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Effects of Competition on Governance Choice and Project Performance: 

Evidence from Clinical Trials in the Biotechnology Industry 
 

CHAPTER 1:  INTRODUCTION 

Research and development firms1 face the dilemma of whether to develop2 new 

technologies internally, or to form alliances with other firms and jointly organize 

technology projects. Once a firm chooses to ally with another, the dilemma remains:  

Which mode of governance would the two firms select to achieve superior performance?  

Conventional wisdom suggests that an alliance enables R&D firms to share risk, 

raise capital, access complementary assets, develop new competencies, and enhance their 

legitimacy (Baum and Oliver, 1991; Doz and Hamel, 1998; Dyer and Singh, 1998; 

Gulati, 1995; Mayer and Salomon, 2006; Stuart, 2000). Yet by forming partnerships, they 

forgo a portion of the future profits they would have otherwise appropriated. Alliances 

with external organizations could also be risky because the partner may have the 

capability and motivation to misappropriate valuable knowledge (Anton and Yao, 1994; 

Arrow, 1962; Doz, 1987; Dushnitsky and Shaver, 2009; Teece, 1986). As a result, R&D 

firms must carefully assess the relative benefits of alternative governance modes for their 

                                                 
1)  In this dissertation, R&D firms are firms whose primary focus centers on developing and 

commercializing new technologies; more importantly, these firms do not possess downstream assets, 
such as manufacturing facilities, marketing, or distribution channels. Other scholars have referred to 
similar firms as young technology-based firms (Yli-Renko et al., 2001), technology start-ups (Lee et 
al., 2001), early-stage technology-based firms (Preece, Miles, and Baetz, 1999), and start-up 
innovators (Gans and Stern, 2003). 

2) Technology development and technology commercialization are used interchangeably in this 
dissertation.  



2 

 

technology projects − a fact that has been emphasized by the growing literature in 

entrepreneurship and technological innovation (Gans and Stern, 2003; Teece, 1986). 

Although scholars have examined the determinants of governance choice from 

multiple perspectives (Aggarwal and Hsu, 2009; Gulati, 1995; Leiblein and Miller, 2003; 

Mayer and Salomon, 2006; Oxley, 1997; Oxley and Sampson, 2004; Pisano, 1989; 

Sampson, 2004; Villalonga and McGahan, 2005), much of this literature does not 

explicitly differentiate between heterogeneous external competitive conditions and their 

potential influence on governance choice.3 In most cases, the existing literature implicitly 

assumes homogenous effects of competition on governance choice.  

In this dissertation, I relax this assumption and focus on the effects of competition 

on choice of governance. I investigate this idea within the context of technology 

development by R&D firms. Specifically, I distinguish competitors based on their 

ownership of downstream assets. Such downstream assets may include manufacturing 

facilities, marketing, and distribution channels. I refer to firms with downstream assets as 

vertically integrated firms, and firms without such assets as R&D firms. Furthermore, I 

identify firm-level heterogeneous factors that drive the relationship between the presence 

of heterogeneous competitors and an R&D firm’s choice of three alternative governance 

modes: internal organization, an equity alliance and a non-equity alliance.  

                                                 
3)  Shan (1990) and Ang (2008) studied the effects of competition on collaborative activities. However, 

this dissertation differs from those papers in three important ways. First, both Shang and Ang focus on 
competition in product markets, while I focus on competition in the technology domain during 
technology development. Second, I categorize competitors based on the ownership of downstream 
assets, while they do not. Finally, I examine the different modes of governance choices, while Ang  
examines the number of collaborations and Shan compares internal development and external 
collaboration without differentiating among governance modes.  



3 

 

I extend this intuition a step further in order to examine the performance 

implications of governance choice. Because the choice of governance mode is an 

endogenous managerial decision, I argue that firms selecting the most appropriate 

governance mode are likely to outperform their counterparts facing a similar competitive 

environment, but with a less-than-optimal governance mode. 

This approach allows me to answer the following research questions from the 

perspective of R&D firms:   

 

 How do heterogonous competitors influence the governance choices of technology 
projects? 

 

 What are the performance implications of governance choice?  
 

I conducted a series of semi-structured interviews with the managers of small 

R&D firms, large FORTUNE 500 companies, consulting firms, and a trade association, 

primarily in the biopharmaceutical and medical device industries, to investigate some of 

the underlying mechanisms.4  

I tested the theoretical framework on a unique data set containing the history of 

379 drug development projects that were under development between 1996 and 2008 in 

24 therapeutic areas in the U.S. biotechnology industry. I developed the dataset primarily 

using four proprietary databases dedicated to the biopharmaceutical industry. The level of 

analysis is an R&D firm’s drug development project. I followed a cohort of drugs in a 

particular therapeutic area from their Phase I to Phase III clinical trials under the Food 

                                                 
4)  I conducted 23 interviews. See Table 1 in the appendix for the list of organizations I interviewed.  
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and Drug Administration (FDA) guidelines and examined the effects of competition on 

governance choice and subsequent performance outcomes. 

The findings of the dissertation have several implications for the study of 

entrepreneurship and technological innovation. First, by providing an external 

competition-based perspective of governance choice, the dissertation complements prior 

research that primarily focuses on transaction and organizational resource-based 

determinants (Mayer and Salomon, 2006; Ménard, 2004; Oxley 1997; Oxley and 

Sampson, 2004; Williamson, 1985, 1991). Second, by disentangling competitors based 

on the ownership of downstream assets − R&D firms and vertically integrated firms − the 

dissertation sheds light on the structure of competition during technology development. 

Although scholars emphasize the importance of downstream assets in technology 

commercialization (Gans and Stern, 2003;Teece, 1986), this dissertation makes an initial 

attempt to understand how the possession of such assets influences the governance choice 

and performance of technology projects. Finally, by presenting evidence of performance 

implications of governance choice, the dissertation answers the call for more research on 

this important relationship (Joskow, 1990; Sampson, 2004). 
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CHAPTER 2:  REVIEW OF LITERATURE 

In this section, I review the relevant literature I use in developing the theoretical 

framework of the dissertation. I draw on three major streams of literature: innovation, 

transaction cost economics, and industrial organization. In addition, I review an 

emerging body of literature that examines the effects of interfirm collaboration on 

competition. I integrate elements from these literature streams and build on them to better 

address the research questions that I ask in the dissertation.  

I draw on the sub-domain of innovation literature that examines the challenges 

firms face in commercializing new technologies. I focus on the studies that examine the 

governance mode of technology commercialization from the perspective of R&D firms. 

This stream of work examines specific internal and environmental conditions that 

influence whether a firm is more likely to commercialize a new technology in-house or in 

collaboration with external partners. While the literature informs us how external factors, 

such as an intellectual property regime, shape the governance structure of technology 

commercialization, it is relatively silent about the role competition plays in the process − 

the focus of the dissertation. Furthermore, the literature examines the governance 

structure of technology commercialization from an abstract level with limited focus on 

different types of governance structures that an R&D firm may employ in technology 

commercialization. To overcome these limitations, I draw on the transaction cost 

economics and industrial organization literatures to better understand the effects of 

competition on the governance choice of technology projects.  

Transaction cost economics focuses on the choice of governance and its impact on 

transactional hazards (Williamson, 1991). Based on transactional attributes and the 
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institutional environment within which a transaction occurs, the approach enables us to 

predict the most efficient mode of governance for a given transaction. I review the 

fundamental elements of the transaction cost approach developed within the new 

institutional economics literature (Hart, 1995; Ménard, 1998; Williamson, 1985, 1991, 

1996). Furthermore, I review in detail the hybrid forms of governance that relate to the 

interfirm alliance I study (Ménard, 1998; Williamson, 1996).  

The transaction cost approach to the choice of governance lends little guidance on 

the effects of within industry competition on the governance. As a result, I draw on the 

industrial organization literature to better understand the influence of competition in the 

technology development process. Within the industrial organization field, I specifically 

focus on studies that examine research and development competition and how such 

competition relates to the choice of R&D organization (Hagedoorn et al., 2000; Kamien 

et al., 1992; Veugelers, 1998). 

Finally, I review an emerging stream of work that focuses on how interfirm 

alliance shapes the nature of competition and profitability of rival firms (Gomes-

Casseres, 2003,Park and Zhou, 2005; Silverman and Baum 2002). Most of these studies 

have been developed within the strategic management field. The topic of the dissertation 

most closely relates to this stream of work. While these studies examine the effects of 

interfirm alliance on competition, I study how competition during technology 

development affects the choice of governance.  

In the following section, I elaborate on the relevant literature and discuss how the 

studies relate to each other and how they jointly inform the theoretical framework that I 

develop.  
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2.1 Innovation and Technology Commercialization  

A fundamental issue in the innovation literature is how firms can appropriate 

returns on their innovations in competitive markets. The literature highlights both internal 

and external conditions that influence the organization of a firm’s technology 

commercialization activities. One can trace the intellectual roots of the literature to 

Schumpeter (1950), who argues that a perfectly competitive market structure creates an 

environment within which a firm is less likely to appropriate sufficient returns on its 

investments in R&D. He suggests that large monopolistic firms are best at innovative 

activities because they can use their monopoly profits to fund research and innovation. 

He further argues that competitive firms that do not have cash cushions of monopoly 

profits are, therefore, unable to finance their innovations.  

While the Schumpeterian theory of innovation provides a simple framework, it 

does not explicitly identify or explain the underlying mechanisms that enable firms to 

appropriate rents from their innovations. Nevertheless, the theory drew enormous 

interests among scholars in the industrial organization economics stream. These 

researchers attempted to understand the relationships between firm size, market structure, 

and innovation (Scherer, 1990). The scholars posit that a firm’s R&D investment is likely 

to be contingent on its ability to capture rents from innovations. That is, a firm’s R&D 

intensity5 is likely to be higher when the firm can appropriate higher returns on its 

innovations. Because market concentration in an industry − as a proxy for market power 

                                                 
5)  As measured by the ratio of a firm’s R&D investment to its revenue.  
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− determines the degree of appropriability, as Schumpeter suggests, it should positively 

correlate with the level of R&D intensity.  

However, the empirical findings based on this conceptualization were 

inconclusive and often sensitive to other industry-level factors (Sutton, 1996). For 

instance, commenting on the vast empirical work in the area, Cohen and Levin (1989) 

wrote, “most papers report a positive relationship, though some find a negative relation, 

while others argue for a non-monotonic relation.” Similarly, Scherer’s (1992) survey of 

the empirical work demonstrates that Schumpeter overstates the advantages of large, 

monopolistic corporations as engines of technological change.  

Breaking from the Schumpeterian tradition, Teece (1986) proposes a more 

comprehensive firm-level framework that outlines conditions under which a firm is likely 

to gain from its innovations. From an R&D firm’s perspective, Teece highlights two 

central elements of the technology commercialization process: the nature of 

appropriability regime within which an innovator operates and the distribution of 

ownership and the control over critical complementary assets such as manufacturing 

facilities and distribution channels. Teece suggests that when the complementary assets 

are generic in nature and appropriability regime is strong, an R&D firm could gain from 

its innovations by licensing out the technology to a firm that owns those complementary 

assets. In contrast, when the complementary assets are specialized, the R&D firm is more 

likely to benefit by developing such assets internally.  

This framework has important implications to technology commercialization and 

strategic choices of R&D firms. First, the framework sets out conditions under which an 

R&D firm is more likely to initiate collaborative technology commercialization 
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strategies. That is, the framework enables us to predict the efficient governance mode of 

technology commercialization according to asset ownership structures and the external 

appropriability environment. Second, it highlights how the presence of complementary 

assets provides a competitive edge to vertically integrated firms over R&D firms during 

technology commercialization. Third, the framework classifies complementary assets into 

different categories based on their specific usage during technology commercialization. 

This classification subsequently determines the optimal governance structure of 

technology projects − an issue I address in the dissertation.  

Meanwhile, Teece’s framework finds strong empirical support in subsequent 

studies in several disciplines such as innovation, strategic management, and marketing 

(Arora and Merges, 2004; Gans et al., 2002; Kollmer and Dowling, 2004). Scholars 

extended the framework to incorporate contingencies that moderate the relationship 

between appropriability regime, complementary asset ownership structure, and economic 

gains.  

The relationship between the appropriability regime and the governance of 

technology projects received consistent empirical support. For instance, Gans et al. 

(2002) find that a stronger appropriability regime increases the relative returns to 

collaborative strategies when compared to self-commercialization among R&D firms. 

Cross-industry differences in intellectual property protection enable Gans et al. to 

measure the differential impacts of appropriability regimes on the returns from 

innovation. They suggest that stronger intellectual protection enhances the bargaining 

power of an R&D firm in an alliance by threatening its partner that it will enter the 
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product market independently. By extracting this additional bargaining power, the R&D 

firm generates rents from the collaborative relationship.  

In a similar study, Arora and Merges (2004) develop a formal model to show that 

stronger intellectual property protection enables R&D firms to have tighter control over 

their innovations and maintain independence from the owners of complementary assets. 

As a result, these firms are able to appropriate higher returns from the commercialization 

of new technologies through interfirm alliances. An in-depth case study from the 

biotechnology industry supports the idea of their model.  

A number of scholars focus exclusively on licensing as a technology 

commercialization mechanism for both R&D and vertically integrated firms. Based on 

Teece’s framework, they examine the effects of appropriability regime on the propensity 

of licensing. For instance, Anand and Khanna (2000) find that firms in the chemical 

industry, where intellectual property protection is strong, are more likely to license-out 

new chemical compounds. In contrast, in the electronics industry, where intellectual 

property protection is comparatively weaker, firms are less likely to adopt licensing as a 

technology commercialization mechanism.  

Similar to the effects of appropriability regime, the effects of complementary 

asset ownership on the governance of technology projects find strong empirical support. 

For example, Kollmer and Dowling (2004) find that firms that lack marketing channel 

and sales organization are more likely to license-out their technologies to industry 

incumbents in the biotechnology industry. While they focus on the significance of 

complementary assets in the technology commercialization process, Kollmer and 
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Dowling acknowledge the presence of strong intellectual property protection in the 

biopharmaceutical industry as an additional impetus for technology licensing.  

The rents an R&D firm may appropriate from a new technology are not only 

contingent on the characteristics of its own asset structures but also depend on the 

characteristics of its potential collaborative partners’ asset structure. This situation is 

likely to arise when a potential partner can leverage its existing complementary assets 

with the focal technology. Levine (2007) presents the evidence of this phenomenon in 

biotech-pharmaceutical collaborations. She finds that pharmaceutical firms are more 

likely to collaborate with the biotech firms in the drug categories where they have 

existing sales forces. Such collaboration enables the pharmaceutical firms to achieve 

economies of scale at the physician class level because physicians are the main target 

audience for drug sales campaigns. As a result, within this context, biotech firms are able 

to extract higher rents from interfirm alliances. 

Scholars also examine the joint effects of the appropriability regime and the 

ownership structure of complementary assets on the governance of technology projects. 

For instance, Arora and Ceccagnoli (2006) analyze the 1994 Carnegie Mellon survey on 

the U.S. industrial R&D and find that the relationship between stronger patent protection 

and licensing propensity is mediated by the ownership of specialized complementary 

assets. Anand and Khanna (2000) find support for similar joint effects in their cross-

industry study of licensing.  

In recent years, scholars have begun to extend Teece’s framework to include 

additional factors that influence the choice of governance of technology projects. I 

discuss two such extensions here. First, from the technology licensing perspective, 



12 

 

scholars examine two contrasting effects of licensing: (a) revenue effects and (b) rent 

dissipation effects (Arora and Fosfuri, 2003). The revenue effects result from the 

licensing payments received from licensees while the rent dissipation effects result from 

the erosion of profits the focal firm experiences due to an additional competitor in the 

product market. Naturally, the latter effect only arises when the focal firm is already in 

the market or plans to enter in the near future.  

This contingency could have an important implication on the choice of 

governance of technology projects. For instance, when the underlying technology can be 

used to develop a highly differentiated product, the licensee is more likely to become a 

stronger competitor in the product market. As a result, the magnitude of the rent 

dissipation effects under this condition will be higher. In contrast, when the underlying 

technology is related to a product with a low degree of differentiation, the effects of rent 

dissipation will be lower (Arora and Fosfuri, 2003). Fosfuri (2006) finds empirical 

support for the rent dissipation effects in a study of licensing activities in the chemical 

industry.  

Scholars also extended Teece’s framework to examine the long-term effects of 

collaborative commercialization strategy of R&D firms (Gans, 2007; Wakeman, 2008). 

Specifically, scholars argue that while a collaborative commercialization strategy may be 

an optimal approach for a new technology when considered as an individual project in 

isolation, such a strategy may have long-term detrimental effects on the focal firm’s 

ability to develop commercialization capabilities. Among this stream of work, Wakeman 

(2008) combines the insights from Teece’s framework and the routine and dynamic 

capability-based perspectives (Eisenhardt and Martin, 2000; Nelson and Winter, 1982; 
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Teece et al., 1997) to argue that, under certain conditions, a simple collaborative strategy 

with downstream firms could be detrimental to an R&D firm’s ability to develop crucial 

capabilities. He posits that when an R&D firm plans to develop additional technologies in 

the same domain, the firm is better off retaining the rights to participate in the marketing 

and distribution along with its collaborative partner. This participative approach enables 

the firm to learn capabilities that it can subsequently apply in technology com-

mercialization to extract higher rents on their innovations. Analyzing 565 alliances signed 

between U.S. biotech and pharmaceutical firms between 1992 and 2006, Wakeman finds 

empirical support for this learning effect of a participative commercialization strategy.   

Similarly, Gans (2007) extends Teece’s framework to examine the effects of 

collaborative commercialization on the future competition in a dynamic environment. He 

argues that, by collaborating, an R&D firm may involuntarily enhance the technological 

capability of its partner. Subsequently, the collaborative partner is likely to compete with 

the focal firm in the next-generation technologies. He suggests that the costs of such an 

adverse effect would be difficult to identify and compensate for in the focal collaborative 

arrangement. As a result, an R&D firm should consider this negative effect in their choice 

of collaborative strategy. 

In addition to Teece’sframework and its extensions, scholars examine the role of 

information asymmetry in technology commercialization. Information asymmetry may 

arise between an R&D firm and a potential partner because the former has superior 

knowledge about the underlying technology that it may not like to disclose to the outside 

world for strategic reasons. Based on Akerlof’s (1970) model of information asymmetry, 

Pisano (1997) argues that biotech firms take advantage of internal information in their 
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technology commercialization strategy. He posits that these firms are more likely to 

license-out projects with poor commercial prospect while commercializing projects with 

better prospect internally. The empirical analysis of 260 biopharmaceutical projects over 

a 15-year period supports this market for “lemons” hypothesis in the biotechnology 

licensing market. 

Despite the many benefits, information asymmetry between R&D firms and 

potential partners could also be an obstacle during technology commercialization. For 

instance, an R&D firm could be reluctant to disclose full information about the under-

lying technology to a potential collaborative partner due to the fear of misappropriation 

(Arrow, 1962; Anton and Yao, 1994; Dushnitsky and Shaver, 2009). Such partial 

disclosure could hinder the firm’s ability to collaborate with competent downstream 

firms. Under this information asymmetry condition, venture capitalists (VC) can play the 

role of information intermediary. Hsu (2006) identifies that VC-backed R&D firms are 

more likely to choose collaborative technology commercialization strategies, such as 

technology licensing and strategic alliance, compare to similar firms without the supports 

of VC firms. He suggests that a VC with long experience working with R&D firms could 

verify the quality of the underlying technology on behalf of a potential partner and thus 

reduce the information asymmetry between the parties. Analyzing a sample of 696 start-

ups, he shows empirical support for this hypothesis.  

Finally, scholars explored the determinants of success of collaborative commer-

cialization strategies from the R&D firm’s perspective. For instance, Zahra and Nielson 

(2002) argue that a firm’s internal human and technological sources are important for the 

success of a technology commercialization. They posit that formal integration and 
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informal coordination between internal and external manufacturing sources increases the 

success rate of technology commercialization. Based on data from a survey they find 

empirical support for these arguments.  

In short, the innovation literature provides useful insight into factors that 

influence the governance structure of a technology project. However, most empirical 

studies in this stream of research are cross-sectional studies where the researchers assess t 

two factors − ownership structure of complementary assets and the state of the 

appropriability regime at a given point of time − to examine their influence on the choice 

of governance. Such cross-sectional studies miss the opportunity to capture how the 

changes in those two factors influence the governance choice over a period.  

A further limitation of this stream of work is that scholars underemphasize the 

role of competition among firms during technology commercialization. Such omission 

does not fully capture the dynamics of technology commercialization. Finally, while the 

innovation literature suggests the factors leading to collaborative technology 

commercialization strategies, it only partially considers heterogeneous governance 

structures that firms could employ in collaborative strategies. In contrast, transaction cost 

economics emphasizes the different attributes of governance structures to identify the 

most appropriate governance mode for a given transaction. In the following section, I 

review the transaction cost approach from the technology commercialization perspective 

to better inform this critical aspect of technology commercialization.  
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2.2 Transaction Cost Economics and the Choice of Governance Structure  

 Over the past two decades, scholars have applied the transaction cost approach to 

understand the choice of governance in various contexts, including technology 

commercialization. Contrary to the neoclassical economics conceptualization of the firm 

as a production function, the transaction cost approach describes the firm as a governance 

structure that is distinct from the market in several dimensions (Williamson, 1991). 

Specifically, the approach recognizes that in a world of positive transaction costs, 

exchange agreements must be governed by appropriate governance structures to 

minimize the costs of organization in general and the costs of transaction in particular. 

The initial conceptualization of the transaction cost approach was limited to two modes 

of governance − market and hierarchy (Williamson, 1975, 1985) − and ignored the inter-

mediate modes of governance, such as alliances and joint ventures, that lie between the 

two extremes. However, Williamson (1991) incorporated the intermediate modes of 

governance within the transaction cost economics framework. In addition to Williamson, 

several other scholars (Ménard, 1998, 2004; Masten, 1996; Teece and Pisano, 1994) have 

advanced the understanding of the intermediate forms of governance − hybrids, as termed 

by Williamson − within the transaction cost approach since the publication of his 1991 

paper. 

In the following section, I focus on the hybrid modes of governance as they relate 

to the interfirm alliances that I study in the dissertation. I begin with a review of the key 

elements of the transaction cost approach developed by Williamson (1975, 1985, 1991) 

and others (Hart, 1995; Hart and Moore, 1990; Ménard, 2004) and founded on the initial 

ideas of Coase (1937). Based on these key elements, I further elaborate on the hybrid 
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forms of governance. Finally, I summarize a few important empirical papers that apply 

the transaction cost approach to understand interfirm alliances in general, and 

collaborative technology commercialization in particular.  

Transaction cost economics (TCE) is founded on two important behavioral 

assumptions. First, it inherits the concept of bounded rationality from the Carnegie 

School (Cyert and March, 1963; March and Simon, 1958) in its analysis of economic 

organization. Simon (1957, p. xxiv) describes human behavior as “intendedly rational but 

limitedly so.” According to this notion of human behavior, despite our best efforts, our 

ability to analyze all possible future contingencies that may arise in organizing economic 

activities is limited. To state it differently, we are simply unable to grasp complex issues 

cognitively. As a result, it is almost impossible to write comprehensive contracts between 

agents. In order to overcome this limitation, TCE suggests that economic activities should 

be conducted in a manner that economizes on bounded rationality. 

Second, the other behavioral assumption underlying the TCE approach is that of 

opportunism. Williamson (1975) suggests that some of the economic agents are “self-

interest seeking with guile.” Note here that this assumption does not claim that all 

economic agents act opportunistically and refer to stronger forms of opportunism such as 

lying, stealing and cheating (Williamson, 1985, p. 47). Generally, according to 

Williamson (1985, p. 47), opportunism refers to the incomplete or distorted disclosure of 

information, especially calculated efforts to mislead, distort, disguise, obfuscate, or 

otherwise confuse.6   

                                                 
6)  Such opportunistic behavior is likely to lead to non-cooperative behaviors by an agent. Here non-

cooperative behavior must be both feasible per se and incentive-compatible for the agent in question. 
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The two behavioral assumptions have important implications for how agents 

organize economic transactions within the firm and in the markets. First, due to bounded 

rationality, agents are less likely to foresee all of the contingencies that may arise in a 

given economic activity. Even when the condition allows, such comprehensive analysis 

of all possible scenarios is likely to be too costly and time consuming for any transaction 

to be efficient. The situation may become further complicated in the presence of 

uncertainty. Uncertainty may originate from the external environment or from the actions 

of the agents that undertake the economic activity.7 As a result, it is almost impossible to 

write comprehensive contracts that could efficiently oversee transactions between agents 

(Hart, 1995; Hart and Moore, 1990). That is, assuming bounded rationality and uncer-

tainty embeds economic transactions, all contracts are inherently incomplete, and 

adaptation and sequential decision-making are required as the future unfolds.  

Furthermore, an incomplete contract is likely to result in bilateral dependency 

between two agents involved in a transaction. When one of the agents invests in assets 

and capabilities that have relatively lower value outside the relationship, the other agent 

can opportunistically misappropriate a part of the investment’s (quasi) rents by 

threatening to withdraw from the relationship (Williamson, 1996, p. 106). TCE refers to 

such investments as relationship-specific investments. The degree to which an asset can 

be redeployed to an alternative use by a different user without the sacrifice of productive 

value refers to as asset specificity (Williamson, 1996, p.59; Klein, Crawford and Alchian, 

                                                                                                                                                 
That is, non-cooperative behavior would provide higher expected long-run payoff vs. cooperative 
alternatives. 

