue that infrastructure (Marshall, 1920; Werker & Athreye, 2004)  

and competition (Porter, 1998) are the two key underlying mechanisms through which cluster 

resource potential influences a cluster firm’s innovation output. 

3.3.4.1.1 Infrastructural mechanism. The presence of suppliers, customers and public 

research organizations/universities together creates a system of shared resources (Audretsch & 
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Feldman, 1996; Feldman, 1994; Pouder & John, 1996). Due to the large number of suppliers 

located in the cluster, a focal firm is able to get access to specialized inputs (Marshall, 1920). 

And, because of geographical proximity the focal firm gets those inputs at lower transaction cost 

(Caniels & Romijn, 2005). Suppliers located in the cluster are also more likely to invest in new 

technologies due to the fact that there is potentially a large market for their new products. Thus, 

the focal firm gets access to cutting-edge specialized inputs at lower cost. Location of customers 

in the cluster may further be advantageous to the focal firm in its pursuit of innovation.  The 

focal firm can get a better idea about fruitful innovation path to pursue due to timely input and 

involvement of co-located customers. 

Innovation is quite contagious in nature— innovation in one segment of the value chain 

induces innovation in other segments of the value chain. When a focal firm innovates, it often 

forces its suppliers and customers to innovate as well and they in turn again force the focal firm 

to innovate further. 

Apart from the economies of specialization, the cluster infrastructure also creates labor 

market economies (Marshall, 1920). The cluster creates a pool of labor with specialized skills by 

attracting employees from different places and retaining them (Feldman, 1994; Krugman, 1991). 

The cluster firms find it easier to recruit employees with necessary skills. If major universities or 

public research organizations are located in the cluster, they create the supply of human resource 

with cutting edge knowledge and skills necessary for innovation activities.  

3.3.4.1.2 Competition mechanism. Location of large number of competitors in a cluster 

enhances their innovation output through the competition effect (Porter, 1990; Pouder & John, 

1996). Competition among cluster firms acts as a coercive force on the firms. As large numbers 

of firms operating in related industries are co-located in the cluster, the intensity of competition 
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becomes more intense (Cattani, Pennings, & Wezel, 2003). These firms compete more intensely 

in the input factor market as well as in the output market because of the geographical boundary. 

Due to the heightened competition, the survival and growth of these firms often hinges on their 

ability to offer superior products and may be even at lower prices. Firms try to achieve this 

through more innovations. This necessity to innovate may force these firms to intensify their 

innovation efforts—search more actively for knowledge, for employees with critical skills, for 

new ideas etc. Additionally, due to the geographical proximity, firms are able to carefully 

observe and monitor the actions of other co-located firms (Pouder & John, 1996). Because of 

this, innovation within the cluster has some sort of cascading effect. As one firm innovates, it 

forces other firms to innovate as well by threatening their very survival. However, very high 

level of competitive intensity is likely to be detrimental to the focal firm's innovation efforts. 

Very high competitive intensity increases the cost of resources substantially and reduces the 

availability of resources. For instance, very high level of competitive intensity may make it 

difficult to attract and retain talented employees.  

Thus, when the cluster resource potential is high, it cluster provides a ready access to input 

factor and output factor markets, a rich pool of human resources, and also creates a coercive 

force in the form of competition among cluster firms. Together, it translates into greater 

innovation output. 

Proposition 6a: The extent of competition within the cluster will have an inverted U relationship 
with a cluster firm's likelihood of innovation. 

 
Proposition 6b: The cluster infrastructure will have a positive impact on a cluster firm's 
likelihood of innovation. 
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3.3.4.2 Role of Characteristics of Cluster Resources 

The characteristics of cluster resources indicate what kind of resources a focal firm can 

potentially access through the cluster. The characteristics of cluster resources influence the 

extent to which a focal firm can benefit from the cluster. The most important characteristic of 

cluster resources is indicated by cluster vitality.  

3.3.4.2.1 Effects of cluster vitality. Cluster vitality refers to the extent to which a cluster is 

innovative and growing –alive and kicking. It is indicated by the overall innovativeness of 

cluster firms, formation of start-ups and spin-offs and growth in total employment within the 

cluster firms. When cluster vitality is high, the cluster is able to attract talented employees and 

retain them; it becomes an attractive location for start-ups and spin-offs. Talented employees and 

the start-up firms are the fountainhead of knowledge creation within the cluster. Cluster vitality 

influences cluster firm’s innovation output as Porter (2000) argues “the health of the cluster is 

important to the health of the company” (16). 

As more start-ups and spin-offs are created within the cluster, more new knowledge is 

generated (Benneworth & Charles, 2005). With more new firms created within the cluster, more 

employees are attracted to cluster and existing employees within the cluster find more options to 

stay in the cluster. When cluster members are highly active in innovation activity, they generate 

new ideas and new resources. The competition for new ideas also becomes intense. Firms more 

actively watch and observe each other’s innovation efforts. The cluster firms become more 

motivated to innovate. 

Therefore, as the cluster vitality increases, so the availability of new ideas and the intensity 

of knowledge search within the cluster firms increase, and more employees with cutting-edge 
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skills flock in to the cluster. Thus, with increasing cluster vitality, the motivation, awareness, and 

capability to generate breakthrough innovations increase as well. 

Proposition 7: The greater the cluster vitality, the greater the firm's likelihood of 
breakthrough innovation. 

 
3.3.4.3 Role of Ability to Mobilize Cluster Resources 

  I argued, through cluster resource potential and cluster vitality, that clusters vary in the 

extent to which they help a cluster firm in its innovation performance. I further argue that within 

a given cluster, different firms vary in their ability to mobilize cluster resources. Even though, 

the extant literature suggests that cluster firms are equally privy to all the cluster benefits, I argue 

that there are certain types of resources which are equally available to all cluster firms, but there 

are certain other types of cluster resources which are not equally available to all the cluster firms. 

Due to their differential ability to mobilize cluster resources, the cluster firms do not get access 

to similar cluster resources.  

Firms mobilize cluster resources through social mechanisms—through inter-personal social 

mechanism (Dahl & Pedersen, 2004) and through inter-firm network mechanism (Steinle & 

Schiele, 2002). These two mechanisms differ in their ability to mobilize cluster resources. A firm 

may use one of these or both of these mechanisms to mobilize cluster resources. A firm’s ability 

to mobilize cluster resources depends upon which of these mechanisms it is using. Three 

scenarios emerge based on whether a focal firm is using only one of the social mechanisms  or 

both 1) firm located in cluster (inter-personal) 2) firm located in the cluster and has network ties 

with key cluster firms (inter-personal and inter-firm) 3) firm located outside the cluster, but has 

network ties to the cluster (inter-firm). I first discuss the first scenario in which the focal firm is 

simply located in the cluster and uses informal social mechanisms to mobilize cluster resources. 

The other two cases I discuss as part of the joint effect of networks and clusters.  
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3.3.4.3.1 Effects of being located in the cluster. The focal firm is located in the cluster but 

does not have any formal network tie within the cluster. Under this scenario, the focal firm is 

resorting to (informal) inter-personal social mechanism only. I argue that through the informal 

inter-personal social mechanism a cluster firm is able to mobilize informational resources of the 

cluster. The cluster focal firm also gets access to some technological knowledge of other firms 

through the mobility of cluster employees.  

 The focal firm’s employees interact with the employees of other cluster firms in social 

settings. They may interact with them on their way to office, in a club, gymnasium, park, sports 

event etc. Some of them may have friends or neighbors working for other cluster firms. Some of 

these interactions may be quite frequent also. However, these interactions are in their personal 

capacity, not in organizational capacity. During their interactions, employees may share 

information regarding what is going on in their team, division, or company. They may share 

information regarding the market trends, technological trends (Dahl & Pedersen, 2004; Lissoni, 

2001). They may share with each other what is “hot” in the market. By interacting with each 

other, these employees know about the market “buzz”, they may also know about some key 

initiatives by other cluster firms—what the competitors are up to. Through these informal inter-

personal social mechanisms, firms are able to mobilize informational resources of the cluster. 

These informational resources help the focal firm overcome environmental uncertainty to a 

certain extent. However, any technological knowledge which the focal firm gets through such 

exchanges is serendipitous (Caniels & Romijn, 2005) in nature. The focal firm gets the 

knowledge randomly and in bits and pieces. Therefore, the focal firm’s ability to put such 

knowledge to any effective usage will be rather limited.  
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However, because of being located in the cluster, the focal cluster firm also benefits from the 

within-cluster-mobility of employees. Prior research suggests that employees are more mobile 

within the cluster (Almeida & Kogut, 1999; Rosenkopf & Almeida, 2003).As these employees 

also act as knowledge careers (Audretsch & Feldman, 1996; Zucker & Darby, 1996), the focal 

cluster firm is also able to get access to the knowledge embedded in that individual.  

Thus, a focal firm which is located in the cluster but does not have any formal network tie 

within the cluster benefits from the infrastructural effect, competition effect and is able to 

mobilize informational resources of cluster and to a certain extent gets access to technological 

knowledge of other firms through the mobility of employees.  

Proposition 8:  A cluster firm simply using the interpersonal social mechanism to mobilize 
cluster resources is likely to increase its likelihood of innovation. 

 

3.3.4.3.2 Joint Effects of Network and Cluster  

Thus far, I have identified key network and cluster mechanisms that are likely to help firms 

to innovate. While many of the benefits flow independently, network and cluster are likely to 

have joint effects. While some effects will be positive (contribute to innovation), others may be 

negative (inhibit innovation). Some of the cluster mechanisms and network mechanisms may 

reinforce each other, while others may substitute each other, and still others may operate 

independently.  

3.3.4.3.2.1 Network and Cluster overlap. I suggest that when a firm’s ego network and 

cluster overlap, a focal firm can overcome firm level resource related innovation barriers and 

environmental uncertainty related innovation barriers in an effective manner. The focal firm’s 

ability to mobilize network resources as well as cluster resources increases. I examine two cases 

under the network and cluster overlap 1) when the focal firm is located within the cluster and has 
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network ties with key cluster firms 2) when the focal firm is located outside the cluster but has 

network ties to the cluster. 

3.3.4.3.2.1.1 Case 1: Located in the cluster and ego network and cluster overlap 

In this case the focal firm is located within the cluster and has ego network ties both within 

the cluster as well as outside the cluster. Due to the geographical proximity with some of its 

partners, the focal firm can mobilize the cluster resources more effectively than a firm which is 

located in the cluster but has no formal network ties within the cluster.  

Clusters are considered hotbeds of new knowledge creation (Saxenian, 1994). But who gets 

effective access to the cluster knowledge is still a matter of debate. The prior research suggests 

that knowledge spillover has a geographical dimension (Jaffe, 1986). But it is not known who 

gets access to the knowledge spillover and who is able to effectively use if they get access to it. I 

argue that a firm located in the cluster, having network ties to key cluster entities is able to 

access the cluster knowledge most effectively for two primary reasons: formal and informal 

relations complement each other and systematic access to knowledge. 

First, when the focal firm located in the cluster has formal ties with key cluster entities, the 

firm resorts to both informal and formal social mechanisms to mobilize cluster resources. The 

firm can leverage informal social mechanisms and formal mechanisms and gets more out of 

these mechanisms. The organizational proximity coupled with physical proximity facilitates a 

richer exchange between the partners (Steinle & Schiele, 2002). The employees of the focal firm 

and of co-located partnering firms are also likely to share personal rapport with each other due to 

their physical proximity and more opportunities to interact with each other. As a result the 

organizational trust and interpersonal trust will reinforce each other. When the employees 

interact in the absence of a formal relationship between their firms, sometimes they may not 
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share certain kinds of information for lack of official mandate to do so. But the personal rapport 

with the employees of the partnering firms in the presence of organizational proximity may help 

them share their tacit knowledge and know-how in an effective manner (Amin & Cohendet, 

1999). Thus, the partners are able to share both explicit and tacit knowledge. By using both the 

informal interpersonal mechanism as well as the inter-organizational formal mechanism, the 

focal firm is able to mobilize both informational resources and organizational resources of the 

cluster. 

Organizational knowledge is often distributed among many individuals (Pinch, Henry, 

Jenkins, & Tallman, 2003).  However, some knowledge may still be embedded in organizational 

routines over and above the knowledge embedded in individuals (Nelson & Winter, 1982). The 

more innovative firms are able to embed greater part of the tacit knowledge in their 

organizational routines (Lawson & Lorenz, 1999). The formal relationship between their firms 

allows them to have a systematic and focused interaction between their teams and between their 

organizational routines. Such a systematic and focused interaction facilitates exchange of 

valuable knowledge, which in turn enhances the partnering firms’ innovation capability.  

Thus, I suggest that a focal firm located in the cluster and having network ties with key 

cluster entities will be able to effectively mobilize cluster resources and enhance its innovation 

capability. However, when the overlap between focal firm’s ego network and cluster becomes 

too high, then the focal firm’s benefits from its network start declining. When the overlap is too 

high, the focal firm may be very deeply embedded in the cluster and may face ‘technological 

shocks’ particularly, when the new technology emerges from outside the cluster (Pouder & John, 

1996).   

Proposition 9:  For a firm located in the cluster, as the overlap between ego network and 
cluster increases, the likelihood of breakthrough innovations increases in an inverted U shape.  
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3.3.4.3.2.1.2 Case 2: Located outside the cluster and ego network and cluster overlap 

In this case, the focal firm is located outside the cluster but has ego network ties to the cluster 

firms. Such a firm resort to only formal social mechanism –interorganizational tie- to mobilize 

cluster resources. I argue that the focal firm will be able to mobilize to some informational 

resources of the cluster and to a certain extent explicit knowledge located in the cluster.  

The focal firm will get access to informational resources of the cluster as network ties act as 

conduits for information flow. The focal firm will also more intensely look for cluster 

informational resources through its partner, as the focal firm knows its partner is located in the 

hotbed of knowledge (Pouder & John, 1996; Saxenian, 1994). The focal firm will also make 

greater efforts to nurture this tie. In addition, when the focal firm has a formal tie with a cluster 

firm, it is also likely that some employees of the focal firm will visit the cluster. In the process, 

they will also get access to the market buzz, and will get to know some of the key technological 

developments.  

Proposition 10: A focal firm located outside the cluster, connected to cluster through 
network ties, is likely to enhance its likelihood of innovation output. This effect is expected to be 
greater than the effect due to the interpersonal social mechanisms.  

 

3.3.5 CONTINGENT EFFECT OF INNOVATION RESOURCE BARRIERS 

In this section I put forth arguments regarding the differential ability of firms to benefit from 

ego network resources and cluster resources depending on the level of resource barriers they 

face. I argue that firms differ in their ability to mobilize ego network resources. Firms that are 

resource-rich have greater ability to leverage their ego network resources than firms that are 

facing high resource-barriers— firms that are resource deficient. 

The resource-rich firms are more attractive partners for the network member firms (Ahuja, 

2000b). Such firms also enjoy high status among its partner firms. The partner firms see benefits 
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in maintaining a healthy relationship with resource-rich firms as the partners can share and 

exchange valuable resources. Thus, resource-rich firms have greater ability to attract network 

resources. Further, firms of higher status also have the power of endorsement (Stuart, 2000). As 

the resource dependency theory (Pfeffer & Salancik, 1978) suggests that this power of 

endorsement is likely to bring opportunities not easily available to others. For instance, the lower 

status firms in order to get connected with the high status focal firm may offer the focal firm a 

preferential access to their current and future resources such as share their new product 

development activities, and offer a preview of their technologies and products well before they 

offer to others. As a result, the focal firm is exposed to new technologies and innovation 

activities of the partners and can pursue more innovation activities by utilizing the ego network 

resources. Thus, resource-rich firms have more opportunities to exchange and share resources 

with their partners due to having greater volume and variety of resources at their disposal.  

On the other hand, the firms that are 'resource-deficient' may struggle to get valuable partners 

to begin with (Ahuja, 2000b). But in case they manage to get resource-rich partners, these firms 

run the risk of being exploited by the much stronger partners. The resource-deficient firms' 

dependence on their partners is likely to be more than the partners' dependence on them. As a 

result these firms have lower bargaining power and therefore they may have lower ability to 

mobilize their ego network resources.  

However, some of these disadvantages can be easily overcome when the resource-deficient 

firms primarily resort to clusters than to formal networks. In clusters the informal relationships 

among employees play much stronger role in sharing and exchange of information. Such firms 

may enjoy greater social-security in clusters. Any "unfair" treatment to a firm located in a cluster 

may be easily noticed by the other cluster firms. The cost of establishing and managing the 
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informal relationships may be much lower than the cost of formal relationships. Firms that 

primarily rely on cluster mechanism may also develop more efficient mechanisms to benefit 

from their informal efforts.  On the other hand, the resource-rich firms may not take the inputs 

coming through the informal means from the cluster as seriously, and may not put in place 

mechanisms to benefit from such informal efforts. 

Therefore I propose, 

Proposition 11: When the resource-barriers are high, the cluster may be a more efficient and 
effective mechanism than the network to enhance the likelihood of innovation.  
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Table 3.1: List of Propositions 
 

# Proposition Statement Dependent Construct Independent Construct 
 Ego Network  Effect 

1 The greater the ego network resource potential 
of a focal firm, the greater will be the firm’s 
likelihood of innovation. 

 
Likelihood of  Innovation 

Ego Network Resource 
Potential 

2a The greater the diversity of nodes in the focal 
firm’s ego network, the greater will be the 
likelihood of breakthrough innovations. 

Likelihood of 
Breakthrough Innovation 

Ego Network Diversity of 
Nodes 

2b The greater the diversity of ties in the focal 
firm’s ego network, the greater will be the 
likelihood of breakthrough innovation. 

Likelihood of 
Breakthrough Innovation 

Ego Network Diversity of 
Ties 

3 The greater the intellectual capital of ego 
network, the greater will be the likelihood of 
breakthrough innovation. 

Likelihood of 
Breakthrough Innovation 

Ego Network Intellectual 
Capital 

4 The greater the number of high quality ties a 
focal firm has in its ego network, the greater will 
be the likelihood of breakthrough innovations. 

Likelihood of 
Breakthrough Innovation 

High Quality Ego Network 
Ties 

5 The extent of interconnectedness of the focal 
firm’s ego network is likely to have a curvilinear 
(inverted U shaped) relationship with the firm’s 
likelihood of innovation. 

 
Likelihood of  Innovation 

Extent of 
Interconnectedness 

 Cluster Effect 
6a The extent of competition within the cluster will 

have an inverted U relationship with the cluster 
firm's likelihood of innovation. 

 
Likelihood of  Innovation 

Extent of Competition 

6b The cluster infrastructure will have a positive 
impact on a cluster firm's likelihood of 
innovation. 

 
Likelihood of  Innovation 

Cluster Infrastructure 

7 The greater the cluster vitality, the greater the 
firm's likelihood of breakthrough innovation. 

Likelihood of 
Breakthrough Innovation 

Cluster Vitality 

 Ego Network and Cluster Effect 
8 A cluster firm simply using the interpersonal 

social mechanism to mobilize cluster resources 
is likely to increase its likelihood of innovation 

 
Likelihood of  Innovation 

Interpersonal Social 
Mechanism 

9 For a firm located in the cluster, as the overlap 
between ego network and cluster increases, the 
likelihood of breakthrough innovations increases 
in an inverted U shape 

Likelihood of 
Breakthrough Innovation 

Ego Network Cluster 
Overlap 

10 A focal firm located outside the cluster, 
connected to cluster through network ties, is 
likely to enhance its likelihood of innovation 
output. This effect is expected to be greater than 
the effect due to the interpersonal social 
mechanisms. 

 
Likelihood of  Innovation 

Cluster Connection 
Through Ego Network Tie 

 Innovation Barrier Effect 
11 When the resource-barriers are high, the cluster 

may be a more efficient and effective 
mechanism than the network to enhance the 
likelihood of innovation. 

 
Likelihood of  Innovation 

1) Cluster Mechanism            
2) Network Mechanism         
3) Firm Resource Barriers 
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3.4 HYPOTHESES DEVELOPMENT 
 

Considering the vast scope of the theoretical model proposed in this study and my resource 

limitations, I empirically test only a part of this model.  In terms of operationalizing the 

theoretical model, I examine the effects of ego network and cluster variables only on the volume 

of overall innovation output but do not test their effects on the volume of breakthrough 

innovations.  The following hypotheses are directly derived from the propositions so I do not 

restate all the arguments offered in developing the corresponding propositions.  I describe the 

test methodology for these hypotheses in the next chapter.  

3.4.1 HYPOTHESIS 1 

I develop hypothesis 1 by operationalizing the proposition 1. I operationalize the ego network 

resource potential construct by measuring two of its dimensions. First, I measure the 

technological resources of the ego network and second, I measure the financial resources of the 

ego network as these two types of resources are the most important resources for technological 

innovation.  As I argued before, the greater ego network resource potential provides the focal 

firm more opportunities to combine and exchange resources and greater experimentation ability. 

