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ABSTRACT 

This dissertation investigates the conditions that shape the governance structure of 

contractual agreements and how different contract types address the potential problems 

that can arise in R&D parmerships under technological uncertainty. The motivation for 

this study arises from the emergence of new forms of R&D organization to cope with 

challenges as well as opportunities created by rapid technological change. This 

dissertation demonstrates the significance of technological uncertainty in determining the 

observed variety of contractual arrangements in the biotechnology industry. It also shows 

that the returns from collaborative arrangements as measured by the number of successful 

patents differ among various contract types. 

The first part of this research focuses on biotechnology alliances with 

pharmaceutical companies involving drug discovery research. It demonstrates how 

advances in technology affect the structure of R&D contracts. Using contractual data 

over time, it is shown that newer technologies associated with higher uncertainty result in 

the choice of more equity participation by the pharmaceutical parmer and more 

hierarchical contractual arrangements. This result supports the transaction cost arguments 

that as contractual difficulties arise, allying firms are more likely to choose a more 

hierarchical governance form over simpler arrangements. 

The second part of the dissertation investigates the significance of e.xtemal R&D 

investments by large pharmaceutical companies to their overall innovation process. The 

performance of collaborations on the overall R&D productivity are evaluated in terms of 

their impact on successful patent production. This study measures the innovative returns 
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to R&D collaborations separate &om in-house R&D resources and possible knowledge 

spillovers. Using a panel data set of large pharmaceutical companies, a knowledge 

production function is estimated. The results indicate that the implied long-run elasticity 

of successful patent output with respect to all active R&D alliances is lower than the 

elasticity estimate with respect to in-house R&D investments. In addition, marginal 

returns to R&D collaborations differ among various contractual types, in terms of their 

contribution to patent production process. It is also shown that knowledge spillovers by 

competitors contribute to patent production, but scientific publications hinder it. 
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1. INTRODUCTION 

Hapid technological change has created challenges as well as opportunities for the 

organization of research and development (R&D) in recent years. Increases in the pace of 

iimovation and emergence of technological convergence' have contributed to high costs 

of R&D required to bring new products and processes to market. In addition, rapid 

advances in technology have given rise to shorter product cycles and increases in the 

financial risk of committing resources to large-scale development (Mowery and 

Rosenberg, 1986). The interdisciplinary nature of newly developed technologies 

presented a need to obtain expertise on broad range of disciplines, and the increased 

interdependence of previously unfamiliar skills created opportunities for specialist new 

entrants. The risks and uncertainty associated with changing technology, increased R&D 

costs as well as the opportunities for specialized research contributed to new forms of 

R&D organization within and among firms. Thus, collaborations at the R&D level and 

strategic technology alliances have emerged in the past two decades as significant modes 

for the expansion and utilization of innovation, especially in high technology industries. 

Although there is a growing theoretical and empirical literature on the motivation 

for and the consequences of strategic alliance formation, many explanations and answers 

' Technological convergence is defined as the increase in importance of formerly nonessential or marginal 
technologies to the research and commercial activities of a firm (Mowery and Rosenberg, 1989, p. 213). 
Interdependence of teleconunimications and computing know-how and the growing significance of 
biotechnology in pharmaceutical and agricultural industries are examples. 
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remain incomplete. This dissertation examines two key issues by conducting a detailed 

empirical analysis of pharmaceutical and biotechnology R&D collaborations. 

Formal contracts with various organizational structures are utilized in R&D 

collaborations to align incentives of the participants. These contracts make the 

collaborative research possible, however, they are often difficult to specify and can be 

very incomplete. R&D activities, especially in industries where technological advance is 

rapid, are risky and unpredictable. In the first section of this dissertation, 1 investigate 

how technological uncertainty affects the structure of R&D contracts in pharmaceutical 

industry. Specifically. I analyze the role of technological change in contributing to 

diverse types of contracts with different degrees of hierarchical governance structures. I 

use summary contractual data from 322 R&D and technology related contracts and show 

that newer technologies associated with higher uncertainty result in the choice of more 