7)  Williamson (1985, p. 58) refers to the kind of uncertainty that stems from opportunism on an agent’s 
part as behavioral uncertainty.  
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1978).8  Given that contracts are incomplete and participating agents are likely to invest 

in relationship-specific assets, contracts are subject to what scholars refer to as 

contractual hazards.9 Furthermore, when the transaction environment is uncertain, agents 

are more likely to face a higher number of contingencies that will disturb the relationship 

and will give rise to further contractual hazards. Transaction cost economics suggests that 

the appropriate governance structures should safeguard economic transactions to mini-

mize the degree of contractual hazards. In particular, it suggests that simple transactions, 

where the risks of contractual hazards are low, should be governed by simple governance 

structures while more complex transactions, where such hazards are high, should be 

governed by more complex governance structures. TCE further suggests that governance 

structures differ in their adaptive capacities with respect to incentive intensity, 

administrative controls and contract law regimes (Williamson, 1991). The growing 

literature within the field identifies different attributes of governance structures along 

these three dimensions.  

Finally, one central characteristic that governs the transaction cost analysis is that 

it never examines a form of governance independently but in relation to other alternatives 

modes (Williamson, 1991). Matching a particular transaction with a particular mode of 

governance in order to reduce transaction costs obviously requires examination of all 

                                                 
8)  Williamson (1991) identifies six different types of asset specificity: (a) site specificity, (b) physical 

asset specificity, (c) human asset specificity, (d) brand name capital, (e) dedicated assets, and (f) 
temporal specificity.  

9)  Based on earlier work in the fields of law and economics, Williamson (1996) identifies three other 
types of contractual hazards stemming from  (a) weak property rights (Libecap, 1989), (b) measure-
ment error (Barzel, 1982; Ouchi, 1979), and (c) weakness in the institutional environment (North, 
1990).  
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other alternative governance modes that are available for the underlying transaction. That 

is why Williamson (1991) suggests that identifying and explicating the attributes of three 

modes of governance are central to the transaction cost analysis. Furthermore, when a 

transaction is more efficient to organize within a hybrid mode of governance compared to 

within a market or hierarchy, but several alternative hybrids are available, a clear under-

standing of the characteristics of different hybrid forms is imperative to any analysis.  

 

2.2.1 Hybrid Modes of Governance  

In the broadest sense, the hybrid form of governance exists in competitive 

markets because, under certain conditions, markets are unable to bundle the relevant 

resources and capabilities effectively (Teece and Pisano, 1994). Integrating those 

resources and capabilities within the firm’s boundaries is likely to reduce flexibility by 

creating irreversibility and diminishing incentives for agents (Ménard, 2004).10 William-

son (1991) suggests that the hybrid mode is characterized by semi-strong incentives and 

an intermediate degree of administrative apparatus, displays semi-strong cooperative and 

autonomous adaptation, and works out of a semi-legalistic contract law regime. That is, 

this form of governance lies between the two polar extremes of markets and hierarchies. 

As a result, hybrids are more appropriate when both the asset specificity and the uncer-

tainty underlying an economic activity are of an intermediate degree.  

While Williamson discusses the elements of hybrid forms of governance in his 

1985 book, The Economic Institutions and Capitalism (p. 83), it was his seminal 1991 

                                                 
10)  Also, integration may not be possible when it is prohibited by regulations (Ménard, 1998).  
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paper formalizing hybrid forms of governance that set the foundation for future work in 

the field. Prior to that work, organization theorists such as Powell (1987), Ring and Van 

de Ven (1992), and others identified and examined various intermediary forms of 

governance. However, Williamson (1991) provides the most comprehensive analysis of 

hybrids by drawing on earlier work in institutional economics, contract law, and organi-

zation theory. He argues that three generic forms of governance − markets, hybrids, and 

hierarchies − are distinct in their structures and coordinating mechanisms. They also 

differ in their ability to adapt to disturbances and face distinct contract laws that govern 

economic activities. 

At the core of the hybrid form of governance is a contractual arrangement that 

outlines the framework for the efficient coordination between the parties. The contract 

describes the roles and responsibilities and implicitly serves as a safeguard by reducing 

ambiguity about the obligations of the parties (Ménard, 1998). This reduces the scope of 

opportunistic behaviors of the parties. In addition, several other mechanisms facilitate the 

efficient coordination within a hybrid. For instance, contractual clauses may facilitate 

parties observing and verifying each other’s actions and thus reduce behavioral 

uncertainty. The provision for financial penalties in case of one of the parties failing to 

fulfill its obligations provides a further incentive for coordination between the parties.  

The contracts that govern hybrids resemble what law scholars refer to as 

neoclassical contracts (Macneil, 1978). Williamson (1991) suggests that the neoclassical 

contract law of hybrid governance differs from both classical contract law of markets and 
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the forbearance contract law of hierarchies,11 being more elastic than the former but more 

legalistic than the latter. Because bilateral dependency occurs within hybrids due to 

relationship-specific investments by the parties, the identities of the parties matter. This is 

a major characteristic of neoclassical contracts. Moreover, allocation of decision rights 

within hybrids plays an important role in incentivizing parties to collaborate. For 

instance, from the property rights perspective, Grossman and Hart (1986) and Hart and 

Moore (1990) argue that the party with a greater impact on the relationship may require 

the key decision rights in order to participate in the exchange.  

In addition to contractual arrangements, other mechanisms support hybrid forms 

of governance. For example, a joint board of directors composed of members of both 

partners governs equity joint ventures (Killing, 1993). The board works as a platform 

upon which partnering firms communicate and make joint decisions through voting and 

vetoing. It also provides an internal mechanism to resolve disputes. The senior manage-

ment and members of the board negotiate disputes prior to third party resolution 

(Sampson, 2004). Given that courts are often less efficient at resolving disputes that arise 

within hybrids, collaborating firms often have greater incentives to resolve the issues 

privately. In summary, under certain conditions, the contractual arrangements and other 

mechanisms that I have discussed above enable participating firms to coordinate 

economic activities more efficiently within hybrids than in the markets or within 

hierarchies.  

                                                 
11)  Williamson (1991) refers to forbearance in implicit contract laws that govern the economic activities 

within a firm.   
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The brief description above suggests that technology commercialization should be 

an appropriate context where firms are likely to form hybrid organization to acquire 

resources and capabilities from outside their firm boundaries. First, given that innova-

tions occur through recombination of existing resources and capabilities and a firm may 

not possess all of the necessary resources within its boundaries, it is more likely that the 

firm will rely on external sources for such resources. Second, knowledge-based resources 

are often tacit and difficult to transfer through market-based transactions. Close 

collaboration between the knowledge source and the acquirer of knowledge is often 

necessary for effective transfer of such knowledge resources. Hybrid forms of govern-

ance provide such structures for effective knowledge transfer. Finally, due to the risks of 

misappropriation, knowledge-based resources need to be governed by the effective 

governance structure that hybrids can offer.  

In the following section, I discuss some of the most relevant studies that apply the 

transaction cost approach to examine hybrid modes of governance in technology 

commercialization. While most of the studies are based on the TCE approach, the 

scholars often integrate TCE with related theoretical perspectives such as the resource-

and knowledge-based views of the firm, dynamic capabilities and evolutionary 

approaches, social networks theory, and organizational learning.  

Scholars from the transaction cost perspective initially focused on examining the 

determinants of governance choices in empirical studies. Specifically, they considered the 

organizational mode as a dependent variable and transactional properties as independent 

variables. Naturally, the two most important factors they examined are uncertainty and 

asset specificity and their influence on the governance choice. In later studies, scholars 
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began to examine the effects of governance mode on the performance outcomes of 

interfirm collaborations.  

Pisano (1989) made one of the first attempts to apply transaction cost logic to 

understand the hybrid forms of organization in R&D collaboration. He argues that a firm 

is more likely to hold equity stakes in a collaboration where the level of uncertainty is 

high and the firm invests in relationship-specific assets. He hypothesizes that by holding 

equity, the firm mitigates some of the contractual hazards through better communication 

and close monitoring. He examines two modes of governance − equity-based and non-

equity based alliances − and finds empirical support for this argument in data from the 

biotechnology industry.  

Prior to Pisano, scholars from the TCE stream argued that R&D activities are 

more efficiently organized within hierarchies than through markets (Teece, 1988; 

Williamson, 1975, p. 203). However, Teece provides initial evidence that some of the 

properties of hierarchies could be replicated by using partial equity ownership within 

hybrid forms of organization. Such an arrangement enables firms to access valuable 

resources from outside their boundaries without fully integrating the external party.  

Oxley (1997) builds on Pisano’s study and examines three different modes of 

governance:  unilateral contractual agreements, bilateral contractual agreements, and 

equity-based alliances among U.S. manufacturers. Consistent with the transaction cost 

logic, she finds that more hierarchical alliance modes are favored over more market-like 

alliance modes when appropriability hazards are high due to difficulties in specifying 

contracts for technology or in monitoring contracting parties’ activities. In a later study, 

Oxley (1999) extends this study a step further by including the institutional environment 
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within which transactions occur in the analysis in a later study. She finds that transaction 

specific dimensions and the institutional environment (the level of intellectual property 

protection) jointly determine the choice of governance mode. 

 While the TCE approach suggests that the equity-based governance mode is more 

efficient when parties face higher degrees of contractual hazards, the governance mode 

may not provide sufficient safeguards against the risks of misappropriation in R&D 

collaborations. This is especially true when the underlying technology is critically impor-

tant for the collaborating firms. Within this context, Oxley and Sampson (2004) argue 

that the allying partners choose to limit the scope of collaboration to safeguard against the 

risks of misappropriation. They find empirical support for this hypothesis in a sample of 

international R&D alliances in the electronics and telecommunications equipment 

industries.  

Scholars following the TCE tradition also examine the effects of governance 

mode on performance. The logic behind these studies is to examine whether the perfor-

mance outcome is enhanced when the governance structure follows the logic of 

transaction cost economics. For instance, Sampson (2004) measures the costs of 

misaligned governance − when the governance structure contradicts the prediction of the 

transaction cost logic − in an alliance context. She finds that the alliance governance 

modes that were selected based on the transaction cost logic substantially outperform 

their counterparts that contradict the TCE logic.  

Similarly, scholars examined contingencies that may moderate the relationship 

between the mode of governance and performance outcomes of hybrid forms of 

governance. For example, Sampson (2007) compares two forms of hybrids: bilateral 



26 

 

contracts and equity joint ventures. She finds that the level of technological diversity of 

R&D alliance moderates the relationship between the alliance governance form and the 

alliance performance. Furthermore, she finds that under the high level of technological 

diversity, the equity joint venture contributes more to firm innovation than do bilateral 

contracts. 

In summary, since the publication of Williamson’s (1991) paper, scholars are 

increasingly applying transaction cost approaches to examine the choice of governance 

modes in interfirm alliances, especially in the context of technology commercialization. It 

has also become popular among scholars to combine transaction cost logic with other 

theoretical perspectives such as the knowledge-based view (Sampson, 2004), resource 

and capability perspectives (Mayer and Salomon, 2006; Mowery et al. 1996), and organi-

zational learning (Argyres and Mayer, 2007; Ryall and Sampson, 2006; Sampson, 2004). 

By triangulating different perspectives, scholars are able to develop richer and more 

informed insights. However, these studies underemphasize the effects of competition on 

governance choice. Meanwhile, the industrial organization literature focuses on the inter-

action between competition and collaboration in the context of R&D competition. In 

order to bring additional insight from this stream of research, I review some of the most 

relevant studies of the field here. 

2.3 Industrial Organization and R&D Competition  

While transaction cost economics scholars focus on the determinants of efficient 

governance structures of technology collaboration and their effects on innovative 

performance, industrial organization scholars focus on much broader aspects related to 
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R&D collaboration. For instance, scholars in this stream of research compare the effects 

of R&D collaboration and non-collaboration on the level of R&D investments and overall 

social welfare outcomes of such arrangements (Hagedoorn et al., 2000; Kamien et al., 

1992; Veugelers, 1998), stability of cooperation (Veugelers and Kesteloot, 1994), and 

efficient organizational forms of collaboration (Tao and Wu, 1997). The key charac-

teristics of these studies are that they apply game theoretic tools and mathematical 

modeling to examine horizontal cooperation between firms that compete in the product 

market. Moreover, they analyze the implicit role that knowledge spillover between firms 

plays in the development of these models (de Bondt, 1997; Kamien et al., 1992).  

Based on the type of innovation these studies model, the field can be divided into 

two broad categories tournament and non-tournament models. Tournament models focus 

on the timing of an innovation with the underlying assumption that the winner of the 

innovation “race” earns substantial monopolistic rents (Reinganum, 1989), when entering 

the market ahead of competitors. Scholars often examine patent races as the basis of the 

innovation race in this context. In contrast, non-tournament models focus on the effects 

of more incremental innovation primarily on cost reduction and product differentiation. 

Firms are assumed to invest in R&D to reduce costs and compete in terms of price and 

output (Hagedoorn et al., 2000; Katz, 1986). As the theoretical framework I develop in 

the dissertation relates to tournament models, I primarily discuss this category of models 

here.  

The key determinant of whether to collaborate or compete during R&D is the 

level of anticipated knowledge spillover between firms (D’Aspremont and Jacquemin, 

1988; Kamien et al., 1992). When knowledge spillover occurs between two non-
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cooperative firms, it is assumed to be involuntary (Veugelers, 1998). Such involuntary 

knowledge spillover to competitors could have two effects on a focal firm. First, it will 

increase the pool of knowledge available to the focal firm’s competitors. This, in turn, 

will increase the competitive advantage of those competitors (Belderbos et al., 2004). 

Second, the competitive effects of involuntary knowledge spillover will discourage the 

focal firm from investing in R&D. In other words, the level of R&D investment in the 

focal firm is likely to reduce under this condition. In contrast, when two competing firms 

collaborate in R&D activities, they internalize each other’s knowledge spillover. 

Internalization of this type will reduce the disincentive effects of knowledge spillover that 

occur under a non-cooperation situation (Amir et al., 2003; Kamien et al., 1992).  

Founded on the above insights, scholars argue that the level of R&D investment 

decreases under non-cooperative arrangements, while the level of investment increases 

under cooperative arrangements with an increase in the level of knowledge spillover 

(Veugelers, 1998). However, when the level of knowledge spillover is low, cooperative 

R&D leads to a lower level of investment compared to the situation when firms compete. 

At a certain level of knowledge spillover, the investment under both cooperative and non-

cooperative arrangements is likely to be same. Therefore, when the level of knowledge 

spillover is above this critical level, cooperation will result in the higher level of 

investment (de Bondt and Veugelers, 1991). 

From the profitability and social welfare standpoints, under a high level of 

knowledge spillover, industry-wide cooperative R&D increases the firm level 

profitability and social welfare (d’Aspremont and Jacquemin, 1988; de Bondt and 
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Veugelers, 1991). However, under a low level of knowledge spillover, the effects on 

collaborative R&D on social welfare is found to be ambiguous (Veugelers, 1998).  

Meanwhile, scholars also focus on the stability of collaborative R&D activities 

given that two firm decide to form a collaboration. From repeated game theory settings, 

scholars argue that the threat of non-cooperation in the future mitigates the risk of 

opportunistic behavior during a prior R&D collaboration. For example, applying this 

logic, Kesteloot and Veugelers (1994) show how firms can prevent opportunistic 

behaviors by partners in a two-stage R&D cooperative game in a dynamic setting. 

Finally, the growing literature within the field focuses on the design aspects of 

R&D collaborative organizations. Scholars examine different mechanisms that facilitate 

disclosure of private information within interfirm collaborations. For example, Bhatta-

charya et al. (1992) examine the role of licensing as an information sharing enabler 

between firms in R&D collaborations. Perez-Castrillo and Sandonis (1997) examine the 

provisions for incentives within the contractual clauses that are likely to facilitate 

information sharing between the partners. Finally, Tao &Wu (1997) examine the role of 

licensing in equity joint ventures and non-equity codevelopment agreements. Under the 

equity joint ventures arrangement, partners license underlying technologies, while under 

codevelopment arrangements; partners do not employ such mechanisms to share tech-

nologies. Tao and Wu show that the characteristics of the downstream industry determine 

the mode of partnership in this situation. They find empirical support for these predict-

tions. Note that the underlying mechanisms here are very similar to the insights that 

Teece’s framework provides and that I discussed in a previous section.  
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There are several limitations to the industrial organization models. I highlight two 

of such limitations here. First, scholars tend to overemphasize horizontal collaboration 

over vertical collaboration (an exception being Atallah, 2003). Vertical collaboration is 

increasingly becoming popular in industries such as biotechnology, software, and 

electronics. In these industries, small R&D firms specialize in developing new tech-

nologies while their larger counterparts focus on manufacturing and distribution. As a 

result, by focusing on horizontal collaboration, scholars miss the opportunity to study 

heterogeneous collaboration arrangements that are emerging in many industries. Second, 

scholars often use patent races to study technology competition in tournament models. 

While these models provide interesting insights, we know by now that patenting is only a 

part of an overall technology strategy that firms employ during technology competition. 

By abstracting technology competition to patent races, these models limit the richness of 

technology competition. Moreover, as Tirole (1988, p. 396) highlights, these models 

assume that firms do not learn from their R&D activities, which is obviously a simplistic 

assumption. 

In contrast to the industrial organization economics literature that I reviewed 

earlier, a growing body of work in strategic management studies the interaction between 

interfirm collaboration and competition from a competitive strategy perspective. Scholars 

of this stream of research examine the effects of alliance formation on the allying firms’ 

competitors’ performance. I review this small body of research below. 
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2.4 Interfirm Collaboration and Competition  

Scholars in strategic management have begun to study the interaction between 

interfirm alliance and competition. The underling hypothesis of this stream of work is 

that by forming alliances, firms are able to access critical resources and capabilities from 

other firms. As a result, the focal firms are likely to impose stronger competition on their 

rivals. Stronger competition stemming from this strategic choice is likely to affect rival 

firms negatively (Gomes-Casseres, 2005; Park and Zhou, 2005; Silverman and Baum 

2002). This hypothesis is consistent with the competitive forces approach developed from 

the structureconductperformance paradigm of strategic management (Porter, 1985; 

Porter and Fuller, 1986), which suggests that by forming alliances firms shape the 

competitive structure of an industry.  

Most of the empirical studies in this stream of work rely on an event study 

approach (with the exception of Park and Zhou, 2005). The studies rely on stock price 

movements to measure the value creation or value destruction effects of alliance 

formations. For instance, Oxley et al. (2009) study how alliance announcements affect 

the stock price of allying firms’ rivals. In a dataset from the global telecommunication 

and electronics industry, the authors find statistically significant decreases in the stock 

price of the rivals upon the announcement of an alliance formation by the focal firms.  

The effects of alliance formation on the performance of rival firms are likely to be 

contingent on the type of alliance that a focal firm forms. Firms form alliances in dif-

ferent areas of their value chains. For instance, Chang and Tsai (2008) find that tech-

nological alliances negatively affect a rivals’ stock price. In contrast, the effects of non-

technology alliances on a rival’s stock price are insignificant. Similarly, Silverman and 
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Baum (2002) study the effects of horizontal, downstream, and upstream alliances on rival 

firms’ exit from the industry. Using a dataset from the Canadian biotech industry, they 

find that rivals’ downstream alliances increase a focal firm’s exit rate less than their 

upstream alliances. Furthermore, they find that rivals’ upstream alliances increase a bio-

technology firm’s exit rate less than their horizontal alliances. In other words, their 

results suggest that there seems to be a pecking order in terms of the effects of different 

types of alliances on a rival’s performance with upstream alliances having the most 

severe effects.  

Finally, using a dataset from the auto industry, Garcia-Pont and Nohria (2002) 

show that firms orient their alliance strategy with the actions of other firms in the 

industry. They show that alliance formation is closely related to alliance density within a 

local strategic group of similar competitors.  

In summary, this emerging stream of research provides interesting insights into 

the effects of interfirm collaboration on the rival firms’ performance. This interesting 

competitive impact of interfirm alliance could be reframed to better understand how 

competition influences governance choice and alliance formation, in particular, how 

heterogeneous competitors influence governance choice and subsequent performance 

outcome. I examine this relationship in the context of technology development of  R&D 

firms in this dissertation.  

2.5 Conclusion  

While the innovation, transaction cost economics, and industrial organization 

literatures provide valuable insights into the technology development and 
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commercialization process, the interactive relationship between competition and 

governance structure of interfirm alliances has been generally neglected. This provides an 

opportunity to incorporate elements from these three literature groups to build a 

theoretical framework that will not only adequately explain the phenomenon but also 

enable us to predict the competitive conditions that lead to a particular mode of 

governance structure and subsequent performance implication.  

As a result, in this dissertation, I draw on the notion of complementary assets 

from the innovation literature and integrate it with the concept of asset redeployability 

and uncertainty from the transaction cost economics approach. I further draw on the 

studies of competitive interactions during R&D competition and patent races from the 

industrial organization literature to apply the concept to the theoretical framework that I 

develop. Finally, I adopt the idea of the competitive foreclosing of knowledge sources 

through interfirm collaboration from the research stream that has examined the com-

petitive effects of interfirm alliances. By integrating these elements, I am better able to 

develop a logically grounded theoretical framework to understand the effects of 

competition on the governance structure of technology projects.  
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CHAPTER 3: THEORY DEVELOPMENT AND HYPOTHESES 

I argue that an R&D firm would prefer to organize a new technology project 

within its hierarchy in the absence of any competition, and when the development of 

downstream assets is a feasible option. However, the firm is likely to choose interfirm 

collaboration over internal organization when competition is high. Scholars have 

examined this relationship in prior theoretical and empirical studies (Ang, 2008; Shan, 

1990; Wu and Pangarkar, 2010). I advance the idea a step further by separating 

competitors within a technology domain into two groups:  firms with downstream assets 

(vertically integrated firms) and firms without such assets (R&D firms). I identify the 

mechanisms that drive the relationship between the presence of these two types of 

competitors and an R&D firm’s choice of three alternative governance modes: internal 

organization, equity alliance, and non-equity alliance. Furthermore, I hypothesize how 

the intensities of the underlying mechanisms moderate the relationship between a 

competitive environment and the choice of governance. Finally, I argue that managers of 

R&D firms choose governance structure systematically in order to enhance the perfor-

mance of technology projects. As a result, R&D firms that correctly choose a governance 

structure are likely to outperform their counterparts that face a similarly competitive 

environment, but that do not choose the appropriate governance structure.  

Before developing the hypotheses, it is important to specify three key assumptions 

of firm behavior and competition underlying the theoretical framework. First, I take an 

R&D firm’s perspective in examining the influence of competition on the governance 

choice and subsequent performance outcomes. I conceptualize these firms as those that 
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focus on developing and commercializing new technologies. That is, I assume that these 

firms do not own downstream assets, such as manufacturing facilities, marketing, and 

distributing channels. This is an important assumption because I differentiate between 

R&D firms and firms with downstream assets (vertically integrated firms) in my analysis 

of a heterogeneous competitive environment. However, I recognize that an interfirm 

partnership is a mutual selection process under which two firms voluntarily participate in 

a relationship (Dushnitsky and Shaver, 2008). Although I take an R&D firm’s viewpoint, 

the mechanisms I identify in the following hypotheses incorporate incentives for both 

firms to negotiate a specific governance mode when they mutually select to ally.  

Second, I follow a simple, yet insightful, approach in examining the competitive 

environment in a technology domain. I consider the number of firms developing a tech-

nology at any point in time as a proxy for the nature of a competitive environment that a 

focal R&D firm faces. According to this conceptualization, the higher the number of 

firms in a technology domain, the higher the level of competition an R&D firm faces.12 

However, the level of competition is also contingent on the firm-specific characteristics 

of the competitors − an important source of firm heterogeneity that I address in a later 

section.  

Finally, I assume that the three governance modes examined here − internal 

organization, equity alliance, and non-equity alliance − are mutually exclusive and 

                                                 
12)  This approach is similar to what scholars in industrial organization economics and strategic 

management use for evaluating market structures. However, unlike counting the number of firms in a 
product market, I count the number of projects under development at a specific time in a technology 
domain. Furthermore, I do not assume a linear relationship between the number of firms and the level 
of competition that an R&D firm faces. I address the nonlinearity aspect of the relationship in the 
empirical section.  
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collectively exhaustive. Under the mutual exclusivity assumption, an R&D firm chooses 

a single governance mode for a technology project at a specific point in time. Although a 

firm may choose more than one mode of governance in exceptional cases, I ignore this 

possibility in order to keep the theoretical framework simple.13 In addition, the mutual 

exclusivity assumption is consistent with the existing governance choice literature 

(Oxley, 1997; Pisano, 1989; Sampson, 2007).  

On the other hand, under the collectively exhaustive assumption, I consider that 

an R&D firm’s choice of governance is bounded to three governance modes. This rather 

strict assumption is reasonable at the project level − the level of analysis of the 

theoretical framework. Yet the assumption precludes two other important governance 

modes: equity joint ventures and organizing the project within a merged firm. I argue that 

an equity joint venture, where two firms create a new organizational entity, is a more 

extensive interfirm collaboration, focusing on a broader range of activities than a project-

level governance choice. For instance, Gulati and Singh (1998) argue that equity joint 

ventures incorporate more hierarchical elements than minority equity, as in the case of 

equity alliance, and are more appropriate when a broader set of activities is involved. 