Thus I hypothesize, 

 HYPOTHESIS 1A: The greater the ego network technological resources of a focal firm, 
the greater will be the firm’s volume of innovation output, ceteris paribus. 
 

HYPOTHESIS 1B: The greater the ego network financial resources of a focal firm, the 
greater will be the firm’s volume of innovation output, ceteris paribus. 
 

3.4.2 HYPOTHESIS 2 

Hypothesis 2 is based on the proposition 5 that relate to the volume of innovation output. The 

extent of interconnectedness indicates the firm's ability to mobilize the ego network resources. 

As I argued before, the interconnectedness among the partners provides the focal firm the social 
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control mechanisms to manage its network and it reduces the time and effort required on the part 

of the focal firm to manage its network. The interconnectedness also increases the firm's ability 

to validate information and locate reliable partners. However, very high level of 

interconnectedness is likely to make the ego network rigid, and likely to reduce the firm's ability 

to take actions freely and respond to environmental changes in a timely manner.  Therefore, I 

hypothesize, 

The extent of interconnectedness of the focal firm’s ego network is likely to have a curvilinear 
(inverted U shaped) relationship with the firm’s volume of innovation output, ceteris paribus. 
 

FIGURE 3.3 
OPERATIONAL MODEL (A)  
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3.4.3 HYPOTHESIS 3 

The hypothesis 3 is based on the proposition 6A. As I argued before, the effect of competitive 

intensity is likely to be more intensified due to geographic proximity of cluster firms. The cluster 
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firms search for knowledge more actively, observe the innovation activities of their neighbors 

more closely. As a result, I expect the effect of cluster competitive intensity on the volume of 

focal firm innovation output is likely to be positive. But when the competitive intensity becomes 

very high, its effect is expected to be negative. The very high level of competitive intensity may 

have crippling effect on their innovation efforts, as in the presence of very high competitive 

intensity, the cost of innovation resources increase substantially due to congestion, and retaining 

employees may become more difficult. Therefore, I hypothesize, 

The extent of competition within the cluster will have an inverted U relationship with the volume 
of innovation output of a cluster firm, ceteris paribus. 

 
3.4.4 HYPOTHESIS 4 

 
In this hypothesis, I measure and test another dimension of cluster resource potential that is 

technological resource dimension.  Similar to the volume of ego network technological 

resources, I measure the volume of cluster technological resources. This hypothesis is based on 

the proposition 7 but it measures the impact of cluster technological resources on the volume of 

innovation output of the focal firm. As the volume of cluster technological resource increases, I 

expect the volume of focal firm's innovation output to increase as well.  

Thus, I hypothesize  

The greater the volume of cluster technological resource of a focal firm, the greater will be the 
firm’s volume of innovation output, ceteris paribus. 
 

3.4.5 HYPOTHESIS 5 

The hypothesis 5A tests the effects of pure cluster mechanisms and is based on proposition 8, 

while the hypotheses 5B and 5C test the joint effect of network and clusters and are based on the 

propositions 9 and 10 respectively (Figure 3.4).  In the hypothesis 5A, I examine the effects of 

technological resources of those cluster firms with which the focal firm does not have any formal 
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alliances. The focal firm resorts to informal mechanisms only to mobilize the cluster resources. 

The hypothesis 5B tests the effect of technological resources of those cluster firms that are part 

of the focal firm's ego network. Thus, the focal firm uses both formal and informal mechanisms 

to mobilize technological resources from these cluster firms. In the hypothesis 5C, I test the 

ability of focal firm to mobilize the 'away-cluster' technological resources to which the focal firm 

is connected through its ego network ties. The focal firm resorts to formal ties to mobilize the 

'away cluster' resources. The formal ties also provide the mechanisms and opportunities for 

informal interactions with the other cluster entities. Thus, the focal firm benefits from formal 

mechanisms of resource mobilization and to a certain extent from the informal mechanisms of 

resource mobilization as well.  

FIGURE 3.4 
OPERATIONAL MODEL (B)  

Volume of ‘Pure Cluster’
Technological Resources

Volume of 
Within-cluster-ego-network
Technological Resources

Volume of 
‘Away-cluster’

Technological Resources

Volume of 
Innovation Output

+ +

+

+ + +

5C

5A

5B

 



 71

 HYPOTHESIS 5A: The greater the volume of 'pure cluster' technological resources the 
greater will be the volume of innovation output, ceteris paribus.  
 
            HYPOTHESIS 5B: The greater the volume of within-cluster-ego-network technological 
resources the greater will be the volume of innovation output, ceteris paribus. This effect will be 
greater the effect of 'pure cluster' technological resources and that of 'away-cluster' 
technological resources. 
 

HYPOTHESIS 5C: The greater the volume of 'away-cluster' technological resources 
the greater will be the volume of innovation output, ceteris paribus. The effect will be greater 
than the 'pure cluster' technological resources.  
 

3.4.6 HYPOTHESIS 6 

As I argued while developing the proposition 11, the resource-rich firms are likely to have 

greater ability to leverage their ego network resources (Figure 3.5). Such firms have more 

resources to attract, retain and manage partners, and have greater ability to mobilize their ego 

network resources. For the resource-deficient firms, resorting to network mechanisms for 

enhancing their innovativeness may be relatively less attractive. The resource-deficient firms 

may be even at a disadvantage if they resort to formal network mechanisms. However, such 

firms will not be at a disadvantage if they use cluster mechanisms to enhance their innovation 

output. I propose the following hypotheses to test the core of this argument.  

 

HYPOTHESIS 6A. The effects of volume of ego network technological resources will be 
greater for the resource-rich firms than for the resource-deficient firms.  
 

HYPOTHESIS 6B.  The effects of volume of cluster technological resources will be greater for 
the resource-deficient firms than for the resource-rich firms.  
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FIGURE 3.5 
OPERATIONAL MODEL (C)  
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4.0 RESEARCH METHODOLOGY 

4.1 Research Setting 
 
I test my hypothesis on the sample of firms from the U.S. semiconductor industry. The 

semiconductor industry provides an ideal setting for testing the hypotheses as the industry is 

characterized by clustering of firms in geographic areas, prevalence of alliances and patenting 

within the industry (Arita & McCann, 2000; Hall & Ziedonis, 2001; Podolny, Stuart, & Hannan, 

1996; Rowley et al., 2000; Saxenian, 1994). The U.S. semiconductor industry is known for 

demonstrating sustained innovations since its inception (Moris, 1996).   Firms in the 

semiconductor industry increasingly face pressure to come up with faster, smaller, and cheaper 

chips and therefore tremendous pressure to innovate on a sustained basis.  In addition to 

providing intellectual property rights, patenting may act as a signaling device to establish 

credibility in the market (Long, 2002).  The credibility may help firms in acquiring resources and 

institutional support.  According to Long (2002) patents are low cost devices for gaining 

publicity and credibility among the observers of patents that include potential customers, 

partners, and suppliers. Thus, there are great incentives and high pressure to innovate and patent 

those innovations in the semiconductor industry.  

 However, due to the exorbitant cost of R&D, the depth and breadth of technological 

expertise required, criticality of speed in the development of new products, and fight for setting 

technological standards, semiconductor firms establish increasing number of alliances.  Prior 

research provides evidence of pervasiveness of alliances in the semiconductor industry (Podolny 

et al., 1996; Stuart, 1998). The semiconductor industry also exhibits clustering tendencies among 

the firms (Almeida & Kogut, 1999; Arita & McCann, 2000; Saxenian, 1994).  The 

semiconductor firms show clustering behavior not only in U.S. but in other countries as well 
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(Malecki, 1991). Thus, geographic clustering of firms is widespread in the semiconductor 

industry.  

The single industry setting may be considered a limitation of this study.  However, as the 

measure of dependent variable, innovation output, is based on patents and industries vary in their 

patenting tendencies, by focusing on a single industry, the problem due to varying patenting 

tendencies of firms across industries is avoided.   

4.2 Description of Semiconductor Industry  

Semiconductor is a "solid state material which conducts electricity with properties 

somewhere between those of metals and insulators” (Orton, 2004).  The electrical conductivity 

of semiconductor materials can be strongly influenced by adding a very small amount of 

impurity atoms called as ‘dopants’. These properties make semiconductors extremely versatile 

material because their electrical properties can then be customized to create new applications or 

improve performance (Moris, 1996). Figure (4.1) describes the major steps involved in the 

manufacturing of semiconductors chips (Iansiti, 2002). 

The importance of semiconductors in the world economy can hardly be overemphasized. 

Starting with pocket radios (“transistors”), in 1950s to mobile phones, digital cameras, rockets, 

satellites, and automobiles among others, by the end of 1990s, the semiconductors have touched 

all spheres of our lives. The seed of semiconductor industry was laid with the invention of 

transistors in 1948 by the Bell Laboratories researchers William Shockley, Walter Brattain, and 

John Bardeen. Subsequently, the invention of integrated circuits (in which transistors, wires, and 

other parts are all made of silicon as an integrated piece) by Robert Noyce and Gordon Moore, 

the founding members of Fairchild semiconductors, laid the foundation of semiconductor 

industry. Interestingly, John Kilby of Texas Instruments had unveiled a similar integrated circuit 
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device, based on germanium, in 1957, a year before Noyce and Moore did. Texas Instruments 

and Fairchild Semiconductors fought an epic patent battle that lasted for 11 years before settling 

in favor of Fairchild Semiconductors (Lojek, 2006; Orton, 2004).   

The semiconductor industry has seen a phenomenal growth since its inception. For instance, 

since 1986 the semiconductor sales have grown from $26 billion to $175 billion by the end of 

2000 at a compound annual growth rate of 14.59%. However, the growth has been quite cyclical 

during the period, growing as high as 46% in 1995 and as low as -1.8% in 1998. In terms of 

market share, US based (Headquarter) firms control approximately 50% of the global sales as of 

2001. The market share of US based firms declined from 56% in 1982 to 37.3% in 1989, but has 

bounced back since then and by 2000 it was close to 50% (Figure 4.2). Even though the size of 

U.S. semiconductor market as percentage of global semiconductor market (Figure 4.5) has 

declined the market share of U.S. firms have increased; thus indicating that the U.S. based firms 

have reduced their reliance on the U.S. market and have effectively reached out to global 

markets.   On the other hand, the Japanese firms have witnessed just the opposite trend. Their 

market share while kept increasing from 32% in 1982 to 51% in 1988 but since then their market 

share has been consistently declining and was at its lowest ebb in 2005 at 22%.  Market share of 

European firms have remained steadied around 10%, while that of the rest of the world firms 

(primarily Korean, Taiwanese, Singaporean firms) have increased from 11.6% in 1998 to 

14.52% in 2001. 
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FIGURE 4.1  
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FIGURE 4.22 

Market Share Growth in Semiconductor Industry (National origin based on headquarter location)
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The semiconductor industry that started as a highly vertically integrated industry, when the 

firms did most of the activities in-house, has become quite horizontal over time (O Uallachain, 

1997). Different groups of firms specializing in different aspects of the industry have emerged 

(Macher & Mowery, 2004). The firms operating in the semiconductor industry can be divided 

into five groups based upon the value-chain activities they perform.  

The first group consists of integrated device manufacturers (IDM) — firms that design, 

develop, and manufacture semiconductor chips.  Some of the leading IDMs are Advanced Micro 

Devices, Intel and Texas Instruments.  The second group consists of the fabless firms that only 

design semiconductor chips but do not manufacture those chips on their own. They outsource the 

manufacturing of the chips to foundries, described in the following paragraph, and concentrate 

on designing and developing their products. Not having their own manufacturing facilities at 
                                                 
2 Source: VLSI Research Inc. 
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times hinders their product development efforts (O Uallachain, 1997). As during the times when 

demand considerably outstrips the supply of wafer manufacturing capacities, small fabless firms 

particularly suffer as foundries charge premium prices or they even deny these fabless firms 

access to foundries (Chatterjee, Gudmundsson, Nurani, Seshadri, & Shanthikumar, 1999).   

Chips & Technologies, Conexant Systems and Xilinx are some of the leading fabless firms.  

Most of the fabless firms are located in the United States, Canada, Europe and Israel.   

In the third group are the foundries that only manufacture semiconductor chips designed by 

other firms. Semiconductor manufacturing is a very capital intensive business (Chang & 

Podolny, 2002; O Uallachain, 1997). Further, the demand for capital grows exponentially with 

each successive generation of new technology chips. For instance, cost of a 4M, 150 mm 

fabrication facility (producing 20,000 wafers/month) was close to $300 million. The cost for 

64M, 150 mm fabrication facility (producing 25,000 wafer/month) increased to $700 mn by mid 

1990s, while for 256 M, 300 mm (producing 30,000 wafer/ month) increased to $1.5 billion by 

the late 1990s (Chang & Podolny, 2002). Manufacturing of semiconductor chips is now largely 

concentrated in Japan, Korea, Singapore and Taiwan. Dallas Semiconductor, Taiwan 

Semiconductor Manufacturing, and United Microelectronics are some of the foundries. 

In the fourth group are the firms offering the packaging and testing services to other firms. 

Amkor Technology, Siliconware Precision and Stats Chippac are some of the packaging and 

testing services firms. The fifth group consists of large diversified firms having captive 

semiconductor divisions. These firms are similar to IDMs. These firms also design and 

manufacture their chips but they produce chips primarily for their internal consumption and are 

highly diversified. IBM, Motorola, Toshiba, NEC are examples of such firms.    
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4.2.1 Semiconductor Industry Segments 

Semiconductor industry (Figure 4.3) has two broad segments: integrated circuits devices and 

discrete devices.  The integrated circuit is the dominant segment in the industry. Below I provide 

further details of these segments that are identified based on the technological characteristics. 

The following section is informed by Ayers (2004), Harper (2002), Orton (2004) and Smith 

(1997). 

FIGURE 4.3 

SEMICONDUCTOR INDUSTRY PRODUCT MARKET SEGMENTS 
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4.2.1.1 Integrated Circuits:  An integrated circuit (IC) chip is a "collections of components 

connected to form a complete electronic circuit that is manufactured on a single piece of silicon 

material" (Harper, 2002:73). ICs are of two types: digital and analog.  Analog chips convert the 

wave form input (e.g. sound) into digital output and they also convert digital input (0/1) into 

wave form output. In the analog chip market Texas Instruments, National Semiconductors, and 
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Analog Devices are among the leading firms in the Industry. The digital ICs use digital signals 

and work on the Boolean logic (Ayers, 2004). The most common elements of digital IC are logic 

gates. Logic gates process signals representing true (1) or false (0).  They take inputs from two 

sources in the form of 0/1 and give one output in the form of 0/1. Logic gates function as digital 

switches and can be used to control other logic gates. Usage of logic gates reduces power 

consumption and the complexity of circuits and increases their reliability.  

Digital ICs are further divided into two groups: memory chips and digital logic chips. While 

memory chips are used for storing data, the logic chips are used for logical operations 

(information processing). The memory chip market is broadly divided into two groups: volatile 

and nonvolatile. The volatile memory chips such as DRAMs (Dynamic Random Access 

Memory) and SRAMs (Static Random Access Memory) require power to maintain stored data 

and are used for primary storage. The non-volatile chips such as EEPROM (Electronically 

Erasable Programmable Memory) and Flash memory can hold data in the absence of power and 

are used for secondary or long term storage. The memory chip market has been increasingly 

dominated by the foreign firms particularly in the volatile segment. Intel, which pioneered 

DRAM chips in 1970, exited this market in 1984 when its market share fell below 1%. Another 

major U.S. semiconductor firm, Texas Instruments, sold its memory chip division to Micron 

Technology in 1998. Micron Technology is one of the remaining leading memory chip U.S. 

firms. Samsung, NEC, Hynix, Toshiba, Fujistu are some of the other leading memory chip 

(DRAM, SRAM) firms.  

In the flash memory market Intel is the leading firm with more than $2.0 billion sales in 2002 

and is followed by Samsung with $1.0 billion in sales. In the EEPROM market Atmel, Microchip 
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and Xicor are some of the leading U.S. based firms. The EEPROM market size was close to $1.0 

billion in 2000.   

The digital logic chips market can be divided into three primary groups: microprocessors, 

microcontrollers and ASICs (Application Specific Integrated Circuit). Microprocessor is a 

“minicomputer” on a chip and consists of arithmetic logic unit, control unit and registers.   The 

market of microprocessors has been dominated by Intel since its inception. However, toward the 

end of 1990s American Micro Devices (AMD) started posing a bit of a challenge to Intel. The 

microcontroller, a higher level of microprocessor, includes RAM and ROM as well. 

Microcontrollers are primarily used in the industrial products. Motorola, Siemens, Hitachi, NEC, 

Microchip Technology are some of the leading microcontroller manufacturers. ASICs are more 

application specific and are customized integrated circuits (Smith, 1997). Agere Systems, LSI 

Logic, Xilinx, Altera and Atmel are some of the leading firms in the ASIC segment.   

4.2.1.2 Discrete Semiconductor Devices:    Discrete semiconductor devices consist of 

individual components connected on a circuit board. Transistors, rectifiers, and diodes are some 

of the discrete semiconductor devices.  

In summary, the U.S. semiconductor industry provides an ideal setting to test the hypotheses 

developed in this study due to the critical role of patenting in the industry, prevalence of 

alliances, and its clustering tendencies. The growing importance of U.S. based semiconductor 

firms in the worldwide semiconductor industry enhances the generalizability of this study's 

findings.  

4.3 Sample and Data Collection 

In order to construct a sample of U.S. based publicly traded firms, I use the entire population 

of firms listed in the Standard and Poor’s COMPUSTAT database under the SIC code 3674.  
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Using this procedure I obtain an initial list of 258 firms. This procedure is similar to the one 

followed by Berry (2006). I choose SIC 3674 as the primary SIC of firms to insure that the 

sample firms are predominantly semiconductor firms. As the focus is on predominantly 

semiconductor firms, diversified firms such Toshiba, Motorola, IBM, NEC, Samsung do not 

figure in the sample. Due to non-availability of financial data about the private firms, I restrict 

the sample to publicly traded firms. I further verify whether a focal firm is primarily a 

semiconductor firm or not based on the ‘Business Description’ and the self-selected SIC code 

described in the 10-K reports of the firms that are filed with the Securities and Exchange 

Commission (SEC). I drop those firms from the sample which do not state semiconductor 

business as their primary business and/or do not select SIC 3674 as their primary SIC in the 10-K 

report.  I further drop those firms which were not in existence as public firms during the 

observation period 1986-1999 (became public after 1999 or cease their operation before 1987). 

Thus, the final sample consists of 213 publicly traded firms.  Of these 213 firms, 31 firms are 

foreign firms but their shares are listed on the New York Stock Exchange (NYSE) or on 

NASDAQ in the form of Depository Receipts (e.g. ADRs). Some foreign firms also list their 

equities in the U.S. market to enhance their visibility and to raise capital from the market. In the 

beginning of 1986 there existed only 102 of the sample firms. Figure (4.4) shows the entry and 

exit pattern of sample firms during 1986-2001.  114 sample firms have manufacturing facilities 

and 98 firms operate as fabless firms (do not have own manufacturing facilities). There is no 

information about one firm regarding its manufacturing facilities.  Out of these 214 firms, only 

154 firms have at least one patent during 1990-2000.  The availability of patent data and alliance 

data restricted the observation period.  Patent data in the updated NBER MicroCD is available 

only until 2002. Moreover, the data after the year 2000 is not fully updated as many patents 
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though have been filed before 2000 but have been grated after 2002. This is reflected in the 

sudden drop in the total number of patents granted to firms (Figure 4.7). 

FIGURE 4.4 
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FIGURE 4.53 
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FIGURE 4.6 
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As my theoretical arguments are based upon all the partners in a firm’s ego network, not just 

those within an industry, I include all the alliances of a focal firm to construct its ego network. 

The ego network is a system and its effect can be understood only if we consider all the elements 

(members) of that system (focal firm’s ego network). Thus, the partner firms need not 

necessarily operate themselves in the SIC 3674.  This approach also helps to address the 

interfirm alliance network boundary issue as it does not require to use the discretion of which 

alliances to keep within and which one to keep out of the network.  

As I consider a focal firm’s all alliances, including those outside the semiconductor industry 

as part of its ego network, and use the sales criterion to identify the population of firms (SIC of a 

firm in the COMPUSTAT is based upon its sales), I do not restrict the count of focal firms’ 

patents to those in just technological subcategory 46 (indicating semiconductor industry patents 



 86

in the NBER microCD patent database). The logic is simple: firms may also partner with firms 

that operate outside their industry and the benefits of partnering with such firms may not 

necessarily be restricted to their own industry. In addition, considering the fact that 

semiconductor firms need a wide variety of technologies to successfully operate in the industry, 

firms may patent in other technological categories as well. The patent classification system is 

based on technological logic rather than on product logic (Griliches, 1990a).    I focus on the 

patents obtained in U.S. market as the U.S. semiconductor market is the biggest and most 

strategic; firms try to secure their intellectual property rights in this market (Sorensen & Stuart, 

2000). 