equity investment and more hierarchical contracts. This study contributes to the literature 

by demonstrating the significance of technological uncertainty in determining the 

observed variety of contractual arrangements in pharmaceutical and biotechnology R&D 

collaborations 

The second part of the dissertation investigates the significance of external R&D 

investments (through research collaborations) by large pharmaceutical companies to their 

innovation process. Innovative returns to various research inputs, including in-house and 

external R&D investments. R&D stock and knowledge spillovers are estimated in terms 

of successful patent generation. Results of this research, incorporating 12 very large 

pharmaceutical firms over 15 years, indicate that returns to all active R&D alliances are 
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lower than the returns to in-house R&D investments. Marginal returns to R&D alliances 

are shown to differ among R&D agreements, which contribute to various stages of drug 

discovery and development process. R&D alliances that are initiated in the earliest stages 

of drug discovery process are more likely to have significant effect in patent production. 

This study also indicates that knowledge spillovers by competitors contribute to patent 

production, but scientific publications hinder it. 

The remainder of this dissertation is organized as follows. The next section 

provides background information on pharmaceutical and biotechnology industries, 

focusing on the recent changes in drug discovery process and the emergence of R&D 

collaborations. Chapter 2 surveys relevant theoretical and empirical literature on strategic 

alliances. In Chapter 3. I analyze the significance of technological uncertainty in 

determining the observed variety of contractual agreements in pharmaceutical and 

biotechnology R&D alliances. Chapter 4 focuses on the evaluation of R&D alliances in 

their contribution to know-how necessary for drug discovery research, measured by the 

generation of successful patents in pharmaceuticals. Conclusions are summarized in 

Chapter 5. 

1.1 The Role of Biotechnology in Pharmaceutical Development and Increase in 

Collaborative Activity 

Most major pharmaceutical companies are involved in research and development 

(R&D) partnerships with biotechnology companies, contract research organizations, and 

universities. Pharmaceutical collaborative research has especially grown over the last 
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decade, reaching almost $4 billion in 1998.' The revenues of biotechnology companies 

more than doubled between 1993 and 2000, exceeding $22 billion, largely due to their 

collaborative activities with pharmaceutical companies.^ So far, the U.S. Food and Drug 

Administration (FDA) have approved 117 biotechnology drugs, most developed by the 

collaboration of biotechnology and pharmaceutical companies, and about a third of more 

than thousand medicines in human clinical testing are cutting-edge biotechnology 

treatments."* 

The inter-firm research parmerships, although observed in many industries, are 

concentrated in a small number of high technology industries—80 percent of all research 

alliances are established in high-technology sectors (Hagedoom et. al.. 2000). The trends 

of alliances indicate that information technology and biotechnology are particularly 

dominant in the number of collaborative agreements entered, and that the share of 

biotechnology contracts relative to other industries has increased over time (Hagedoom 

and Schakenraad. 1990). Biotechnology industry's share of collaborative activity is 

estimated to account for 20%^ of all alliances in early nineties and expected to be higher 

today. TABLE 1.1. constructed from Recombinant Capital alliance database, shows the 

pattern in biotechnology agreements over time. R&D collaborations and technology 

licensing agreements initiated between large pharmaceutical companies and research-

intensive biotechnology firms have increased substantially in the last two decades, from 

" Hesp and Kiron, 2000 
^ http://www.bio.org/er/statisiics 
* '^The Promise of Biotechnology and Genetic Research" www.phmia.org 
^ Biotechnology's share is quoted in Majewski, 1998. 



44 in 1985 to more than 300 in year 2000, due to the increased role of biotechnology in 

drug discovery research. This increase in collaborations is not limited to R&D and 

technology collaborations or to agreements between pharmaceutical and biotechnology 

companies. As indicated in the other colunms of TABLE l.l, the total number of 

biotechnology agreements (including licensing, marketing, distribution, supply and other 

types of agreements) among various partners has grown remarkably during 1985-1998. 