Similarly, I argue that mergers and acquisitions involve higher-level organizational 

decisions, which is beyond the scope of the dissertation. Nevertheless, I acknowledge that 

                                                 
13)  For instance, firms sometimes use technology licensing agreements within broader technological 

collaborations. Such a use of licensing agreements facilitates the transfer of legally protected 
technologies for at least two points in time: first, when two firms contribute their respective 
technologies to a technology alliance; and second, when these firms distribute the newly developed 
technologies. In my data, small biotech firms choose to use more than one form of governance in 4% 
of the cases.  
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when an R&D firm is acquired, the acquiring firm will significantly influence the choice 

of governance of the acquired projects.14  

3.1 External Competition and Interfirm Alliances  

Based on the above-specified assumptions, I argue that at a higher level of 

competition, an R&D firm will be more likely to form an interfirm alliance. The intensity 

of competition in a technology domain is primarily contingent upon the number of 

competitors in the domain. Generally, the greater the number, the more intense the 

competition will be for the complementary assets (Teece, 1986) necessary to achieve 

successful technology development. Complementary assets may include upstream 

resources, such as basic scientific knowledge from universities and scientific laboratories 

(Agrawal, Cockburn and McHale, 2006; Lowe and Ziedonis, 2006). They may also 

include downstream assets, such as manufacturing facilities and distribution channels 

(Gans and Stern, 2003). When such complementary assets are limited, more firms 

seeking to access these assets will increase competition (Park and Zhou, 2005; Silverman 

and Baum, 2002). Furthermore, a greater number of competitors will increase 

competition in future product markets for commercialized technologies. Because of 

                                                 
14)  Scholars have recently started examining how acquiring firms change the strategic directions of 

acquired projects. For instance, Guedj (2005) studied how a pharmaceutical firm’s investment 
decisions were contingent upon the origins of its projects. Specifically, he examined three types of 
biotechnology projects – those that have been developed internally, those developed within alliances, 
and those acquired from small biotechnology firms. The empirical results showed that there was a 
significant difference across the three different categories of projects with respect to the firm’s 
investment decisions.  
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increased competition, a focal R&D firm’s ability to set prices and gain market share will 

diminish (Klepper and Graddy, 1990; Shan, 1990). 

Because the competition for external resources and the future market negatively 

influence the success of a technology project, the key is when an R&D firm will choose 

to form an interfirm alliance vis-à-vis developing the technology using internal organi-

zation in an effort to minimize the detrimental effects of competition. I identify three 

specific competitive benefits of an alliance that make such a governance choice more 

attractive than internal organization within a competitive environment.  

First, I argue that when a firm chooses to form an interfirm alliance, it not only 

accesses critical complementary resources, but it also forecloses its rivals’ access to those 

resources. The intensity of such foreclosing effects is clearly contingent on the number of 

outside sources with these complementary assets. Given that such sources are often 

limited, an R&D firm can weaken the competitive position of its rivals by forming an 

alliance with a strategic resource partner (Gomes-Casseres, 2005; Park and Zhou, 2005).  

However, one may argue that when the demand for complementary resources 

intensifies with the increase of competition, we should observe more firms with 

complementary resources emerging. This increase would eventually nullify the fore-

closing effects of interfirm alliances. I argue that such a situation is less likely to occur 

for two reasons. First, developing complementary resources often requires significant 

time. This implies that, by forming an alliance with a critical partner, a firm can impose 

foreclosing effects on its rivals for at least some period of time. Second, in certain cases, 

it is not possible for other firms to develop complementary resources that will have an 

equilibrating effect on the market for complementary resources. Moreover, prior 
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empirical studies find support for the foreclosing effects of interfirm alliances. For 

instance, Silverman and Baum (2002) show that Canadian biotech firms form upstream 

or horizontal alliances in order to block their rivals’ access to strategic resources or key 

partners. Similarly, Chang and Tsai (2008) find that when a firm forms a technological 

alliance, the market value of its rivals reduces significantly due to the potential fore-

closing effects of the focal alliance. 

In contrast, when fewer firms compete in a technology domain, the competition 

for external complementary resources is likely to be lower. Under this circumstance, the 

potential foreclosing benefits of an alliance are likely to be lower. That is, the strategic 

benefits that an R&D firm may derive from denying its competitors access to a particular 

external resource or a valuable partner will be small. As a result, an R&D firm will be 

more likely to choose internal organization, as opposed to an alliance, under this 

condition. 

Second, when the intensity of competition in a technology domain is high, an 

R&D firm will have higher incentives to reach the market before its competitors. By 

doing so, the firm will be able to gain market share, build customer loyalty, and capture 

monopoly rent. Rival firms’ entry will increase the rate of obsolescence and will erode 

the profitability of the focal R&D firm. Under this condition, an R&D firm will be more 

likely to form an interfirm alliance in order to expedite the technology development 

process and preempt its competitors. Scholars have identified the acceleration of tech-

nology commercialization as a major incentive for R&D firms to form alliances.15  

                                                 
15)  Inkpen (2006) provides a comprehensive list of objectives that motivates firms to form interfirm 

alliances.  
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Third, I argue that under highly competitive conditions, the external environment 

becomes uncertain. These uncertainties may involve the following questions: (a) Who 

will first complete the development of technology successfully? (b) Who will first reach 

the market? (c) What marketing strategies will competing firms follow once they reach 

the market? In order to cope with such an uncertain environment, a focal R&D firm will 

be likely to follow a broader range of activities (Bantel, 1998; Wu and Pangarkar, 2010). 

These activities enable a firm to overcome some of the uncertainties and provide a better 

return on their overall investment. From an R&D firm’s perspective, some of these 

activities require resources that might not be available within the firm. Under this situa-

tion, an R&D firm will be likely to form an alliance in order to access those resources. 

This argument is consistent with the idea that firms are likely to engage in interfirm 

collaborative activities when they face an uncertain external environment (Buckley and 

Casson, 1999; Dickson, 1992; Lengnick-Hall, 1992).  

Naturally, the conditions will be different when the degree of competition in a 

technology domain is lower. Competing firms are likely to have a better understanding of 

the paths for new technology development. As a result, the external environment will be 

less uncertain for a focal R&D firm, thereby leading to a lower incentive to engage in 

interfirm collaborative activities. In summary, I argue that at a higher level of compe-

tition, an R&D firm will be more likely to form an alliance. Such an alliance formation 

enables the firm (a) to access critical resources that will subsequently foreclose its rivals 

from obtaining those resources; (b) to reach the market faster by using its partner’s 

resources; and (c) to engage in broader activities so as to decrease the effects of an 

uncertain environment stemming from a high level of competition within a technology 
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domain. Scholars have empirically tested all three mechanisms in different contexts 

(Ang, 2008; Shan, 1990; Wu and Pangarkar, 2010). 

It is important to recognize that an interfirm alliance is a mutual selection process, 

whereby two independent firms voluntarily participate in an alliance. In the discussion 

above, I focus on the perspectives of an R&D firm, while ignoring the incentives of an 

R&D firm’s partner to form an alliance. Dushnitsky and Shaver (2008) identify necessary 

three conditions:  a partner’s awareness, attractiveness, and concern about a focal 

relationship. Failure to address one of these conditions, they argue, would result in an 

alliance non-formation. In the theoretical framework that follows, I do not focus 

specifically on the three conditions of alliance non-formation they propose. However, I 

identify the mechanisms from the viewpoints of both R&D firms and their partners. 

Specifically, I identify the incentives under different competitive conditions that provide 

mutual benefits by forming equity or non-equity alliances vis-à-vis internal organization.  

3.2 Heterogeneous Competitors and Alternative Governance Modes  

Although the relationship between the competitive environment and interfirm 

alliance formation is well established, the effect of heterogeneous competitors on the 

choice of alliance governance is not. The sheer number of firms in a technology domain 

provides a proxy for the level of competition an R&D firm may face. Yet this con-

ceptualization ignores the possibility of the firm-level factors of the competitors that may 

also influence the competitive environment. I argue that whether a competitor owns 

downstream assets is an important dimension that differentiates between competitors and 

how they influence an R&D firm’s choice of governance of its technology projects. The 
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technology commercialization literature shows that ownership of downstream assets is 

important for the successful commercialization of technologies (Gans, Hsu, and Stern, 

2002; Teece, 1986). Although an R&D firm without downstream assets can comm-

ercialize its technologies through contractual arrangements, such arrangements could be 

costly for several reasons. Prior research has identified a number of factors that may 

increase the cost of such arrangements.  

First, indentifying a suitable partner may involve significant time and cost 

(Hennart, 1993; Ménard, 2004). Second, once the firm finds a partner, writing and 

enforcing a comprehensive contract incorporating all possible contingencies would be 

extremely difficult because of future uncertainties (Hart, 1995; Williamson, 1996, p. 

378).16 Incomplete contracts will leave either party open to opportunistic behavior by the 

other. Third, relationship-specific investments by one party may create bilateral 

dependency and the opportunity for the other party to take advantage of the situation by 

taking its partner hostage (Teece, 1986; Williamson, 1996). Finally, such an arrangement 

could also lead to leakages of valuable proprietary information to the partnering firm 

(1988Anton and Yao, 1994; Arrow, 1962; Teece, 1988).  

However, the costs associated with a contractual arrangement between an R&D 

firm and an owner of downstream assets can be lower under at least two conditions. First, 

when an appropriability regime, such as an intellectual property (IP) protection 

institution, is strong (Teece, 1986) the costs of a contractual arrangement will be lower. A 

strong IP institution can prevent parties from opportunistic behaviors and mitigate some 

                                                 
16)  Williamson lists a series of situations that would lead to contractual incompleteness.  
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of the transaction costs. Second, when downstream assets are generic (Teece, 1986), 

allying firms may not need to invest in relationship-specific assets to customize 

downstream assets. As a result, bilateral dependency between firms will diminish. 

Diminishing this dependency will subsequently reduce the ex post risks of hold-up 

hazards (Oxley, 1997; Williamson, 1996, p. 124).  

Yet prior literature suggests that the existence of the iron clad protection of 

intellectual property is rather the exception than the norm (Arora, Fosfuri, and 

Gambardella, 2001; Teece, 1986) across industries, and even in countries with strong 

legal systems. Similarly, allying firms often need to customize downstream assets in 

order to match the requirements of a specific technology. As a result, I argue that an 

R&D firm may encounter significant difficulties in commercializing its technologies 

through contractual arrangements with firms that possess downstream assets.  

On the contrary, a vertically integrated firm is less likely to face such difficulties 

because of its downstream asset ownership. That is, a vertically integrated firm is likely 

to take less time to reach the product market (Gans and Stern, 2002; Teece, 1986). In fact, 

entering product markets in advance can create a stronger market position (Lieberman 

and Montgomery, 1988). Furthermore, because of its close proximity to customers, the 

firm is more likely to gain valuable market-specific information. This information may 

enable the firm to design and customize new products that meet greater customer needs. 

Customer orientation of this nature provides additional competitive advantage to verti-

cally integrated firms. 

One may naturally argue that if there are so many advantages to having down-

stream assets, then why don’t R&D firms forward integrate and develop downstream 



44 

 

assets? I provide two arguments to explain why an R&D firm may not do so. First, 

developing downstream assets could be highly capital intensive. R&D firms often face 

capital constraints because they may not have any revenue or income to support such 

capital-intensive activities. Under this condition, it is extremely difficult for firms to 

source external funding for developing downstream assets because, without revenue 

streams, banks and venture capitalists are less likely to provide finance for downstream 

activities.  

Second, although in some cases R&D firms may have the financial resources 

required for developing downstream assets, it may require a significant amount of time to 

develop such assets. Consider the sales and marketing channels that pharmaceutical giant 

Pfizer uses to sell its blockbuster drug Lipitor (2008 worldwide sales over US$12 

billion). Hundreds of thousands of sales people across the globe pursue doctors to 

prescribe the drug. In addition, Pfizer spends millions of dollars on advertising the drug. 

An R&D firm may not be able to develop such sales and marketing channels within a 

short period. As a result, I argue that, at any point in time, some firms will remain active 

in only upstream R&D activities.  

In summary, I argue that vertically integrated firms are likely to have several 

distinct advantages over R&D firms because of their downstream asset ownership. Such 

advantages imply that these firms will influence the competitive environment differently 

than will R&D firms. I argue that a focal R&D firm is likely to face a higher level of 

competition when the technology domain is dominated by vertically integrated firms vis-

à-vis R&D firms. Furthermore, I argue that two different types of competitors − R&D 
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firms and vertically integrated firms − will induce differential effects on a focal R&D 

firm’s choice of governance.  

Meanwhile, two firms can organize alliance activities under many alternative 

modes of governance (Powell, 1990). Among many dimensions, I focus on whether an 

alliance between an R&D firm and a partner includes equity. In my theoretical setting, 

this means an alliance partner takes a minority equity position in a focal R&D firm. 

Scholars argue that the presence or absence of equity represents a fundamental difference 

between interfirm alliances (Oxley, 1997; Pisano, 1989; Teece, 1989).  

 An equity alliance entitles the alliance partner to more administrative control than 

a non-equity alliance. Two firms establish an administrative hierarchy in an equity 

alliance, enabling them to make joint decisions on issues that may arise after the alliance 

is formed. By using the notion of residual control rights (Grossman and Hart, 1986), such 

a context implies that partners can exercise joint residual rights of control. Ownership of 

equity provides more control on strategic issues through representation on the board and, 

in some cases, through the power of vetoing.17 Board representation facilitates 

monitoring the partner’s activities, and thus diminishes information asymmetry between 

the partners. Finally, ownership of equity creates a situation in which partners’ incentives 

are aligned, thereby reducing the ex post risk of moral hazard. For instance, when a 

vertically integrated firm V owns a stake in an R&D firm R, the performance of V 

                                                 
17)  Both board representation and veto rights are contingent on the corporate law of a country. For 

instance, Kale and Puranam (2004) report that in some countries, a minority equity ownership of 5% or 
more provides a board seat, and a stake of 26% may provide “veto rights” on board and shareholders 
resolutions. Furthermore, a stake of over 76% may provide the ability to block the partner’s veto 
rights.   
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depends on the performance of R. Therefore, firm V will be less motivated to engage in 

activities that harm firm R’s interests.  

In contrast, in a non-equity alliance, allying firms form a cross-organizational 

team responsible for conducting activities specified in the underlying alliance contract. 

Decision-making within the alliance is typically decentralized (Sampson, 2004). The 

alliance contract is typically simple to negotiate and implement. Because an alliance 

partner does not have board representation or veto power, the information asymmetry 

between the parties could be high. Such information asymmetry may enable one of the 

partners to act opportunistically to maximize its own benefit at the expense of its partner. 

As a result, interest alignment of the allying parties is likely to be lower compared to an 

equity alliance. With respect to the hierarchy continuum of governance structures, a non-

equity alliance is closer to the market, while an equity alliance is more hierarchical and 

closer to internal organization. In the theoretical framework below, I provide a set of 

mechanisms that influence how two types of competition stemming from R&D firms and 

vertically integrated firms influence an R&D and its allying partner to choose either an 

equity or non-equity alliance, given that they choose to ally.  

3.3 Competition from R&D Firms and Governance Choice  

An R&D firm faces two types of competitors (other R&D firms and vertically 

integrated firms) in a technology domain. I argue that a focal R&D’s choice of 

governance of its technology project is contingent on the type of competitors it faces. 

Furthermore, I argue that an R&D firm and its partner are likely to mutually select a non-



47 

 

equity alliance when the R&D firm faces competition from other R&D firms. I identify 

two underlying mechanisms that derive this selection process.  

First, when a greater number of R&D firms develop a technology, the resources a 

potential partner needs to deploy in an alliance with an R&D firm will have higher 

redeployability. This is because the partner can assign those resources in an alternative 

alliance if the focal alliance fails. Under this situation, an R&D firm is less likely to assert 

ex post bargaining power by using the partner’s relationship-specific investments as 

hostage (Ahmadjian and Oxley, 2006; Williamson, 1996). In other words, the risk of ex 

post hazard is likely to diminish with the increase of resource redeployability. Prior 

research shows that between equity and non-equity alliances, the latter is more 

appropriate when the level of ex post hazard from relationship-specific assets is relatively 

low because a less hierarchical governance mode could sufficiently safeguard partners’ 

interests under this condition (Gulati, 1995; Oxley, 1997; Pisano, 1989). Accordingly, I 

predict that an R&D firm and its alliance partner are more likely to select a non-equity 

alliance, as opposed to a more hierarchical equity-based alliance, under this situation.  

Second, I argue that when the competition is high due to a greater number of 

R&D firms, a focal R&D firm’s negotiating power in a prospective alliance diminishes. 

The underlying idea is simple. When a group of R&D firms develops a technology, a 

prospective partner could use alternative alliance options as a bargaining tool while 

negotiating an alliance with an R&D firm. Naturally, the bargaining power will also be 

contingent on at least two other important factors:  the number of potential alliance 

partners and substitutability among the technologies. Nevertheless, given that these 

factors remain the same, the higher the number of R&D firms, the higher the bargaining 
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power that an alliance partner will be able to exert. A higher bargaining power will 

enable the alliance partner to negotiate a lower level of resource commitment in an 

alliance. Given this situation, I argue that a focal R&D firm and its alliance partner will 

negotiate a non-equity alliance, characterized by low resource commitment.  

In summary, I argue that competition from other R&D firms will influence both 

the resource redeployability of a potential alliance partner and the bargaining power of a 

focal R&D firm. Alternative alliance options will increase the deployability of the 

resources that a potential alliance partner would commit in an alliance with an R&D firm. 

As a result, the risks of ex post moral hazard and the requirement of a more hierarchical 

alliance would diminish. Similarly, an increase in the bargaining power for an alliance 

partner resulting from the presence of multiple R&D firms in a technology domain will 

enable the partner to negotiate lower resource commitment in the alliance. These two 

effects will jointly motivate an R&D firm and its partner to mutually select a non-equity 

alliance.  I propose the following hypothesis:  

Hypothesis 1: All else being equal, the higher the competition from other R&D 
firms in a technology domain, the higher the likelihood that a focal R&D firm and 
its allying partner chooses a non-equity alliance over an equity alliance. 

3.4 Competition from Vertically Integrated Firms  

The competitive environment will be different when the competition is due to a 

greater number of vertically integrated firms in a technology domain. Because of the 

relative advantages that vertically integrated firms possess over R&D firms (discussed 

earlier), I argue that these firms will exert a higher level of competition on a focal R&D 

firm. Competition from vertically integrated firms is likely to erode the future profits of a 
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focal R&D firm’s technology because the firm is unlikely to compete successfully with 

the vertically integrated firms. Under this condition, the R&D firm will choose an inter-

firm alliance over internal organization in order to access resources and capabilities. I 

provide a set of incentives that drives this choice in an earlier section. In this section, I 

advance the idea a step further by identifying the mechanisms that influence an R&D 

firm and its allying partner to jointly select an equity alliance over a non-equity alliance 

under this competitive environment.  

When competition is high due to a greater number of vertically integrated firms in 

a technology domain, a focal R&D firm will face a higher level of competition. The R&D 

firm will attempt to acquire complementary resources in order to compete successfully 

with stronger vertically integrated competitors. Because the competition will be higher, 

the firm is likely to acquire more of such resources. Complementary resources may 

include upstream resources, such as basic scientific knowledge from universities and 

scientific laboratories (Agrawal and Cockburn, 2003; Lowe and Ziedonis, 2006). They 

may also include downstream resources, such as manufacturing facilities and distribution 

channels (Gans and Stern, 2003). Meanwhile, complementary resources, such as 

scientific knowledge and technological capabilities, are often intangible and tacit 

(Szulanski, 1996). That is, these resources are likely to be embedded within individuals 

and organizational routines, which are difficult to document or legally protect. Due to 

such intangibility and tacitness, it is difficult and often prohibitively expensive to transfer 

these resources across firm boundaries through market mechanisms (Oxley and Sampson, 

2004; Teece, 1986). In this situation, an R&D firm will be likely to form an alliance in 

order to access these resources.  
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Between equity and non-equity alliances, I argue that an R&D firm and its partner 

are likely to choose equity alliances for transferring these complementary resources. 

Because a contractual arrangement may not adequately identify all future contingencies 

that may arise ex post, an alliance partner that contributes intangible resources is likely to 

be concerned that the other partner may misappropriate a portion of the resources without 

adequate compensation. For instance, an R&D firm may extract private benefits at the 

expense of its partner. Under this circumstance, the partner will attempt to minimize ex 

post misappropriability hazards by organizing activities within a governance mode that 

provides greater surveillance, monitoring, and safeguards. Between the two modes of 

alliance governance, equity alliances are more appropriate for this purpose. For instance, 

an equity alliance may entitle the alliance partner to a seat on the board of the R&D firm. 

Such representation will enable the partner to enforce its rights as an owner in case the 

R&D firm misappropriates resources (Pisano, 1989). Through the board, two parties will 

be able to resolve disputes that may arise prior to seeking a third-party resolution 

(Sampson, 2004). Prior studies show that firms choose equity alliances over less hier-

archical non-equity alliances when the risk of ex post misappropriation is high (Gulati, 

1996; Oxley, 1997; Pisano, 1989). As a result, I argue that an R&D firm and its partner 

are more likely to select an equity alliance when the competition is high due to a greater 

number of vertically integrated firms.  

In summary, I argue that the competition from vertically integrated firms will 

influence an R&D firm and its allying partner to select an equity alliance because the 

R&D firm will have higher incentives to acquire more external resources, while an 
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allying partner is more likely to provide such resources within a more hierarchical equity 

alliance. The hypothesis that follows from this argument is  

Hypothesis 2: All else being equal, the higher the competition from vertically 
integrated firms in a technology domain, the higher the likelihood that a focal 
R&D firm and its allying partner choose an equity alliance over a non-equity 
alliance. 

The two hypotheses presented thus far provide the two main predictions of the 

theoretical framework. In order to investigate whether the mechanisms I identify in these 

two hypotheses actually drive the predicted relationships, I developed the four additional 

hypotheses.  

3.5 Competition from R&D Firms, Bargaining Power Heterogeneity and 

Governance Choice  

In Hypotheses 1, I argue that when the level of competition is high in a 

technology domain due to a greater number of R&D firms, a focal R&D firm will be 

likely to have lower bargaining power vis-à-vis a potential alliance partner. Under this 

competitive condition, the potential partner may use alternative alliance options to 

undermine the focal R&D firm’s bargaining power. As a result, I argue that the potential 

partner will be able to negotiate lower resource commitment in an alliance with the R&D 

firm. In other words, the partner and the focal firm are likely to select a non-equity 

alliance under this asymmetric bargaining situation.  

However, the idea that all R&D firms will have lower bargaining power vis-à-vis 

their prospective partners when R&D firms compete against one another may not hold 
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under all partnering situations. In this section, I relax this assumption by examining a 

condition under which a focal R&D firm is likely to have higher bargaining power than 

its competitors’. Furthermore, I examine how such higher bargaining power of a focal 

R&D firm may influence the relationship between competition from R&D firms and the 

firm’s choice of governance. Specifically, I argue that an R&D firm’s previous 

experience of completing technology projects successfully would enhance its bargaining 

power in an alliance negotiation for the reasons presented next. 

Information asymmetry between an R&D firm and a prospective alliance partner 

often prohibits the partner from evaluating the technological competence of the R&D 

firm objectively. For instance, Pisano (1997) empirically shows that because of this kind 

of information asymmetry, biotech firms often take advantage of internal information and 

license-out projects with poor commercial prospects while internally commercializing the 

ones with better prospects. I argue that due to this information asymmetry, a prospective 

alliance partner is likely to rely on more subjective measures, such as an R&D firm’s 

previous experience in successfully completing technology projects. In other words, an 

alliance partner will consider an R&D firm with more successful projects in its portfolio 

as more competent than firms with fewer successful projects. At the same time, I argue 

that the R&D firm is likely to leverage its perceived higher competency status by 

bargaining for a better deal in a prospective alliance than its competitors with lower 

perceived technology competency. As a result, unlike the predicted relationship in 

Hypothesis 1, I argue that an R&D firm with more successful projects and an alliance 

partner is likely to negotiate an equity alliance when facing competition from R&D firms. 

Hypothesis 3 follows from the above arguments:  
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Hypothesis 3: All else being equal, under a higher level of  competition from 
other R&D firms, a focal R&D firm with more successfully completed projects 
and an alliance partner is likely to negotiate an equity-based alliance vis-à-vis a 
non-equity alliance or an internal organization. 

3.6 Competition from R&D Firms, Resource Redeployability, and 

Governance Choice  

The second mechanism that drives the relationship I predicted in Hypothesis 1 is 

the degree of resource redeployability of a potential alliance partner. Specifically, I argue 

that when competition in a technology domain is high due to a greater number of R&D 

firms, an alliance partner can have the option of reassigning relationship-specific 

resources to a different R&D firm if the focal alliance fails. Such an alternative option is 

likely to increase the redeployability of the partner’s resources, and thus reduce the risk 

of ex post hostage taking by the R&D firm. Specifically, the R&D firm will have a lower 

incentive to keep the relationship-specific investment of the partner as hostage in order to 

extract private benefit. I argue that under this lower ex post hazard situation, an alliance 

partner and a focal R&D firm will mutually select a non-equity alliance because such an 

alliance is likely to be sufficient in safeguarding the partner’s investment in the 

relationship.  

However, the greater resource redeployability may not hold for all prospective 

alliances under this competitive condition. I identify a technology-specific factor that 

may diminish the level of resource redeployability of a prospective alliance partner. This 

situation may arise when a technology has more than one application. Under this 

situation, although the competition among R&D firms in a focal application could be 

high, the competition in non-focal areas could be low. For instance, Nexavar, a drug 
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under development at Onyx Pharmaceuticals, Inc., at the beginning of 2003 faced 12 

competitors as a liver cancer application, whereas it faced only 2 as a melanoma 

application. From a prospective partner’s perspective, the resource redeployability in the 

liver cancer area would be much higher than in the melanoma area. As a result, a 

potential partner is likely to be concerned that the R&D firm may keep the partner’s 

resources in non-focal application areas hostage to exert private benefits from the partner 

once the alliance is formed. I argue that a potential partner under this situation is more 

likely to negotiate a more hierarchical equity alliance to safeguard its resources, 

especially the ones in non-focal areas, from the opportunistic behaviors of the R&D firm. 