I consider each focal firm as part of one primary cluster based on the location of its corporate 

headquarters (Baptista & Swann, 1998). Following Zaheer & George (2004) I assume the 

location of a firm’s corporate headquarters as the location of the firm. I do not include the focal 

firm’s subsidiaries as part of the firm.  Considering the subsidiaries as part of a focal firm will 

make the focal firm located in multiple clusters, but the theoretical arguments in this study are 

based on the assumption that a focal firm is a member of one primary cluster.  As I am primarily 

concerned with the location of research and development activities, this assumption is valid to a 

certain extent, as firms, particularly those based in U.S., often keep their major research and 

development activities close to their corporate headquarters (Howells, 1990). 
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FIGURE 4.7 
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4.4 Study Design 

The study design is an unbalanced panel study of firms observing the effects of independent 

variables (ego network intellectual capital, ego network financial capital, ego network density, 

cluster intellectual capital, cluster competitive intensity) on the dependent variable (volume of 

innovation output) with one-year and two-year lags during 1990-2000. 

Using lag between dependent variable and independent variable is important as Cook & 

Campbell (1979) suggest that in order to draw causality conclusions in situations, where we can 

not manipulate the independent variables the cause must be present before the effect. Ahuja 

(2000) and Phelps (2003) use one-year lag in examining the effects of alliances on innovation 

outcome. Along with one-year lag I also use a two-year lag, as by the time an alliance with a 

partner becomes operational since its announcement, benefits from it start accruing to the focal 

firm, and the firm is able to generate innovations based on those benefits and files new patents it 

may take longer than one-year.  Therefore, I also use two-year lag to examine the effect of 

network variables on the patenting outcome (Schilling & Phelps, 2004). However, the choice 

regarding the lag period is still rather arbitrary and is more of empirical nature than of theoretical 

nature.  

4.5 Alliance Data 

I collect the alliance data of semiconductor firms using the Securities Data Company (SDC) 

database. This database is the most comprehensive database available, providing detailed 

information regarding date of alliance announcement, details of  partners involved, distribution 

of partners’ equities, if applicable, nature of alliance (e.g. marketing, manufacturing etc.). 

However, this database has some limitations. First, for years prior to 1989 SDC does not provide 

reliable data (Anand & Khanna, 2000). Therefore, I restrict my observation period to 1990-1999. 
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Second, SDC also includes information of alliances which were announced but were not actually 

formed (Phelps, 2003). Finally, some data fields are missing or inaccurate (Phelps, 2003). In 

order to overcome some of its limitations, I use Factiva to trace these alliances announced using 

a key word search approach.  The database does not systematically provide the end date of 

alliances, therefore the alliances data I use in this study is based on the announcement year of the 

alliances. Some alliances, particularly those related to standard setting alliances, have as many as 

sixteen partners. However, such alliances are unlikely to provide the innovation mechanisms that 

are consistent with my theoretical arguments.  Therefore in the final dataset, I drop the alliances 

in which there are more than five partners.  All multilateral alliances among partners are 

converted into a set of bilateral alliances between those partners (Ahuja, 2000a).  

4.6 Measures 
 
4.6.1 Dependent variable 

Volume of Innovation Output. The primary dependent variable in this study is the volume of 

innovation output of a firm. Following Ahuja and Katila (2004) I use number of successful 

patents in a year applied by a firm to measure the volume of innovation output of a firm.   A 

patent for an invention is the “grant of a property right to the inventor, issued by the United 

States Patent and Trademark Office (USPTO). Generally, the term of a new patent is 20 years 

from the date on which the application for the patent was filed in the United States or, in special 

cases, from the date an earlier related application was filed, subject to the payment of 

maintenance fees. U.S. patent grants are effective only within the United States, U.S. territories, 

and U.S. possessions” (USPTO). Patents are granted for products, processes, and even a 

computer program. Patents have economic significance and have external validity.  
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 The patent grants the “right to exclude others from making, using, offering for sale, selling 

or importing the invention. Once a patent is issued, the patentee must enforce the patent without 

aid of the USPTO”. The USPTO grants three types of patents: utility patents, design patents, and 

plant patents. The utility patent is granted for “any new and useful process, machine, article of 

manufacture, or composition of matter, or any new and useful improvement thereof”. Thus, 

patents capture process innovations, product innovations, as well as meaningful incremental 

innovations. In the semiconductor industry, both process innovations and product innovations are 

important. Using a measure based on new product innovations may not be adequate in this 

industry as it may not capture useful process innovations.  

Patents have been used in several prior studies to measure the outcome of a firm’s innovation 

activities (e.g. Acs, Anselin, & Varga, 2002; Ahuja, 2000a; Baptista & Swann, 1998). However, 

there are certain limitations of patents as a measure of a firm’s innovation output.  For instance, 

“not all inventions are patentable, not all inventions that are patentable are patented, and the 

inventions that are patented differ greatly in quality” (Griliches, 1990b:1669). Industries vary in 

their patenting tendencies. In some industries, proving patent infringement may be very difficult, 

and therefore firms of an industry may have very less preference for patenting. However, as 

Griliches (1990) suggests this problem can be addressed by limiting a study to a single industry. 

Further, within an industry, firms may have different preferences regarding patenting their 

innovations and some of them may not follow patenting strategy. In the semiconductor industry 

patenting is a very important activity. I found that the average number of patents in the 

semiconductor industry was highest— 25.9 patents per firm during 1973-1999. It was followed 

by information storage industry (subcategory 24) with 19.1 patents per firm and drug industry 

(subcategory 31) with 12.9 patents per firm. Patenting in the semiconductor industry is also used 



 91

as a “bargaining chip”, particularly in the cross-licensing arrangements (Hall & Ziedonis, 2001). 

Therefore, considering the importance of patenting within the semiconductor industry, patents 

should adequately capture the outcome of semiconductor firm’s innovation efforts.   

4.7 Patent Data 

I use multiple patent databases including the updated NBER patent database (Hall, Jaffe, & 

Trajtenberg, 2001) to construct the patent database.  The NBER database contains patent 

information in terms of patent number, assignee name, assignee number, filing year, and grant 

year among others. But this database does not contain CUSIP numbers of the assignee firms.  

However, Hall et al. (2001) provide a name matching database which has standardized names of 

assignee firms and those are matched with the names in the Compustat file.  Using the name 

matching database (coname file) I obtain patent information for 210 partner firms (42.2%) out of 

the total 497 partner firms that appear in the Compustat database (Figure 4.8).   
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FIGURE 4.8 
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In order to make sure that the remaining 287 partner firms indeed have zero patents and therefore 

there is no assignee number is obtained from the coname database, I use the Google patent 

database. I search for each of these partners’ name in the database to find out whether there is 

any patent granted to them during 1986- 2002.  From the search result I randomly select one 

patent number for a firm, and then search that patent number in the NBER microCD database 

and obtain the corresponding assignee number for the firm. Through this procedure I obtain 

assignee numbers for additional 151 partner firms.  Using these assignee numbers I obtain the 

patent portfolio information of these firms from the NBER database.  As a crosscheck I match 

the total number of patents (n1) for a firm from the Google patent database during 1986-2000 



 93

and with the total number of patents (n2) for the same firm during the same period from the 

NBER patent database.  If n1 is equal to n2 then the method is working fine.  This method 

worked fine in all the cases except one in which for the given patent number there were two 

assignees and in the NBER patent database it was recorded against the second assignee of the 

patent. I manually corrected the number of patents for that one firm.  

Out of the remaining 136 partner firms 113 firms have indeed zero patents and 23 firms have 

patents granted after 2002 even through they were filed by 1999.  As for these 23 firms patents 

are granted after 2002, these do not appear in the NBER database which was updated in 2002. In 

summary, out of the total 497 partner firms (that appear in the Compustat database) only 361 

firms (72. 62%) have at least one patent filed during 1986-1999 and granted by 2002, and 113 

firms have no patents during the period, and 23 firms have patents filed by 1999 but granted after 

2002.  

In order to obtain patent information for the 403 partner firms that do not appear in the 

Compustat database, I write a program that uses a name-based matching algorithm. The 

algorithm matches the partner firms’ names with the assignee firms’ names that appear in the 

NBER database. The program algorithm ignored the spacing between parts of the names and was 

case insensitive. Through this program, I get patent information for additional 98 firms.  

4.8 Independent Variables 
 
Following Everett & Borgatii (2005) and Phelps (2003) I define the ego network, for the 

empirical purpose, as consisting of all the direct partners of a focal firm. Any cooperative 

agreement between the focal firm and its partners is part of the ego network.  Consistent with my 

theoretical arguments, I do not restrict the ego network ties to R&D ties only. However, different 
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types vary in their importance in terms of their ability to bring benefits for innovation generation. 

Therefore, I follow a weighing scheme to differentiate between different types of alliances.   

4.8.1 Ego Network Resource Potential. The resource profile of ego network indicates the 

resources a focal firm can potentially mobilize from its ego network. Following Park, Chen and 

Gallagher (2002), I focus on sample firm’s technological and financial resources. Dataquest 

(1990) also reports that technological and financial resources are the most important firm 

resources in the semiconductor industry.  The two dimensions of ego network resource potential 

are captured separately through ego network technological resources and ego network financial 

resources. 

a) Ego Network Technological Resources.  The ego network technological resource 

represents the technological capabilities of ego network members and indicates the 

quality of resources the focal firm can access through its ego network technological 

resources (ENTR) as the sum of the partners’ patents in a given year. Patents indicate 

the valuable inimitable and non-substitutable knowledge based resources (Henderson 

(Henderson & Cockburn, 1994; Markman, Espina, & Phan, 2004).  In addition, 

codified knowledge resources such as patents are also highly complementary to non-

codified knowledge (Patel & Pavitt, 1997). Thus, patents also capture the non-codified 

technological resources (Silverman, 1999).  

While the number of patents filed by partners may fluctuate year to year quite widely, 

the quality and nature of underlying resources those patents indicate may not fluctuate as 

frequently. Therefore to capture the quality of underlying resources, I measure the 

intellectual capital as the sum of partners’ (depreciated) patents filed during the prior five 

year sliding window (Baum et al., 2000; Bloom & Van Reenen, 2002). I choose depreciation 
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rate as 20% to account for partners’ past five years patents.  Cockburn and Griliches (1988) 

use 30% depreciation to estimate the current stock of past patents; however their objective is 

to examine the appropriability of patents rather than relevance of knowledge stock. Hall, 

Jaffe, and Trajtenburg (2001) use 15% depreciation rate.  Therefore, I also test the robustness 

of results with alternative depreciation rates, 15% and 30%, for the patents. 

i) ∑=
n

j
jtitcount PwENTR ).()(  , where w is the weight of the alliance with partner j, and 

Pjt is the number of patents successfully filed by the partner in the year t. 

ii) ∑ −−−−
×+×+×+×+=

n

j
jtjtjtjtjtitdepcount PPPPPwENTR )2.04.06.08.0.( 4321)( , 

@ 20% depreciation using the straight line depreciation method. 

Weighing Scheme:  The weighing scheme I develop in this study is adapted from Contractor 

and Lorange (1988) and Nohria and Garcia-Pont (1991). As in this study, the focus is not on 

the extent of inter-organizational dependence as is in the Contractor and Lorange (1988), the 

weighing scheme for this study is based on the likelihood of transfer of knowledge in an 

alliance.  In accordance with Contractor and Lorange (1988) R&D value-chain activity gets 

the highest weight. In the semiconductor industry, manufacturing and cross-licensing 

alliances also play very important role in the transfer of knowledge between the partners 

(Grindley & Teece, 1997).  Licensing and marketing alliances get the least weight.  As 

alliances may involve co-operation across multiple value-chain activities, therefore weight of 

a given alliance is a function of value-chain activities involved in the alliance.   As there is 

some subjectivity involved in the weighing scheme, I use three alternative weighing schemes 

to ensure the robustness of the findings.  
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w1 = 4* R&D + 3* Manufacturing + 2*Cross Licensing + Marketing + Licensing + 

Tech_Transfer 

w2= 4* R&D + 3* Manufacturing + 1.5* Cross Licensing + Licensing + Marketing + 

Tech_Transfer 

w3 = 4* R&D + 3* Manufacturing + 2* Cross Licensing + Marketing + Licensing + 

Tech_Tranasfer + OEMmnfg 

b) Ego Network Financial Resources.  I measure the ego network financial resources as 

the sum of the R&D expenditures of the partner firms. The amount of investment 

partners make on research and development is likely to be the more relevant 

dimension of financial resources for the technological innovation; therefore I focus on 

this aspect of financial resources of ego network.  

4.8.2 Extent of Interconnectedness: Following Rowley et al. (2000) I measure the extent of 

interconnectedness in a firm’s ego network as the number of existing ties in the ego network 

(other than those involving the focal organization), divided by the total possible number of ties 

among its partners when every partner is connected with the every other partner . 

)1)((2 −÷= NNnEGODENTY , where, n is the number of ties among ego partners [direct 

ties between the focal ego firm and alters (partners) are not included]. N is the total number 

nodes in the ego network excluding the ego.  

4.8.3 Cluster Variables 

Cluster. Cluster has been defined in various ways and there is little consensus on the boundary 

issue of cluster. Baptista and Swan (1998) in their study of British geographic use Central 

Statistical Office region to determine the boundaries of a cluster. Rosenkopf and Almeida (2003) 

define geographic cluster as “states within the United States and countries outside the United 
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States” and split the California state into northern and southern California, and combine New 

York, New Jersey, Connecticut, and Pennsylvania into one.  However, a state is an 

administrative/political boundary and in addition it may be quite large as it does not correspond 

to my theoretical arguments of informal interactions among employees of different firms.  I 

define cluster as a set of co-located firms within a distance of 100 miles of a focal firm.  If there 

is no other firm within the 100 miles of the focal firm, the firm will be part of a cluster with zero 

members. This definition is similar to the mathematical definition of a point: a point is a circle 

with zero radius.  This definition also takes care of various classifications of clusters such as 

‘weak cluster’ and ‘strong cluster’.  How strong or weak a cluster will depend upon what 

resources a cluster brings to a focal firm. If there are zero firms in a firm’s cluster, it will bring 

no resources and the cluster will be weak.  Instead of treating clusters as a ‘dichotomous’ 

variable, I measure cluster as a contiguous variable.  

Though there are precedence of 100 miles radius for identifying clusters (Zaheer & George, 

2004), the choice is still arbitrary. Therefore, I also use 150 miles, and 200 miles as alternative 

radii for identifying the clusters to examine the sensitivity of this choice and insure the 

robustness of results.  I record the zip codes of all the (U.S.) firms in my database from the 10-K 

report filed with Securities and Exchange Commission (SEC).  I write a program to record the 

zip codes of firms from the 10-K reports available on the SEC Edgar website. I convert these Zip 

codes into latitudes and longitudes.  Figures (4.9, 4.10, 4.11, 4.12a, 4.12b, 4.12c) shows the 

distribution of focal firms based on their location.  Using the spherical geometry I calculate the 

distance between two firms in miles based on the following formula:  

Distance (F1, F2) = 3963*arcos [sin (lattitude1)*sin (lattitude2) + cos (lattitude1)*cos 

(lattitude2)*cos (longitude2- longitude1)] 
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FIGURE 4.9 

Location of Sample Firms in the Unites States4 

 

 
 
 
 
 
 
 
 
 

 

                                                 
4 The circular dots ("donuts") represent the corporate headquarter location of firm based on its zip code 
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FIGURE 4.10 

Location of Sample Firms on the East Coast 
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FIGURE 4.11 
 

Location of Sample Firms on the West Coast & Midwest 
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FIGURE 4.12 (a) 
 

Sample Firms on the West Coast-1 
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FIGURE 4.12 (b) 
Sample Firms on the West Coast-2 
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FIGURE 4.12 (c) 
Sample Firms on the West Coast-3 

 

 
 
 
4.8.3.1 Cluster Competitive Intensity:  I measure the cluster competitive intensity by the 

number of firms operating in SIC 3674 and located in the cluster.  The number of firms operating 

within the same cluster, when crosses a certain threshold level, is likely to create a basic 

infrastructure within the cluster to facilitate knowledge generation (Maskell, 2001b).  

4.8.3.2 Cluster Technological Resources: I measure the volume of cluster technological 

resources (CLTR) as the sum of the patents of the other cluster firms (CL). Similar to ego 

network technological resources I also measure the cluster technological resources as the sum of 

other cluster firms’ patents successfully filed during the prior five year sliding window with 20% 

depreciation rate.  

i) ∑=
n

j
jtitcount CLCLIC )()( , where CL indicate the firms located in the cluster 
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ii) ∑ −−−− ×+×+×+×+=
n

j
jtjtjttjtitdepcount CLCLCLCLjCLCLIC )2.04.06.08.0( 4321)(

 

4.9 Control Variables 

In order to examine the effects of the variables theorized in this study, I control for the effects 

of other variables that may affect the patent generation of firms.  I identify these variables, 

LNRD, FIRMAGE, LNSALES, LNEMPLY, LNNI, CR, LNASSETS based on prior literature. 

The control variables capture the firm level differences which may account for their differential 

ability to generate innovations and thus may provide alternative explanations if not controlled 

for.  I describe these control variables below.  

i. LNRD. Prior literature suggests that R&D expenditures of a firm are likely to affect 

its innovation output.  R&D expenditure is considered one of the key input factors 

affecting a firm’s innovation output (Bound, Cummins, Griliches, Hall, & Jaffe, 

1982; Kortum, 1993). R&D expenditures indicate both the intent and efforts of a firm 

to innovate. Often firms consistently allocate funds toward the systematic research 

and development activities.  I measure R&D expenditure (LNRD) in terms of log 

value of millions of dollars spent by focal firms.  

ii. FIRMAGE. Firm age is another key variable that prior studies suggest that is likely 

to influence a firm’s patent generation outcome (Sorensen & Stuart, 2000). However, 

there is still uncertainty regarding the nature of relationship between aging and 

innovation outcome. Older firms while develop more efficient ways of generating 

innovations, they may also become more rigid inhibiting their ability to accept and 

promote new ideas (Aldrich & Auster, 1986).  I measure firm age (FirmAge) as the 
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log value of current year minus the founding year of the firm (Sorensen & Stuart, 

2000). The founding year of a firm is the year of its incorporation.  

iii. LNSALES.  Sales of a firm may indicate its size (Cohen & Klepper, 1996; Sorensen 

& Stuart, 2000). Larger firms may enjoy greater economies of scale for their 

innovation efforts resulting into greater innovation output (Cohen & Klepper, 1996). 

Firms also use sales as a benchmark of fund allocation decisions (Grabowski, 1968). 

Sales may also be an indicator of past performance of firms (Markman et al., 2004).  I 

use log value of sales to control for a focal firm’s size and past performance.  

iv. LNEMPLY.  Alternatively firm size has been also measured in terms of total number 

of employees (Adams & Jaffe, 1996; Hitt, Hoskisson, Ireland, & Harrison, 1991). 

Even though sales and the number of employees indicate firm size but they may 

capture different dimensions of firm size.  Therefore, I use the log value of total 

number of employees as another control variable for firm size (Ahuja & Lampert, 

2001). 

v. LNNI.  A firm’s profitability may offer incentives to innovate (Ahuja & Lampert, 

2001; Hagedoorn & Schakenraad, 1994; Henderson, 1993). I use log of net income 

(LNNI) to control for firm profitability.  

vi. CR. Current ratio (CR) indicates the extent of organizational slack that may influence 

a firm’s willingness and ability to undertake research and development activities 

(Baysinger & Hoskisson, 1989; Damanpour, 1991).  I measure current ratio (CR) as 

the ratio of current assets and current liabilities.  

vii. LNASSETS.  Assets of firm indicate the scale and size of a firm (Markman, et al. 

2004). 
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viii. DIVERSIFICATION.  Diversified firms may enjoy greater economies of scope 

from their innovation efforts.  The diversified firms can realize the benefits of 

knowledge spillover between different product segments. Thus, the extent of 

diversification may provide an alternative explanation for a firm’s innovation output 

(Ahuja, 2000a). However, as I do not include highly diversified firms in the sample, 

explicit control for the extent of diversification may not be required.  

 
4.10 Statistical Methods 
 
The dependent variable, number of patents in a given year, is a count variable that takes only 

non negative integer values therefore the linear regression model may not be appropriate as Long 

and Freese (2006) suggest “although the linear regression model has often been applied to count 

outcomes, this can result in inefficient, inconsistent, and biased estimates”.  The patent function 

can be estimated using the maximum likelihood for the Poisson distribution (Greene, 2003). 