Hypothesis 4 follows from the above discussion:  

Hypothesis 4: All else being equal, under a higher level of competition from other 
R&D firms, a focal R&D firm with a technology with more than one application 
and an alliance partner is likely to negotiate an equity-based alliance vis-à-vis a 
non-equity alliance or internal organization. 

3.7 Competition from Vertically Integrated Firms, R&D Firm’s Resource 

Requirements, and Governance Choice  

I now focus on the mechanisms that I identify in Hypothesis 2. I argue that when 

an R&D firm faces competition from vertically integrated firms, the intensity of such 

competition is much higher compared to when it faces competition from other R&D 

firms. Due to this higher level of competition, the focal R&D firm seeks to acquire a 

greater level of complementary resources through alliances. I further argue that an equity 

alliance is a more appropriate form of governance under this condition because such an 

alliance is likely to enable the firm to acquire the necessary complementary resources.  
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However, under this competitive condition, not all R&D firms may need the level 

of resources that require them to form equity alliances. I argue that the level of resource 

requirements would be contingent on an R&D firm’s organizational scope, which 

represents the horizontal boundary of its operations. For R&D firms, however, the 

organizational scope would refer to the number of technological areas on which a firm 

focuses. For instance, in the biopharmaceutical industry, the early stage firms often focus 

on one or two biological agents. Naturally, the organizational scope of these firms is 

narrow. In contrast, mature biotechnology firms often develop multiple drugs 

simultaneously and could have a few drugs already on the market. Therefore, for these 

mature firms, the organizational scope is broad.  

The organizational scope of an R&D firm will influence the way it organizes its 

technology projects when it faces competition from vertically integrated firms. Specifi-

cally, I argue that when the organizational scope of an R&D firm is broad, the firm is 

more likely to have internal resources in order to respond to high levels of competitive 

pressure. For instance, the firm will be able to reallocate some of its scientists from 

different projects to the focal project so as to prioritize the developmental process. 

Furthermore, indirectly, knowledge spillover from one technological area has been found 

to positively influence a firm’s ability to solve technological problems. Both direct and 

indirect benefits of a broader organizational scope will reduce the need for external 

complementary resources.  

I recognize that I have ignored the perspective of a potential partner in this mutual 

selection process. However, if we assume that a potential partner’s concern remains 
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constant, a focal R&D firm with a broader organizational scope is likely to form a non-

equity alliance vis-à-vis an equity-alliance.  

Hypothesis 5: All else being equal, under a higher level of  competition from 
vertically integrated firms, a focal R&D firm with a broader organizational scope 
and an alliance partner is likely to negotiate a non-equity  alliance vis-à-vis an 
equity alliance or internal organization. 

3.8  Competition from Vertically Integrated Firms, Alliance Partner’s 

Misappropriability Concern, and Governance Choice  

The second mechanism that I identify in Hypothesis 2 is the misappropriability 

concern of a prospective partner. I argue that when a focal R&D firm faces a high level of 

competition from vertically integrated firms, the firm is more likely to acquire critical 

complementary resources through an alliance. The underlying idea is that under this 

competitive condition, the firm needs the partner’s resources to compete effectively 

against stronger vertically integrated firms. From the perspective of a potential alliance 

partner, however, such an alliance would be not attractive unless it could protect its 

relationship-specific investment adequately. I argue that an alliance partner and an R&D 

firm will choose a more hierarchical equity-based alliance so that the partner can 

safeguard its interests once the alliance is formed. 

However, a potential alliance partner’s misappropriability concern while forming 

a high- resource alliance may not always be present in all partnering situations. I argue 

that when a focal R&D firm has significant previous experience in forming alliances, a 

potential partner would be less concerned about ex post misappropriation risk because, 

with previous experience in forming alliances, the focal R&D firm is likely to develop 
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what strategy scholars call governance capabilities. Such capabilities include a firm’s 

ability to coordinate tasks across firm boundaries effectively by better monitoring and 

better enforcing contractual clauses. These activities are likely to reduce ex post con-

tractual hazards and the misappropriation risk. Because of the governance capabilities 

that a focal R&D has developed through previous experience in forming alliances, two 

firms are likely to select a less hierarchical non-equity alliance, although the alliance may 

involve substantial resource commitment from the partner in order for the R&D firm to 

compete effectively against stronger vertically integrated firms.   

Hypothesis 6: All else being equal, under a higher level of  competition from 
vertically integrated firms, a focal R&D firm with previous experience in alliance 
formation and an alliance partner are likely to negotiate a non-equity  alliance 
vis-à-vis an equity alliance or an internal organization. 

3.9  Performance Implications of Governance Choice  

The governance choice under a competitive condition is an endogenous mana-

gerial decision. According to the theoretical framework I developed, managers of an 

R&D firm choose a governance mode considering both the internal resources and 

external competitive conditions. As a result, such a choice should have efficiency gains, 

which should subsequently influence the performance of the technology project.  

Before discussing the sources of efficiency gains under a chosen governance 

mode, I want to address an important issue. In hypothesis 1, I argued that when a large 

number of R&D firms compete in a technology domain, the bargaining power of a focal 

R&D firm diminishes. As a result, the R&D firm is likely to negotiate a non-equity 

alliance with a low resource commitment from its partner. The underlying assumption is 
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that the R&D firm would prefer an equity alliance to acquire resources to mitigate the 

negative effects of competitive pressure but the firm’s lower bargaining power vis-à-vis 

its alliance partner prohibits negotiating such an alliance.  

One may argue that the governance mode selected under such a constraint will 

result in lower than optimum performance. Put differently, because the R&D firm could 

not negotiate its preferred governance mode, the performance under the chosen 

suboptimal governance (non-equity alliance) will be lower than the alternative equity 

alliance.  

However, I argue that such suboptimum performance is less likely to occur. 

Consider this from the perspective of the R&D firm’s alliance partner. Recall that in 

hypothesis 1, I argued that the alliance partner preferred non-equity alliance because of 

the high resource redeployability of the assets it devoted to the alliance. For the partner, 

the marginal costs of organizing the alliance under an equity mode is higher than the 

marginal costs of ex post contractual hazards under a non-equity mode. The benefits the 

alliance partner realizes by forming a less costly non-equity alliance may provide 

sufficient incentives to deploy adequate resources to make the project more successful 

than more costly equity alliance.  

The efficiency gains within chosen governance may stem from several sources. 

For instance, by organizing the technology project within an alliance, an R&D firm may 

receive exclusive access to critical resources of its partner and may preempt its major 

competitors. Furthermore, by accessing resources from external sources, the firm is able 

to combine resources that were not possible under the existing governance structure. 
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Such resource combination may provide added competitive advantage to the focal R&D 

firm. 

However, some R&D firms are bound to make mistakes in choosing the govern-

ance mode of their technology projects under a specific governance structure. Some firms 

may not select an equity alliance, while such an alliance is warranted within a compe-

titive environment. Additionally, some firms may organize the wrong activities within an 

alliance and face high opportunism hazards, such as free riding by their partners and 

knowledge leakage (Sampson, 2007). Ex post contractual hazards of this type could be 

costly for R&D firms. Nevertheless, I argue that most R&D firms will systematically 

choose governance modes according to the proposed theoretical framework.  As a result, 

these firms would systematically outperform their counterparts that do not correctly 

select the appropriate governance mode under a similar competitive environment when 

all other conditions hold constant. The above arguments lead to the following hypotheses: 

Hypothesis 7: All else being equal, a focal R&D firm’s technology project is 
likely to be more successful when the firm and its alliance partner mutually select 
a governance structure according to the competitive conditions and internal 
factors proposed in Hypotheses 1 to 6.  
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CHAPTER 4:  METHODS 

In order to validate the theoretical framework, I need an empirical context with 

the following characteristics:  

 I should be able to follow a cohort of R&D firms and their technology projects. 

 I should be able to examine the governance choices these firms make at a 

particular stage of technology development.  

 I should be able to distinguish between two types of competitors:  

o firms without downstream assets (R&D firms) 

o firms with downstream assets (vertically integrated firms) 

 I should be able to measure the performance outcomes of the technology projects. 

The biopharmaceutical industry provides an appropriate setting for this purpose. 

First, R&D firms play an important role in the industry in developing new technologies 

(drugs). These firms developed nearly 200 drugs, some of which target deadly diseases 

such as cancer and HIV. Second, consistent with the Food and Drug Administration 

(FDA) guidelines, R&D firms conduct three specific phases of clinical trials (i.e., Phases 

I, II, and III) as part of drug development. These three clinical phases provide an 

opportunity to examine the process of drug development at the project level. Third, R&D 

firms (small biotechnology firms) compete against the large vertically integrated pharma-

ceutical firms during new drug development. This enables me to categorize the 

competitors in a therapeutic area into two groups as I perform theoretical conceptuali-

zation. Fourth, FDA disclosure rules provide project-level data that allows me to measure 
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competition within a therapeutic area.18 In addition to publicly available data, I have 

gained access to a number of proprietary databases that identify more fine-grained data 

on the clinical trials, interfirm collaborations, and project performance.   

In the following section, I briefly describe the drug development process to 

further elaborate how this context enables me to test the theoretical framework of the 

dissertation. Because the dataset I develop on the clinical trials comes from the U.S. 

biopharmaceutical industry, the discussion on the drug development process is based on 

the U.S. Food and Drug Administration guidelines. However, similar regulatory 

requirements guide new drug developments in other developed countries.  

4.1 The Empirical Context: The Clinical Trials of Drug Development   

Drug development is a highly complex, lengthy, and capital-intensive process 

(Amburgey, Al-Laham, Tzabbar and Aharonson, 2008). According to a recent study, the 

capitalized cost of developing an FDA-approved drug is approximately $802 million 

(DiMasi, Hansen and Grabowski, 2003).19  The drug development process starts with a 

preclinical phase when scientists discover a chemical compound or a biological agent (in 

the case of biotech drugs) (hereafter a drug candidate) with properties that are expected 

to cure a specific disease. Although, in recent decades, tools such as genetic analysis and 

combinational chemistry assist scientists in screening a potential drug candidate from a 

                                                 
18)  Both between biotech and pharmaceutical firms, and between biotech and biotech firms. 

19)  The study is based on a sample of 68 drugs developed by 10 large pharmaceutical firms based in the 
United States and Europe. 
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pool of compounds, the process is still very resource consuming and fraught with high 

uncertainty (Pisano, 2006).  

During the preclinical trials, scientists screen potential drug candidates to narrow 

down their choices to a few. At this time, they use animal models to test the safety and 

effectiveness of the drug candidates. The FDA regulations prohibit scientists from testing 

a drug candidate on human subjects at this phase. Meanwhile, when the scientists are 

satisfied with the results of these experiments, the sponsoring organization needs to file 

an Investigational New Drug (IND) application with the FDA. This application includes 

the results of the preclinical studies and a comprehensive description of the potential 

efficacy of the drug candidate. Upon reviewing the application, the FDA may allow the 

sponsoring firm to go ahead with clinical trials. In some circumstances, the FDA may 

request additional information on the drug candidate or may suggest that the sponsoring 

firm conduct further studies to support its application. 

I would like to highlight two important characteristics of the preclinical phase of 

drug development. First, drug discovery at this phase is extremely uncertain. For 

instance, according to a recent FDA study, only 1 in 1,000 drugs passes the preclinical 

stage and continues to the next phase of clinical trials (FDA, 2009). Similarly, Pisano 

(2006, p. 49) suggests that the ratio of the number of compounds examined to the one 

selected for clinical trials could be as high as 1 in 5,000 at this stage. Not surprisingly, 

biopharmaceutical firms often invest half of their total R&D investment during the 

preclinical phase to identify the most promising drug candidates. As a result, when a 

sponsoring firm decides to file an IND application, the candidate drug is expected to have 

very high potential to become a marketable drug.  
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Second, firms generally do not disclose critical drug candidate specific inform-

ation at the preclinical phase. A competitor may know about a focal firm’s patenting 

activities through the latter’s disclosure of an important invention to the U.S. Patent and 

Trademarks. However, information such as the results of preclinical trials or the firm’s 

plan for advancing a new drug remains confidential until the firm files for an IND 

application with the FDA. Although scientists of a sponsoring firm may publish research 

papers about the results of preclinical trials, information of this type reveals very little 

about a focal firm’s new drug development strategies. Thus, it is difficult for competing 

firms to develop competitive strategies based on each other’s progress in a particular 

therapeutic area during the preclinical phase. 

The uncertainty surrounding the preclinical phase and the information asymmetry 

between a firm and the outside world make it difficult for outsiders to measure the level 

of competition among a cohort of potential drugs in a therapeutic area at this stage. 

Because of this, I focus on the successive phases of drug development (i.e., Phases I to 

III) of clinical trials in the empirical analysis.  

Meanwhile, once the FDA approves an IND application, the sponsoring firm 

starts the clinical trials. These clinical trials are sequential and start with Phase I trials 

(see Figure 1). During this phase, a healthy volunteer population of between 20 and 80 

individuals participate to establish the safety of the candidate drug (Abrantes-Metz, 

Adams and Metz, 2006). According to FDA guidelines (2009), Phase I clinical trials are 

designed “to determine the metabolic and pharmacological actions of the drug in humans, 

the side effects associated with increasing doses, and, if possible, to gain early evidence 

of effectiveness.” The focus of this phase is to examine the safety and not the efficacy of 
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a candidate drug, per se. However, Phase I trials could include afflicted patients with life-

threatening diseases, such as cancer (Pisano, 2006, p. 50). A recent study shows that the 

average duration of Phase I clinical trials is approximately 22 months for all drug candi-

dates that started clinical trials under the FDA guidelines between 1989 and 2002 

(Abrantes-Metz, Adams and Metz, 2006). The study estimates the success rate of this 

phase to be about 81% (DiMasi, Hansen and Grabowski, 2003), while the average costs 

to be $15.2 million, deflated to year 2000 U.S. Dollars terms.   

 

 

 

 

Figure 1: Different Phases of Drug Development 

 

The larger Phase II trials consist of several hundred human subjects with the 

targeted disease condition. The objective of this phase is to establish the safety and 

efficacy of the drug candidate. According to the FDA guidelines, Phase II trials are 

conducted “to evaluate the effectiveness of the drug for a particular indication or 

indications in patients with the disease or condition under study and to determine the 

common short-term side effects and risks.” A recent study estimates the average duration 

for Phase II trials to be about 34 months, with an approximate 58% success rate 

(Abrantes-Metz, Adams and Metz, 2006). According to DiMasi, Hansen and Grabowski 

(2003), the average costs of Phase II trials are estimated to be $23.5 million. 

Finally, the Phase III trials are the longest and the most complex phase, often with 

thousands of subjects in several countries participating. This phase primarily focuses on 
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the long-term effects of the candidate drug, with special attention examining whether 

there are any negative side effects. According to the FDA guidelines, Phase III trials are 

conducted “to evaluate the overall benefit-risk relationship of the drug and provide and 

adequate basis for physician labeling.” Abrantes-Metz et al. (2006) estimate the average 

duration of this phase to be approximately 50 months with a success rate of about a 57%.. 

Additionally, DiMasi et al. (2003) estimate the average costs of Phase III trials to be 

$86.3 million.  

Due to the low success rate and the long duration of the clinical trials, the total 

costs of taking a drug candidate through the three phases of trials are extremely high. 

DiMasi et al. (2003) estimate that the capitalized cost of developing an FDA approved 

drug is approximately $802 million. Clinical trials account for the largest investment in 

the biopharmaceutical industry. Therefore, sponsoring firms critically examine the 

competitive environment before making a decision to continue with the candidate drug at 

the end of each phase of the clinical trials. Guedj (2005) suggests that while a decision to 

discontinue a drug candidate at the end of a phase should be guided by scientific and 

clinical information generated during the trials, firms often use other parameters, such as 

market potential and the competitive environment, in making this decision. In this 

dissertation, I advance this hypothesis a step further and argue that these parameters also 

influence the governance choices and subsequent performance of drug development 

projects. 

Meanwhile, once a drug candidate goes through all three phases of clinical trials, 

the sponsoring firm seeks regulatory approval from the FDA by filing a New Drug 

Application (NDA). This application includes results from the clinical trials and any 
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other drug candidate specific information that the FDA requires the firm to submit. The 

FDA’s scientific committee examines the results and analysis of the clinical trials and 

works closely with the sponsoring firm during the review process. Olson (1997) finds that 

FDA approval time varies across different therapeutic areas due to inherent differences in 

the complexities among these areas. Interestingly, she finds that the FDA review time for 

a drug candidate may also vary across firm-level characteristics, even after controlling for 

relevant factors that may influence review time. 

The three phases of clinical trials allow me to follow a specific drug candidate at 

three sequential points, from the launching of Phase I trials to the launching of Phase III 

trials. Specifically, I can follow the governance choice, competitive environment, and a 

set of measures at the following points in time: 

 Beginning of Phase I clinical trials  

 Beginning of Phase II clinical trials  

 Beginning of Phase III clinical trials  

Ideally, I should include the FDA review process in the empirical analysis. 

However, the data on FDA application is very difficult to collect. Although the FDA 

discloses information on the drugs that have been approved, it does not disclose infor-

mation on historical non-approved drug applications. Business intelligence datasets that I 

have used in the study also do not provide comprehensive information on failed drugs.  

Meanwhile, by following a cohort of drug candidates in a therapeutic area, I am 

able to measure the competition among these drugs, both in the biotech and pharma-

ceutical industries, during the development stage. In addition, I am also able to identify 

whether a project has successfully completed a particular phase of clinical trial. I discuss 
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the sample frame and data-generation process more comprehensively in the following 

section.  

4.2 Sample and Data Generation Process  

The sample frame that I used in developing the dataset includes all of the clinical 

trials that U.S.-based biopharmaceutical firms initiated between 1996 and 2008 in 24 

therapeutic areas for which I could collect data from various sources. I have listed the 24 

therapeutic areas in Table 2. The three proprietary databases that I used for the clinical 

trial data are RecapRx, Adis R&D Insight, and Inteleos.  

RecapRx is a comprehensive biotechnology clinical trials database and part of 

Deloitte Recap LLC. The database provides clinical trial-level information such as when 

a clinical trial started, how long it took for the sponsoring firm to complete the trial, 

location of the trial, number of subjects involved, and the result of the trial. In certain 

cases, the database also provides the press releases, abstracts of publications, FDA 

documents, and other related documents of a drug development project. Adis R&D 

Insight provides information on drug pipelines both in biotechnology and in pharma-

ceutical industries. The database is part of Wolters Kluwer Pharma and is considered one 

of the leading business intelligence databases in the industry. Finally, Inteleos is very 

similar to Adis R&D Insight that provides drug pipeline information, but it has better 

coverage on clinical trials outside the United States.  

Although these databases are very good at keeping track of current clinical trial 

information, they are oftentimes less than ideal with respect to information concerning 

historical clinical trials. For example, information involving a specific phase is missing 
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from all three databases in several cases. In order to overcome this limitation, I 

complemented clinical trial information from three additional sources. First, 

www.clinicaltrials.gov, a website that provides information on clinical trials sponsored by 

the U.S National Institutes of Health (NIH), other federal agencies, and private industry. 

The site currently contains 99,152 trials from all 50 U.S. states and from 174 countries. 

NIH has developed this site in collaboration with the Food and Drug Administration as a 

part of the FDA Modernization Act of 1997. Second, for clinical trials in cancer, I use the 

U.S. National Cancer Institute’s cancer-related clinical trial database. This database 

includes two types of trials: clinical trials that are actively accepting participants and 

trials that have been completed in recent years. The first database contains over 8,000 

trials while the second includes over 19,000 trials. Finally, I used LexisNexis® Academic 

and company websites to ensure that I did not exclude any trials. Biotechnology 

companies often provide detailed information on their current pipelines. However, they 

frequently do not provide information on failed or abandoned projects. In those cases, I 

searched for news articles in LexisNexis® and complemented the information. 

I collected interfirm collaboration (alliance) data from Elsevier Business 

Intelligence’s Windhover Strategic Transactions database. This database contains 

detailed information regarding the alliance activities in the biotechnology and 

pharmaceutical industries. Scholars have used this data in prior studies to understand 

collaborative activities in the industry (Danzon, Nicholson and Pereira, 2005). Finally, I 

used LexisNexis® Academic and company websites for information not available in the 

two proprietary databases. 
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For the firm-level control variables, I used Standard and Poor’s Compustat North 

American Quarterly Industrial data, downloaded through Wharton Research Data 

Services (WRDS). I downloaded the NASDAQ Biotechnology Index from the NASDAQ 

website and collected information on the U.S. GDP growth rate from the World Bank 

WDI database. Finally, I collected information on the external financing environment in 

the biotechnology industry from Elsevier Business Intelligence’s Windhover Strategic 

Transactions database (more on this below). Table 3 lists the data sources I used in the 

dissertation.  

I considered a specific indication for which a drug was being developed as the 

level of analysis. Although some prior studies used a drug compound or a drug research 

program as the level of analysis,20 I argue that a specific indication is a more appropriate 

level of analysis for the purpose of the dissertation for two reasons. First, although a drug 

compound or a biological agent may have more than one target disease, sponsoring firms 

usually organize drug development activities at the indication level. For instance, a 

biotech firm may collaborate with two different partners for the development of two 

different indications of a drug compound. As a result, by examining drug development at 

the indication level, I am able to capture the micro-level organization of drug 

development. Second, given that firms compete at the therapeutic class level in product 

markets (for example, one cholesterol-reducing drug against another), the indication level 

is more appropriate for examining competitive interactions during drug development. In 

particular, by examining drugs at the indication level, I am able to investigate the effects 

                                                 
20)  For example, Cockburn and Henderson (2001) and Henderson and Cockburn (1996) focus on research 

programs that typically include multiple compounds, each of which may have multiple indications. 
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of competition in a therapeutic area on the selection of governance choice and subsequent 

project performance. Among others, Abrantes-Metz, Adams, and Metz (2006), Danzon, 

Nicholson, and Pereira (2005), and Guedj (2005) use indication as the level of analysis to 

study drug development. 

4.2.1 Description of Variables  

I developed a longitudinal data set where the unit of time is a specific phase in 

drug development. I observed each drug candidate at three different points in time, from 

the launching of Phase I, Phase II, and Phase III. At each of the three points in time, I 

measured all relevant variables. That is, I identify (a) the choice of governance mode 

(internal organization, equity alliance, or non-equity alliance); (b) the number of verti-

cally integrated firms and R&D firms in a therapeutic area (a proxy for the level of 

competition that the focal project faces) within different time windows (more on this 

follows); (c) whether a project succeeded; and (d) a set of firm, industry, and macro 

economy level control variables. In the following section, I describe these variables. 

Dependent Variables: To test the predicted relationships of the theoretical 

framework, I developed two dependent variables. The Governance variable identifies the 

governance structure of a drug development project. This categorical variable takes one 

of three values:  

 Governance = 0 for projects that were developed within the hierarchies.  

 Governance = 1 for projects that were developed within equity alliances.  

 Governance = 2 for projects that were developed within non-equity alliances.  

I hand-collected this information by matching each clinical trial data with 

strategic alliance data from Elsevier Business Intelligence’s Windhover Strategic Trans-



71 

 

actions database. In cases where Windhover’s information was missing, I relied on other 

sources, such as Adis International’s company profile, company annual reports, and 

corporate websites.  

The second dependent variable is Performance, corresponding to Hypothesis 7. 

This variable measures the performance outcome of a drug development project and takes 

the following two values: 

 Performance = 0 for projects that failed to progress to the next phase of clinical trials. 
In the case of Phase III clinical trials, it implies that the sponsoring firm did not apply 
for a New Drug Application (NDA) or a Biological License Application (BLA).  
 

 Performance = 1 for projects that progressed to the following phase of clinical trials. 
In the case of Phase III clinical trials, it implies that the sponsoring firm applied for a 
New Drug Application (NDA) or a Biological License Application (BLA).  

 
 I used the Governance variable as a dependent variable in order to examine the 

effects of competition and firm-level factors on governance choice. This dependent 

variable corresponds to Hypotheses 1 to 6. Similarly, I used the Performance variable as 

a dependent variable to examine the effects of governance choice on performance 

outcomes of drug development projects. This dependent variable corresponds to 

Hypothesis 7.  

Independent Variables: Two key independent variables that measure the degree 

of competition in a technology domain correspond to the presence of two types of firms − 

R&D firms and vertically integrated firms − in a therapeutic area at a particular phase. I 

argue that although an increase in the number of firms within a domain increases the 

level of competition, the relationship may not be linear. In particular, I argue that 

competition is likely to increase at a decreasing rate of number of firms in a therapeutic 
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area. As a result, I use the following logarithmic transformation to account for the non-

linearity of the relationship and developing the two key independent variables.   

 Competition from R&D Firms = Loge (1 + number of R&D firms in a therapeutic 
area in a particular phase). 

 
 Competition from Vertically Integrated Firms = Loge (1 + number of vertically 

integrated firms in a therapeutic area in a particular phase).  
 
Using the sources I described in the previous section, I counted the number of 

clinical trials initiated by both pharmaceutical (vertically integrated) firms and biotech 

(R&D) firms within a particular time window. In the baseline model, I used the following 

time windows for the three phases of the clinical trials: 

 Phase I: 24  months  
 Phase II: 36  months  
 Phase III: 48 months  

 
Specifically, I measured the number of firms that started the Phase I clinical trials 

24 months prior to the R&D focal firm’s Phase I clinical trials. Similarly, I counted the 

number of firms in the other two phases using 36-month and 48-month time windows, 

respectively. Measuring the level of competition in the different phases in this way could 

potentially be problematic because there is always the possibility that I could have failed 

to include the clinical trials initiated prior to the starting date of the time window I used. 

In such situations, I would have failed to measure the competitive effects of those 

projects on that of the focal one. In order to eliminate this potential bias, I conducted a 

series of robustness checks with different window lengths and found the estimates to be 

consistent with the baseline model.   

I used the two competition variables to test the predicted relationships I proposed 

in Hypotheses 1 and 2. In addition to these two independent variables, I developed the 
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following four variables that I interacted with competition from R&D firms and 

vertically integrated firms variables in order to test Hypotheses 3 to 6. Essentially, these 

four hypotheses examine the underlying mechanisms of the predicted relationships I 

proposed in Hypotheses 1 and 2. 

In Hypothesis 3, I argue that an R&D firm with more successful projects in its 

portfolio is likely to have higher bargaining power when the firm negotiates with a 

potential partner vis-à-vis a firm with fewer successful projects. As a result, an R&D firm 

with more successful projects would be able to negotiate an equity-based alliance when it 

faces competition from other R&D firms. In order to operationalize this construct, I 

created a firm-level variable (Past_Success) that measures the number of projects a 

biotech firm completed successfully in the same phase prior to the focal drug 

development project. Note here that I do not distinguish among different therapeutic 

areas in constructing this variable.  

In Hypothesis 4, I argue that when an underlying technology has more than one 

application, the redeployability of a potential alliance partner’s resources diminishes. 

This is due to the fear that the R&D firm may deploy some of the resources to a non-focal 

area, thereby keeping the alliance partner hostage. I created a product-level identification 

variable (Product_Application) that takes the value of 1 when a candidate drug has more 

than one therapeutic application prior to the focal project. Otherwise, the variable equates 

to 0 when the drug has only one application (the focal one).  

In Hypothesis 5, I argue that an R&D firm with a broader organizational scope is 

likely to have more internal resources. I also argue that under a high level of competitive 

pressure from vertically integrated firms, an R&D firm with a broader organizational 
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scope is likely to deploy resources from internal sources and will form a non-equity 

instead of an equity alliance. I measured the organizational scope (Organizational_ 

Scope) of a biotech firm in the following manner. First, I calculated the Herfindahl-

Hirschman Index (HHI) of its therapeutic areas. Specifically, I measured the proportion 

of the firm’s drug candidates in each therapeutic area, squared and summed across all 

therapeutic areas in which the firm has been active at a specific point in time. Second, I 

deducted HHI from 1 to generate Organizational_Scope. That is, Organizational_Scope 

= (1  HHI of an R&D firm’s therapeutic area). This approach is consistent with prior 

work on the organizational scope of biopharmaceutical firms (e.g., Danzon, Nicholson, 

and Pereira, 2005).  

Finally, in Hypothesis 6, I argue that when an R&D firm has previous experience 

in forming successful alliances, a potential alliance partner is likely to be less concerned 

about ex post misappropriation. Moreover, I argue that under a high level of competition 

from vertically integrated firms, an R&D firm with previous experience in forming 

alliances and alliance partners is likely to negotiate a non-equity alliance instead of an 

equity-based one.  I identified whether an R&D firm formed an alliance within the past 

two years prior to the current stage of drug development to develop the Past_Alliance 

variable.  

Control Variables  

I included a set of control variables in the econometric analyses to eliminate the 

possibility of alternative factors that may drive the predicted relationships. First, I 

included a drug indication level variable that is likely to capture the technological uncert-

ainty of the underlying drug. Technology uncertainty could be an important determinant 
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of governance choice for many reasons. For instance, under a high technological 

uncertainty environment, it would be more difficult for two allying firms to negotiate and 

write a comprehensive contract. As a result, the risk of ex post opportunism will increase, 

and parties are more likely to select a more hierarchical governance mode to organize the 

alliance. I calculated technological uncertainty (Technological_Uncertainty) based on 

the phase-specific failure rate in a therapeutic area, based on all clinical trials conducted 

in the phase-therapeutic area for which I could collect information. Specifically, I 

calculated this time variant variable as follows:  

Technological_Uncertainty = 1 – (Total number of successful clinical trials / 

Total number of clinical trials) for each therapeutic area and for each phase of 

clinical trials.  

Second, I included six firm-level variables that may relate to governance choice 

of drug development projects. First, I included a variable that measures a firm’s phase-

specific experience of developing a drug in a therapeutic area. I calculated the number of 

same-phase clinical trials a firm completed in a therapeutic area prior to the focal trial 

(Development_Experience). Firms with prior experience in developing drugs within the 

same therapeutic area may have the knowledge and capabilities that may reduce the need 

for interfirm alliance. Second, I included the age of the firm (Firm_Age) to control for 

the resources and capabilities that a firm may acquire as it gets older. These resources and 

capabilities may reduce the need for interfirm alliances. Although I included a firm’s past 

experience in developing a drug, a firm’s age may have an additional effect on its choice 

of governance. Third, I included revenue and total assets (measured on a quarterly basis) 

to control for firm size. I lagged both the variables (Lag_Revenue) and 
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(Lag_Total_Assets) by six months. I also included the lagged free cash flow 

(Lag_FreeCashFlow) to control for internal financial resources that may influence a 

firm’s governance choice. For instance, the corporate finance literature suggests a strong 

correlation between a firm’s free cash flow and its level of investment. One may argue 

that when a firm is high in free cash flow, it employs its internal financial resources in 

developing a drug instead of using an interfirm alliance. Finally, I included the market-to-

book value (Lag_MarketToBookValue) variable to control for a firm’s market value vis-

à-vis its book value. Market-to-book value could be an important determinant of a firm’s 

governance choice because a firm with a higher market-to-book value is likely to attract 

more alliance partners than a firm with a lower market-to-book value. As with other firm-

level control variables, I calculated market-to-book value on a quarterly basis and lagged 

the variable by 6 months.  

Third, I included three macro-level variables that are likely to influence an R&D 

firm’s choice of governance. The NASDAQ Biotech Index (NASDAQ_Biotech_Index) is 

likely to capture capital market conditions. I used a three-month moving average to 

calculate this variable in order to create a more long-term market condition. Similarly, I 

calculated the total amount of external financing that the U.S. biotech firms raised 

(TOTAL_Industrial_Deal) on a yearly basis. I collected this information from Elsevier 

Business Intelligence’s Windhover Strategic Transactions database. Analysts at this firm 

calculate the expected value of a deal from the perspective of the biotech firm at the time 

a deal is signed. I calculated this variable based on this estimation on a yearly basis. I 

collected the U.S. GDP growth rate (GDP_Growth) from the World Bank WDI database. 

This variable captures the overall economic condition of the country.  
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Fourth, I included an indicator variable that identifies the phase of a clinical trial. 

As a drug goes through Phase I to Phase III clinical trials, the complexities and resource 

requirements increase substantially. As a result, the likelihood of forming an interfirm 

alliance increases.  

Finally, I included an indicator variable that identifies the therapeutic area of a 

drug candidate. Drug characteristics vary significantly across different therapeutic 

classes. As a result, a drug candidate’s therapeutic class is likely to influence the choices 

that a focal R&D firm makes on governance mode. I provide descriptions of the variables 

in Table 4. In addition, I present summary statistics and a correlation matrix in Tables 5 

and 6, respectively.  

4.3 Identification and Empirical Strategy  

In order to test the seven hypotheses of the theoretical framework empirically, I 

essentially have to establish two broad interrelated relationships. First, I have to examine 

how the two types of competition influence the choice of governance (corresponds to 

Hypotheses 1 and 2). Second, I have to examine how such governance choices 

subsequently influence the performance outcome of the drug development projects 

(Hypothesis 7). In addition, I will have to examine four interactions between the two 

types of competition and firm and technology-level factors in determining governance 

choice (corresponds to Hypotheses 3 to 6).  

The difficulty in empirically implementing these two main relationships is that 

there is an endogenous self-selection process embedded in the governance choice that 

will bias the estimation of the performance model. The endogenous process may result 
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from the fact that R&D firms do not randomly select governance modes for their R&D 

projects. In other words, managers of these firms choose governance modes based on, 

among others, the underlying characteristics of a drug, firm capabilities, and the external 

environment to increase the likelihood of project success. As a result, factors that drive 

the governance choice will confound with the factors that drive the performance of the 

drug development projects. Given that I am unable to include all of the factors that drive 

both the governance choice and performance, the unobserved factors are likely to 

influence both dependent variables, Governance and Performance. Such unobserved 

factors will correlate with the governance choice variable in the performance model and 

bias the coefficient estimation (Hamilton and Nickerson, 2003; Heckman, 1979; Lee, 

1978; Masten, 1996; Shaver, 1998). Therefore, estimating unbiased coefficients would 

require that I follow an identification strategy that accounts for such omitted variables.  

I adopted an approach developed by Lee (1983) and later introduced to the 

strategic management literature by Hamilton and Nickerson (2003). This two-stage 

approach is very similar to the popular Heckman selection model developed by James 

Heckman in a seminal paper in 1979. However, the main difference between the 

Heckman model and Lee’s approach is that the latter allows for more than two choices in 

the first stage selection equation. As a result, I can use the same multinomial logit model 

to calculate inverse Mills ratios that are subsequently included in the second stage 

performance equations to account for the endogeneity that stems from the self- selection 

process. The second stage performance equation is estimated using an ordinary least 

square approach because of the underlying assumption of bivariate normality of the error 

terms. The second stage dependent variable in my case is a dichotomous (success vs. 
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failure) variable. Therefore, I estimate the equation using a linear probability model. Use 

of such model for a dichotomous dependent variable will provide unbiased but inefficient 

estimates.  

Before I elaborate on the identification strategy for the two stage selection model 

corresponding to Hypothesis 7, it is imperative to discuss the first stage governance 

choice model that I use to examine the effects of competition on the governance of drug 

development projects. The three governance choices I focus on − internal organization, 

equity alliance, and non-equity alliance − are assumed to be nominal and unordered. An 

appropriate estimation approach for this type of choice is a multinomial logit model 

(MNL).  Developed from a theory of probabilistic choice in economics by McFadden 

(1974), the model enables me to examine whether the competition stemming from two 

types of competitors differentially influence an R&D firm’s choice of alternative 

governance mode. I briefly discuss this estimation approach below. 

Consider X is the vector of independent and control variables that influence the 

choice of governance of an R&D project. Also consider β (IO), β(EA), and β(NA) correspond 

to each outcome category, where IO, EA, and NA represent internal organization, equity 

alliance and non-equity alliance, respectively. According to the multinomial logit 

approach, the probability of each choice can be expressed as follows:21 

Prob (y=IO) =eXβ(IO)/ (eXβ(IO)+eXβ(EA)+eXβ(NA))     (1) 

Prob (y=EA) =eXβ(EA)/ (eXβ(IO)+eXβ(EA)+eXβ(NA))     (2) 

Prob (y=NA) =eXβ(NA)/ (eXβ(IO)+eXβ(EA)+eXβ(NA))    (3) 

 

                                                 
21)  I follow similar notations as in Chang and Rosenzweig (2001).  
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In order for this system of equations (1 to 3) to be identified, I have to set one of 

the β(IO), β(EA), or β(NA) to zero arbitrarily. Assume that β(IO) = 0, which corresponds to 

making  internal organization as a base outcome or a reference point. As a result, I can 

rewrite the above equations as follows: 

Prob (y=IO) =1/ (1 +eXβ(EA)+eXβ(NA))      (4) 

Prob (y=EA) =eXβ(EA)/ (1+eXβ(EA)+eXβ(NA))      (5) 

Prob (y=NA) =eXβ(NA)/ (1+eXβ(EA)+eXβ(NA))      (6) 

Note here that I only calculate the relative probability of selecting a governance 

mode compared to the internal organization but not absolute level of probability. 

Therefore, two relative probabilities of selecting an equity alliance vis-à-vis internal 

organization and a non-equity alliance vis-à-vis internal organization could be presented 

as follows: 

Prob (y=EA)/ Prob (y=IO) =eXβ(EA)       (7) 

Prob (y=NA)/ Prob (y=IO) =eXβ(NA)      (8) 

The two ratios in equations (7) and (8) refer to relative risk. The relative risk for a 

one-unit change in a right side variable, xi, becomes ei
Xβ(EA) or ei

Xβ(NA). I estimate 

parameter vectors β using a maximum likelihood function and the Newton-Raphson 

approximation method.  

Specifically, I estimate the following equation using the multinomial logit 

approach: 

Governancejkt = β0 + β1 · Competition_R&D_Firmskt + β2 · 
Competition_VerticallyIntegFirmskt + β3 · Past_Successj + β4 · 
Product_Applicationjkt + β5 · Organizational_Scopej + β6 · Past_Alliancej + β7 · 
Competition_R&D_Firmskt · Past_Successj + β8 · Competition_R&D_Firmskt · 
Product_Applicationjkt + β9 · Competition_VerticallyIntegFirmskt · 
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Organizational_Scopej + β10 · Competition_VerticallyIntegFirmskt · 
Past_Alliancej + β11-22 · CONTROLS + εjit       (9) 

 
Here j refers to a particular firm, while k refers to a particular therapeutic area, 

and t refers to a particular stage in the development of a new drug. Governance is 

distinguished among three forms of governance: internal organization, equity alliance and 

non-equity alliance. CONTROLS include control variables at four different levels: drug, 

therapeutic area, firm, and macroeconomic environment. εjit is a random error term.  

In equation (9), I would expect β1 (the coefficient of the variable that measures 

competition from other R&D firms) to be positive and significant when the Governance 

variable equals 2 (non-equity alliance) according to Hypothesis 1. That is, an R&D firm 

and its allying partner are more likely to select a non-equity alliance under this 

competitive environment in a therapeutic area. Similarly, I would expect β2 (the 

coefficient of the variable that measures competition from vertically integrated firms) to 

be positive and significant when the Governance variable equals 1 (equity alliance) 

according to Hypothesis 2. Specifically, an R&D firm and its allying partner are more 

likely to select an equity alliance over internal organization when the competition in a 

therapeutic area is dominated by vertically integrated firms. In order to evaluate the 

magnitude of the estimated effects of competition on governance choice more 

meaningfully, I estimated the predicted probabilities and present them graphically.  

The four interaction terms in equation (9) correspond to Hypotheses 3 to 6. The 

interaction between Past_Success and competition from other R&D firms will enable me 

to examine whether an R&D firm with a higher level of success in completing drug 

projects holds a higher bargaining power and is thus able to negotiate an equity alliance 
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as opposed to a non-equity alliance as I argued in Hypothesis 3. Likewise, the interaction 

between Product_ Application and competition from other R&D firms will enable me to 

test whether an R&D firm with a drug that has more than one application is likely to 

increase ex post contractual hazard for its alliance partner. Because of this increase, the 

alliance partner and the R&D firm are more likely to select an equity alliance as I argued 

in Hypothesis 4. Similarly, the third interaction term between competition from vertically 

integrated firms and Organizational_Scope will enable me to test whether an R&D firm 

with a broader organizational scope will be able to negotiate a non-equity alliance as I 

predicted in Hypothesis 5. Finally, the last interaction term between competition from 

vertically integrated firms and Past_Alliance will enable me to test whether an R&D firm 

with past alliance experience and its alliance partner will negotiate an non-equity alliance 

as I proposed in Hypothesis 6. 

Unfortunately, I cannot follow a straightforward approach to examine the effects 

of these four interaction terms. This is because the coefficients and standard errors of 

interaction terms in nonlinear models, such as a multinomial logit, are inherently different 

compared to linear models as highlighted by Ai and Norton (2003). In order to overcome 

this challenge, I followed a simulation-based approach developed by King, Tomz, and 

Wittenberg (2000) and recently introduced to the strategic management literature by 

Zelner (2009). This simulation technique makes it possible to present the effects of 

interaction terms graphically. Such graphical presentations enhance examining both the 

magnitude and direction of the estimated effects of the interaction terms of equation (9). 

Now moving on to the last hypothesis (Hypothesis7), I argued that an R&D firm’s 

technology project is likely to be more successful when the firm and its alliance partner 
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mutually select a governance structure according to the competitive conditions and 

internal factors I proposed in Hypotheses 1 to 6. As I discussed above, I need to correct 

for endogenous governance choice when examining the effects of governance on 

performance. Because I consider three governance choices, the popular Heckman (1979) 

model will not be appropriate in this situation. Accordingly, I follow Lee (1983), 

allowing for a polychotomous choice selection model.22 Specifically, Lee extended 

Heckman to incorporate a multinomial logit model as a selection model and proposed the 

calculation of the inverse Mills ratios by transforming the estimated probabilities in the 

following manner: 

λg (βj·X)=φ[Φ-1(pg(βj·Xi)]/(pg(βj·Xi)       (10) 

X is the vector of independent and control variables that influence the choice of 

governance, βj
 are associated coefficients, φ is the standard normal density function, and 

Φ is the standard normal distribution function. I include appropriate inverse Mills ratios 

in three second-stage performance equations, each for internal organization, an equity 

alliance, and a non-equity alliance. The inverse Mills ratios correct for sample selection 

of governance choice (Lee, 1983) when the second stage model is estimated using an 

ordinary least squares technique. Specifically, the three performance equations are as 

follows: 

                                                 
22)  An alternative to Lee’s approach is the method used by Dubin and McFadden (1984). This method is 

based on weaker assumptions while suffering from a higher risk of multi-collinearity than Lee’s, as 
suggested by Bourguignon, Fournier and Gurgand, (2007). Schmertmann (1994) compared the two 
approaches and concluded that “the Dubin-McFadden approach should be preferred on theoretical 
grounds but does not always perform better than Lee’s.” In addition, Bourguignon et al. have 
developed yet another approach. Essentially, they relaxed an assumption about the correlation structure 
in the Dubin-McFadden model.  
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Performance_IOjkt=δ0+ CONTROLS jkt     + δλIO λIO(β jkt·X)+μjkt    (11) 
Performance_EAjkt=δ0+ CONTROLS jkt     + δλEA λEA(β jkt·X)+μjkt   (12) 
Performance_NAjkt=δ0+ CONTROLS jkt     + δλNA λNA(β jkt·X)+μjkt   (13) 

 
Similar to equation (9), j refers to a particular firm, k refers to a particular 

therapeutic area, and t refers to a particular stage in the development of a new drug. As 

before, IO, EA, and NA represent internal organization, equity alliance, and non-equity 

alliance, respectively. Performance identifies whether a project was successful or failed. 

Specifically, it equals 1 for projects that were successful and equals 0 for projects that 

failed to proceed to the next stage of development. CONTROLS include control variables 

at three different levels: drug, therapeutic area, and firm. I excluded two macro environ-

mental variables because they are less likely to be related to project-level performance.23 

μjkt is a random error term.  

I estimate equations (11) to (13) using linear probability models because Lee’s 

approach holds when the joint distribution of the two error terms is bivariate normal. 

Because the second stage dependent variable is binary, I can alternatively use the probit 

model. In that case, the underlying assumption of bivariate normal will not hold. Use of 

linear probability models in the second stage will provide unbiased coefficient estimates 

but such estimation may not be efficient.   

I calculate unbiased average predicted probabilities of success under three 

alternative governance modes using the three performance equations, given that inverse 

                                                 
23)  It is important to exclude at least one variable from the performance equation otherwise the inverse 

Mills ratio terms in equations 11 to 13 are simply nonlinear functions of the independent variables. As 
a result, parameters δλIO, δλEA, and δλNA will only be identified by the normality functional form 
assumption (Hamilton and Nickerson, 2003). Little (1985) suggests that such identification could lead 
to very unstable and unreliable parameter estimates.  
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Mills ratios correct for the self-selection biases. In order to examine the prediction of 

Hypothesis 7, I will have to compare the probability of success of a project that was 

developed within a governance mode with the probability of success had the managers 

chosen to develop the project under an alternative governance mode. In other words, 

comparing the average probability of success across three governance modes will not be 

sufficient because observed probabilities may not correspond to the counterfactual 

probabilities of interest. For example, firms that developed drugs internally may have 

internal capabilities that make internal development more profitable than developing 

within an equity alliance. Similarly, firms that developed their drugs within equity 

alliances may not have such internal capabilities. As a result, had the firms that developed 

the drugs within equity alliance chosen to develop the drug internally, the probability of 

success is likely to diminish. That is why comparing two success probabilities − for 

instance, one for the internal development regression and the other for equity alliance 

regression − may not answer the question. One way to test this prediction is by 

conducting a counterfactual analysis, in which I not only estimate the predicted 

probability of success of a chosen governance mode, but also the predicted probabilities 

of success under two alternative governance modes that the firm did not choose. 

According to Hypothesis 7, the predicted probability of success under the chosen 

governance mode will be higher compared to two other alternative modes.  

Empirically, I could implement counterfactual analyses by following these steps. 

First, I fit all three models and calculate average predicted probabilities. Then I multiply 

the coefficients of each model by the vectors of competition, drug, and firm-level 

attributes for the two subsamples that chose two alternative modes. By doing this, I am 
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able to calculate counterfactual predicted probabilities under two alternative governance 

modes. Finally, I compare the predicted probabilities under the chosen governance mode 

with the two counterfactual modes. According to Hypothesis 7, I would expect that the 

predicted probability of success under the chosen governance would be higher than that 

under counterfactual governance modes.  

4.4 Estimation and Results  

4.4.1 Estimations of Main Effects  

I present a set of nested models to assess the effects of competition on governance 

choice in Table 7. I did not include interaction terms in these models because I only 

examined the two main effects of competition on governance choice in this section. That 

is, the results I present here correspond to Hypotheses 1 and 2 only. I used a multinomial 

logit model to estimate the models. The table reports the maximum likelihood estimates 

of multinomial logit coefficients and standard errors. I used internal organization (coded 

as Governance = 0) as the base outcome for all of the models. In addition, I clustered the 

standard errors by firm because I assume that the drug projects within a firm are 

correlated in some unknown way, inducing correlation in the error terms.24 

Note here that each of the multinomial logit estimations has two columns. The 

two columns refer to two comparisons. Column (a) compares the likelihood of selecting 

an equity alliance vis-à-vis internal organization (01), while column (b) compares the 

                                                 
24)  However, such correlation could be present at a more micro-level. Because of this possibility, I re-

estimated the full model by clustering the standard errors at the product and product-indication levels 
and found consistent results. I presented this analysis in the robustness check section.  
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likelihood of selecting a non-equity alliance vis-à-vis internal organization (02). The 

two columns together present a model-specific adjusted R-squared and log pseudo 

likelihood, presented in the last two rows of the table.  

In Model 1, I include two fixed effects related to the clinical phase and the 

therapeutic area of a drug. The organization of drug projects varies across three phases of 

clinical trials with respect to the invest demand, and the number of patients and 

physicians involved. Such variation is likely to be related to the governance mode. In 

general, R&D firms are likely to choose interfirm alliance to support complex later-stage 

trials. This is also evident in my data. In Table 8, I presented how governance modes of 

drug development projects vary across the three phases of clinical trials. For instance, 

R&D firms conducted 60.3% of Phase I clinical trials internally, while the percentage 

drops down to 46.3% when the drugs reach Phase III clinical trials. Therefore, I would 

argue that clinical phase is an appropriate control variable for the model I use. Similarly, 

the organization of drug projects varies across the different therapeutic areas. For 

instance, Olson (1997) shows that the FDA approval time varies across different 

therapeutic areas due to inherent differences in the complexities among these areas. For 

similar reasons, one can argue that the governance modes an R&D firm chooses may also 

vary across therapeutic areas. Although the coefficients of clinical phase-fixed effects in 

Model 1 turn out to be statistically insignificant, a number of therapeutic area coefficients 

became significant (not reported in the table, due to a lack of space). The adjusted R-

squared for the model is 0.118. 

In Model 2, I include three additional macro level variables that are likely to be 

related to governance choice. First, I include the NASDAQ Biotech Index 
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(NASDAQ_BiotechIndex) to account for the overall capital market environment. An 

R&D firm may choose to form an interfirm alliance to finance its drug development 

activities. This decision is likely to be related to alternative financing options, such as a 

secondary IPO. As a result, controlling for a measure that captures the overall capital 

market environment is reasonable. Note here that I used a 3-month moving average to 

capture the capital market environment for a longer period of time. Second, I include the 

total amount of external financing raised by all of the biotech firms in a year 

(Total_IndustrialDeal). This industry-level measure accounts for the overall financing 

environment. It is likely that a biotech firm’s decision to form an alliance would be 

contingent on the overall financing environment. As a result, this control variable is also 

appropriate in the model. Finally, I include growth in gross domestic product 

(GDP_Growth) as a control for the overall macroeconomic environment of the country.  

The adjusted R-squared of Model 2 is 0.239, a significant increase from Model 1. 

Also, the coefficient of the Total_IndustrialDeal variable is positively related to both the 

likelihood of selecting an equity or non-equity alliance vis-à-vis internal organization. 

This is consistent with the fact that when the overall external financing environment 

improves, a firm is more likely to form interfirm alliances to develop its drug. The 

Total_IndustrialDeal variable includes both financing through capital markets and 

interfirm alliances. Similarly, the estimation shows that firms are more likely to select 

equity alliances as a drug advances through clinical phases, and as the coefficients of 

Phase_II and Phase_III indicator variables are found to be positively related to equity 

alliances, as opposed to internal organization. However, the coefficient of Phase_III is 
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significantly related to the likelihood of a non-equity alliance, as opposed to internal 

organization.  

In Model 3, I added four additional variables related to a firm’s financial status. 

These variables are quarterly revenue (Lag_Revenue), total assets (Lag_TotalAssets), 

free cash flow (Lag_FreeCashFlow), and market-to-book value 

(Lag_MarketToBookValue). I lagged all four variables by six months to account for 

plausible dynamic relationships between these variables and a firm’s choice of 

governance. A positive and significant relationship between market-to-book value and 

both types of alliance plausibly indicates that firms valued highly by the capital market 

with respect to their book value are more likely to form interfirm alliances than their 

counterparts with a lower market value compared to their book value. The adjusted R-

squared of Model 3 is 0.261, an increase from Model 2. 