However, the Poisson distribution assumes that mean and variance are equal. If the variance is 

greater than the mean, it results into overdispersion. The likelihood ratio test suggest the 

presence of strong overdispersion, therefore Poisson does not provide an efficient model in the 

present case. In the presence of overdisperion negative binomial regression will be a more 

appropriate econometric model (Long & Freese, 2006). The negative binomial regression model 

“addresses the failure of the Poisson regression model, by adding a parameter, α, that reflects 

unobserved heterogeneity among observations” (Long & Freese, 2006:372). The parameter α 

indicates the degree of dispersion in the predictions, when α is zero, the negative binomial 

regression model becomes the same as Poisson regression model. Another advantage of negative 

binomial regression model is that it provides generalization allowing for heterogeneity on the 

mean (Hausman, Hall, & Griliches, 1984).  
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I employ the fixed effects model to estimate the patent function. Using the fixed effect model 

the issue of unobserved heterogeneity can be addressed adequately. I also use the random effect 

model to check the robustness of the model. However, one disadvantage of random effect model 

is that it assumes that the individual effects are uncorrelated with the other regressors.  

  In summary, the semiconductor industry provides a near perfect setting to test the 

hypotheses advanced in this study. In the semiconductor industry patents are very critical for the 

firm's growth and survival, alliances are widespread, and at the same time the industry shows 

clustering tendency. The U.S. semiconductor firms have increased their global presence and 

command a sizable market share of the semiconductor worldwide market thus enhancing the 

representativeness of the results. The Table 4.1 lists the hypothesis number and the 

corresponding proposition number, independent and dependent variables and their measurement. 

This table provides a snapshot view of variables and their measurement. In the next chapter I 

discuss the test results of these hypotheses. 
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Table 4.1 Variables and Measurement
Hyp # 
(Prop #) 

D.V. Measurement I.V. Notation Measurement Reference 

Ego Network Effects  
ENTRctall Sum of partners' patents across all 

technological categories weighted by tie strength 
ENTRctc4 Sum of partners' patents in technological category 4 

weighted by tie strength 
ENTRct46 Sum of partners' patents in technological 

subcategory 46 weighted by tie strength 
ENTRdepct Depreciated sum of partners' patents during past 5 

years across all  technological categories weighted 
by tie strength 

ENTRdepctc4 Depreciated sum of partners' patents during past 
five years in technological category 4 weighted by 
tie strength 

 
 
 
 
 

1A (1) 

 
 
 
 
 
Volume of 
Innovation 
Output 

 
 
 
 
 
Number of 
granted patents 
applied in year t 
 
Ahuja (2000);  
Henderson  & 
Cockburn 
(1994) 

 
 
 
 
 
Volume of Ego Network 
Technological Resources 
 

ENTRdepct46 Depreciated sum of partners' patents during past 
five years in technological subcategory 46 
weighted by tie strength 

Baum, et al. (2000); 
Cockburn & 
Griliches (1988); 
Markman, Espina & 
Phan (2004) 
 
 Tie weighing scheme 
Based on Contractor 
& Lorange (1988) 
and Nohria & Garcia-
Pont (1991) but 
modified for this 
study 

 
1B (1) 

 
-do- 

 
-do- 

Volume of Ego Network 
Financial Resources 
 

 
PRD 

Sum of R&D expenditures of partners' R&D 
expenditures 

 
Developed in this study 

 
2 (5) 

 
-do- 

 
-do- 

 
Extent of 
Interconnectedness 

 
EGODENTY 

Number of ties among partners divided by number 
of possible ties among the partners (excluding 
those with the focal firm) 

 
Rowley et al. (2000) 

Cluster Effects  
 

3 (6A) 
 

-do- 
 

-do- 
 
Cluster Competitive 
Intensity  
 

 
COMPINTSTY 

Number of firms operating in the SIC 3674 located 
within the 100/150/200 miles cluster radius of the 
focal firm 

 
Cattani, Pennings & 
Wezel (2003) 

CLTRall Sum of cluster firms' patents (other than the focal 
firm) across all technological categories  

CLTRc4 Sum of cluster firms' patents (other than the focal 
firm) in technological category 4 

CLTR46 Sum of cluster firms' patents (other than the focal 
firm) in technological subcategory 46 

CLTRdepall Depreciated sum of cluster firms' patents (other 
than the focal firm)  during past five years  across 
all technological categories  

CLTRdepc4 Depreciated sum of cluster firms' patents (other 
than the focal firm)  during past five years  in 
technological category 4 

 
 
 
 
 
 

4 (7) 

 
 
 
 
 
 

-do- 

 
 
 
 
 
 

-do- 

 
 
 
 
 
Volume of Cluster 
Technological Resources 

CLTRdep46 Depreciated sum of cluster firms' patents (other 
than the focal firm)  during past five years  in 
technological subcategory 46 

 
 
 
 
 
 
Developed in this study 
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Table 4.1: Variables and Measurement (contd.) 
Hyp # 
(Prop #) 

D.V. Measurement I.V. Notation Measurement Reference 

Ego Network and Cluster Joint Effects  

 
5A 

(9,10) 

 
-do- 

 
-do- 

Volume of 'Pure-cluster' 
Technological Resources 

 
PC 

Sum of (technological subcategory 
46/category4/all) patents of those cluster firms that 
are not part of the focal firm's ego network 

 
Developed in this study 

 
 

5B 
(9,10) 

 
 

-do- 

 
 

-do- 

 
Volume of 'Within-cluster-
ego-network' 
Technological Resources 

 
CA 

 
Sum of within-cluster-ego-network partners' 
patents in the technological subcategory 
46/category 4/all 
 
 

 
 
Developed in this study 

 
5C 

(9,10) 

 
-do- 

 
-do- 

Volume of 
'Away-cluster' 
Technological Resources 

 
ACA 

Sum of away-cluster (connected with network tie 
with the focal firm) firms' patents in the 
technological subcategory 46/category 4/all 
 

 
Developed in this study 

Moderating Effects of Firm Resource 
Barrier 

  

 
 

6A (11) 

 
 

-do- 

 
 

-do- 

i)Volume of ego network  
technological  
Moderator 
ii)Level of firm resource 

1) ENTR 
2a) fabless or 
IDM 
2b) R&D 
expenditures  

1) Same as described in the hypothesis 1A 
2A) Whether the focal firm is a fabless firm or an 
integrated device manufacturer (IDM) 
2B) Focal firm expenditure > mean + 1 SD (or 
<mean) 

 
Developed in this study 

 
 

6B (11) 

 
 

-do- 

 
 

-do- 

i )Volume of cluster 
technological resource 
Moderator 
ii ) Level of firm resource 

1) CLTR 
2a) fabless or 
IDM 
2b) R&D 
expenditures  

1) Same as described in the hypothesis 4 
2A) Whether the focal firm is a fabless firm or an 
integrated device manufacturer (IDM) 
2B) Focal firm expenditure > mean + 1 SD (or 
<mean) 

 
Developed in this study 
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5.0 RESULTS  

 
In this chapter I discuss the test results of the hypotheses described in the chapter 4. As I 

mentioned in the previous chapter, I use the negative binomial regression to test the effects of 

ego network and cluster variables on the innovation output (patent count) of firms.  Table 5.1 

describes the variables I use in testing the hypotheses.  

5.1 Descriptive Statistics 

Table 5.2A reports the means, standard deviation, minimum and maximum values of all the 

variables for the sample firms, while the Table 5.2B displays the means of these variables for the 

four groups of firms identified based on the value of categorical variable, fabless (c.f. Table 5.1).  

The t-test of the group means shows that in terms of innovation output (patent count), IDMs 

(fabless =0) and the foundries (fabless =3) are significantly larger than the design firms 

(fabless=1); however there is no significant difference between the mean patent counts of the 

IDMs and the foundries (fabless=3). In terms of ego network size, the IDMs are significantly 

larger than the design firms and foundries; while the foundries are larger than the design firms. 

Similarly, in terms of ego network intellectual capital, IDMs enjoy much greater intellectual 

capital than the design firms or foundries do. And, the foundries enjoy significantly greater ego 

network intellectual capital than design firms do. But in terms of cluster intellectual capital, the 

design firms have significant edge over the IDMs and the foundries; while the IDMs have over 

the foundries.  Table 5.3 reports the Pearson product moment correlation among all the variables.  

The asterisk in the Table 5.3 indicates that the Pearson correlation coefficient is significant at the 

0.05 or lower level.  In the following sections I first discuss the ego network model, then cluster 

model and finally the combination of two.  
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TABLE 5.1: Description of Variables 

  Variable Description 
 Dependent Variables 

1 INNOVN Number of patents successfully filed by the focal firm across all technological categories. 

2 INNOVNc4 
Number of patents successfully filed by the focal firm in the technological category 4 
(electronics) 

3 INNOVN46 
Number of patents successfully filed by the focal firm in technological subcategory 46 
(semiconductor) 

4 LNSALES Log of Sales (MM $) 
 Control Variables 

5 LNNI Log of Net Income (MM $) 
6 LNRD Log of R&D Expenditure (MM $) 
7 LNEMPLY Log of Number of Employees (M) 
8 FIRMAGE Firm Age ( Current year- Incorporation year) 
9 LNASSETS Log of Total Assets (MM $) 

10 CR Current Ratio (Current Assets/Current Liabilities) 
 Ego Network Independent Variables 

11 ENTRctall 
Ego Network Intellectual Capital (sum of network partners' patents across all technological 
categories) 

12 ENTRctc4 
Ego Network Intellectual Capital (sum of network partners' patents within technological 
category 4) 

13 ENTRct46 
Ego Network Intellectual Capital (sum of network partners' patents within technological 
subcategory 46) 

14 ENTRdepctall 
Ego Network Intellectual Capital (depreciated sum of network partners' patents across all 
technological categories) 

15 ENTRdepctc4 
Ego Network Intellectual Capital (depreciated sum of network partners' patents in the 
technological category 4) 

16 ENTRdepct46 
Ego Network Intellectual Capital (depreciated sum of network partners' patents in the 
technological subcategory 46) 

17 PRD Sum of network partners' R&D expenditures 
18 EGODENTY Ego network density 
19 EGONETSIZE Ego network size (number of partners in the ego network) 

 Cluster Independent Variables 

20 COMPINTSTY_100 
Competitive intensity within the cluster (radius=100 miles) : number of firms operating in 
SIC 3674 and located in the cluster 

21 COMPINTSTY_200 
Competitive intensity within the cluster (radius=200 miles) : number of firms operating in 
SIC 3674 and located in the cluster 

22 CLTR46_100 
Cluster Intellectual Capital (number of patents by the cluster firms in the technological 
subcategory 46; radius= 100 miles) 

23 CLTRc4_100 
Cluster Intellectual Capital (number of patents by the cluster firms in the technological 
category 4; radius= 100 miles) 

24 CLTRdep46_100 
Cluster Intellectual Capital (depreciated sum of the number of patents by the cluster firms in 
the technological subcategory 46; radius= 100 miles) 

25 CLTRdepall_100 
Cluster Intellectual Capital (depreciated sum of the number of patents by the cluster firms 
across all technological categories; radius= 100 miles) 

26 CLTRdepc4_100 
Cluster Intellectual Capital (depreciated sum of the number of patents by the cluster firms in 
the technological category 4; radius= 100 miles) 

27 CLTR46_150 
Cluster Intellectual Capital (number of patents by the cluster firms in the technological 
subcategory 46; radius= 150 miles) 
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TABLE 5.1 Contd.  
 
  Variable Description 

28 CLTRc4_150 
Cluster Intellectual Capital (number of patents by the cluster firms in the technological 
category 4; radius= 150 miles) 

29 CLTRall_150 
Cluster Intellectual Capital (depreciated sum of the number of patents by the cluster firms 
across all technological categories; radius= 150 miles) 

30 CLTRdepc4_150 
Cluster Intellectual Capital (depreciated sum of the number of patents by the cluster firms in 
the technological category 4; radius= 150 miles) 

31 CLTRdep46_150 
Cluster Intellectual Capital (depreciated sum of the number of patents by the cluster firms in 
the technological subcategory 46; radius= 150 miles) 

32 CLTR46_200 
Cluster Intellectual Capital (number of patents by the cluster firms in the technological 
subcategory 46; radius= 200 miles) 

33 CLTRc4_200 
Cluster Intellectual Capital (number of patents by the cluster firms in the technological 
category 4; radius=200 miles) 

34 CLTRall_200 
Cluster Intellectual Capital (number of patents by the cluster firms across all technological 
categories; radius=200 miles) 

35 CLTRdepall_200 
Cluster Intellectual Capital (depreciated sum of the number of patents by the cluster firms 
across all technological categories; radius= 200 miles) 

36 CLTRdepc4_200 
Cluster Intellectual Capital (depreciated sum of the number of patents by the cluster firms in 
the technological category 4; radius= 200 miles) 

37 CLTRdep46_200 
Cluster Intellectual Capital (depreciated sum of the number of patents by the cluster firms in 
the technological subcategory 46; radius= 200 miles) 

 Ego Network – Cluster (Joint)  Independent Variables 

38 ACA46 

Away-Cluster (focal firm connected to the away-cluster through network tie) Intellectual 
Capital (sum of the number of patents by the 'away-cluster-firms' in the technological 
subcategory 46), (unit :'000) 

39 ACAall 

Away-Cluster (focal firm connected to the away-cluster through network tie) Intellectual 
Capital (sum of the number of patents by the 'away-cluster-firms' across all the technological 
subcategories), (unit:'000) 

40 ACAc4 
Away-Cluster Intellectual Capital (sum of the number of patents by the 'away-cluster-firms' 
in the technological category 4), (unit: '000) 

41 CA46 
Sum of within-cluster ego network partners' patents in the technological subcategory 46: 
(unit:'000) 

42 CAall 
Sum of within-cluster ego network partners' patents across all the technological categories; 
(unit: '000) 

43 CAc4 
Sum of within-cluster ego network partners' patents in the technological category 4; 
(unit:'000) 

44 PC46 
Sum of( technological subcategory 46) patents of those cluster firms that are not part of the 
focal firm's ego network ; (unit: '000) 

45 PCall 
Sum of (all technological categories) patents of those cluster firms that are not part of the 
focal firm's ego network ; (unit :'000) 

46 PCc4 
Sum of( technological category 4) patents of those cluster firms that are not part of the focal 
firm's ego network ; (unit:'000) 
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    Table 5.2A Summary Statistics of Variables 
 Variable Mean Std. Dev Min Max 
1 INNOVN 110.2813 215.846 0 1157 
2 INNOVNc4 50.38125 97.4146 0 669 
3 INNOVN46 29.03125 62.1237 0 538 
4 LNSALES 5.914185 1.78151 1.84404 10.2884 
5 LNNI 3.388638 2.13968 -2.4651 8.89755 
6 LNRD 3.671346 1.85646 -0.8119 8.16138 
7 LNEMPLY 0.5124481 1.85917 -3.2702 4.25135 
8 FIRMAGE 18.68125 14.8652 2 69 
9 LNASSETS 5.994386 1.86652 0.16974 10.6885 

10 CR 3.037256 2.25989 0.02935 26.6921 
11 ENTRctall 3920.287 7876.8 0 57254 
12 ENTRctc4 1167.925 2268.71 0 14116 
13 ENTRct46 448.7375 945.746 0 5472 
14 ENTRdepctall 10323.46 20715.1 0 131729 
15 ENTRdepctc4 3121.814 6014.69 0 34336.4 
16 ENTRdepct46 1125.647 2253.18 0 11772.6 
17 PRD 2722.91 5742.43 0 33931.2 
18 EGODENTY 0.0986419 0.24782 0 1 
19 EGONETSIZE 4.925 7.26026 1 41 
20 COMPINTSTY_100 44.29375 33.0467 1 91 
21 COMPINTSTY_200 46.325 31.9749 1 92 
22 CLTR46_100 261.9875 316.316 0 1067 
23 CLTRc4_100 431.7937 483.912 0 1596 
24 CLTRdep46_100 614.1562 766.877 0 2727 
25 CLTRdepall_100 2210.961 2624.81 0 8739.4 
26 CLTRdepc4_100 1024.011 1201.28 0 4194.6 
27 CLTR46_150 262.8875 315.589 0 1067 
28 CLTRc4_150 434.7437 481.414 0 1596 
29 CLTRall_150 933.0812 1035.36 0 3584 
30 CLTRdepc4_150 1031.614 1195.15 0 4194.6 
31 CLTRdep46_150 616.4612 765.071 0 2727 
32 CLTR46_200 262.9563 315.534 0 1067 
33 CLTRc4_200 435.1687 481.19 0 1596 
34 CLTRall_200 934.2188 1034.69 0 3584 
35 CLTRdepall_200 2226.374 2613 0 8739.8 
36 CLTRdepc4_200 1032.7 1194.63 0 4194.8 
37 CLTRdep46_200 616.6675 764.911 0 2727 
38 ACA46 397.5938 846.929 0 7309 
39 ACAall 3958.488 7027.66 0 47331 
40 ACAc4 1131.281 2018.32 0 14179 
41 CA46 17.6625 63.0763 0 620 
42 CAall 124.7438 373.934 0 3268 
43 CAc4 34.1875 103.02 0 954 
44 PC46 382.7563 381.82 0 1337 
45 PCall 2772.419 2331.56 0 7702 
46 PCc4 845.2938 706.313 0 2422 
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Table 5.2 B Summary Statistics by Group 
  Group (fabless=) IDM (0) Fabless (1) Testing(2) Mnfg(3) Discreet (4) 
  Variable Obs Mean Obs Mean Obs Mean Obs Mean Obs Mean 

1 INNOVN 1275 24.34 1440 1.92 105 0.99 315 23.35 60 0.00 
2 INNOVNc4 1275 12.25 1440 0.88 105 0.84 315 14.09 60 0.00 
3 INNOVN46 1275 7.07 1440 0.43 105 0.61 315 10.73 60 0.00 
4 LNSALES 704 4.87 455 3.49 31 4.66 198 4.20 35 2.71 
5 LNNI 490 2.68 249 1.82 25 2.05 148 1.61 21 -0.27 
6 LNRD 698 2.61 450 2.03 29 1.36 180 1.47 10 -1.93 
7 LNEMPLY 654 -0.07 370 -1.84 25 0.31 190 -0.66 33 -2.09 
8 FIRMAGE 1093 14.60 935 7.32 69 17.29 285 15.85 60 22.00 
9 LNASSETS 711 4.99 456 3.70 31 4.60 198 4.25 35 2.17 