In Model 4, I included five additional firm-level nonfinancial factors that are 

likely to be related to a firm’s choice of governance. These variables are organizational 

scope (Organizational_Scope), drug development experience (Development_ 

Experience), the number of prior successful projects (Past_Success), whether the firm 

formed an alliance 2 years prior to the current drug development project (Past_Alliance) 

and the number of years elapsed since the firm was established (Firm_Age). Both the 

broader organizational scope and the higher previous success in developing drugs are 

related to the higher likelihood of organizing drug development internally, versus through 

a non-equity alliance, as evidenced by the negative coefficients associated with the 

Organizational_Scope  and Past_Success variables. However, in the relationship 

between a firm’s age and the likelihood of selecting an equity or non-equity alliance as 
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opposed to internal organization, the opposite pattern is found. That is, as a firm gets 

older, the likelihood of forming both types of alliances increases. The adjusted R-squared 

of Model 4 is 0.299, an increase from Model 3. 

In Model 5, I included two additional variables related to the underlying drug that 

may influence an R&D firm’s governance choice decision. Product_Application 

identifies whether a drug has more than one application, while Technological_ 

Uncertainty measures the level of technological uncertainties associated with the drug. 

Note here that Technological_Uncertainty is a time variant therapeutic area-specific 

measure. The coefficients of both variables are found to be insignificant in this model. 

However, the adjusted R-squared of Model 5 is 0.302, a marginal increase from Model 4.  

Finally, I included two competition variables in Model 6. Competition_R&D_ 

Firms is a measure of competition from R&D firms. Similarly, Competition_ 

VerticallyIntegFirms is a measure of competition from vertically integrated firms. I 

measured both variables at the clinical phase level within a therapeutic area. The adjusted 

R-squared of Model 6 is 0.457, a significant increase from the adjusted R-squared of 

0.302 of Model 5.  

I conducted a log likelihood ratio test by comparing the full model (Model 6) with 

a restricted model that does not include two independent variables,  Competition_ 

R&D_Firms and Competition_VerticallyIntegFirms (essentially comparing between 

Models 5 and 6). A two-tailed χ2 test suggests that including the variables results in a 

statistically significant improvement in model fit. χ2 (3) = 10.11 while Prob. < 0.017. The 

test confirms that the competition from both R&D and vertically integrated firms in a 

therapeutic area seems to have an impact on the choice of governance. Moreover, I 
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conducted a Wald test. I found the hypothesis that coefficients associated with 

competition from other R&D firms is zero can be rejected at the 0.10 level (χ2 = 5.014, df 

= 2, p < 0.08) and from vertically integrated firms at 0.05 level (χ2 = 13.385, df = 2, p < 

0.00). This test further confirms that competition in a therapeutic area is likely to be 

related to the choice of governance.   

Focusing back to Model 6, column (b) shows that the coefficient of the 

Competition_R&D_Firms variable is positive and statistically significant. This provides 

empirical support for Hypothesis 1. Specifically, the higher the level of competition from 

other R&D firms in a therapeutic area, the higher the likelihood that a focal R&D firm 

and its allying partner will select a non-equity alliance. Similarly, column (a) of Model 6 

shows that the coefficient associated with the Competition_VerticallyIntegFirms 

variable is positive and statistically significant. This provides support for Hypothesis 2. 

Specifically, the higher the competition from vertically integrated firms, the higher the 

likelihood that a focal R&D firm and its allying partner will select an equity-based 

alliance.  

Because the coefficients of multinomial logit models are presented in relative risk 

and are difficult to interpret, I estimated the predicted probabilities of selecting both 

equity and non-equity alliances vis-à-vis internal organization under two competitive 

environments. I graphically present the predicted probabilities in Figures 2 and 3. 

In Figure 2, I present the estimated predicted probabilities of selecting both equity 

and non-equity alliances as a function of competition from other R&D firms. Note here 

that I use a logarithmic measure of competition in order to account for possible decaying 

effects of the number of competitors on the level of competition. The figure shows that 
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with the increase in competition from other R&D firms, the probability of selecting a 

non-equity alliance compared to internal organization increases substantially. 

Specifically, the predicted probability increases from close to zero to very close to 1 

within the range of the Competition_R&D_Firms variable. This finding is consistent 

with Hypothesis 1. In contrast, the predicted probability of selecting an equity alliance 

seems to remain very low, even when competition from other R&D firms increases to a 

maximum within the data range. 

Similarly, in Figure 3, I present the estimated predicted probabilities of selecting 

both equity and non-equity alliances as a function of competition from vertically 

integrated firms (Competition_VerticallyIntegFirms). As in the previous case, I used a 

logarithmic measure of competition to account for possible decaying effects of the 

number of vertically integrated firms on the level of competition. The figure shows that 

with an increase in competition from vertically integrated firms, the probability of 

selecting an equity alliance compared to internal organization increases substantially. 

Specifically, the predicted probability increases from close to 0 to 1 within the range of 

the Competition_VerticallyIntegFirms. This finding is consistent with Hypothesis 2. In 

contrast, the predicted probability of selecting a non-equity alliance remains very low, 

even when competition from vertically integrated firms increases to the maximum level. 

In summary, from the log likelihood and the Wald tests, I find empirical support 

for the notion that competition in a therapeutic area influences the governance choices of 

drug development projects of biotechnology firms. I also find support that competition 

from R&D firms increases the likelihood of an R&D firm and its allying partner selecting 

a non-equity alliance over internal organization. This finding is consistent with the 
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prediction in Hypothesis 1. Similarly, I find empirical support for the prediction that 

competition from vertically integrated firms is related to the likelihood of selecting an 

equity alliance. This finding is consistent with Hypothesis 2. In addition, the calculated 

predicted probabilities of the two hypothesized relationships presented graphically in 

Figures 2 and 3 further support the findings.  

4.4.2 Estimation of Interactive Effects: Underlying Mechanisms of Main Effects  

I presented the results of interactive relationships between two competition 

variables and four factors associated with the focal firm and underlying technology in 

Table 9. The interactive terms are related to Hypotheses 3 to 6, which essentially test the 

underlying mechanisms of the two main hypotheses (Hypotheses 1 and 2). Interpretations 

of the coefficients and standard errors of interaction terms in nonlinear models, such as 

multinomial logit, are not as straightforward as in the case of linear models (Ai and 

Norton, 2003). I followed a simulation-based approach developed by King, Tomz, and 

Wittenberg (2000) in order to examine the effects of these interaction terms. This 

approach makes it possible to present the effects of two interactive variables on the 

dependent variable graphically with confidence intervals around the predicted 

probabilities (Zelner, 2008). Specifically, the approach simulates differences in the 

predicted probabilities between two groups of projects/firms by setting one of the 

interactive variables in two predetermined values25 and by changing the other over its 

range. 

                                                 
25)  Often set at the mean and one standard deviation above the mean. In the case of an indicator variable, 

it makes more sense to set the values at 0 and 1 for more meaningful interpretations.   
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In order to test Hypothesis 3, I present percentage changes in the predicted 

probabilities of selecting an equity alliance vis-à-vis internal organization when the 

Past_Success variable is changed from its mean to one standard deviation above its mean 

under different levels of competition from other R&D firms in Figure 4. In other words, 

the figure examines the interaction between Past_Success and Competition_ 

R&D_Firms. The horizontal axis presents the range of R&D competition, while the 

vertical axis shows percentage changes in the predicted probabilities in selecting an 

equity alliance. The vertical lines around the percentage changes in the predicted 

probabilities represent the confidence intervals. If the vertical lines include zero, it 

indicates that the percentage changes in the predicted probabilities are not statistically 

different from one another. In contrast, if the vertical lines do not include zero, we can 

conclude that the percentage changes in the predicted probabilities are statistically 

significant. Figure 4 shows that the predicted confidence interval lines for the entire range 

include zero. This suggests that there is no statistically significant difference in the 

predicted probabilities of selecting an equity alliance between an R&D firm with the 

average number of successful projects (1.04) and an R&D firm with one standard 

deviation above the average number of successful projects (1.72), both facing the same 

level of competition from other R&D firms.  

To investigate the interactive relationship further, I compared two more groups of 

firms with different levels of past success in developing new drugs. First, in Figure 5, I 

present the percentage changes in the predicted probabilities of selecting an equity 

alliance vis-à-vis internal organization when the Past_Success variable is changed from 

its mean (1.04) to two standard deviations above its mean (4.48) under different levels of 
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competition from other R&D firms. The confidence interval lines in this figure also 

include zero for the entire range of data. Therefore, we can conclude that there is no 

significant difference between the two groups of firms with respect to their selection of 

equity alliances when facing competition from other R&D firms.  

Second, I present the percentage changes in the predicted probabilities of 

selecting an equity alliance vis-à-vis internal organization when the Past_Success 

variable changed from its minimum (0) to maximum (10) value in Figure 6. That is, I 

compared between two sets of firms, one with no previous success in completing clinical 

trials, and the other with the maximum number of successful clinical trials in the same 

phase. Furthermore, I examined how such previous success interacts with competition 

from other R&D firms in a focal R&D firm’s decision to select an equity alliance. Unlike 

in Figures 4 and 5, in this figure, the confidence interval lines do not include zero. This 

implies that the percentage changes in the predicted probabilities of selecting an equity 

alliance vis-à-vis internal organization are significantly different for firms with no 

previous successful projects in its portfolio and firms with 10 successful projects. The 

upward trend shows that firms with the maximum number of successful projects are more 

likely to select equity alliances compared to firms with no previous experience. However, 

the differences in the predicted probabilities are particularly salient at higher levels of 

competition from R&D firms. 

In summary, analyses of interactive effects reveal that under a high level of com-

petition from other R&D firms, an R&D firm is likely to be able to negotiate an equity 

alliance instead of a non-equity alliance only when the firm has a large number of 

successful projects. In other words, it appears that the bargaining power that an R&D 
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firm may hold due to its past success, as I argued in Hypothesis 3, is only present (a) 

when the competition from other R&D firms is very high, and (b) when an R&D firm has 

been very successful in the past in completing clinical trials. As a result, I find empirical 

support for Hypothesis 3 under limited situations.  

I test the predicted relationship of Hypothesis 4 in Figure 7. Specifically, I 

investigate how competition from other R&D firms (Competition_R&D_Firms) and 

whether a focal drug has more than one application (Product_Application) interact and 

influence an R&D firm’s decision to select an equity alliance. Note here that the 

Product_Application variable is an indicator variable. I compared two types of drug 

projects, one with only one application (Product_Application = 0), and the other with 

more than one application (Product_Application = 1). Figure 7 shows the percentage 

changes in the predicted probabilities of selecting an equity alliance vis-à-vis internal 

organization when the Product_Application variable changes from 0 to 1 under different 

levels of competition from other R&D firms (Competition_R&D_Firms). The vertical 

lines identifying the confidence intervals around the percentage changes in the predicted 

probability line do not include zero for the entire range of data.26 This implies that the 

percentage changes in the predicted probabilities are statistically significant. In addition, 

the upward trend of the line, especially at the higher level of competition from other 

R&D firms, provides evidence that an R&D firm with a drug having multiple applica-

tions and its allying partner are more likely to select an equity alliance when facing a high 

                                                 
26)  In addition to visual inspection of the graph, I went through the estimated confidence interval data, one 

at a time, to check whether any of the values are less than zero for the entire simulated data. This 
exercise further confirms that the lines do not include zero, and there is a statistically significant 
difference in the predicted probabilities between the two groups.  
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level of competition from other R&D firms. This finding is consistent with Hypothesis 4. 

In the hypothesis, I attributed this relationship to a decrease in the resource redeploy-

ability of an alliance partner’s resources because under this situation ex post risk of 

misappropriation increases. 

Moving to Hypothesis 5, I examine how competition from vertically integrated 

firms (Competition_VerticallyIntegFirms) and organizational scope (Organizational_ 

Scope) of a focal R&D interact and influence the likelihood of selecting a non-equity 

alliance. Specifically, I compared two types of firms, one with an average organization 

scope (0.36), and the other with one standard deviation above the average organizational 

scope (0.65). Figure 8 presents the percentage changes in the predicted probabilities of 

selecting a non-equity alliance vis-à-vis internal organization when the Organizational_ 

Scope variable is changed from the mean to one standard deviation above the mean under 

different levels of competition from vertically integrated firms (Competition_ 

VerticallyIntegFirms). The confidence interval lines around the percentage changes in 

the predicted probability line do not include zero for the entire range of data. As a result, 

we can conclude that the percentage changes in the predicted probabilities are statistically 

significant. However contradictory to what I predicted in Hypothesis 5, the relationship is 

negative between the likelihood of selecting a non-equity alliance and a firm’s organiza-

tional scope under a high level of competition from vertically integrated firms.  

In order to investigate whether the relationship may hold under extreme values, I 

set the values of Organizational_Scope at the minimum and maximum levels. I present 

the percentage changes in the predicted probabilities based on this setting in Figure 9. 

The relationship remains negative and counter to my prediction. One plausible 
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explanation of this counterintuitive finding is that an R&D firm with a broader organiza-

tional scope is likely to have sufficient resources that reduce its need to form even a non-

equity alliance when facing competition from vertically integrated firms. In other words, 

while I do not find empirical support for Hypothesis 5, the underlying mechanism may 

still drive the relationship that I find. Specifically, I argue in Hypothesis 5 that an R&D 

firm with a broader organizational scope is more likely to have internal resources that it 

may employ when it faces competition from vertically integrated firms. As a result, the 

firm may not need to form an equity alliance to source a significant amount of resources 

from an allying partner. Instead, I argue that the firm is more likely to form a non-equity 

alliance to complement its resource base. The empirical results here show that the need 

for external resources may further diminish, and the firm may not need to form a non-

equity alliance. The finding highlights the importance of internal resources in the analysis 

of governance choice − an important relationship Mayer and Salomon (2006) emphasized 

recently in the strategic management literature.  

In order to examine the predicted relationship of Hypothesis 6, I investigated the 

interaction between a firm’s past alliance experience (Past_Alliance) and the degree of 

competition from vertically integrated firms. Past_Alliance is an indicator variable that 

identifies whether the R&D firm formed an alliance in the 2 years prior to developing the 

underlying drug. I compared two types of firms, one with no alliance experience in the 

past two years (Past_Alliance = 0), and the other with at least one alliance during that 

period (Past_Alliance = 1). Figure 10 shows the percentage changes in the predicted 

probabilities of selecting a non-equity alliance vis-à-vis internal organization when the 

Past_Alliance variable is changed from 0 to 1 under different levels of competition from 
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vertically integrated firms. The vertical lines identifying the confidence intervals around 

the percentage changes in the predicted probability line do not include zero for only low 

levels of competition, but do include zero for moderate and high levels of competition. 

This finding implies that the percentage changes in the predicted probabilities between 

the two groups are statistically significant for low levels of competition only. The portion 

of lines where the percentage changes in the predicted probabilities are significant shows 

an upward trend. That is, a firm with at least one alliance experience in the previous 2 

years is more likely to select a non-equity alliance vis-à-vis internal organization when it 

faces competition from vertically integrated firms. However, this relationship only holds 

for low levels of competition. In other words, I find partial empirical support for the 

predicted relationship of Hypothesis 6.   

 

4.4.3 Performance Implication of Governance Choice  

In order to test the predicted relationship of Hypothesis 7, I estimated equations 

(11) to (13) using linear probability models. The three equations represent three 

alternative governance choices − internal organization, equity alliance, and non-equity 

alliance. Recall that Performance is the dependent variable in these equations while a set 

of control variables and relevant inverse Mills ratios are on the right hand side. I 

calculated these ratios from the first-stage multinomial logit model following Lee (1983). 

Specifically, I used the probabilities calculated from the estimated Model 6 of Table 7 to 

calculate three inverse Mills ratios. The inverse Mills ratios correct for sample selection 
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of governance choice (Lee 1983). I present the results of these regressions on Table 10.27 

Note here that none of the inverse Mills ratio coefficients are significant, suggesting that 

the presence of selection bias is not severe in the data.  

I excluded two macro level variables from the regression models here because 

these variables are less likely to be related to project level performance of a drug. Such 

exclusion is also necessary otherwise the inverse Mills ratios in equations (11) to (13) are 

simply nonlinear functions of the independent variables. As a result, coefficients of 

inverse Mills ratios will be identified by the normality functional form assumption 

(Hamilton and Nickerson, 2003). Little (1985) suggests that such identification could 

lead to very unstable and unreliable parameter estimates. The excluded variables are the 

NASDAQ_BiotechIndex and the growth in gross domestic product (GDP_Growth).   

According to Hypothesis 7, within a given external environment and internal 

resource base, an R&D firm will choose a governance mode that is likely to enhance the 

performance of the project. To put it differently, I argue that, on average, projects under a 

given governance mode will perform better than if R&D firms had chosen any of the 

other two alternative governance modes. One way to test this prediction is by conducting 

a counterfactual analysis, in which I not only estimate the predicted probability of success 

of a chosen governance mode, but also the predicted probabilities of two alternative 

governance modes that the firm did not choose. The predicted probability of success 

                                                 
27)  One major concern here is that the independent and identically distributed (i.i.d) assumption does not 

hold under this approach. The error term follows a Bernoulli variable and the variance of this depends 
on the true probability of a “success.” As a result, the variance of the error term will not be constant 
but heteroskedastic. To address this issue, I computed robust standard errors as suggested by 
Wooldridge (2009, p. 291).  
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under the chosen governance mode will be higher compared to the two alternative not-

chosen modes. The regression models in Table 10 enable me to perform such counter-

factual analyses.  

First, I calculated the average predicted probabilities of each mode of governance 

and presented the probabilities in Cells [a], [e], and [i] in Table 11. Essentially, I 

multiplied the coefficient estimates of Model 1 of Internal Organization mode by the 

vector of competition, drug, and firm-level attributes, for observations where R&D firms 

chose to develop the drug internally in order to calculate the average predicted 

probability of success. The calculated average predicted probability of success is 0.70 

(Cell [a]). Similarly, I calculated the average predicted probabilities of success for 

projects that were developed within equity and non-equity alliances by following the 

same approach. The average predicted probabilities of success in these two cases are 0.55 

and 0.73, respectively (Cells [e] and [i]).   

Second, in order to access the counterfactual situations, I followed a similar 

approach. I multiplied the coefficient estimates of Model 1 of Internal Organization by 

the vector of competition, drug, and firm-level attributes for observations of two 

subsamples − drugs developed within equity and non-equity alliances. The calculated 

average predicted probabilities of success for these two counterfactual situations are 0.02 

and 0.20, respectively (Cells [b] and [c]). I followed the same approach to calculate the 

average predicted probabilities of success for the remaining four counterfactual situations 

using the coefficient estimates of Model 1 of equity and non-equity alliances and 

subsamples of governance modes that were not chosen. I present these probabilities in 

Cells [d], [f], [g], and [h] of Table 11.  
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Finally, I compared the predicted probabilities of success under the chosen 

governance modes with the ones under the two alternative modes not chosen. That is, I 

compared the shaded cells with the two other cells in the same column in Table 11. This 

comparison reveals that in five out of six counterfactual cases the average probability of 

success of a drug project is higher under the chosen governance mode compared to the 

two alternative modes of governance. Specifically, the projects that were developed 

within R&D firms would have performed worse had they been developed within equity 

or non-equity alliances. The average probability of success for these projects would have 

been reduced from 0.70 (Cell[a]) to 0.35 (Cell[d]) and 0.60(Cell[g]), respectively. Similar 

trend is present when the chosen governance mode was a non-equity alliance. The 

predicted probabilities of success would have been reduced to 0.20(Cell[c]) and 

0.21(Cell[f]) from 0.73 (Cell[i]) under internal organization and equity modes of 

governance, respectively. Finally, when the chosen governance mode was equity alliance, 

the predicted probability of success would have been reduced from 0.55(Cell[e]) to 

0.02(Cell[b]) under counterfactual internal organization. However, the predicted 

probability would have increased (as oppose to decrease) to 0.64 (Cell[h]) from 

0.55(Cell[e]) if the project was developed under a non-equity alliance. In other words, it 

appears that in this case the likelihood of project success would actually improve 

marginally under the counterfactual non-equity alliance mode.   

In sum, the counterfactual predictions provide support for five out of six 

counterfactual situations. Based on these findings, I can argue that managers at R&D 

firms systematically select the governance modes for their drug development projects, 

considering the external competitive environment and internal resource base. Such a 
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choice of governance subsequently influences the performance outcome of the drug 

development project.  

4.4.4 Robustness Checks  

I conducted a series of robustness checks to ensure that the support for the two 

major hypotheses (Hypotheses 1 and 2) that I found are not contingent on the way I 

define the key variables. In the baseline analysis, I define the two competition variables 

on the basis of the number of new clinical trials that enter in a therapeutic area over a 

specific period.28 I used the following time windows: 24 months for Phase I, 36 months 

for Phase II, and 48 months for Phase III. In order to check whether the results are 

sensitive to the length of these time windows, I redefined the variables with narrower 

windows as follows: 

 Phase I: 12 months  
 Phase II: 24 months  
 Phase III: 36 months  

 
Based on the above time frames, I estimated the main regression and presented 

the results in Model 1 in Table 12. Both Competition_R&D_Firms and Competition_ 

VerticallyIntegFirms are found to be positive and statistically significant as in the case of 

the baseline model in Table 7. In other words, the likelihood of selecting non-equity 

alliances increases with the increase in competition from other R&D firms. Similarly, the 

likelihood of forming equity alliances increases as the competition from vertically 

integrated firms increases.  

                                                 
28)  Because I argue that there is a decaying effect of the number of firms in a therapeutic area and the level 

of competition, I log transformed the raw number of clinical trials.  
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In the second robustness check, I do not use log transformation to account for 

plausible decaying effects of the number of clinical trials on the level of competition in a 

therapeutic area. In Model 2 of Table 12, I use the raw count of clinical trials for both 

competition variables − the number of other R&D firms and the number of vertically 

integrated firms − to check whether the main findings still hold. I used the same time 

windows as the ones I used in the baseline mode. The estimation shows that both 

Competition_R&D_Firms and Competition_VerticallyIntegFirms variables remain 

positive and significant under the alternative measures of competition. In other words, the 

results remain robust.  

Third, I used the narrower time windows as I used in Model 1 and did not log 

transform the count of clinical trials. Model 3 of Table 12 reports the estimation using 

this alternative measure of completion. The coefficient of the Competition_R&D_Firms 

variable is positive and not significant at the 5% level but at the 10% level in column (b). 

In other words, the relationship between the competition from other R&D firms and 

selection of non-equity is not as statistically significant as in the case of the base model. 

However, the coefficient of Competition_VerticallyIntegFirms is positive and signify-

cant. Therefore, it is consistent with the baseline model. In sum, it appears that the results 

I reported in the baseline model in Table 7 are not sensitive to the way I defined the two 

competition variables.  

In the baseline model in Table 7, I clustered the standard errors at the firm level 

because I assume that the drug projects within a firm are correlated in some unknown 

way, inducing correlation in the error terms. However, such correlation could be present 

at a more micro-level. Although the presence of such correlation may still provide 
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unbiased estimates, the standard errors may be wrong, leading to incorrect inference. To 

account for this possibility, I estimated the full baseline model (Model 6 of Table 7) by 

clustering the standard errors at two different levels and present the results in Table 13. In 

Model 1, I present the same estimates as in Model 6 of Table 7. That is, I estimated this 

model by clustering the standard errors at the firm level. In Model 2, I clustered the 

standard errors at the product level. As expected, the estimated coefficients remain the 

same as in Model 1. However, the estimated standard errors have changed under this 

level of clustering. Although there is no change in the level or direction of significance of 

the two key independent variables, there are a few changes with respect to the control 

variables. Specifically, Past_Alliance is found to be not significantly related to the higher 

likelihood of forming equity alliance. On the contrary, Firm_Age is found to be 

significantly related to the likelihood of selecting non-equity alliance.  

Furthermore, the levels of significance of three of the control variables have 

increased under the product level clustering of standard errors, indicating a stronger 

association with the choice of governance. Namely, Organizational_Scope is more 

negatively associated with the likelihood of selecting non-equity alliance. Similarly, 

MarketToBookValue and Total_Assets are more positively associated with the 

likelihood of selecting equity alliance and non-equity alliances, respectively.  

As I discussed earlier, each biological agent (or chemical compound) could have 

applications in multiple therapeutic areas (indications). As a result, one can argue that 

drug projects belonging to the same biological agent or chemical compound and 

indication level are likely to be correlated. To account for this correlation, I reestimated 

the baseline model by clustering the standard errors at the product-indication level and 
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present the result in Model 3 in Table 13. As in the previous case, the two key 

independent variables remain significant. However, two control variables switched from 

not significant to significant. Firm_Age, which was not significant in the baseline model, 

was found to be significant under the alternative clustering schema. Note that in the case 

of Model 2, when I clustered the standard errors by product, this variable is also found to 

be positively related to the likelihood of selecting non-equity alliance. In addition, the 

GDP_Growth variable is found to be positively related to choosing an equity alliance in 

this model. 

Furthermore, as in the case of Model 2, the levels of significance of 

Organizational_Scope and MarketToBookValue variables have been found to be more 

strongly related to corresponding governance choices. However, the level of significance 

of the Total_Assets variable is marginally reduced. In summary, although I find some 

changes in the level of significance or in some cases changes from nonsignificance to 

significance or vice versa, there are no significant changes with respect to the two key 

independent variables under the two alternative schemas of clustering of standard errors.  