10 CR 711 3.40 456 4.16 31 2.63 198 3.74 35 1.79 
11 ENTRctall 213 3872.99 108 965.35 4 56.50 55 2059.96 3 1.33 
12 ENTRctc4 213 1181.24 108 290.79 4 44.00 55 687.53 3 0.67 
13 ENTRct46 213 429.81 108 105.75 4 41.00 55 299.35 3 0.00 
14 ENTRdepctall 175 11706.26 93 2682.73 4 126.00 47 6093.96 3 6.27 
15 ENTRdepctc4 175 3548.57 93 803.05 4 90.45 47 1998.32 3 1.07 
16 ENTRdepct46 175 1246.60 93 271.08 4 86.10 47 807.97 3 0.00 
17 PRD 263 2178.58 149 595.59 4 72.22 61 1074.42 4 2.64 
18 EGODENTY 245 0.06 130 0.08 3 0.33 60 0.13 3 0.00 
19 EGONETSIZE 1275 0.79 1440 0.15 105 0.06 315 0.44 60 0.05 
20 COMPINTSTY_100 649 43.33 601 51.33 33 31.73 168 21.89 28 24.71 
21 COMPINTSTY_200 649 45.71 601 52.92 33 32.61 168 27.63 28 30.00 
22 CLTR46_100 1080 223.25 1245 271.19 60 211.53 270 90.89 60 8.37 
23 CLTRc4_100 1080 366.03 1245 443.65 60 345.27 270 155.52 60 27.42 
24 CLTRdep46_100 792 715.97 913 869.96 44 678.22 198 291.83 44 27.09 
25 CLTRdepall_100 792 2498.84 913 3030.55 44 2365.32 198 1038.69 44 149.81 
26 CLTRdepc4_100 792 1175.51 913 1425.14 44 1108.21 198 500.44 44 89.17 
27 CLTR46_150 1080 224.10 1245 271.45 60 211.55 270 91.29 60 10.78 
28 CLTRc4_150 1080 368.73 1245 444.44 60 345.62 270 156.45 60 36.65 
29 CLTRall_150 1080 752.17 1245 908.02 60 709.00 270 313.89 60 62.63 
30 CLTRdepc4_150 792 1184.33 913 1427.71 44 1109.01 198 503.31 44 120.10 
31 CLTRdep46_150 792 718.67 913 870.83 44 678.26 198 292.95 44 35.06 
32 CLTR46_200 1080 229.41 1245 277.04 60 211.55 270 115.10 60 11.95 
33 CLTRc4_200 1080 377.17 1245 454.92 60 345.65 270 196.68 60 39.18 
34 CLTRall_200 1080 767.38 1245 927.99 60 709.07 270 395.54 60 66.68 
35 CLTRdepall_200 792 2562.80 913 3102.18 44 2369.50 198 1317.78 44 219.23 
36 CLTRdepc4_200 792 1211.34 913 1462.13 44 1109.15 198 632.64 44 127.57 
37 CLTRdep46_200 792 735.55 913 889.04 44 678.26 198 369.45 44 38.29 
38 ACA46 936 66.46 1079 9.07 52 22.62 234 44.81 52 20.37 
39 ACAall 936 667.24 1079 112.19 52 99.54 234 350.00 52 203.79 
40 ACAc4 936 192.42 1079 30.76 52 40.12 234 104.83 52 56.65 
41 CA46 936 3.24 1079 0.92 52 0.00 234 0.00 52 0.00 
42 CAall 936 23.95 1079 6.46 52 0.00 234 0.00 52 0.00 
43 CAc4 936 6.47 1079 1.92 52 0.00 234 0.00 52 0.00 
44 PC46 936 359.25 1079 407.74 52 292.08 234 199.12 52 190.50 
45 PCall 936 2598.99 1079 2709.87 52 1796.46 234 1596.29 52 2764.14 
46 PCc4 936 810.13 1079 868.29 52 585.77 234 490.54 52 758.04 
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Table 5.3 Correlation Matrix (Pearson Product Moment Correlation) 
    1 2 3 4 5 6 7
1 INNOVN 1       
2 INNOVNc4 0.9730* 1      
3 INNOVN46 0.9247* 0.9749* 1     
4 LNSALES 0.4494* 0.4296* 0.3607* 1    
5 LNNI 0.4579* 0.4395* 0.3725* 0.8751* 1   
6 LNRD 0.4539* 0.4328* 0.3617* 0.8284* 0.8119* 1  
7 LNEMPLY 0.4666* 0.4522* 0.3783* 0.9109* 0.7432* 0.7507* 1 
8 FIRMAGE 0.2486* 0.2472* 0.1917* 0.2513* 0.0811* 0.1168* 0.3450* 
9 LNASSETS 0.4417* 0.4233* 0.3574* 0.9437* 0.8777* 0.8787* 0.8888* 
10 CR -0.0807* -0.0787* -0.0725* -0.1174* -0.0277 -0.0348 -0.1709* 
11 ENTRctall 0.5849* 0.5087* 0.4324* 0.3924* 0.4391* 0.4301* 0.4031* 
12 ENTRctc4 0.5920* 0.5308* 0.4627* 0.3963* 0.4540* 0.4342* 0.4150* 
13 ENTRct46 0.6235* 0.5674* 0.5216* 0.3598* 0.4278* 0.3970* 0.3610* 
14 ENTRdepctall 0.5702* 0.5013* 0.4197* 0.4189* 0.4799* 0.4586* 0.4432* 
15 ENTRdepctc4 0.5567* 0.5019* 0.4283* 0.4111* 0.4819* 0.4516* 0.4429* 
16 ENTRdepct46 0.5918* 0.5423* 0.4869* 0.3872* 0.4612* 0.4268* 0.4069* 
17 PRD 0.5914* 0.4908* 0.3729* 0.4292* 0.4825* 0.4714* 0.4432* 
18 EGODENTY -0.0393 -0.0322 -0.016 -0.0599 -0.0746 -0.0521 -0.0682 
19 EGONETSIZE 0.5435* 0.4338* 0.3234* 0.3946* 0.3781* 0.3936* 0.4134* 
20 COMPINTSTY_100 0.0231 0.0064 0.0026 0.1578* 0.1874* 0.3016* 0.0663 
21 COMPINTSTY_200 0.0166 -0.0005 -0.004 0.1250* 0.1520* 0.2572* 0.0325 
22 CLTR46_100 0.0443* 0.0327 0.022 0.0958* 0.2324* 0.2384* -0.0011 
23 CLTRc4_100 0.0453* 0.0353 0.0268 0.1013* 0.2357* 0.2449* -0.0003 
24 CLTRdep46_100 0.0192 0.0129 0.0051 0.0989* 0.2269* 0.2460* 0.0279 
25 CLTRdepall_100 0.021 0.0166 0.0129 0.0972* 0.2155* 0.2431* 0.0248 
26 CLTRdepc4_100 0.0208 0.0155 0.0099 0.1018* 0.2262* 0.2488* 0.0286 
27 CLTR46_150 0.0441* 0.0325 0.0218 0.0961* 0.2330* 0.2385* -0.0012 
28 CLTRc4_150 0.0449* 0.0349 0.0264 0.1021* 0.2369* 0.2453* -0.0001 
29 CLTRall_150 0.0449* 0.0347 0.0281 0.0966* 0.2169* 0.2315* -0.0041 
30 CLTRdepc4_150 0.0202 0.0149 0.0094 0.1030* 0.2276* 0.2494* 0.0294 
31 CLTRdep46_150 0.0189 0.0127 0.0048 0.0992* 0.2275* 0.2461* 0.028 
32 CLTR46_200 0.0409* 0.0291 0.0189 0.0801* 0.2140* 0.2120* -0.0175 
33 CLTRc4_200 0.0414* 0.0313 0.0233 0.0844* 0.2148* 0.2166* -0.0187 
34 CLTRall_200 0.0418* 0.0315 0.0253 0.0791* 0.1949* 0.2030* -0.0224 
35 CLTRdepall_200 0.0165 0.012 0.0089 0.0803* 0.1941* 0.2135* 0.007 
36 CLTRdepc4_200 0.0158 0.0104 0.0054 0.0849* 0.2047* 0.2190* 0.0106 
37 CLTRdep46_200 0.0148 0.0084 0.0012 0.0829* 0.2075* 0.2180* 0.0114 
38 ACA46 0.5515* 0.5049* 0.4051* 0.3475* 0.3463* 0.3368* 0.3571* 
39 ACAall 0.6124* 0.5295* 0.4142* 0.3942* 0.3982* 0.3862* 0.4010* 
40 ACAc4 0.5941* 0.5242* 0.4121* 0.3919* 0.3936* 0.3830* 0.4016* 
41 CA46 0.3434* 0.2419* 0.1951* 0.2051* 0.2156* 0.2188* 0.1979* 
42 CAall 0.3896* 0.2810* 0.2408* 0.2261* 0.2500* 0.2425* 0.2245* 
43 CAc4 0.3788* 0.2700* 0.2291* 0.2260* 0.2424* 0.2421* 0.2236* 
44 PC46 0.021 0.0108 0.0047 0.0439 0.1732* 0.1871* -0.0463 
45 PCall 0.0097 0.002 -0.0008 -0.0134 0.1074* 0.1112* -0.1102* 
46 PCc4 0.004 -0.0049 -0.0084 0.0046 0.1309* 0.1437* -0.0893* 
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Table 5.3 Continued 
    8 9 10 11 12 13 14 
8 FIRMAGE 1       
9 LNASSETS 0.1791* 1      

10 CR -0.1001* 0.0221 1     
11 ENTRctall 0.3716* 0.3786* -0.1300* 1    
12 ENTRctc4 0.3954* 0.3837* -0.1343* 0.9725* 1   
13 ENTRct46 0.3211* 0.3536* -0.1205* 0.9139* 0.9531* 1  
14 ENTRdepctall 0.3963* 0.4081* -0.1211* 0.9876* 0.9722* 0.9037* 1 
15 ENTRdepctc4 0.4160* 0.3999* -0.1258* 0.9566* 0.9885* 0.9222* 0.9763* 
16 ENTRdepct46 0.3603* 0.3792* -0.1201* 0.9280* 0.9716* 0.9839* 0.9358* 
17 PRD 0.3782* 0.4321* -0.1345* 0.7967* 0.7657* 0.6810* 0.8148* 
18 EGODENTY -0.0696 -0.0322 0.2035* -0.0184 -0.0099 0.0121 -0.0194 
19 EGONETSIZE 0.2483* 0.3790* -0.0846* 0.7242* 0.7110* 0.5920* 0.7168* 
20 COMPINTSTY_100 -0.2146* 0.1828* -0.0157 0.0108 0.018 0.0239 0.0061 
21 COMPINTSTY_200 -0.2062* 0.1458* -0.0124 0.004 0.0109 0.0181 -0.0002 
22 CLTR46_100 -0.1124* 0.1562* 0.0791* 0.0229 0.0091 0.051 -0.0089 
23 CLTRc4_100 -0.1188* 0.1608* 0.0802* 0.0186 0.0062 0.0469 -0.0146 
24 CLTRdep46_100 -0.1362* 0.1740* 0.1082* -0.0133 -0.0235 0.0135 -0.0138 
25 CLTRdepall_100 -0.1473* 0.1652* 0.0871* -0.0279 -0.0343 0.0051 -0.0307 
26 CLTRdepc4_100 -0.1431* 0.1746* 0.1044* -0.0174 -0.0262 0.0112 -0.0189 
27 CLTR46_150 -0.1120* 0.1565* 0.0793* 0.0223 0.0085 0.0507 -0.0096 
28 CLTRc4_150 -0.1175* 0.1618* 0.0805* 0.017 0.0047 0.0459 -0.0166 
29 CLTRall_150 -0.1239* 0.1443* 0.0472 0.0121 0.0019 0.044 -0.0251 
30 CLTRdepc4_150 -0.1418* 0.1761* 0.1048* -0.0195 -0.0283 0.0097 -0.0211 
31 CLTRdep46_150 -0.1359* 0.1744* 0.1083* -0.0142 -0.0245 0.0128 -0.0147 
32 CLTR46_200 -0.1046* 0.1377* 0.0801* 0.0211 0.0073 0.0497 -0.011 
33 CLTRc4_200 -0.1118* 0.1409* 0.0809* 0.0155 0.0031 0.0446 -0.0184 
34 CLTRall_200 -0.1190* 0.1233* 0.0471 0.0107 0.0005 0.0428 -0.0269 
35 CLTRdepall_200 -0.1431* 0.1457* 0.0882* -0.0312 -0.0376 0.0025 -0.034 
36 CLTRdepc4_200 -0.1383* 0.1552* 0.1054* -0.0215 -0.0303 0.0079 -0.0231 
37 CLTRdep46_200 -0.1302* 0.1555* 0.1095* -0.016 -0.0263 0.0113 -0.0165 
38 ACA46 0.2574* 0.3409* -0.0588* 0.4721* 0.4984* 0.5063* 0.4897* 
39 ACAall 0.2611* 0.3843* -0.0694* 0.5952* 0.5929* 0.5731* 0.6072* 
40 ACAc4 0.2675* 0.3826* -0.0696* 0.5846* 0.5940* 0.5720* 0.6040* 
41 CA46 0.0570* 0.2068* -0.0339 0.4971* 0.4459* 0.4651* 0.4597* 
42 CAall 0.0746* 0.2263* -0.0431 0.5186* 0.4600* 0.4752* 0.4799* 
43 CAc4 0.0664* 0.2264* -0.041 0.5278* 0.4741* 0.4913* 0.4872* 
44 PC46 -0.1191* 0.1056* 0.0793* -0.0668 -0.0749 -0.03 -0.0892 
45 PCall -0.1020* 0.0399 0.0738* -0.0995 -0.1047 -0.0577 -0.1328* 
46 PCc4 -0.1198* 0.0650* 0.0843* -0.0965 -0.1041 -0.0592 -0.1250* 
    15 16 17 18 19 20 21 

         
15 ENTRdepctc4 1       
16 ENTRdepct46 0.9625* 1      
17 PRD 0.7699* 0.7060* 1     
18 EGODENTY -0.0147 0.0065 -0.0217 1    
19 EGONETSIZE 0.7125* 0.6139* 0.7843* 0.0176 1   
 
 



 117

Table 5.3Continued  
    15 16 17 18 19 20 21 
20 COMPINTSTY_100 0.0026 0.0076 0.0697 -0.072 0.0401 1  
21 COMPINTSTY_200 -0.0044 0.0016 0.0665 -0.0799 0.0343 0.9818* 1 
22 CLTR46_100 -0.0339 -0.0009 0.1002* -0.0156 0.0095 0.7933* 0.7848* 
23 CLTRc4_100 -0.0367 -0.0045 0.0914 -0.0184 0.0082 0.8114* 0.8019* 
24 CLTRdep46_100 -0.0402 -0.0102 0.0815 -0.0516 -0.0318 0.7826* 0.7747* 
25 CLTRdepall_100 -0.0512 -0.0188 0.0452 -0.0439 -0.0347 0.7957* 0.7873* 
26 CLTRdepc4_100 -0.0429 -0.0125 0.0682 -0.0512 -0.033 0.7967* 0.7882* 
27 CLTR46_150 -0.0347 -0.0014 0.0999* -0.0157 0.0094 0.7928* 0.7846* 
28 CLTRc4_150 -0.0387 -0.006 0.0905 -0.0187 0.008 0.8107* 0.8019* 
29 CLTRall_150 -0.0434 -0.0093 0.0683 -0.0082 0.0115 0.8036* 0.7940* 
30 CLTRdepc4_150 -0.0451 -0.0142 0.067 -0.052 -0.0335 0.7959* 0.7881* 
31 CLTRdep46_150 -0.0412 -0.011 0.081 -0.0519 -0.032 0.7821* 0.7746* 
32 CLTR46_200 -0.0362 -0.0028 0.0989* -0.0169 0.0053 0.7709* 0.7843* 
33 CLTRc4_200 -0.0406 -0.0077 0.0892 -0.0201 0.0036 0.7886* 0.8029* 
34 CLTRall_200 -0.0452 -0.0109 0.0671 -0.0095 0.0075 0.7826* 0.7961* 
35 CLTRdepall_200 -0.0546 -0.0217 0.0427 -0.0463 -0.0405 0.7737* 0.7881* 
36 CLTRdepc4_200 -0.0473 -0.0161 0.0652 -0.054 -0.0394 0.7730* 0.7878* 
37 CLTRdep46_200 -0.043 -0.0126 0.0794 -0.0537 -0.0373 0.7597* 0.7735* 
38 ACA46 0.5068* 0.5080* 0.5185* -0.001 0.6175* -0.0533* -0.0557* 
39 ACAall 0.6011* 0.5793* 0.6582* 0.0013 0.7736* -0.0211 -0.0256 
40 ACAc4 0.6063* 0.5815* 0.6553* 0.0009 0.7604* -0.0274 -0.0317 
41 CA46 0.3929* 0.4205* 0.4651* 0.0535 0.3837* 0.0819* 0.0816* 
42 CAall 0.4144* 0.4436* 0.4843* 0.0325 0.4258* 0.0730* 0.0738* 
43 CAc4 0.4245* 0.4557* 0.4824* 0.0557 0.4293* 0.0781* 0.0778* 
44 PC46 -0.1083 -0.0751 0.0334 -0.023 -0.0146 0.7523* 0.7815* 
45 PCall -0.1449* -0.1093 -0.0238 -0.0023 -0.0229 0.5922* 0.6424* 
46 PCc4 -0.1411* -0.1074 -0.0037 -0.0152 -0.0249 0.6841* 0.7288* 
    22 23 24 25 26 27 28

         
22 CLTR46_100 1       
23 CLTRc4_100 0.9967* 1      
24 CLTRdep46_100 0.9648* 0.9665* 1     
25 CLTRdepall_100 0.9865* 0.9902* 0.9901* 1    
26 CLTRdepc4_100 0.9697* 0.9748* 0.9984* 0.9943* 1   
27 CLTR46_150 1.0000* 0.9966* 0.9648* 0.9864* 0.9696* 1  
28 CLTRc4_150 0.9967* 0.9999* 0.9665* 0.9902* 0.9748* 0.9967* 1 
29 CLTRall_150 0.9807* 0.9842* 0.9040* 0.9525* 0.9185* 0.9807* 0.9843* 
30 CLTRdepc4_150 0.9695* 0.9745* 0.9984* 0.9942* 0.9999* 0.9695* 0.9747* 
31 CLTRdep46_150 0.9647* 0.9663* 1.0000* 0.9900* 0.9983* 0.9647* 0.9664* 
32 CLTR46_200 0.9873* 0.9831* 0.9514* 0.9723* 0.9553* 0.9873* 0.9831* 
33 CLTRc4_200 0.9846* 0.9868* 0.9538* 0.9767* 0.9611* 0.9845* 0.9868* 
34 CLTRall_200 0.9692* 0.9718* 0.8915* 0.9396* 0.9052* 0.9691* 0.9718* 
35 CLTRdepall_200 0.9732* 0.9757* 0.9776* 0.9866* 0.9809* 0.9731* 0.9757* 
36 CLTRdepc4_200 0.9550* 0.9588* 0.9849* 0.9797* 0.9854* 0.9550* 0.9589* 
37 CLTRdep46_200 0.9499* 0.9504* 0.9861* 0.9752* 0.9835* 0.9499* 0.9504* 
38 ACA46 -0.0247 -0.0274 -0.0454 -0.0519* -0.0488* -0.0246 -0.0272 
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Table 5.3 Continued 
    22 23 24 25 26 27 28
39 ACAall -0.0049 -0.0071 -0.0301 -0.0387 -0.0334 -0.0049 -0.0071 
40 ACAc4 -0.0124 -0.0148 -0.0362 -0.0448 -0.0398 -0.0124 -0.0148 
41 CA46 0.0763*5 0.0738* 0.0621* 0.0531* 0.0598* 0.0766* 0.0742* 
42 CAall 0.0600* 0.0621* 0.0384 0.0367 0.04 0.0604* 0.0628* 
43 CAc4 0.0631* 0.0640* 0.0418 0.0379 0.0424 0.0634* 0.0645* 
44 PC46 0.9576* 0.9540* 0.9355* 0.9472* 0.9392* 0.9581* 0.9552* 
45 PCall 0.7686* 0.7747* 0.7055* 0.7401* 0.7193* 0.7699* 0.7780* 
46 PCc4 0.8564* 0.8585* 0.8294* 0.8481* 0.8371* 0.8574* 0.8610* 
    29 30 31 32 33 34 35 

         
29 CLTRall_150 1       
30 CLTRdepc4_150 0.9182* 1      
31 CLTRdep46_150 0.9038* 0.9984* 1     
32 CLTR46_200 0.9673* 0.9550* 0.9512* 1    
33 CLTRc4_200 0.9713* 0.9608* 0.9536* 0.9965* 1   
34 CLTRall_200 0.9878* 0.9048* 0.8912* 0.9800* 0.9839* 1  
35 CLTRdepall_200 0.9377* 0.9808* 0.9775* 0.9852* 0.9896* 0.9509* 1 
36 CLTRdepc4_200 0.9021* 0.9854* 0.9849* 0.9681* 0.9737* 0.9157* 0.9941* 
37 CLTRdep46_200 0.8875* 0.9834* 0.9861* 0.9636* 0.9655* 0.9010* 0.9894* 
38 ACA46 -0.0299 -0.0486* -0.0453 -0.0277 -0.0306 -0.0329 -0.0559* 
39 ACAall -0.0111 -0.0336 -0.0303 -0.0085 -0.011 -0.0145 -0.0435 
40 ACAc4 -0.0187 -0.0399 -0.0363 -0.016 -0.0187 -0.0221 -0.0496* 
41 CA46 0.0690* 0.0600* 0.0622* 0.0747* 0.0723* 0.0672* 0.0510* 
42 CAall 0.0634* 0.0404 0.0386 0.0584* 0.0606* 0.0614* 0.0344 
43 CAc4 0.0635* 0.0425 0.0419 0.0613* 0.0622* 0.0614* 0.0353 
44 PC46 0.9437* 0.9404* 0.9359* 0.9666* 0.9649* 0.9530* 0.9574* 
45 PCall 0.7926* 0.7228* 0.7070* 0.7711* 0.7814* 0.7966* 0.7453* 
46 PCc4 0.8575* 0.8398* 0.8305* 0.8617* 0.8671* 0.8637* 0.8560* 
    36 37 38 39 40 41 42 

         
36 CLTRdepc4_200 1       
37 CLTRdep46_200 0.9982* 1      
38 ACA46 -0.0533* -0.0495* 1     
39 ACAall -0.0389 -0.035 0.9379* 1    
40 ACAc4 -0.0452 -0.041 0.9583* 0.9933* 1   
41 CA46 0.0575* 0.0600* 0.1595* 0.2460* 0.2237* 1  
42 CAall 0.0375 0.036 0.1711* 0.2699* 0.2436* 0.8724* 1 
43 CAc4 0.0396 0.0392 0.1693* 0.2707* 0.2436* 0.9345* 0.9781* 
44 PC46 0.9494* 0.9439* -0.03 -0.0205 -0.0254 0.0362 0.0244 
45 PCall 0.7239* 0.7059* -0.0208 -0.0225 -0.0257 0.0225 0.0211 
46 PCc4 0.8448* 0.8338* -0.0312 -0.0289 -0.0326 0.0293 0.0228 
    43 44 45 46       
43 CAc4 1       
44 PC46 0.0239 1      
45 PCall 0.0165 0.8894* 1     
46 PCc4 0.0197 0.9568* 0.9741* 1    
 

                                                 
5 Correlation coefficient significant at 0.05 or lower level 
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5.2 HYPOTHESIS 1 
 
i) HYPOTHESIS 1A 

The greater the ego network technological resources of a focal firm, the greater will be the 

firm’s volume of innovation output, ceteris paribus. 

ii) HYPOTHESIS 1B 
The greater the ego network financial resources of a focal firm, the greater will be the firm’s 

volume of innovation output, ceteris paribus. 

i) Effect of Ego Network Technological Resources 

I measure the ego network technological resources (ENTR) as the sum of the partners’ patents.  

ENTR(count) it indicates the sum of partners’ patents in the year t, while the ENTR(depcount)it  

indicates the sum of partners’ patents during the five year moving window. Table 5.4A reports 

the results of the model, in which dependent variable is regressed on the control variables and 

independent variables with one-year lag.  The model 1a in the Table 5.4 A is the base model that 

shows the effects of control variables.  In the base model, the effect of sales on the innovation 

output is positive and significant.  For every million dollar increase in the focal firm’s sales, it is 

likely to have 0.796 more patents.  The effect of number of employees on a focal firm’s 

innovation output is negative and significant.  The patent output of a firm decreases by 0.12 for 

every 1000 increase in the number of employees in the firm.  I further explore to find out why 

the effect of number of employees is negative on the firm’s patent output. Sales and number of 

employees, and R & D expenses are highly correlated (Ref. Table 5.3). So it is possible that the 

effect of sales is curvilinear and the curvilinear effect is being captured by the number of 

employees (LNEMPLY).  The Figure 5.1 shows the relationship between sales and firm patent 

                                                 
6  One unit change in LNSALES is equivalent to e (=2.7183) million dollars. Therefore for a unit (1 million dollar) 
increase in sales the patent output increases by 0.792 patents (=2.1531/2.7183). Similarly one unit change in 
LNEMPLY is equivalent to 2.7183 employees ('000) change and it reduces the patent outcome by 0.12 patents (1-
0.6554)/2.7183. 
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output is curvilinear; however, it seems this curvilinear relationship is influenced by the presence 

of a few large firms. It is also possible that because the LNEMPLY includes all the employees in 

the firm and not just those involved in R&D. As the proportion of non R&D employees with 

respect to overall employees increases the effect of LNEMPLY may be negative as it 

increasingly captures the effect of non R&D employees. 

 

FIGURE 5.1 

Firm Sales and Patent Output 

0
50

0
10

00
15

00

0 10000 20000 30000 40000
Sales (Net) (MM$)

95% CI Fitted values
Focal Firm Patent (all)

 

Model 1b and 1c introduce the effects of ego network partners’ patents in the technological 

subcategory 46 (semiconductor patents). Model 1d and 1e show the effects of ego network 

partners’ patents in the technological category 4 (electronics patents), while Model 1f and 1g 

show effects of partners’ overall patents.  The effect of ego network technological resources is 

not significant with a one-year lag. I examine their effects with a two-year lag on the focal firm’s 
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patent output.  Table 5.4 B reports the results with a two-year lag.  The effect of ENTR with two-

year lag is positive and significant. However, the effect size is small.  As the data is based on 

alliance announcement year; it is expected that by the time alliance becomes operational, the 

focal firm’s innovation efforts benefit from partners’ technological resources, and it files for 

patents, it may take more than a year. This is why it is likely that the effects of ENTR are not 

significant with one-year-lag but are significant with a two-year lag.   
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    Table 5.4A [One-year lag] Hypothesis 1a Ego Network Technological Resources 
 

Variable Model 1-a Model 1-b Model 1-c Model 1-d Model 1-e Model 1-f Model 1-g 
 IRR IRR IRR IRR IRR IRR IRR 

LNSALESit-1 2.1531*** 2.1409*** 2.1599*** 2.1785*** 2.1712*** 2.1420*** 2.1521*** 
 (0.4010) (0.3990) (0.4030) (0.4054) (0.4055) (0.3986) (0.4012) 

LNEMPLYit-1 0.6554** 0.6426** 0.6425** 0.6339** 0.6441** 0.6395** 0.6495** 
 (0.0966) (0.0935) (0.0944) (0.0936) (0.0960) (0.0932) (0.0960) 

LNRDit-1 0.9598 0.9749 0.9716 0.9752 0.9671 0.9800 0.9652 
 (0.1228) (0.1255) (0.1253) (0.1257) (0.1247) (0.1262) (0.1243) 

FIRMAGEit-1 1.0072 1.0026 1.0032 1.0039 1.0051 1.0050 1.0061 
 (0.0089) (0.0090) (0.0093) (0.0091) (0.0094) (0.0088) (0.0091) 

CRit-1 0.9754 0.9706 0.9717 0.9721 0.9738 0.9712 0.9737 
 (0.0462) (0.0464) (0.0465) (0.0465) (0.0464) (0.0466) (0.0465) 

ENTRct46it-1  1.0001†      
  (0.0000)      

ENTRdepct46it-1   1.0000     
   (0.0000)     

ENTRctc4it-1    1.0000    
    (0.0000)    

ENTRdepctc4it-1     1.0000   
     (0.0000)   

ENTRctallit-1      1.0000  
      (0.0000)  

ENTRdepctallit-1       1.0000 
       (0.0000) 

Log likelihood -640.2073 -638.9062 -639.5224 -639.4485 -640.0069 -639.2216 -640.0876 
Wald chi2(5) 74.8700 83.8600 79.5300 79.4600 76.1200 81.3000 75.9800 
Observations 195 195 195 195 195 195 195 

N 43 43 43 43 43 43 43 
p<.1†, p <0.05,*p<0.01**,p<0.001,***       
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                Table 5.4B [Two-year lag] Hypothesis 1a Ego Network Technological Resources 
 

Variable Model 2-a Model 2-b Model 2-c Model 2-d Model 2-e Model 2-f Model 2-g 
 IRR IRR IRR IRR IRR IRR IRR 

LNSALESit-1 1.8849*** 1.8768*** 1.8346*** 1.7991*** 1.7617*** 1.7636*** 1.7411*** 
 (0.3181) (0.3192) (0.3130) (0.3069) (0.3009) (0.3040) (0.3004) 

LNEMPLYit-1 0.6773** 0.6808** 0.6803** 0.6685** 0.6642** 0.6776** 0.6746** 
 (0.0942) (0.0916) (0.0911) (0.0899) (0.0888) (0.0921) (0.0913) 

LNRDit-1 1.0414 1.0042 1.0224 1.0589 1.0875 1.0604 1.0754 
 (0.1365) (0.1236) (0.1235) (0.1302) (0.1332) (0.1320) (0.1332) 

FIRMAGEit-1 1.0013 1.0049 1.0065 1.0061 1.0069 1.0066 1.0072 
 (0.0098) (0.0103) (0.0104) (0.0103) (0.0103) (0.0105) (0.0104) 

CRit-1 0.8612* 0.8607** 0.8596 0.8621* 0.8633* 0.8594** 0.8596** 
 (0.0513) (0.0504) (0.0503) (0.0504) (0.0502) (0.0505) (0.0503) 

ENTRct46it-2  1.0001**      
  (0.0000)      

ENTRdepct46it-2   1.0000**     
   (0.0000)     

ENTRctc4it-2    1.0000**    
    (0.0000)    

ENTRdepctc4it-2     1.0000***   
     (0.0000)   

ENTRctallit-2      1.0000*  
      (0.0000)  

ENTRdepctallit-2       1.0000** 
       (0.0000) 

Log likelihood -567.2910 -563.6427 -562.6249 -563.9025 -562.8957 -564.4619 -563.9380 
Wald chi2 57.8700 76.7400 80.4600 75.6700 79.3600 74.9800 77.0900 

Observations 179 179 179 179 179 179 179 
N 41 41 41 41 41 41 41 

p<.1†, p <0.05,*p<0.01**,p<0.001,***       
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ii) Effects of Ego Network Financial Resources 
I measure the ego network financial resources as the amount of money ego network members 

spend on R&D.  The Table 5.5 reports the effect of ego network partners’ R&D expenses on the 

focal firm’s patent output.  As the results show effect of partners’ R&D expenses on patent 

output is not significant for both one-year and two-year lags. However, the effect is significant 

for a three year lag. This significant relationship with a three year lag may be sheer chance, or it 

may be that it takes a while before a firm benefits from its own R&D expenses therefore its 

partners may take still more time to benefit from its R&D investment.  

5.3 HYPOTHESIS 2 

The extent of interconnectedness of the focal firm’s ego network is likely to have a curvilinear 

(inverted U shaped) relationship with the firm’s volume of innovation output, ceteris paribus. 

Table 5.6 displays the test results of hypothesis 2. Model 4a and 4d account for control variables.  

Models 4b, 4c, 4e and 4f introduce the effects of ego network density.  As the results show the 

effects of ego network density on patent output are not significant at the 0.05 or lower level. The 

effect is significant only at the 0.10 level as shown in the Model 4f. As the results show, this 

hypothesis is not supported or at best there is only very modest support. There may be two 

plausible reasons for the rather lack of support of this hypothesis. First, the ego network data in 

this study did not capture relationships between two partners of a focal firm when both of the 

partners were not primarily (U.S. based) semiconductors firms. Second, the role of density 

within the ego network may assume an important role only when the ego network becomes 

larger than a certain level. The focal firm may have to rely on social control mechanisms to 

manage its ego network only when the network becomes too big for it to manage on its own. Due 

to lack of enough observations I could not test whether the ego network density is important only 

if the network becomes larger than a certain level.  
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   Table 5.5 [One/Two/Three year lag] Hypothesis 1b Ego Network Financial Resources 
 

Variable Model 3-a Model 3-b Model 3-c Model 3-d Model 3-e Model 3-f Model 3-g Model 3-h 
  IRR IRR  IRR IRR  IRR IRR  IRR IRR 
LNSALESit-1 1.5956** 1.6200**  1.8801*** 1.9436***  1.3940* 1.3825  1.11867    1.0353 
  (0.2626) (0.2702)  (0.6647) (0.3115)  (0.2729) (0.2851)  (0.2326) (0.2161) 
LNEMPLYit-1 0.8085† 0.8138†  .664718** 0.6627**  0.9954 0.9961  1.1557 1.1092 
  (0.0965) (0.0978)  (.08752) (0.0874)  (0.1458) (0.1460)  (0.2368)      (0.2321) 
LNRDit-1 1.0006 0.9970  1.0483 1.0490  0.9409 0.9438  0.9062   0.9972 
  (0.1190) (0.1191)  (0.1268) (0.1281) (0.1238)  (0.1259)  (0.1320) (0.1456) 
FIRMAGEit-1 1.0147† 1.0141  1.0001 0.9976  1.0133   1.0136  1.0161    1.0169 
  (0.0086) (0.0087)  (0.0094) (0.0099)  (0.0097)      (0.0099)  (.0114)     (0.0120) 
CRit-1 0.9999 1.0015  0.8964* 0.8995* 0 .8957* 0.8956*  0.9237    0.9340 
  (0.0364) (0.0365)  (0.0454) (0.0456)  (0.0490) (0.0490)  (.0461) (0.0434) 
PRDit-1   1.0000             
    (0.0000)             
PRDit-2       1.0000         
        (0.0000)         
PRDit-3           1.0000     
            (0.0000)     
PRDit-4               1.0000* 
                (0.0000) 
Log likelihood -741.8080 -741.6475  -656.02344 -655.7986  -604.2168 -604.2089  -506.3140 -503.9197 
Wald chi2(5)    54.84 54.63  63.17 61.96  40.36 40.63  16.00 27.41 
Observations 233 233  219 219 202  202  176 176 
N 49 49  48 48  47 47  43 43 
p<.1†, p <0.05,*p<0.01**,p<0.001,***               
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                      Table 5.6 [One/Two-year lag] Hypothesis 2 Extent of Interconnectedness (Ego Density) 
 

Variable Model 4-a Model 4-b Model 4-c Model 4-d Model 4-e Model 4-f 
  IRR IRR IRR IRR IRR IRR 
LNSALESit-1 1.6016** 1.6068** 1.5916** 1.8518*** 1.8814*** 1.8905*** 
  (0.2668) (0.2665) (0.2631) (0.2891) (0.2961) (0.2919) 
LNEMPLYit-1 0.8232 0.8219 0.8209†, 0.6799** 0.6767** 0.6672** 
  (0.0985) (0.0984) (0.0984) (0.0903) (0.0903) (0.0894) 
LNRDit-1 0.9963 0.9966 0.9966 1.0474 1.0410 1.0431 
  (0.1196) (0.1187) (0.1187) (0.1271) (0.1262) (0.1240) 
FIRMAGEit-1 1.0145† 1.0145† 1.0142† 1.0005 1.0004 1.0004 
  (0.0086) (0.0086) (0.0086) (0.0094) (0.0094) (0.0094) 
CRit-1 0.9964 0.9938 0.9964 0.8965* 0.8979* 0.8921* 
  (0.0375) (0.0368) (0.0371) (0.0464) (0.0459) (0.0471) 
EGODENTYit-1   1.1896 1.9108       
    (0.2515) (1.3463)       
EGODENTY^2

it-1   0.5788    
     (0.4535)     
EGODENTYit-2        1.1791  3.0713† 
     (0.2194) (1.8425) 
EGODENTY^2

it-2      0.3260 
      (0.2234) 
Log likelihood -731.6950 -731.3759 -731.1366 -646.1505 -645.7785 -644.4858 
Wald chi2(5)    56.71 57.94 59.23 60.89 62.37 62.37 
Observations 229 229 229 215 215 215 
N 49 49 49 48 48 48 
p<.1†, p <0.05,*p<0.01**,p<0.001,***       
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5.4 HYPOTHESIS 3 

The extent of competition within the cluster will have an inverted U relationship with the volume 

of innovation output of a cluster firm, ceteris paribus. 

I measured the extent of competition within a cluster by the number of firms operating in the 

semiconductor industry co-located in the cluster.  Table 5.7a reports the test results for this 

hypothesis. Models 5a and 5c show the effects of control variables with one-year and two-year 

lags respectively. Model 5b introduces the effect of competitive intensity (COMPINTSYit-1) with a 

one-year lag. Model 5c also introduces the squared term of COMPINTSY to test the curvilinear 

relationship between cluster competitive intensity and focal firm patent output.  Models 5d and 

5e introduce these variables with a two-year lag.  As the results show this hypothesis is not 

supported as the IRR (incident rate ratio) coefficients are not significant for the relationship 

between competitive intensity and patent output.  While exploring the reasons for the lack of 

support for this hypothesis, I notice that there are some rather isolate firms which have high 

number of patents as shown in the Figure 5.2.  I further analyze the data using different cut-off 

levels for the minimum number of firms within the cluster.  I find that the effect of competitive 

intensity becomes significant when the minimum number of firms in the cluster is more than 10. 

I report the results for a cut-off level 30 in the Table 5.7b.  The results reported in the Table 5.7b 

show a strong support for the hypothesis 3.  The relationship between competitive intensity and 

patent output is non-linear— COMPINTSY has positive and significant relationship with 

INNOVN (patent count) while the squared term of competitive intensity, COMPINTSY^2, has 

negative and significant relationship with INNOVN at the 0.001 level.  
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                   Table 5.7A (r =100) [One/Two/Three year lag] Hypothesis 3A Cluster Competitive Intensity 
 
 Variable  Model 5-a Model 5-b Model 5-c Model 5-d Model 5-e Model 5-f 

  IRR IRR IRR IRR IRR IRR 
LNSALESit-1 1.5934*** 1.5936*** 1.6315*** 1.4565*** 1.4407*** 1.4457*** 
  (0.1706) (0.1727) (0.1811) (0.1582) (0.1581) (0.1601 
LNEMPLYit-1 0.7447*** 0.7446*** 0.7270*** 0.8141* 0.8258† 0.8226* 
  (0.0658) (0.0677) (0.0672) (0.0787) (0.0817) (0.0821) 
LNRDit-1 1.1654* 1.1655* 1.1648* 1.1713* 1.1621† 1.1625† 
  (0.0876) (0.0888) (0.0888) (0.0901) (0.0902) (0.0903) 
FIRMAGEit-1 1.0068 1.0068 1.0087 1.0043 1.0044 1.0047 
  (0.0063) (0.0063) (0.0065) (0.0066) (0.0067) (0.0067) 
CRit-1 0.9920 0.9920 0.9935 0.9886 0.9888 0.9891 
  (0.0141) (0.0141) (0.0141) (0.0147) (0.0145) (0.0145) 
COMPINTSYit-1   1.0000 1.00587       
    (0.0016) (0.0057)       
COMPINTSY^2

it-1   0.9999    
   (0.0001)    
COMPINTSYit-2        1.0011 1.0025 
         (0.0017) (0.0057) 
COMPINTSY^2

it-2      1.0000 
      0.0001 
Log likelihood -1521.9426 -1521.9425 -1521.3765 -1399.8763 -1399.6711 -1399.6354 
Wald chi2(5)    134.98 134.98 134.53 108.53 109.34 109.13 
Observations 691 691 691 645 645 645 
N 96 96 96 96 96 96 
p<.1†, p <0.05,*p<0.01**,p<0.001,***         
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FIGURE 5.2 

Cluster Competitive Intensity and Patent Output 
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Table 5.7 B(r =100) [One/Two/Three year lag] Hypothesis 3A Cluster Competitive Intensity (If Competitive intensity >30) 
 
Variable Model 6-a Model 6-b Model 6-c Model 6-d Model 6-e Model 6-f 
  IRR IRR IRR IRR IRR IRR 
LNSALESit-1 1.9258*** 1.8507*** 2.0356*** 1.7248*** 1.5872** 1.4101* 
  (0.2866) (0.2865) (03045) (0.2666) (0.2570) (0.2272) 
LNEMPLYit-1 0.7628* 0.7940† 0.6128*** 0.8346 0.9274 0.8514 
  (0.0878) (0.0963) (0.0753) (0.1043) (0.1308) (0.1158) 
LNRDit-1 0.9797 0.9685 1.1591 1.0116 0.9795 1.2235 
  (0.1266) (0.1245) (0.1532) (0.1321) (0.1287) (0.1626) 
FIRMAGEit-1 1.0073 1.0074 1.0218* 1.0013 0.9948 1.0153 
  (0.0101) (0.0106) (0.0112) (0.0115) (0.0128) (0.0139) 
CRit-1 1.0093 1.0084 1.0121 1.0085 1.0137 1.0137 
  (0.0142) (0.0142) (0.0136) (0.0145) (0.0145) (0.0133) 

COMPINTSYit-1, if COMPINTSY >30   1.0024 1.0645***      
    (0.0024) (0.0168)      
COMPINTSY^2

it-1   0.9995***    

   (0.0001)    
COMPINTSYit-2, if COMPINTSY >30         1.0054†  1.1659*** 
          (0.0031)  (0.0306) 

COMPINTSY^2
it-2      0.9988*** 

      0.03058 
             
Log likelihood -940.3282 -939.8294 -930.3357 -853.4597 -851.8590 -836.1129 
Wald chi2(5)    89.26 89.43 89.43 65.74 69.87 69.87 
Observations 388 388 388 359 359 359 
N 62 62 62 61 61 61 
p<.1†, p <0.05,*p<0.01**,p<0.001,***          
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5.5 HYPOTHESIS 4 

The greater the volume of cluster technological resource of a focal firm, the greater will be the 
firm’s volume of innovation output, ceteris paribus. 
 

The technological resources being more pertinent for the technological innovation, I 

operationalize cluster resource potential by measuring the technological resources of a cluster. I 

measure the technological resource of a cluster by summing the number of patents successfully 

filed by the cluster firms, excluding those filed by the focal firm. As mentioned in the Chapter 4 

CLTRit indicates the number of patents filed by the cluster firms in year t; while CLTRdepit 

indicates depreciated sum of patents filed by the cluster firms during the previous five years.  

Table 5.8A and 5.8B display test results of this hypothesis with one-year lag and two-year lag 

models for the independent variables respectively. Table 5.8C and 5.8D also show the test results 

of this hypothesis but the models also account for the cluster competitive intensity in addition.  

The effect of cluster technological resource (CLTRall) is positive and significant, at 0.05 level, on 

the focal firm’s patent output (INNOVN) for one-year lag but is not significant for the two-year 

lag (Table 5.8A & 5.8B).  After accounting for the effect of competitive intensity, the effect of 

cluster technological resource (CLTRall) is still positive and significant for one-year lag but is not 

significant for the two-year lag.  But the effects of just semiconductor (subcategory 46) patents 

and of electronics (category 4) patents are not significant.  