To test whether or not the empirical support I received for Hypothesis 7 is 

contingent on the econometric approach I adopted in the main analysis, I reexamined the 

results using an alternative method. In the main analysis, I used a multinomial logit 

model as the selection model. The model relies on the property that the governance 

choices follow the independence from irrelevant alternatives (IIA). That is, adding 

another alternative or changing the characteristics of a third alternative does not affect the 

relative odds between two focal alternatives (Wooldridge, 2002, p. 502). Because I 

assume IIA holds in my context, I can create three pairs of samples − internal 
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organization and equity alliance; internal organization and non-equity allinace, and equity 

and non-equity alliance − to compare the predicted probability of success under chosen 

and counterfactual situations. The first stage dependent variable now becomes 

dichotomous for all three pairs of samples. Under this situation, the error terms of the 

governance choice equation and the performance equation would be correlated because 

the factors that drive the governance choice are likely to drive performance and I am 

unable to include all of the factors in the equations. I estimated the three equations using 

bivariate probit models. A bivariate probit model is appropriate here because it estimates 

two equations jointly when the error terms are correlated.  

I present the results of bivariate probit models in Table 14. Note here that each 

model has two columns − the right one corresponds to the governance choice, while the 

left one corresponds to performance outcome.29 Each of the three bivariate models allows 

me to calculate two predicted probabilities. For instance, from Model 1, I calculated the 

predicted probabilities of success for the firms that chose equity alliance over internal 

organization. Similarly, I calculated the predicted probabilities of success for firms that 

chose internal organization over equity alliance. Continuing with the same approach, I 

calculated four more predicted probabilities from Model 2 and Model 3. That is, I 

calculated six predicted probabilities of success of chosen governance modes. I present 

these predicted probabilities of success in rows 1, 3, 5, 7, 9, and 11 of Table 15.  

                                                 
29)  The presence of correlations between the error terms of governance and performance equations could 

be found from the Wald test of rho (second last line of the table). The correlation between the error 
terms in Model 2 (internal organization vs. non-equity alliance) is statistically significant at the 1% 
level while the same for Model 3 (equity alliance and non-equity alliance) is significant at the 10% 
level. This further shows that use of the bivariate probit model is appropriate in this context.  
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Based on the estimated coefficients of the bivaritate probit models in Table 14, I 

calculated counterfactual predicted probabilities of success under six counterfactual 

situations. I multiplied estimated coefficients of bivariate models with counterfactual 

samples. For instance, to calculate the predicted probability of success for the firms that 

chose equity alliance over internal organization had they chosen non-equity alliance, I 

multiply the coefficients of Model 2 with the samples of Model 1. I present six predicted 

probabilities in rows 2, 4, 6, 8, 10, and 12 of Table 15. In order to compare between the 

performance outcomes under chosen governance and the counterfactual situations, I 

calculated the differences in predicted probabilities and present them in the right-most 

column of the table. From this column it is evident that the performance outcomes under 

chosen governance modes are consistently better than counterfactual governance modes. 

For instance, firms that chose internal organization over equity alliances (row 3) to 

develop their drugs would have been worse off with respect to probability of success if 

they had chosen non-equity alliances (row 4). According to estimated predicted 

probabilities, the difference in predicted probabilities would have been 0.18. In sum, 

using the bivariate probit method, I find consistent support for the predicted relationship 

of Hypothesis 7.  

4.2.5 Conclusion of Results 

 I found strong empirical support for the effects of competition on governance 

choice. Specifically, I found that an R&D firm and its allying partner are more likely to 

select a non-equity alliance when the firm faces competition from other R&D firms in a 

therapeutic area. This finding is consistent with Hypothesis 1. Similarly, I found that they 
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are more likely to select an equity alliance under a competitive environment dominated 

by vertically integrated firms. This supports the predicted relationship in Hypothesis 2.  

Four subsequent hypotheses (i.e., Hypotheses 3 to 6) examine the underlying 

mechanisms of the effects of competition on governance choice. In Hypothesis 3, I argue 

that an R&D firm with a greater number of successful projects is likely to have higher 

bargaining power during an alliance negotiation. As a result, the firm is more likely to 

negotiate an equity versus a non-equity alliance when the competition from other R&D 

firms is high. In the empirical analysis, I found the relationship to hold only for firms 

with a high number of successful projects (setting the variable to the maximum level) and 

under a high level of competition from other R&D firms. In other words, I found 

empirical support for the predicted relationship of Hypothesis 3 within a limited 

organizational and competitive context.  

In Hypothesis 4, I argue that an alliance partner is likely to be concerned when an 

underlying technology has more than one application. The R&D firm in this situation 

may deploy some of its partner’s resources in non-focal application areas and keep the 

partner hostage once the contract is signed. Due to this type of contractual hazard, I argue 

that the alliance partner would negotiate a more hierarchical equity alliance when 

competition from other R&D firms is high in order to safeguard its ex post situations. In 

the empirical analysis, I found the prediction to hold. Specifically, I found that when a 

drug has more than one application, the likelihood of selecting an equity alliance 

significantly increases. 

Moving on to Hypothesis 5, I argue that when an R&D firm has a broader 

organizational scope, it may have sufficient internal resources that the firm could deploy 
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when it faces competition from vertically integrated firms. Within this context, I argue 

that the R&D firm and its alliance partner is more likely to select a less resource-oriented 

non-equity alliance instead of an equity alliance as I predicted in Hypothesis 2. Empirical 

analyses show the relationship to hold in the opposite direction. That is, with an increase 

in competition from vertically integrated firms, a focal R&D firm and its allying partner 

are less likely to select a non-equity alliance. Although I did not find the prediction to 

hold true in the direction I argued, the finding plausibly confirms the presence of the 

underlying mechanism I identified. Specifically, an R&D firm with a broader 

organizational scope may have sufficient internal resources that diminish the need for 

forming even a non-equity alliance under competitive pressure from vertically integrated 

firms. This interesting finding highlights the importance of internal resources in 

governance choice decisions.  

In Hypothesis 6, I argue that when an R&D firm has previous experience in 

forming an alliance, a prospective alliance partner is likely to be less concerned about the 

ex post misappropriation risk. As a result, an R&D firm and its allying partner are more 

likely to select a non-equity alliance when the competitive environment is dominated by 

vertically integrated firms. I found the predicted relationship to hold in the empirical 

analyses. Specifically, I found that an R&D firm with at least one alliance experience in 

the previous two years is more likely to select a non-equity alliance compared to its 

counterpart that does not have any alliance experience.  

In the final hypothesis (Hypothesis 7), I argue that a governance mode is an 

endogenous managerial choice and it should have performance implications. Managers of 

R&D firms consider both external competitive environment and internal resource-base 
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while selecting an appropriate governance mode in order to enhance the performance 

outcome. I found empirical support for this prediction in a counterfactual governance 

choice analysis. Specifically, on average, the predicted probability of success of a drug 

project is higher within a selected governance mode compared to within a governance 

mode not chosen.30  

                                                 
30) The predicted probability of success reduces in five out of six counterfactual governance situations.  
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CHAPTER 5:  CONCLUSIONS 

The dissertation focuses on how competition influences the governance choice of 

technology projects of R&D firms and how such governance choices influence the 

performance of the underlying projects. The theoretical framework categorizes 

competitors in a technology domain into two groups − R&D firms and vertically inte-

grated firms − and examines the effects of these competitors on a focal R&D firm’s 

choice of three alternative governance structures − internal organization, equity alliance, 

and non-equity alliance. Furthermore, the framework predicts the conditions under which 

a project is more likely to be successful.  

Based on the extant research, I argue that an R&D firm is more likely to form an 

interfirm alliance when it faces competition in a technology domain. Furthermore, I argue 

that when the intensity of competition is high due to a greater number of R&D firms, a 

focal R&D firm and its allying partner are more likely to select a non-equity alliance. I 

identify two underlying mechanisms that drive this relationship. First, when more R&D 

firms develop a technology, a potential alliance partner’s resources are likely to have 

higher redeployability because the partner could reassign some of the resources to a new 

alliance if the focal alliance fails. As a result, the alliance partner’s ex post contractual 

hazard will reduce and incentives to select a less hierarchical non-equity alliance will 

increase. Second, a higher number of R&D firms are also likely to diminish a focal R&D 

firm’s bargaining power because a potential alliance partner may use alternative alliance 

options as bargaining tools. Therefore, the focal R&D firm is less likely to negotiate a 

high resource committed equity alliance. The two mechanisms suggest that an R&D firm 
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and its allying partner are more likely to select a non-equity alliance within this 

competitive condition.  

 In contrast, I argue that when a higher level of competition results from a large 

number of vertically integrated firms, a focal R&D firm and its allying partner are more 

likely to select an equity alliance. I identify two mechanisms that drive this relationship. 

First, the competition from vertically integrated firms is likely to be more intense com-

pared to competition from R&D firms. As a result, a focal R&D firm will have higher 

incentives to acquire more resources from external sources in order to remain 

competitive. A more hierarchical equity alliance is an appropriate interfirm relationship 

to transfer such resources. From the perspective of an alliance partner, such a 

commitment of resources needs to be safeguarded using equity participation. In other 

words, the alliance partner would prefer an equity alliance. Taken together, I argue that 

the two firms are likely to select an equity alliance within this competitive environment.  

Following the two main predictions, the theoretical framework presents four 

additional predictions that essentially examine the four underlying mechanisms of the 

two main predictions. First, I argue that an R&D firm with a higher number of successful 

projects is likely to have higher bargaining power compared to its counterparts with 

fewer successful projects. Such higher bargaining power is likely to aid the firm while 

negotiating with an allying partner. I argue that when the R&D firm faces a higher level 

of competition from other R&D firms, it could use its bargaining power to negotiate an 

equity alliance instead of a non-equity alliance, as I predicted in Hypothesis 1. 

Second, I argue that when an underlying technology has more than one appli-

cation, a potential alliance partner would be more concerned about ex post contractual 
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hazards because the R&D firm could employ some of its partner’s resources to the non-

focal areas within which resource redeployability could be lower. Under this condition, 

the prospective alliance partner is likely to negotiate an equity alliance that may safe-

guard its position. Therefore, I argue that when the competition from other R&D firms 

increases in spite of higher resource redeploaybility in the focal technology area, the 

alliance partner may want to negotiate an equity alliance as opposed to a non-equity 

alliance, as I predicted in Hypothesis 1.  

Third, I argue that when an R&D firm faces competition from vertically 

integrated firms, its external resource requirements would be contingent upon its 

organizational scope. A firm with a broader organizational scope is likely to have internal 

resources that would reduce the requirement for high resource-intensive equity alliance 

under this competition condition. As a result, I argue that an R&D firm with broader 

organizational scope and its allying partner are more likely to choose a non-equity 

alliance when the firm faces competition from vertically integrated firms.  

Fourth, I focus on a potential allying partner’s concern about ex post opportunistic 

behavior of a focal R&D firm. I argue that such a concern is likely to reduce when an 

R&D firm has previous experience in forming interfirm alliances. Under this condition, I 

argue that the R&D firm and it alliance partner would negotiate a non-equity alliance.  

Finally, I argue that the choice of governance mode is an endogenous managerial 

decision. As a result, firms selecting the most appropriate governance mode are likely to 

outperform their counterparts facing a similar competitive environment, but with a less-

than-optimal governance mode. 
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I tested the theoretical framework on a unique data set that contains a history of 

379 drug development projects between 1996 and 2008 in 24 therapeutic areas in the U.S. 

biotechnology industry. The unique feature of the data enables me to measure 

competition from both R&D firms and vertically integrated firms within a therapeutic 

area. Moreover, I can measure both governance choice and performance outcome rather 

precisely. Using a baseline multinomial logit model, I found strong empirical support for 

the two main hypotheses (Hypotheses 1 and 2). I conducted a series of robustness checks 

using an alternative definition of competition and controlling for plausible correlation 

among the errors at different levels. The results from these robustness checks are 

consistent with the main analyses.  

I used a simulation-based technique to examine four interactive relationships and 

found empirical support for the three predicted relationships while I found counter-

intuitive results for the remaining hypothesis. The technique also enabled me to precisely 

examine the contexts within which the predicted interactive relationships hold. In 

addition, I found strong empirical support for the final hypothesis that governance choice 

has performance effects.  

Before discussing contributions and implications, I would like to note several 

limitations. First, I focused on an empirical context situated in the United States. There 

are no reasons why the arguments would not apply to other countries, especially in 

countries with similar institutional conditions. Moreover, the empirical setting is within a 

single industry that may make the generalizibility of the study less likely in other 

empirical contexts. However, the key insights from the theoretical framework could 
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potentially be useful to understand competitive interactions between R&D firms and 

vertically integrated firms.  

 Second, although I took extensive care in assembling the data, errors could 

remain, especially with regard to the dates of entry of firms in the different therapeutic 

areas. This limitation could be due to delays in recording the data by the analysts of the 

business intelligence firms from which the data were collected. However, I do not expect 

any systematic bias in this regard.  

Third, I measured competition by counting the number of firms entering in a 

therapeutic area over a specific time window. Although I am confident that the variable 

captures the underlying phenomenon, I would still like to highlight the coarse nature of 

this variable. Future extensions of the study may include measures based on product 

market competition.   

Finally, biotech firms form many different types of interfirm collaborations 

(Hagedoorn, Link, Vonortas, 2002; Sytch and Bubenzer, 2008). In this dissertation, I 

focus only on two forms: equity alliances and non-equity alliances. In the future, I would 

like to capture the heterogeneity of these relationships and extend this study.  

Despite the above-mentioned caveats, the dissertation contributes to the existing 

research in several ways. First, it advances our understanding of the nature of competition 

during new technology development by highlighting the potential role of downstream 

assets in shaping competitive interactions between R&D firms and vertically integrated 

firms. Since the publication of Teece’s (1986) framework, scholars have applied it in 

attempts to understand the complex role of complementary assets, the appropriability 

regime, and dominant design during new technology development. This dissertation 
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makes an initial attempt to draw on the insights from this seminal framework into the 

analysis of competition and governance choice and subsequent performance implications 

of governance choice. Understanding the two types of competitors has further 

implications for strategy and entrepreneurship research. For example, these two types of 

competitors may differentially influence an R&D firm’s other strategy choice. Such 

choices may include external financing mode, foreign market entry, and sequencing of 

new product introduction. All such strategy choices will have a performance implication. 

Second, the dissertation integrates two important elements of technology 

development − the external competitive environment and interfirm collaboration − to 

provide a more comprehensive understanding of the dynamic process. Although interfirm 

collaboration is a vast research area, scholars traditionally assumed homogenous effects 

of competition on the governance modes of such collaboration. The findings of the 

dissertation show that such assumptions may not hold during new technology 

development from an R&D perspective. As a result, future work in the area should 

account for competitive conditions within which R&D firms develop new technologies. 

Moreover, the alliance governance literature traditionally examines different modes of 

alliance governance while ignoring internal organization as a mode of governance. By 

including internal organization as an alternative mode of governance, this dissertation 

provides a much-refined theoretical framework and empirical examination. Because the 

governance choice is a complex phenomenon, future research would benefit by including 

internal organization as a governance mechanism.  
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Similarly, the findings also complements the competitive dynamics literature by 

drawing attention to a strategy R&D firms use to mitigate the negative influence of 

competition on profitability. However, R&D firms may employ other strategies to 

combat competitive pressure. Such strategies may include accessing external financing, 

licensing the underlying technology to a foreign firm, and allowing it to be acquired by a 

stronger player. Future research may examine how competition influences such strategic 

choices.  

Finally, yet importantly, the dissertation informs managers and entrepreneurs of 

R&D firms about how they can use interfirm collaboration to manage competitive 

pressure and improve commercialization efforts. Specifically, understanding the two 

types of competition and their effects on two types of governance choice is an important 

finding that provides important insight into the strategy choice of R&D firms. The 

findings also provide insights for policymakers in formulating competition policies that 

can foster the growth of R&D firms and can improve technological innovation in the 

strategically important biopharmaceutical industry. For example, policymakers may 

provide institutional support to R&D firms to find suitable alliance partners under 

different types of competitive pressures. Trade associations such as the Biotechnology 

Industry Organization also play a catalytic role in this regard and advocate on behalf of 

the R&D firms in implementing such policies.   
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Appendix 

Table 1: List of Organizations Interviewed (December 2006- June 2009) 31 

 3 M Corporate Headquarters, St. Paul, Minnesota   
- 3M Health Care Business – 3 interviews  
- 3M Strategic Intellectual Asset Management – 3 interviews 
- 3M ESPE Dental Products – 1 interview  

 

 Ecolab Corporate Headquarters, St. Paul, Minnesota 
- Research Center – 2 interviews 

 

 Medtronic Headquarters, Minneapolis, Minnesota  
- Corporate Development Division - 2 interviews  

 

 Adventium Labs, Minneapolis, Minnesota   
- 1 interview 

 

 University Enterprise Laboratories, St. Paul, Minnesota 
- 1 interview  

 

 Kingfisher Biotech, St. Paul, Minnesota 
- 1 interview  

   

 Licensing Executives Society, Minnesota Chapter  
- 1 interview  

 

 GE  Global Research Center, Niskayuna, New York 
- 2 interviews 

 

 Deloitte Recap LLC, Walnut Creek, California  
- 2 interviews  

 

 Exelixis Biotech, South San Francisco, California 
- 1 interview   

 

 Elsevier Business Intelligence, Pennsylvania   
- 2 interviews  

 

 Deloitte Consulting, Philadelphia,  Pennsylvania 
- Life Sciences Division – 1 interview 

  

                                                 
31)  In order to get further insight into the biopharmaceutical industry and clinical trials process, I attended 

LifeScience Alley-- a Minnesota-based non-profit trade association’s Annual Conference in 2006, 2007 
& 2008. I attended a 1-day workshop on Clinical Trials organized by this organization. Finally, I 
attended several talks on technology licensing and intellectual property rights organized by the 
Licensing Executive Society, Minnesota Chapter. 
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Table 2: Therapeutic Areas and Clinical Phases 

Sl. No. Therapeutic Area Phase Phase Phase Total
    I II III   

Cancer Diseases   
1 -Brain 6 5 3 14
2 -Breast 4 8 1 13
3 -Colorectal 10 13 3 26
4 -Head and Neck 4 3 1 8
5 -Kidney 5 5 1 11
6 -Leukemia 13 12 5 30
7 -Liver 0 2 1 3
8 -Lung 11 14 8 33
9 -Lymphoma 10 14 10 34
10 -Melanoma 3 10 4 17
11 -Multiple Myeloma 4 6 3 13
12 -Ovarian 2 7 0 9
13 -Pancreatic 4 8 4 16
14 -Prostate 3 13 3 19
15 -Solid Tumors 5 3 1 9
    
  Cardiovascular Diseases   

16 -Angina 0 3 3 6
17 -Arrhythmia 1 1 1 3
18 -Atherosclerosis/Coronary Artery Disease 4 4 3 11
19 -Congestive Heart Failure 3 6 4 13
20 -Hypercholesterolemia 1 1 1 3
21 -Hypertension 1 7 5 13
22 -Myocardial Infarction 2 5 3 10
    

23 Rheumatoid Arthritis 14 15 6 35
    

24 Viral Infection - HIV 11 11 8 30

  Total 121 176 82 379
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Table 3: Sources of Data 

Data Type Sources 

Clinical Trials   RecapRX  from Deloitte Recap LLC 

 Adis R&D Insight from Wolters Kluwer 

 Inteleos from Elsevier Business Intelligence 

 www.clinicaltrials.gov – The National Institutes of 

Health (NIH) 

 National Cancer Institute (www.cancer.gov) , 

USA 

 LexisNexis® Academic  

 Company websites  

Inter-firm Alliance 
and 
Performance of 
Clinical Trials 

 Windhover Strategic Transactions - Elsevier 

Business 

 Intelligence rDNA - from Deloitte Recap LLC 

 LexisNexis® Academic  

 Company websites 

Firm-Level Financial, 
External Financing 
Environment  and 
Macroeconomic  
 

 Compustat North American Quarterly Industrial - 

Standard and Poor’s 

 NASDAQ Biotech Index  

 Windhover Strategic Transactions - Elsevier 

Business 

 World Bank’s WDI database 
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Table 4: Description of Variables
 

 
Variable Name Variable Type  Description 

D
ep

en
de

n
t V

ar
ia

bl
e 

 

Governance Categorical Identifies the choice of governance  
 =0 projects developed within hierarchies  
 =1 projects developed within equity alliances 
 =2projects developed within non-equity alliances 

Performance  Indicator Identifies the performance of  a drug project  
 =0 projects failed to progress to the next phase of Clinical Trials.  
 =1 projects progressed to the following phase of clinical trials.  

In
de

pe
nd

en
t 

V
ar

ia
bl

es
 

Competition_R&D_Firms Continuous Loge (1+number of R&D firms in a therapeutic area in a particular phase) 

Competition_VerticallyIntegFirms Continuous Loge (1+number of vertically integrated firms in a therapeutic area in a particular phase) 

Past_Success Continuous Number of successful projects the firm completed in same phase  
Product_Application  Indicator = 0 if the drug has only one application  

= 1 if the drug has more than one application  

Organizational_Scope  Continuous (1−Herfindahl-Hirschman Index of firm’s therapeutic areas) 
Past_Alliance Indicator Whether the firm formed an inter-firm alliance in the past two years  

C
on

tr
ol

 V
ar

ia
bl

es
 

Technological_Uncertainty Continuous 1− (Total number of successful clinical trials/Total number of clinical trials). Level: 
therapeutic area-phase of clinical trials 

Development_Experience Continuous Number of same phase clinical trials firm completed in a therapeutic area prior to the focal 
trial 

Firm_Age Continuous Total number of years since the firm was established  
Lag_Revenue  Continuous Quarterly Revenue 6 months lag  
Lag_TotalAssets Continuous Total Assets (on a quarterly basis)  6 months lag 
Lag_FreeCashFlow Continuous (Cash and Short Term Investment−Account Payable–Total Current Liabilities)/Common 

Share Outstanding 
Lag_MarketToBookValue Ratio (Quarter End Closing Price X Number of Shares Outstanding)/ (Stockholder’s Equity) 6 

months lag  
NASDAQ_BiotechIndex Continuous NASDAQ Biotech Index (3 months moving average)/1,000 
Total_IndustrialDeal Continuous Total annual external financing raised by biotech firms  
GDP_Growth Continuous US GDP growth rate  
Phase  Indicator Drug Development Phase (I, II and III) 
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Table 5: Summary Statistics 

Variable Mean Std. Dev. Min Max 

Governance 0.72 0.84 0 2 

Performance 0.68 0.47 0 1 

Competition_VerticallyIntegFirms 1.36 1.23 0 4.25 

Competition_R&D_Firms 1.41 1.27 0 4.32 

Product_Application  0.55 0.50 0 1 

Technological_Uncertainty 0.74 0.24 0 1 

Organizational_Scope  0.36 0.29 0 0.86 

Development_Experience 0.31 0.74 0 6 

Past_Success 1.04 1.68 0 10 

Past_Alliance  0.65 0.48 0 1 

Firm_Age 13.28 5.01 2 26 

Lag_Revenue  40.58 97.08 0 745.5 

Lag_TotalAssets 0.52 0.84 0.00 4.15 

Lag_MarketToBookValue 5.76 14.42 -78.89 111.55 

Lag_FreeCashFlow 3.35 3.71 -1.61 28.42 

NASDAQ_BiotechIndex 6.16 2.83 0.99 12.95 

Total_IndustrialDeal 18.92 9.57 3.55 35.50 

GDP_Growth 3.10 1.15 0.8 4.5 

PHASE_II 0.46 0.50 0 1 

PHASE_III 0.22 0.41 0 1 
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Table 6: Correlation Matrix 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

1 Governance   

2 Performance 0.20                                     

3 Competition_VerticallyIntegFirms 0.54 -0.22     

4 Competition_R&D_Firms 0.56 -0.20 0.87   

5 Product_Application  -0.03 0.06 -0.12 -0.16   

6 Technological_Uncertainty -0.03 0.03 -0.10 -0.09 -0.06     

7 Organizational_Scope  -0.07 -0.04 -0.02 -0.05 0.07 -0.16   

8 Development_Experience 0.09 0.10 0.16 0.11 -0.08 -0.11 0.16     

9 Past_Success -0.01 0.06 0.11 0.10 0.11 -0.45 0.38 0.48   

10 Past_Alliance  0.02 0.02 -0.03 -0.06 0.12 -0.02 0.20 0.09 0.13   

11 Firm_Age 0.19 -0.13 0.24 0.22 0.13 -0.07 0.27 0.15 0.29 0.16     

12 Lag_Revenue  -0.05 0.03 -0.06 -0.06 0.12 -0.13 0.47 0.16 0.53 0.19 0.34   

13 Lag_TotalAssets 0.07 -0.01 0.05 0.06 0.07 -0.13 0.55 0.11 0.42 0.26 0.34 0.76     

14 Lag_MarketToBookValue 0.12 0.04 0.05 0.07 -0.05 -0.03 0.03 0.13 0.12 0.01 0.04 0.07 0.03     

15 Lag_FreeCashFlow 0.09 -0.08 0.12 0.13 -0.05 -0.08 0.11 0.13 0.09 0.11 0.06 -0.01 0.19 0.03     

16 NASDAQ_BiotechIndex 0.36 -0.13 0.45 0.46 -0.11 -0.04 -0.09 0.01 0.00 0.01 0.20 -0.11 -0.02 -0.02 0.21   

17 Total_IndustrialDeal 0.39 -0.05 0.49 0.50 -0.09 -0.05 -0.10 -0.01 0.00 -0.03 0.17 -0.11 -0.04 -0.05 0.08 0.80     

18 GDP_Growth -0.20 0.14 -0.29 -0.34 0.02 0.04 0.02 -0.05 -0.04 -0.08 -0.11 0.08 -0.10 -0.05 -0.29 -0.36 -0.12   

19 PHASE_II 0.01 -0.17 0.19 0.18 0.03 0.08 -0.03 0.11 0.04 0.04 0.01 -0.03 -0.01 0.00 -0.04 -0.03 -0.08 -0.07   

20 PHASE_III 0.08 -0.08 0.06 -0.02 0.09 -0.21 0.10 -0.02 0.20 0.06 0.07 0.13 0.09 0.08 0.05 -0.02 -0.02 0.00 -0.49 
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Table 7:  Effects of Competition on Governance: Multinomial Logit 
Regressions (cond.) 