I also test these models under the additional condition when the minimum number of cluster 

firms is more than 10, 20 and 30.  Under this additional condition, the effects of CLTRall and of 

CLTRcat4 both are significant for one-year lag but remain insignificant for two-year lag. For one-

year lag, the effect size significantly increases as well when there are more than 10 firms in the 

cluster. For every additional patent filed by the cluster firms, the chances of focal firm obtaining 
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a patent increase by 0.0127%. But when there are more than 10 firms in the cluster, the 

probability of obtaining a patent increases by 0.0188% and when there are more than 20 firms, 

probability increase by 0.0213%.   
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                Table 5.8A (r =100) [One-year lag] Hypothesis 4 Cluster Technological Resources 
 

Variable Model 7-a Model 7-b Model 7-c Model 7-d Model 7-e Model 7-f Model 7-g 
  IRR IRR IRR IRR IRR IRR IRR 
LNSALESit-1 1.5934*** 1.5668*** 1.6279*** 1.5441*** 1.6057*** 1.5017*** 1.5761*** 
  (0.1706) (0.1700) (0.1783) (0.1673) (0.1758) (0.1615) (0.1718) 
LNEMPLYit-1 0.7447*** 0.7642** 0.7246*** 0.7839** 0.7369*** 0.8286* 0.7571** 
  (0.0658) (0.0712) (0.0670) (0.0740) (0.0688) (0.0789) (0.0713) 
LNRDit-1 1.1654* 1.1517† 1.1810* 1.1395 1.1710* 1.1179 1.1568† 
  (0.0876) (0.0876) (0.0906) (0.0866) (0.0897) (0.0842) (0.0884) 
FIRMAGEit-1 1.0068 1.0059 1.0074 1.0049 1.0071 1.0020 1.0063 
  (0.0063) (0.0064) (0.0062) (0.0066) (0.0063) (0.0068) (0.0064) 
CRit-1 0.9920 0.9920 0.9927 0.9921 0.9923 0.9934 0.9918 
  (0.0141) (0.0140) (0.0143) (0.0138) (0.0142) (0.0136) (0.0140) 
CLTR46it-1   1.0001          
    (0.0001)           
CLTRdep46it-1     1.0000         
      (0.0000)         
CLTRc4it-1       1.0001†       
        (0.0001)       
CLTRdepc4it-1         1.0000     
          (0.0000)     
CLTRallit-1           1.0001***   
            (0.0000)   
CLTRdepctallit-1             1.0000 
              (0.0000) 
Log likelihood -1521.9426 -1521.5320 -1521.4688 -1520.6093 -1521.8835 -1516.5325 -1521.8089 
Wald chi2(5)    134.98 136.09 136.44 138.6 135.24 150.76 135.08 
Observations 691 691 691 691 691 691 691 
N 96 96 96 96 96 96 96 
p<.1†, p <0.05,*p<0.01**,p<0.001,***             
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                Table 5.8B (r =100) [Two-year lag] Hypothesis 3B Cluster Technological Resources 
 

Variable Model 8-a Model 8-b Model 8-c Model 8-d Model 8-e Model 8-f Model 8-g 
 IRR IRR IRR IRR IRR IRR IRR 

LNSALESit-1 1.4566*** 1.5055*** 1.5381 1.4946 1.5221*** 1.4681*** 1.5037*** 
 (0.1580) (0.1653) (0.1702) (0.1646) (0.1685) (0.1609) (0.1659) 

LNEMPLYit-1 0.8132* 0.7734 0.7592 0.7810 0.7660** 0.8014* 0.7749* 
 (0.0786) (0.0765) (0.0752) (0.0782) (0.0766) (0.0807) (0.0777) 

LNRDit-1 1.1730* 1.2148 1.2235 1.2023 1.2138* 1.1834* 1.2056 
 (0.0902) (0.0964) (0.0970) (0.0952) (0.0961) (0.0935) (0.0954) 

FIRMAGEit-1 1.0040 1.0051 1.0048 1.0050 1.0050 1.0046 1.0052 
 (0.0066) (0.0064) (0.0063) (0.0065) (0.0064) (0.0066) (0.0065) 

CRit-1 0.9888 0.9899 0.9914 0.9896 0.9907 0.9889 0.9902 
 (0.0146) (0.0150) (0.0152) (0.0149) (0.0151) (0.0147) (0.0150) 

CLTR46it-2  0.9998      
  (0.0001)      

CLTRdep46it-2   0.9999     
   (0.0001)     

CLTRc4it-2    0.9999    
    (0.0001)    

CLTRdepc4it-2     0.9999*   
     (0.0000)   

CLTRallit-2      1.0000  
      (0.0000)  

CLTRdepctallit-2       1.0000† 
       (0.0000) 

Log likelihood -1402.6245 -1400.5458 -1399.1018 -1401.5885 -1400.3961 -1402.4980 -1401.2293 
Wald chi2(5) 108.24 113.56 117.17 111.1 114.22 108.73 112.52 
Observations 646 646 646 646 646 646 646 

N 96 96 96 96 96 96 96 
p<.1†, p <0.05,*p<0.01**,p<0.001,***       
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                Table 5.8C (r =100) [One-year lag] Hypothesis 3B Cluster Technological Resources & Competitive Intensity 
 

Variable Model 9-a Model 9-b Model 9-c Model 9-d Model 9-e Model 9-f Model 9-g 
  IRR IRR  IRR IRR  IRR IRR IRR 
LNSALESit-1 1.5936*** 1.5743*** 1.6237*** 1.5559*** 1.6043*** 1.5222*** 1.5791*** 
  (0.1727) (0.1709) (0.1781) (0.1685) (0.1758) (0.1635) (0.1722) 
LNEMPLYit-1 0.7446*** 0.7610** 0.7266*** 0.7803** 0.7373*** 0.8191* 0.7564** 
  (0.0677) (0.0714) (0.0668) (0.0743 (0.0688) (0.0789) (0.0714) 
LNRDit-1 1.1655** 1.1566 1.1775* 1.1484† 1.1698* 1.1385† 1.1591† 
  (0.0888) (0.0883) (0.0904) (0.0876) (0.0897) (0.0863) (0.0887) 
FIRMAGEit-1 1.0068 1.0046 1.0086 1.0026 1.0075 0.9991 1.0055 
  (0.0063) (0.0066) (0.0064) (0.0067) (0.0065) (0.0067) (0.0066) 
CRit-1 0.9920 0.9915 0.9938 0.9913 0.9926 0.9928 0.9913 
  (0.0141) (0.0141) (0.0142) (0.0141) (0.0142) (0.0141) (0.0141) 
COMPINTSYit-1 1.0000 0.9985 1.0016 0.9973 1.0006 0.9959* 0.9991 
  (0.0016) (0.0021) (0.0020) (0.0021) (0.0021) (0.0020) (0.0021) 
CLTR46it-1   1.0002           
    (0.0001)           
CLTRdep46it-1     0.9999         
      (0.0001)         
CLTRc4it-1       1.0002*       
        (0.0001)       
CLTRdepc4it-1         1.0000     
          (0.0000)     
CLTRallit-1           1.0002***  
            (0.0000)  
CLTRdepctallit-1             1.0000 
              (0.0000) 
Log likelihood -1521.9425 -1521.2781 -1521.1532 -1519.7654 -1521.8450 -1514.3038 -1521.7166 
Wald chi2(5)    134.98 136.94 136.52 140.67 135.18 155.57 135.33 
Observations 691 691 691 691 691 691 691 
N 96 96 96 96 96 96 96 
p<.1†, p <0.05,*p<0.01**,p<0.001,***             



 136

                Table 5.8D (r =100) [Two-year lag] Hypothesis 3B Cluster Technological Resources & Competitive Intensity 
 

Variable Model 10-a Model 10-b Model 10-c Model 10-d Model 10-e Model 10-f Model 10g 
  IRR IRR  IRR IRR  IRR IRR IRR 
LNSALESit-1 1.4407*** 1.4735*** 1.5087*** 1.4717*** 1.4981*** 1.4513*** 1.4800*** 
  (0.1581) (0.1619) (0.1666) (0.1622) (0.1657) (0.1597) (0.1633) 
LNEMPLYit-1 0.8258† 0.7898* 0.7765** 0.7921* 0.7791* 0.8094* 0.7866* 
  (0.0817) (0.0773) (0.0758) (0.0786) (0.0770) (0.0813) (0.0782) 
LNRDit-1 1.1621 1.2071† 1.2130* 1.1950* 1.2040* 1.1771* 1.1963* 
  (0.0902) (0.0953) (0.0955) (0.0943) (0.0949) (0.0928) (0.0943) 
FIRMAGEit-1 1.0044 1.0065 1.0060 1.0064 1.0064 1.0057 1.0066 
  (0.0067) (0.0065) (0.0064) (0.0066) (0.0065) (0.0067) (0.0065) 
CRit-1 0.9888 0.9914 0.9938 0.9907 0.9927 0.9893 0.9916 
  (0.0145) (0.0146) (0.0147) (0.0146) (0.0147) (0.0145) (0.0146) 
COMPINTSYit-2 1.0011 1.0041* 1.0047* 1.0034† 1.0041* 1.0021 1.0035† 
  (0.0017) (0.0020) (0.0019) (0.0020) (0.0020) (0.0020) (0.0020) 
CLTR46it-2   0.9996***           
    (0.0001)           
CLTRdep46it-2     0.9998***         
      (0.0001)         
CLTRc4it-2       0.9998*       
        (0.0001)       
CLTRdepc4it-2         0.9999**     
          (0.0000)     
CLTRallit-2           1.0000  
            (0.0000)  
CLTRdepctallit-2             1.0000* 
              (0.0000) 
Log likelihood -1399.6711 -1395.7048 -1393.4189 -1397.4277 -1395.4810 -1399.2113 -1396.9259 
Wald chi2(5)    109.34 120.53 126.97   121.58 111.08 118.18 
Observations 645 645 645 645 645 645 645 
N 96 96 96 96 96 96 96 
p<.1†, p <0.05,*p<0.01**,p<0.001,***             
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5.6 HYPOTHESIS 5 
 
a) The effect of 'pure cluster' technological resources will be positive on the volume of 
innovation output, ceteris paribus.  
 
b) The effect of within-cluster-ego-network technological resources will be positive on the 
volume of innovation output. This effect will be greater than the effect of 'pure cluster' 
technological resources and the 'away-cluster' technological resources. 
 
c) The effect of 'away-cluster' technological resources will be positive on the volume of 
innovation output. The effect will be greater than the 'pure cluster' technological resources.  
 

This hypothesis examines the cluster only effect and the joint effect of clusters and 

networks. Tables 5.9A and 5.9B display the test results for this hypothesis for one-year lag and 

two-year lag effects of independent variables respectively. The 'pure cluster' effects are positive 

and are significant for one-year lag but are not significant for two-year lag. As the Table 5.9A 

shows for every 1000 patents by the cluster firms (with which the focal firm does not have any 

formal alliance, ‘Pure Cluster’), the probability of focal firm obtaining a patent increases by 

6.32%.  But the probability of focal firm obtaining a patent increases by 15.80% for every 1000 

patent obtained by the cluster-firms with which the focal firm has a formal alliance (cluster 

alliance, ‘CA’). The effect of across cluster alliance (ACA) is not significant for one-year lag but 

is positive and significant for a two-year lag.  For every 1000 patents obtained by a 'away-cluster' 

firms to which the focal firm is connected with an alliance network tie, the probability of focal 

firm obtaining a patent increases by 1.08%. Models 11-f and 12-f (full models) show the effect 

of ‘Pure cluster’ (PC), ‘cluster alliance’ (CA), and ‘across cluster alliance’ (ACA) with one-year 

lag and two-year lag respectively.  For one-year lag, the effects of ‘Pure Cluster’ and ‘Cluster 

Alliance’ are significant, while the ‘Across Cluster Alliance’ is positive and significant for the 

two-year lag.  
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                         Table 5.9A (r =200) [One-year lag] Hypothesis 4 Cluster & Alliances 
 

Variable Model 11-a Model 11-b Model 11-c Model 11-d Model 11-e Model 11-f 
  IRR IRR IRR IRR IRR IRR 
LNSALESit-1 1.5934*** 1.5025*** 1.5709*** 1.5921*** 1.4683*** 1.4636*** 
  (0.1706) (0.1622) (0.1678) (0.1711 (0.1582) (0.1581) 
LNEMPLYit-1 0.7447*** 0.8357† 0.7474*** 0.7449*** 0.8512† 0.8521 
  (0.0658) (0.0810) (0.0663) (0.0659) (0.0832) (0.0833) 
LNRDit-1 1.1654* 1.1151 1.1699* 1.1649* 1.1145 1.1127 
  (0.0876) (0.0847) (0.0878) (0.0878) (0.0844) (0.0844) 
FIRMAGEit-1 1.0068 1.0003 1.0073 1.0068 1.0000 1.0000 
  (0.0063) (0.0070) (0.0063) (0.0063) (0.0071) (0.0071) 
CRit-1 0.9920 0.9924 0.9916 0.9920 0.9919 0.9918 
  (0.0141) (0.0140) (0.0141) (0.0141) (0.0140) (0.0141) 
PCit-1   1.0632***     1.0704*** 1.0708*** 
    (0.0201)     (0.0204) (0.0205) 
CAit-1     1.1580*   1.1929** 1.1943** 
      (0.0755)   (0.0745) (0.0748) 
ACAit-1       1.0005   1.0019 
        (0.0056)   (0.0059) 
Log likelihood -1521.9426 -1516.8309 -1519.8166 -1521.9390 -1513.6013 -1513.5484 
Wald chi2(5)    134.98 149.23 152.5 135.34 173.25 174.77 
Observations 691 691 691 691 691 691 
N 96 96 96 96 96 96 
p<.1†, p <0.05,*p<0.01**,p<0.001,***          
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                         Table 5.9B(r =200) [Two-year lag] Hypothesis 4 Cluster & Alliances 
 
 

Variable Model 12-a Model 12-b Model 12-c Model 12-d Model 12-e Model 12-f 
  IRR IRR   IRR   IRR 
LNSALESit-1 1.5934 1.4740*** 1.4366*** 1.4670*** 1.4506*** 1.4580*** 
  (0.1706) (0.1612) (0.1555) (0.1588) (0.1585) (0.1589) 
LNEMPLYit-1 0.7447 0.7932* 0.8204* 0.8166* 0.8040* 0.8120* 
  (0.0658) (0.0801) (0.0795) (0.0790) (0.0816) (0.0823) 
LNRDit-1 1.1654 1.1909* 1.1734* 1.1608† 1.1877* 1.1723* 
  (0.0876) (0.0943) (0.0898) (0.0890) (0.0937) (0.0923) 
FIRMAGEit-1 1.0068 1.0052 1.0045 1.0019 1.0054 1.0029 
  (0.0063) (0.0066) (0.0066) (0.0068) (0.0067) (0.0069) 
CRit-1 0.9920 0.9895 0.9887 0.9891 0.9893 0.9895 
  (0.0141) (0.0147) (0.0146) (0.0147) (0.0147) (0.0147) 
PCit-2   0.9861     0.9888 0.9913 
    (0.0170)     0.0171 0.0172 
CAit-2     1.1068†   1.1016 1.1063† 
      (0.0664)   (0.0666) (0.0643) 
ACAit-2       1.0108*   1.0109* 
        (0.0053)   (0.0053) 
Log likelihood -1521.9426 -1402.2913 -1401.3528 -1400.7693 -1401.1415 -1399.1820 
Wald chi2(5)    134.98 109.97 119.47 120.11 120.49 133.54 
Observations 691 646 646 646 646 646 
N 96 96 96 96 96 96 
P<.1†, p <0.05,*p<0.01**,p<0.001,***           
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5.7 HYPOTHESIS 6 
 
 
HYPOTHESIS 6A. The effects of volume of ego network technological resources will be 
greater for the resource-rich firms than for the resource-deficient firms.  
 

HYPOTHESIS 6B.  The effects of volume of cluster technological resources will be greater for 
the resource-deficient firms than for the resource-rich firms.  
 

In order to test this hypothesis, I test the effect of ego network intellectual capital (ENTR) 

for the fabless firms and integrated device manufacturers ( IDMs) firms. The fabless firms are, as 

shown in the Table 5.2B are smaller, spend less on R&D, have smaller asset base, have fewer 

employees and have smaller ego network as compared to the IDMs. The fabless firms do not 

have their manufacturing facilities. Based on these observations, it is reasonable to assume that 

these firms face greater resource barriers. Further, in an alternative test I split the sample into two 

groups based on their expenditure on research and development. In one group I put those firm 

which spend more than the overall mean value of R&D expenditure plus one standard deviation. 

In the other group, I put those firms which spend less than the overall mean value of R&D 

expenditure.  The effect of ego network intellectual capital (ENTR) is positive and significant, at 

the 0.01 level, for the firms that spend more than the mean plus one standard deviation on R&D. 

The effect of ENTR for the group of firms that spend less than the mean of R&D expenditure is 

not significant at the 0.05 or lower level.  Similarly, the effect of ENTR is positive and 

significant, at the 0.01 level, for the IDMs but is not significant for the fabless firms.  These 

results suggest that the firms facing high level of resource barriers are not able to utilize their ego 

network to enhance their likelihood of innovations. 

Table 5.10B shows the regression results for the hypothesis 6B. As the table displays, the 

fabless firms leverage the cluster resources through the informal mechanisms (Pure cluster, 'PC') 
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and through within cluster alliances (CA) more efficiently and effectively than the IDM firms.  

However, based on the level of R&D expenditures, the results for this hypothesis are not as clear 

cut. Even though the cluster alliance coefficient is higher for the firms spending less than the 

sample mean value of R&D, it is not significant.  

In summary, I find that the effect of ego network technological resources is positive and 

significant for two-year lag. The interconnectedness hypothesis (Hypothesis 2) is not supported. 

The effect of competitive intensity (Hypothesis 3) is significant when the number of firms within 

the cluster exceeds 20. The effect of squared term of competitive intensity is negative and 

significant, thus providing support for the curvilinear effect of competitive intensity. The effect 

of cluster technological resources (Hypothesis 4) is positive and significant for one-year lag 

providing support for the hypothesis 4. The results of hypothesis 5 are mixed. The effects of 

'pure cluster' technological resources and 'within-cluster-ego-network' technological resources 

are positive and significant for one-year lag but insignificant for two-year lag, while the effect of 

'away-cluster' technological resources is positive and significant for a two-year lag but 

insignificant for a one-year lag. Finally, the test results of hypothesis 6 examining the moderating 

role of firm resource barriers shows some encouraging results as well. As the results suggest, to a 

great extent, the resource-rich firms leverage the ego network resources more effectively than the 

resource-deficient firms do. Further, the resource-deficient firms leverage the cluster resources 

more effectively than the resource-rich firms do.   
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     Table 5.10 A (r =200) [Two-year lag] Hypothesis 5 Role of Innovation Barriers 
 

  
If 
IDM 

If 
IDM 

If 
 Fabless 

If  
Fabless 

IF LNRD 
>4.144169  
(mean +1 
SD) 

IF LNRD 
>4.144169 
(mean +1 SD) 

If LNRD < 
3.0 (mean) 

If LNRD < 
3.0 
 (mean) 

Variable Base-13c Model 13-c Base 13-d 
Model 
13-d 

Base 
Model-13a Model 13-a Base 13-b Model 13-b 

  IRR IRR IRR IRR IRR IRR IRR IRR 
LNSALESit-1 1.9639*** 1.7715** 0.7023 0.7039 2.8378*** 2.8245*** 1.3678* 1.2393 
  (0.3706) (0.3276) (0.3623) (0.3631) (0.7338) (0.7642) (0.1960) (0.1869) 
LNEMPLYit-1 0.6398** 0.6138** 4.1700† 4.1772† 0.5963* 0.4929* 0.7452 0.8319 
  (0.1059) (0.0972) (3.0621) (3.0668) (0.1550) (0.1385) (0.2968) (0.3280) 
LNRDit-1 0.8978 0.9804 0.4854 0.4846 0.7378† 0.7961 2.0971* 2.0597* 
  (0.1339) -0.1358 -0.3873 -0.3887 -0.1282 -0.1283 -0.6917 -0.6503 
FIRMAGEit-1 1.0103 1.0168 1.1885* 1.1892* 1.0138 1.0171 0.9533 0.9574 
  -0.0122 -0.0118 -0.0983 -0.0986 -0.012 -0.0117 -0.037 -0.0387 
CRit-1 0.7564*** 0.7572** 1.1562 1.1507 0.8233 0.8484 0.8728* 0.8344* 
  -0.0563 -0.0553 -0.1229 -0.1241 -0.1101 -0.1094 -0.0576 -0.0627 
ENTRdepctc4it-2   1.0000**   1   1.0000**   1.0000† 
    0   -0.0001   0   0 
Log likelihood -430.3408 -427.1485 -69.4453 -69.4099 -372.587 -369.0346 -72.5424 -70.9958 
Wald chi2(5)    39.79 53.41 20.92 20.62 44.58 57.9 20.76 25.1 
Observations 120 120 43 43 81 81 57 57 
N 22 22 15 15 14 14 20 20 
p<.1†, p 
<0.05,*p<0.01**,p<0.001,***                 
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    Table 5.10B (r =200) [One-year lag] Hypothesis 6 Cluster, Alliances & Innovation Barrier 
 

  If Fabless If Fabless If IDM If IDM LNRD<3 LNRD<3 LNRD>4.14 LNRD>4.14 
Variable Model 4-a Model4-b Model 4-c Model 4-d Model4-e Model 4-f Model 4-g Model 4-g 
  IRR IRR IRR IRR IRR IRR IRR IRR 
LNSALESit-1 1.0005 1.0020 2.1109*** 1.9500*** 1.1817 1.2161† 3.2546*** 2.7520*** 
  (0.1882) (0.1904) (0.3239) (0.3084) (0.1364) (0.1396) (0.6534) (0.5813) 
LNEMPLYit-1 1.5133 1.8235* 0.6045*** 0.6861** 0.9825 0.8815 0.5067*** 0.6305** 
  (0.3888) (0.4854) (0.0800) (0.1001) (0.1548) (0.1479) (0.1059) (0.1241) 
LNRDit-1 1.1297 1.0310 0.9918 0.9747 1.3314* 1.4451** 0.7146* 0.5401*** 
  (0.2205) (0.2060) (0.1135) (0.1096) (0.1587) (0.1863) (0.1190) (0.0916) 
FIRMAGEit-1 1.056717† 1.0195 1.0007 0.9897 0.9756 0.9852 1.0173 1.0243† 
  (0.0307) (0.0357) (0.0088) (0.0100) (0.0166) (0.0180) (0.0112) (0.0128) 
CRit-1 1.0015 1.0028 0.9814 0.9848 0.9671 0.9691 0.9438 0.8930 
  (0.0177) (0.0201) (0.0206) (0.0207) (0.0225) (0.0227) (0.0748) (0.0669) 
COMPINTSYit-1   0.9950   0.9967   0.9983   1.0003 
    (0.0043)   (0.0022)   (0.0036)   (0.0026) 
PCit-1   1.1498***   1.0814***   0.9515   1.1530*** 
    (0.0494)   (0.0263)   (0.0346)   (0.0372) 
CAit-1   2.7332***   1.1871*   1.2678   1.2394** 
    (0.7852)   (0.0836)   (0.4592)   (0.0966) 
ACAit-1   1.0023   1.0007   0.9942   1.0054 
    (0.0394)   (0.0072)   (0.0373)   (0.0068) 
Log likelihood -351.0647 -343.0989 -959.5274 -953.2937 -489.553 -487.853 -522.371 -510.72782 
Wald chi2(5)    32.74 58.15 70.34 98.02 16.25 19.88 75.18 102.5 
Observations 203 203 384 384 403 403 116 116 
N 34 34 48 48 70 70 18 18 
p<.1†, p 
<0.05,*p<0.01**,p<0.001,***                 



  
 

   144

    Table 5.10C (r =200) [Two-year lag] Hypothesis 6 Cluster, Alliances & Innovation Barrier 
 

  If Fabless If Fabless If IDM If IDM LNRD<3 LNRD<3 LNRD>4.14 LNRD>4.15 
Variable Model 5-a Model5-b Model 5-c Model 5-d Model 5-e Model 5-f Model 65-g Model5-g 

  IRR IRR IRR IRR IRR IRR IRR IRR 
LNSALESit-1 0.9704 0.9721 1.9549*** 1.9093*** 1.1757 1.1333 2.7122*** 2.5321*** 

  (0.1793) (0.1790) (0.3103) (0.3075) (0.1384) (0.1227) (0.5914) (0.5746) 
LNEMPLYit-1 1.6493† 1.7617† 0.6441** 0.6507** 1.0354 0.8843 0.5627** 0.5968* 

  (0.4463) (0.5232) (0.0919) (0.0955) (0.1764) (0.1474) (0.1259) (0.1274) 
LNRDit-1 1.0583 1.0044 1.0228 1.0253 1.3563* 1.612*** 0.7564† 0.6353* 

  (0.2162) (0.2220) (0.1182) (0.1179) (0.1672) (0.2147) (0.1275) (0.1177) 
FIRMAGEit-1 1.0591† 1.0554 0.9938 0.9935 0.9691† 1.0025 1.0146 1.0205 

  (0.0323) (0.0438) (0.0093) (0.0102) (0.0185) (0.0246) (0.0117) (0.0132) 
CRit-1 1.0039 1.0084 0.9754 0.9758 0.9651 0.9769 0.9470 0.9337 

  (0.0174) (0.0168) (0.0221) (0.0219) (0.0238) (0.0235) (0.0726) (0.0705) 
COMPINTSYit-2   1.0053   1.0011   1.0077*   1.0032 

    (0.0047)   (0.0024)   (0.0038)   (0.0027) 
PCit-2    0.9868   0.9895   0.8524***   1.0409 

    (0.0521)   (0.0219)   (0.0342)   (0.0328) 
CAit-2    1.0727   1.1019   0.5434   1.1472† 

    (0.4233)   (0.0695)   (0.2935)   (0.0898) 
ACAit-2   1.0898*   1.0126†   1.0421   1.0118† 

    (0.0444)   (0.0069)   (0.0316)   (0.0064) 
Log likelihood -328.7690 -325.9704 -874.93281 -872.113 -443.756 -433.16 -483.65983 -479.06753 
Wald chi2(5)    28.18 33.86 52.09 68.66 17.4 41.82 42.46 55.81 
Observations 192 192 356 356 365 365 109 109 

N 34 34 48 48 66 66 18 18 
p<.1†, p 
<0.05,*p<0.01**,p<0.001,***                 
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Table 5.11: Summary of Key Findings 
Hyp # D.V. I.V. Prediction Result Conclusion 
Ego Network Effects    

1A Volume of 
Innovation 
Output 

Volume of Ego Network 
Technological Resources 
 

    
+ 

 
+ significant at 0.01 level for two-year lag 

 
Supported 

1B -do- Volume of Ego Network Financial 
Resources 

+ + ve non significant Not Supported 

2 -do- Extent of Interconnectedness  

 

Two-year lag 
i) Linear term + ve significant at 0.10 level 
ii) Squared term –ve but non significant 

 
Modest support 

Cluster Effects    
3 -do- Cluster Competitive Intensity  

( if greater >30) 
 

 

One-year lag 
i) Linear term +ve significant at 0.001 level 
ii) Squared term –ve significant at 0.001 
level 

 
 

Supported 
 

4 -do- Volume of Cluster Technological 
Resources 

+ + ve significant at 0.001 level for one-year 
lag 

Supported 

Ego Network and Cluster Joint Effects    

5A -do- Volume of 'Pure-cluster' Technological 
Resources 

 
+ 

+ ve significant at 0.001 level for one-year 
lag 
 

 
Supported 

5B -do- Volume of 'Within-cluster-ego-network' 
Technological Resources 

+++ + ve  significant at 0.01level for one-year 
lag 
 
 

Supported 

5C -do- Volume of 
'Away-cluster' 
Technological Resources 

             
         ++ 

 
+ ve significant at 0.05 level for two-year 
lag ; however the effect is not greater than 
the 'pure-cluster' effect 

Partially 
Supported 

Moderating Effects: Firm Resource Barrier    
6A -do- i)Volume of ego network  technological  

Moderator 
ii)Level of firm resource 

      
          + 

 
Effects are greater for resource-rich firms 
 

Supported 

6B -do- i )Volume of cluster technological 
resource 
Moderator 
ii ) Level of firm resource 

            
          - 

Effects are greater for resource-deficient 
firms 
(Support for one of the two indicators of 
level of firm resource) 

Partially 
Supported 
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6.0 DISCUSSION, IMPLICATIONS AND CONCLUSION 

In this dissertation I examine how, why and when firms can leverage the external resources 

residing in their ego networks and in their geographic clusters to enhance the likelihood of their 

innovation output. This research provides the evidence of the role played by ego network and 

cluster resources in a firm's pursuit of technological innovations. This study attempts to shift the 

focus of discussion from simply being on the networks and clusters to the resources these 

networks and clusters hold. Further, this research demonstrates the importance of examining a 

firm's entire portfolio of alliances rather than focusing just on dyadic alliances.   The research 

also provides a framework showing how networks and clusters may work in tandem and shows 

the empirical evidence of how the effectiveness of cluster resources increases in the presence of 

alliances within the cluster. This research also shows under what conditions networks and 

clusters may help or inhibit a firm's innovation efforts. This study brings several very significant 

findings that have great implications for the research in the alliance, network, cluster and 

innovation fields as well as for the managers struggling to organize technological innovation 

activity in an effective manner.  

First, I find that the ego network technological resource potential has a positive impact on the 

innovation output of a firm. Second, competitive intensity of a firm's cluster has a positive and 

curvilinear impact on the innovation output of the firm; but the effect becomes significant only 

when there are a certain minimum number of firms present in the cluster. Third, a firm's cluster 

technological resource potential has positive impact on its innovation output. Fourth, firms 

resorting to alliances within their clusters are able to leverage their cluster technological 

resources to a much greater extent than those firms which do not have alliances in their clusters.  

Fifth, I find that firms can also mobilize the technological resources of away-clusters (clusters in 
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which the focal firm is not located) through their network ties to those clusters. Lastly, 

examining the role of firm resource barriers, I find that resource-rich firms leverage their ego 

network technological resource potential more effectively than the resource-deficient firms do. 

Further, I find (partial) support for the hypothesis that resource-deficient firms leverage the 

cluster technological resource potential more effectively than the resource-rich firms do.  

However, I do not find significant effect of ego network interconnectedness and the ego network 

financial resources on the focal firm's innovation output.  

The research findings of this study suggest the importance of external resources in a firm's 

innovation efforts particularly the resources embedded in a firm's network and its cluster. This 

research demonstrates that firms can leverage their cluster resources more effectively if they also 

resort to formal alliances to mobilize the cluster resources. Thus, this study shows that the formal 

mechanisms such as alliances and informal mechanisms (e.g. interaction of employees working 

in a cluster) may complement each other. Firms which can develop structured processes to 

harness the benefits arising through formal and informal mechanisms can leverage the cluster 

resources more efficiently and effectively.  

 In addition, the research findings show that a firm can also reach out to distant clusters by 

establishing network ties to those clusters and thus mobilize the resources residing in those 

clusters with the help of network ties. The research findings of this study further demonstrate that 

the effectiveness of network resources and cluster resources in enhancing the likelihood of 

technological innovation varies depending upon the extent of resource barriers a firm faces. The 

resource-rich firms benefit more from the network resources, while resource-deficient firms 

benefit more from the cluster resources. Hence, firms may focus more on clusters or networks 

depending upon the extent of resource barriers they face.  Thus, this research demonstrates the 
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benefits of joint examination of networks and clusters. Through the joint examination of network 

and cluster, as the study shows, we understand the complementary role they play in a firm's 

innovation efforts. In addition, when we examine the effects of networks and clusters together 

with the firm characteristics, we may further understand the conditions under which networks 

and clusters may be more helpful or less helpful as is demonstrated by this study.   

6.1 CONTRIBUTIONS TO THEORY 

i) Contribution to Innovation Literature 

This study contributes to the innovation literature in several ways. First, the systematic 

identification of key innovation barriers—resource constraints, uncertainty, and internal 

rigidity—provides a more concrete basis to examine underlying problems firms face in their 

innovation efforts. Second, this study suggests a fundamentally different approach to examine 

the phenomenon of innovation.  Taking a barrier approach to innovation, this study makes an 

initial attempt toward our understanding of innovation barriers by empirically examining the role 

of firm resource barriers in the efficacy of cluster and network resources.  Third, the theoretical 

framework advanced in this study further suggests how firms facing different kinds of barriers 

may use different mechanisms to overcome those barriers. This approach is likely to be helpful 

in advancing a theory of innovation that identifies the key innovation barriers, explains the role 

they play in the innovation process and how firms can overcome those barriers.  Equipped with a 

better understanding of such barriers, firms can design internal mechanisms, network and cluster 

mechanisms to address those barriers. Finally, this study helps to understand how networks and 

clusters work in unique and complementary ways in mitigating the key innovation barriers and 

consequently improving firm innovativeness.  
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ii) Contribution to Alliance and Network Literature 

This dissertation contributes to the emerging theory of how the portfolio of alliances that a firm 

maintains—its ego network—, influences the firm's performance. In particular, this study 

demonstrates how the technological resource potential of the ego network influences the focal 

firm's ability to generate technological innovations. In the alliance literature, the focus has been 

at the dyad level and little attention has been on the properties of the portfolio of alliances a firm 

has.  Firms that engage in alliances activities often maintain a portfolio of alliances. In 

maintaining their portfolio of alliances firms have to invest significant amount of resources.  But 

prior research has not examined whether maintaining the portfolio of alliances has significant 

effects on the firm. Questions such as whether the characteristics of this alliance portfolio 

influence a firm's performance are still largely unanswered. Very recently researchers (Lavie & 

Rosenkopf, 2006) have started examining the role of alliance portfolio in the firm level 

outcomes. This study very significantly contributes to the emerging body of portfolio of alliance 

literature by examining how the characteristics (e.g. technological resource potential) of a firm's 

alliance portfolio influence the firm's likelihood of technological innovation.  On the other hand 

prior network research that has largely been preoccupied with the structural and to a certain 

extent relational aspects of a network has ignored the role of resources that reside on the nodes 

(Bell, 2005; Burt, 1992; Gulati, 1999; Owen-Smith & Powell, 2004). Further, the prior network 

empirical research taking the socio-centric perspective examines the role of within industry ties 

only and leaves out those ties that are outside the industry under consideration. Thus, this 

research has not examined the effect of entire portfolio of alliances a firm maintains either. Some 

of the research that apparently adopts ego perspective in its operationalization of network 

(Ahuja, 2000a, b) does not examine the effect of a firm's entire portfolio of alliances (both within 
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industry and outside the industry).  In order to innovate in a sustained manner, firms require 

different kinds of resources and need to co-commit resources without ex-ante knowing the 

outcomes. Focus on structural aspects of network alone, for example, is likely to provide a rather 

simplistic view of network effects. More importantly, the complex resources (e.g. technological 

resources, tacit knowledge, know-how etc) are unlikely to “travel” to distant and unconnected 

firms. The delay and noise at each step would make such resources of little value even if they 

reach the focal firm from distant nodes. Therefore, focus on the immediate relational 

neighborhood, the ego network, is very important to understand the impact of network resources 

on a phenomenon such as technological innovation. The ego network may also represent the 

organizational field (Warren, 1967) with which the focal firm more intensely interacts. As the 

findings of this study suggest that for innovation it is the resource potential of the ego network 

particularly in terms of technological resources that is critical for innovation.  The study also 

shows the kind of firms that can leverage the network resources more effectively. For instance, 

as demonstrated by this study, the resource-rich firms are better equipped to leverage the 

network resources than the resource-deficient firms. However, apparently it seems an irony that 

network helps firms overcome innovation resource barriers but only those firms can leverage 

these network resources that are resource-rich!  But this puzzle can be understood by an analogy 

usually talked about on the stock market: "to make money you need money".  Firms need 

resources to attract and mobilize network resources. Firms that lack resources may not have 

access to network resources and if they have they may not be able to mobilize those network 

resources. By focusing on ego network resources, this study attempts to shift the focus of 

network inquiry from how far a firm can reach to who it can reach.  
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iii) Contribution to Cluster Literature 

The study also contributes to the cluster literature in several ways. The study advances our 

understanding of how, when and what kind of firms benefit from their clusters. The study 

demonstrates how the underlying cluster mechanisms such as competition influence the extent to 

which a firm can benefit from its cluster. In the process, this study also demonstrates that a 

critical mass of firms operating in the same industry may be a necessary condition before a group 

of co-located firms can create an effective cluster. This study further contributes to the cluster 

literature by rather than simply looking at whether a firm is in a cluster or outside a cluster 

(Baptista & Swann, 1998; Saxenian, 1994), by examining the role of cluster resources on firm's 

innovation performance. Thus, the study helps us understand how the characteristics of a cluster 

influence the extent to which a firm benefits from it. Further, through the joint examination of 

cluster and network, this study contributes to the literature by showing how the clusters and 

network may complement each other. Lastly, this study makes a very important theoretical 

contribution to the cluster and network literature by identifying the conditions in which a firm's 

ego network resources and cluster resources are likely to influence the firm's ability to benefit 

from them.  

6.2 CONTRIBUTIONS TO EMPIRICAL RESEARCH 

This dissertation contributes to empirical research in the field of alliances, networks and clusters 

in important ways. The study examines how the technological resource potential of a firm's 

portfolio of alliances influences its ability to generate technological innovations. Prior alliance 

research has examined the role of each alliance separately, but has not looked at them as a 

collective entity; while the network research has primarily focused on structural and relational 

characteristics and has ignored the role of nodal resources.  The study examines the role of a 
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firm's entire portfolio of alliances and not simply that of R&D ties. The study contributes to the 

network literature by examining the role of network capital (structural, relational, and nodal) in a 

most comprehensive manner. 

In the cluster research, prior research has examined the effect of clusters by presence or absence 

in pre-designated clusters. But we have little understanding of when a group of firms form a 

'cluster', what kind of cluster matter for technological innovation. Rather than starting with a pre-

designated cluster, I constructed the clusters based on the data of firms' locations. This approach 

of establishing cluster helps us understand the threshold level of cluster. To answer the question, 

what kinds of cluster are important for technological innovations, this study examines the effect 

of a cluster's technological resources on its member firms' innovation output.  

More important contributions of this study comes from helping us understand what kinds of 

firms benefit from networks and what kinds of firms benefit from clusters. Firms short on 

resources are better-off relying more on clusters. More resource-rich firms have greater ability to 

leverage their networks. In an empirical study Rosenkopf & Almeida (2003) find that alliances 

are ineffective for accessing the knowledge spillover but their research does not suggest why 

alliances are ineffective. A closer examination of their data suggests that their sample is of start-

up firms—mostly resource-deficient firms. As the findings of this study suggest the resource-

deficient firms lack the ability to effectively mobilize network resources, and thus sheds the light 

on the findings of Rosenkopf & Almeida's (2003) study regarding why alliances are not effective 

for accessing knowledge spillover for the start-up firms. The research findings of this study also 

suggest that it takes longer for the benefits of alliances to reach the focal firm than for the 

benefits of cluster to reach. This study also finds empirical support for the hypothesis that firms 



  
 

   153

located outside of an 'attractive cluster' can mobilize the cluster resources through their network 

ties to the cluster.  

6.3 Limitations and Directions for Future Research 

In this section, I discuss the limitations of this study and future research possibilities. The 

limitations of this study can be traced to the data, method, and to the theoretical framework used 

in this study. The alliance data of this study captures the relationship between partners of a focal 

firm when at least one of the partner firms is in the semiconductor industry. But when both the 

partners are outside the semiconductor industry, this study data does not capture their 

relationship though it may exist. One of the possible reasons, why the effect of extent of 

interconnectedness between partners is not significant may be because there are very few 

observations when interconnectedness has a non-zero value. To a certain extent, this may be 

because of the fact that the data does not capture the existing relationships between partner firms 

(ego network members, other than the focal firm) when both the partners are outside the 

semiconductor industry. Another data limitation is that I use a firm's headquarter to identify its 

location. However, a firm may have other establishments that may be in 'away-clusters'. So, a 

firm may be using its establishments to mobilize the 'away-cluster' resources, but as this study 

lacks the establishment information, it is not able to discern the effects of establishments in 

mobilizing the 'away-cluster' resources from those of network ties to the cluster.  

In terms of methodological limitations, this study only tests the effects of firm resource 

barriers, but does not tests the effects of other innovation barriers— uncertainty and rigidity. 

Further, this study tests the effects of network and cluster factors on the volume of innovation 

output but does not test their effect on the likelihood of breakthrough innovations.  In terms of 

limitations of theoretical framework, this study ignores the role of intra-organizational network 



  
 

   154

and interpersonal network. Further, this study assumes the level of firm absorptive capacity as 

constant. The extent to which firms may benefit from the networks and clusters may also depend 

upon the level of firm absorptive capacity.  Future research can further advance our 

understanding of the role of network and cluster factors by addressing these limitations. Further, 

future research can test these hypotheses in other industries as well as in a global industry. Such 

research will further test the extent of generalizibility of this study's findings.  

6.4 Managerial Implications  

I believe that managers will benefit greatly from the findings of this study in terms of 

organizing technological innovations and resolving their dilemma regarding collaboration and 

co-location. Focus on the ego network provides a more concrete basis for managers to evaluate 

potential costs and benefits associated with each tie and to design their firm’s network strategy.  

First, since ego network factors contribute to enhance innovation, it is important that managers 

view ego network as a strategic lever and accordingly design and structure their firm’s network. 

Similarly, firms located within the cluster would make efforts to institute the mechanisms to 

mobilize cluster resources. The understanding of innovations barriers and networks and clusters 

contribute in unique ways to overcome those barriers. Managers could use the findings of this 

research to more clearly understand the positive and negative implications of key external factors 

and the tradeoffs involved in dealing with the dilemma of collaboration and co-location. 
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