DV: 0 = internal organization, 
1= equity alliance, 2= non-
equity alliance  

Model-1 
 

Model-2 
 

Model-3 
 

VARIABLES 
0->1 
(a) 

0->2 
(b) 

0->1 
(a) 

0->2 
(b) 

0->1 
(a) 

0->2 
(b) 

Competition_VerticallyIntegFirms             
            

Competition_R&D_Firms             
            

Product_Application              
            

Technological_Uncertainty             
            

Organizational_Scope              
            

Development_Experience             
            

Past_Success             
            

Past_Alliance              
            

Firm_Age             
            

Lag_Revenue          -0.006 -0.006 
        (0.003) (0.004) 

Lag_TotalAssets         0.549 0.659 
          (0.414) (0.343) 
Lag_MarketToBookValue         0.023* 0.032** 
          (0.011) (0.012) 
Lag_FreeCashFlow         -0.054 -0.038 
          (0.05) (0.04) 
NASDAQ_BiotechIndex     0.075 0.03 0.089 0.061 
      (0.08) (0.115) (0.085) (0.118) 
Total_IndustrialDeal     0.09*** 0.133*** 0.088*** 0.132*** 
      (0.022) (0.029) (0.022) (0.031) 
GDP_Growth     -0.09 -0.489** -0.053 -0.392 
      (0.172) (0.161) (0.184) (0.17) 
PHASE_II 0.594 0.135 0.957* 0.563 0.960* 0.558 

(0.348) (0.378) (0.431) (0.453) (0.439) (0.474) 
PHASE_III 0.762 0.673 1.128* 1.249* 1.179* 1.204* 

(0.42) (0.436) (0.5) (0.5) (0.51) (0.515) 
Constant -1.502 -1.277* -3.536** -2.820** -3.753** -3.635** 

(0.89) (0.579) (1.16) (0.992) (1.217) (1.178) 
Therapeutic Area Fixed Effect  Included Included Included 
Observations 379 379 379 
Adj. R-squared 0.118 0.239 0.261 
Log pseudo likelihood  -338.768 -292.327 -284.401 
              
Robust standard errors in parentheses,  *** p<0.001, ** p<0.01, * p<0.05 
 



135 

 

DV: 0= internal organization, 1= equity 
alliance, 2= non-equity  alliance 

Model-4 
 

Model-5 
 

Model-6 
 

VARIABLES 
0->1 
(a) 

0->2 
(b) 

0->1 
(a) 

0->2 
(b) 

0->1 
(a) 

0->2 
(b) 

Competition_VerticallyIntegFirms         2.266*** 0.041 
        (0.423) (0.319) 

Competition_R&D_Firms         -0.076 1.620*** 
        (0.339) (0.334) 

Product_Application      0.071 0.463 0.512 0.746 
    (0.379) (0.367) (0.489) (0.422) 

Technological_Uncertainty      -0.226 -0.797 0.708 -0.403 
    (0.818) (0.984) (1.046) (1.040) 

Organizational_Scope  0.318 -1.943* 0.297 -1.992* -0.120 -2.430* 
(0.717) (0.934) (0.728) (0.944) (1.015) (1.037) 

Development_Experience 0.047 0.544 0.066 0.609* -0.290 0.470 

(0.221) (0.287) (0.222) (0.292) (0.294) (0.332) 
Past_Success -0.082 -0.381* -0.101 -0.456* -0.005 -0.432* 

(0.138) (0.174) (0.129) (0.173) (0.187) (0.201) 
Past_Alliance 0.290 -0.124 0.263 -0.125 1.055* 0.644 

(0.388) (0.510) (0.381) (0.049) (0.488) (0.591) 
Firm_Age 0.103** 0.121* 0.103* 0.125* 0.061 0.088 

(0.038) (0.050) (0.038) (0.049) (0.039) (0.047) 
Lag_Revenue  -0.009 -0.004 -0.009 -0.003 -0.009 -0.002 

(0.005) (0.003) (0.005) (0.003) (0.005) (0.003) 
Lag_TotalAssets 0.504 0.940*** 0.517 0.926** 0.391 0.915*** 
  (0.282) (0.272) (0.280) (0.281) (0.406) (0.289) 
Lag_MarketToBookValue 0.024* 0.034** 0.025* 0.035** 0.042* 0.040** 
  (0.012) (0.011) (0.012) (0.011) (0.017) (0.016) 
Lag_FreeCashFlow -0.062 -0.043 -0.060 -0.039 -0.065 -0.061 
  (0.041) (0.046) (0.041) (0.045) (0.054) (0.049) 
NASDAQ_BiotechIndex 0.059 0.016 0.060 0.039 0.197 0.208 
  (0.085) (0.120) (0.083) (0.123) (0.111) (0.123) 
Total_IndustrialDeal 0.093** 0.141*** 0.092*** 0.136*** -0.037 0.024 
  (0.027) (0.031) (0.027) (0.031) (0.028) (0.035) 
GDP_Growth -0.031 -0.405* -0.025 -0.377* 0.536 0.127 
  (0.179) (0.168) (0.180) (0.168) (0.282) (0.182) 
PHASE_II 1.023* 0.610 1.034* 0.546 -0.776 -0.608 

(0.473) (0.559) (0.469) (0.555) (0.569) (0.611) 
PHASE_III 1.272* 1.501* 1.271* 1.394* -0.105 1.075 

(0.583) (0.633) (0.595) (0.635) (0.699) (0.705) 
Constant -5.592*** -4.518** -5.468*** -4.233* -8.425*** -5.663** 

(1.424) (1.543) (1.452) (1.896) (2.222) (1.939) 
Therapeutic FE Included Included Included 
Observations 379 379 379 
Adj. R-squared 0.299 0.302 0.457 
Log pseudo likelihood  -269.407 -268.209 -208.598 

Robust standard errors in parentheses, *** p<0.001, ** p<0.01, * p<0.05
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Table 8: Sample Distribution: Governance Mode and Clinical Phase 

Phase I Phase II Phase III Total 
Governance 

Mode Number %age Number %age Number %age Number %age 
Internal 
Organization 

73 60.3% 91 51.7% 38 46.3% 202 53.3%

Equity-based 
Alliance 

22 18.2% 42 23.9% 19 23.2% 83 21.9%

Non-equity 
Alliance 

26 21.5% 43 24.4% 25 30.5% 94 24.8%

Total 121 100% 176 100% 82 100% 379 100%
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Table 9: Interactive Effects of Competition on Governance Choice 

DV: 0= internal organization, 1= 
equity alliance, 2= non-equity  alliance 

(a)  (b)  

VARIABLES 0-->1 0-->2 

Competition_VerticallyIntegFirms 2.343*** (0.652) 0.289 (0.533) 

Competition_R&D_Firms -0.031 (0.396) 1.435*** (0.400) 

Competition_R&D_Firms X Past_Success 0.071 (0.098) 0.045 (0.086) 

Competition_R&D_Firms X 
Product_Application 

-0.254 (0.310) 0.456 (0.298) 

Competition_VerticallyIntegFirms X 
Organizational_Scope 

-0.054 (0.839) 0.032 (0.615) 

Competition_VerticallyIntegFirms X 
Past_Alliance 

-0.08 (0.559) -0.447 (0.449) 

Product_Application 1.092 (0.744) -0.211 (0.699) 

Organizational_Scope -0.135 (2.196) -2.654* (1.345) 

Past_Success -0.145 (0.311) -0.499 (0.279) 

Past_Alliance 0.96 (1.227) 1.499 (1.066) 

Technological_Uncertainty 0.672 (1.111) -0.281 (1.090) 

Development_Experience -0.283 (0.306) 0.480 (0.341) 

Firm_Age 0.068 (0.042) 0.078 (0.048) 

Lag_Revenue -0.009 (0.005) -0.002 (0.003) 

Lag_TotalAssets 0.422 (0.391) 0.942** (0.294) 

Lag_MarketToBookValue 0.039* (0.017) 0.038* (0.017) 

Lag_FreeCashFlow -0.055 (0.057) -0.060 (0.048) 

Total_IndustrialDeal -0.034 (0.028) 0.020 (0.034) 

GDP_Growth 0.521 (0.279) 0.141 (0.184) 

PHASE_II -0.749 (0.574) -0.631 (0.622) 

PHASE_III -0.046 (0.712) 1.184 (0.752) 

Constant -8.467*** (2.553) -5.989** (2.216) 

Therapeutic Area Fixed Effect Included  

Observations 379 

Adj. R-squared 0.464 

Robust standard errors in parentheses,  
*** p<0.001, ** p<0.01, * p<0.05
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Table 10: Linear Probability Models of Success 

VARIABLES 
Internal 

Organization 
Equity 

Alliance 
Non-equity 

Alliance 
Competition_VerticallyIntegFirms 0.036 0.181 -0.178 
  (0.07) (0.235) (0.139) 
Competition_R&D_Firms -0.144** -0.214* 0.137 
  (0.067) (0.123) (0.172) 
Product_Application  0.129* -0.048 0.072 
  (0.072) (0.155) (0.161) 
Technological_Uncertainty 0.053 0.192 0.154 
  (0.138) (0.336) (0.276) 
Organizational_Scope  -0.175 0.106 -0.359 
  (0.165) (0.413) (0.235) 
Development_Experience 0.105** -0.145 0.043 
  (0.045) (0.135) (0.077) 
Past_Success 0.013 0.159** 0.037 
  (0.027) (0.074) (0.048) 
Past_Alliance  0.09 -0.125 0.085 
  (0.059) (0.178) (0.122) 
Firm_Age -0.008 -0.012 -0.002 
  (0.008) (0.018) (0.010) 
Lag_Revenue  0.001 -0.001 0.001 
  (0.001) (0.002) (0.002) 

Lag_TotalAssets 0.101 -0.202** 0.175* 
  (0.079) (0.098) (0.103) 
Lag_MarketToBookValue 0.001 0.003 0.008** 
  (0.002) (0.007) (0.003) 
Lag_FreeCashFlow -0.011 0.007 -0.012 
  (0.010) (0.017) (0.011) 
Total_IndustrialDeal 0.002 -0.006 -0.005 
  (0.002) (0.010) (0.010) 
PHASE_II -0.249*** -0.146 -0.418** 
  (0.080) (0.212) (0.183) 
PHASE_III -0.331*** -0.509* -0.268 
  (0.110) (0.269) (0.209) 
Constant 0.903*** 0.524 0.712 
  (0.179) (0.976) (0.727) 
MillsRatio_InternalOrg -0.117     
  (0.160)     
MillsRatio_Equity   0.199   
    (0.301)   
MillsRatio_NonEquity     0.099 
      (0.287) 
Therapeutic Area Fixed Effect  Included  Included     Included   
Observations 202 83 94 

Adj. R-squared 0.174 0.15 0.145 

Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
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Table 11: Predicted Probabilities VS. Counterfactual Predicted Probabilities 
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0.60 
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Table 12: Robustness Checks of Main Effects  

(Alternative Definition for Competition Variables) 

DV: 0 = internal 
organization, 1= equity alliance, 2= non-
equity alliance  

Model 1 Model 2 Model 3 

0->1 0->2 0->1 0->2 0->1 0->2 
VARIABLES (a) (b) (a) (b) (a) (b) 

Competition_VerticallyIntegFirms 1.811*** 0.042 1.285*** 0.529 1.705*** 0.499 
 (0.321) (0.293) (0.364) (0.39) (0.432) (0.475) 

Competition_R&D_Firms 0.437 1.653*** 0.662 0.990* 0.012 0.786 
 (0.304) (0.341) (0.441) (0.391) (0.511) (0.469) 
Product_Application 0.36 0.696 0.47 0.816* 0.5 0.791* 
 (0.468) (0.417) (0.42) (0.396) (0.435) (0.393) 
Technology_Uncertainty 0.45 -0.566 0.115 -0.736 0.236 -0.713 
 (0.99) (1.046) (0.731) (0.969) (0.783) (1.006) 
Organizational_Scope -0.104 -2.338* 0.278 -2.061* 0.227 -1.983 
 (0.962) (0.962) (0.882) (1.034) (0.899) (1.032) 
Development_Experience -0.251 0.502 -0.23 0.534 -0.278 0.534 
 (0.283) (0.33) (0.27) (0.313) (0.281) (0.325) 
Past_Success -0.021 -0.467* -0.013 -0.472* -0.051 -0.494** 
 (0.174) (0.202) (0.153) (0.187) (0.147) (0.181) 
Past_Alliance 1.024* 0.513 0.928 0.361 0.96 0.355 
 (0.485) (0.573) (0.481) (0.51) (0.492) (0.499) 
Firm_Age 0.063 0.092* 0.055 0.085 0.056 0.084 

 (0.037) (0.045) (0.036) (0.049) (0.036) (0.048) 
Lag_Revenue -0.008 -0.002 -0.006 0.001 -0.006 0.001 
 (0.005) (0.003) (0.005) (0.004) (0.005) (0.003) 
Lag_TotalAssets 0.401 0.982*** -0.003 0.631* -0.01 0.617* 
 (0.386) (0.284) (0.275) (0.262) (0.275) (0.252) 
Lag_MarketToBookValue 0.040* 0.040* 0.033* 0.039** 0.030* 0.037** 
 (0.018) (0.017) (0.015) (0.015) (0.014) (0.014) 
Lag_FreeCashFlow -0.071 -0.061 -0.057 -0.045 -0.049 -0.045 
 (0.047) (0.052) (0.033) (0.042) (0.03) (0.042) 
NASDAQ_BiotechIndex 0.213* 0.188 0.136 0.165 0.105 0.138 
 (0.100) (0.120) (0.106) (0.127) (0.101) (0.126) 
Total_IndustrialDeal -0.032 0.039 -0.037 0.024 -0.027 0.032 
 (0.028) (0.035) (0.033) (0.036) (0.035) (0.036) 
GDP_Growth 0.484 0.047 0.375 0.034 0.281 0.004 
 (0.279) (0.181) (0.241) (0.181) (0.246) (0.180) 
PHASE_II -1.000 -0.809 1.428* 0.874 1.418* 0.884 
 (0.558) (0.595) (0.559) (0.601) (0.556) (0.576) 
PHASE_III -0.413 0.807 1.997** 2.016** 1.863* 1.940** 
 (0.690) (0.703) (0.760) (0.765) (0.775) (0.729) 
Constant -7.411*** -5.196** -9.786*** -7.664*** -9.857*** -7.495*** 
 (2.110) (1.872) (2.008) (1.923) (1.888) (1.905) 
Therapeutic Area Fixed Effect Included Included Included 
Observations 379 379 379 
Adj. R-squared 0.443 0.407 0.403 
Log pseudo likelihood -213.845 -227.781 -229.373 

Robust standard errors in parentheses *** p<0.001, ** p<0.01, * p<0.05 
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Table 13: Robustness Checks of Main Effects (Robust Standard Errors at 

Different Levels) 

DV: 0 = internal organization, 1= 
equity alliance, 2= non-equity alliance 

Model – 1 
(Firm Level) 

Model – 2 
(Product Level) 

Model – 3 
(Product –Therapeutic Area Level) 

0->1 0->2 0->1 0->2 0->1 0->2

VARIABLES (a) (b) (a) (b) (a) (b)

CompetitionVertically IntegFirms 2.266*** 0.041 2.266*** 0.041 2.266*** 0.041
(0.423) (0.319) (0.410) (0.347) (0.428) (0.361)

Competition_R&D_Firms -0.076 1.620*** -0.076 1.620*** -0.076 1.620***
(0.339) (0.334) (0.342) (0.348) (0.370) (0.349)

 Product_Application   0.512 0.746 0.512 0.746 0.512 0.746
(0.489) (0.422) (0.464) (0.431) (0.442) (0.422)

 Technology_Uncertainty 0.708 -0.403 0.708 -0.403 0.708 -0.403
(1.046) (1.040) (1.030) (0.991) (1.068) (0.946)

 Organizational_Scope  -0.120 -2.430* -0.120 -2.430** -0.120 -2.430**
(1.015) (1.037) (1.012) (0.918) (0.870) (0.831)

 Development_Experience -0.290 0.470 -0.290 0.470 -0.290 0.470

(0.294) (0.332) (0.304) (0.368) (0.294) (0.361)

 Past_Success 0.005 -0.432* 0.005 -0.432* 0.005 -0.432*
(0.187) (0.201) (0.209) (0.199) (0.184) (0.187)

 Past_Alliance  1.055* 0.643 1.055 0.643 1.055* 0.643
(0.488) (0.591) (0.539) (0.504) (0.477) (0.487)

 Firm_Age 0.061 0.088 0.061 0.088* 0.061 0.088*
(0.039) (0.047) (0.043) (0.043) (0.040) (0.041)

 Lag_Revenue  -0.009 -0.002 -0.009 -0.002 -0.009 -0.002

(0.005) (0.003) (0.006) (0.003) (0.006) (0.003)

 Lag_TotalAssets 0.391 0.915** 0.391 0.915*** 0.391 0.915*

(0.406) (0.289) (0.514) (0.260) (0.595) (0.356)

 Lag_MarketToBookValue 0.042* 0.040** 0.042** 0.040** 0.042** 0.040**

(0.017) (0.016) (0.015) (0.014) (0.014) (0.014)

 Lag_FreeCashFlow -0.065 -0.061 -0.065 -0.061 -0.065 -0.061

(0.054) (0.049) (0.067) (0.045) (0.063) (0.045)

 NASDAQ_BiotechIndex 0.197 0.208 0.197 0.208 0.197 0.208

(0.111) (0.123) (0.130) (0.120) (0.133) (0.125)

 Total_IndustrialDeal -0.037 0.024 -0.037 0.024 -0.037 0.024

(0.028) (0.035) (0.033) (0.034) (0.034) (0.035)

 GDP_Growth 0.536 0.127 0.536 0.127 0.536* 0.127

(0.282) (0.182) (0.275) (0.207) (0.247) (0.205)

 PHASE_II -0.776 -0.608 -0.776 -0.608 -0.776 -0.608

(0.569) (0.611) (0.556) (0.558) (0.579) (0.524)
 PHASE_III -0.150 1.075 -0.150 1.075 -0.150 1.075

(0.699) (0.705) (0.640) (0.663) (0.682) (0.611)

 Constant -8.425*** -5.662** -8.425*** -5.662*** -8.425*** -5.662***
(2.222) (1.939) (2.134) (1.694) (1.957) (1.595)

 Therapeutic Fixed Effects Yes Yes Yes

 Observations 379 379 379

 Adj. R-squared 0.457 0.457   0.457

 Log pseudo likelihood -208.598 -208.598 -208.598 
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Table 14: Robustness Checks Performance Outcome (Bivarite Probit 

Estimates) 

  

Model 1 
Internal Organization 

VS Equity Alliance 

Model 2 
Internal Organization 

VS Non-equity Alliance 

Model 3 
Equity VS Non-Equity 

Alliance 
Performanc

e Governance Performance Governance Performance Governance
Competition_VerticallyIntegFirms 0.141 1.164*** 0.013 0.268 -0.390* -1.473*** 

(0.151) (0.182) (0.182) (0.214) (0.233) (0.255) 
Competition_R&D_Firms -0.527*** 0.029 -0.258 0.868*** -0.041 1.211*** 

(0.155) (0.176) (0.174) (0.213) (0.257) (0.241) 
Product_Application  0.340* 0.491* 0.489** 0.293 -0.222 0.273 

(0.197) (0.297) (0.203) (0.239) (0.371) (0.271) 
Technological_Uncertainty 0.482 0.194 0.198 -0.198 0.596 -0.925 

(0.394) (0.577) (0.422) (0.617) (0.720) (0.722) 
Organizational_Scope  -0.444 -0.068 -0.862** -1.591** -1.347*** -1.843*** 

(0.462) (0.535) (0.439) (0.626) (0.481) (0.623) 
Development_Experience 0.185 -0.162 0.538*** 0.17 -0.088 0.557** 

(0.161) (0.151) (0.194) (0.203) (0.206) (0.232) 
Past_Success 0.131* -0.097 0.077 -0.184 0.368** -0.396*** 

(0.078) (0.104) (0.103) (0.129) (0.163) (0.145) 
Past_Alliance  0.126 0.312 0.394** 0.401 0.237 -0.085 

(0.180) (0.281) (0.191) (0.355) (0.280) (0.278) 
Firm_Age -0.024 0.039* -0.043** 0.047 -0.033 0.033 

(0.019) (0.023) (0.021) (0.032) (0.025) (0.028) 
Lag_Revenue  0.001 -0.002 -0.003** -0.002 0.008*** 0.009** 

(0.001) (0.002) (0.002) (0.002) (0.003) (0.004) 
Lag_TotalAssets -0.023 0.134 0.721** 0.533*** -0.16 0.019 

(0.170) (0.161) (0.289) (0.153) (0.197) (0.202) 
Lag_MarketToBookValue 0.002 0.034*** 0.014*** 0.015** 0.032*** 0.002 

(0.008) (0.009) (0.005) (0.007) (0.010) (0.009) 

Lag_FreeCashFlow -0.009 -0.007 -0.047* -0.063* -0.017 0.022 
(0.021) (0.026) (0.025) (0.033) (0.028) (0.039) 

NASDAQ_BiotechIndex -0.025 0.093 -0.109* 0.117* -0.206*** 0.026 
(0.066) (0.069) (0.059) (0.071) (0.075) (0.068) 

Total_IndustrialDeal 0.012 -0.011 0.024* 0.014 0.049* 0.043 
(0.016) (0.015) (0.014) (0.022) (0.027) (0.029) 

GDP_Growth 0.052 0.302* 0.08 0.031 -0.329** -0.346** 
(0.080) (0.162) (0.076) (0.102) (0.151) (0.144) 

PHASE_II -0.959*** -0.351 -1.266*** -0.372 -1.207*** -0.041 
(0.242) (0.315) (0.265) (0.339) (0.380) (0.290) 

PHASE_III -1.413*** -0.08 -1.380*** 0.657 -1.752*** 0.519 
(0.297) (0.387) (0.343) (0.496) (0.423) (0.363) 

Constant 0.708 -4.858*** 1.411** -2.892*** 2.828** 1.699 
(0.660) (1.255) (0.663) (1.055) (1.229) (1.216) 

Therapeutic Fixed Effects  Included Included Included 

rho(ρ) 0.173 
(0.167) 

0.494 
(0.113) 

0.326 
(0.180) 

Wald test of rho(ρ)=0 Chi2(1)=1.023, 
Prob.>Ch2=0.312 

Chi2(1)=12.07,  
Prob.>Ch2=0.0003 

Chi2(1)=2.87, 
Prob.>Ch2=0.093 

Observations  285 296 177 
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Table 15: Robustness Checks  

Predicted Probabilities VS. Counterfactual Predicted Probabilities 

(Using Bivariate Probit Models of Table 14) 

 
  

Row 
No. 

Chosen / 
Counterfactua

l 

Alternative Governance Predicted 
Average 

Probability 

Difference 
Between 

Chosen and 
Counterfactual 

(1) 
Chosen  Equity Alliance over Internal Organization   

0.17 
0.01 

(2) 
Counterfactual  Non-equity over Internal Organization  

0.16 

(3) 
Chosen Internal Organization  over Equity Alliance  

0.49 
0.18 

(4) 
Counterfactual  Non-equity over Equity Alliance  

0.31 

(5) 
Chosen Non-equity over Internal Organization  

 0.23 

0.09 
(6) 

Counterfactual  Equity over Internal Organization  0.14 
 

(7) 
Chosen Internal Organization over Non-equity  

 0.48 
0.16 

(8) 
Counterfactual  Equity over Non-equity  

 0.32 

(9) 
Chosen Non-equity over Equity  

 0.39 
0.18 

(10) 
Counterfactual  Internal Organization over Equity  

 0.21 

(11) 
Chosen Equity Alliance over Non-equity  

 0.26 
0.02 

(12) 
Counterfactual  Internal Organization over Non-equity  

 0.22 
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Figure 2: Competition from Other R&D Firms and Governance Choice 
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Figure 3: Competition from Vertically Integrated Firms and Governance 

Choice 
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Figure 4: Percentage Changes in Predicted Probabilities of Selecting Equity 

Alliance: Firms with Mean Past_Success vs. One Std. Deviation Above Mean 
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Figure 5: Percentage Changes in Predicted Probabilities of Selecting Equity 

Alliance: Firms with Mean Past_Success vs. Two Std. Deviation Above Mean 
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Figure 6: Percentage Changes in Predicted Probabilities of Selecting Equity 

Alliance: Firms with Minimum Past_Success vs. Maximum Success 
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Figure 7:  Percentage Changes in Predicted Probabilities of Selecting Equity 
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Figure 8: Percentage Changes in Predicted Probabilities of Selecting Non-

equity Alliance: Firms with Mean Organizational Scope VS. One Std. 

Deviation Above Mean 
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Figure 9:  Percentage Changes in Predicted Probabilities of Selecting Non-

equity Alliance: Firms with Minimum Organizational Scope VS. Maximum 

Organizational Scope 
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Figure 10: Percentage Changes in Predicted Probabilities of Selecting Non-

equity Alliance: Firms with No Alliance in Past Two Years VS. At Least One 

Alliance 
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