TABLE 1.1* Biotechnology-Pharmaceutical Alliances over Time 

Year R&D Related Drug/Biotech Total Number of Total Number of 
Alliances Drug/Biotech Biotechnology 

(Percentage of Total Alliances Agreements 
Drug/Biotech) 

1985 44 (80%) 55 94 
1986 63 (86.3) 73 138 
1987 92 (79.3) 116 180 
1988 92 (76.0) 121 205 
1989 96 (75.6) 127 230 
1990 142 (79.3) 179 320 
1991 124 (64.9) 191 371 
1992 152 (77.6) 196 486 
1993 161 (68.8) 234 566 
1994 238 (74.6) 319 752 
1995 289(71.9) 402 848 
1996 332 (70.6) 470 1612 
1997 343 (71.5) 480 1928 
1998 332(74.1) 448 1846 
1999 307 (76.0) 404 911 
2000 304 (79.2) 384 1502 

This table is constructed from ReCap database on alliances. The first column consists of only 
pharmaceutical and biotechnology El&D related contractual arrangements, including licensing, joint R&D 
and co-development agreements. The second column includes all types of alliances (R&D collaborations as 
well as marketing, distribution, and supply agreements) signed between pharmaceutical and biotechnology 
companies. The numbers of alliances in the last column contain every type of collaboration signed between 
following parmers: drug/biotech, biotech/biotech, drug/drug, dnigr university, and drug/government. 
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R&D collaborations in the pharmaceutical industry have begun to emerge with 

two major advancements—recombinant DNA (RDNA) and hybridoma (cell fusion) in 

biotechnology. Drug discovery research, which has traditionally been driven by 

chemistry, has started changing since these major biotechnological innovations began in 

the early 1970s. The RDNA technique, which was introduced in 1973 by Boyer and 

Cohen, successfully introduced genetic material fi'om fi'og cells into the genes of 

bacterium and proved that microorganisms can be used as cheap and prolific facilities for 

manufacturing proteins with the characteristics of other species (Barley et.al., 1992). 

Two years later, hybridoma technology involving self-replicating cell lines that create 

hybrid cells capable of producing specific types of proteins, called monoclonal antibodies 

was conducted.^ This technology made possible the engineering of large quantities of 

specific antibodies at low cost. 

Although major scientific advances in biotechnology originated in the early 

1970s, institutional changes in 1980 led to entrepreneurial activity in the field. First, the 

patentability of a new life form was established in 1980 with the U.S. Supreme Court 

decision in Diamond vs. Chakrabarty, that insured appropriated returns from biological 

discoveries to the innovators (Stuart et al., 1999). The Bayh-Dole Act of 1980 (also 

known as Patent and Trademark Amendment Act of 1980) allowed researchers in 

universities and in other non-profit organizations to apply for patents on federally funded 

research and iimovaticns. Both of these institutional changes were instrumental in the rise 

^ Milstein and Kohler were the innovators of this technology (Barley et al., 1992). 
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of entrepreneurial activity, as well as the creation of new incentives for persistent 

scientific and technological development. 

Biotechnology required skills in molecular biology and biochemistry, which were 

not customary in the chemistry-driven drug discovery research by the pharmaceutical 

industry. Biotechnology presented a novel set of techniques that were potentially very 

beneficial to pharmaceutical development. The necessity of sustained innovation in drug 

discovery research and the race to gain access to the latest technological and scientific 

advances in biotechnology resulted in an increased number of R&D alliances between 

pharmaceutical and biotechnology companies (Van Brunt. 2000). The scope of 

knowledge and technology relating to drug discovery and development has expanded 

rapidly among many innovators. Many pharmaceutical companies have begun to form 

alliances with smaller, research specialized firms to gain access to the latest technological 

and scientific advances in biotechnology and to combine their complementary resources 

to cope with the dynamics of innovation in drug discovery research (Powell et. al.. 1999). 

Gaining faster access to new markets, obtaining advantages of scale R&D. and accessing 

technological expertise located beyond the boundaries of the firm have been suggested as 

other significant benefits of such alliances (Robertson and Gatignon, 1998). Thus, we 

observe multiple alliances among biotechnology and pharmaceutical firms as more 

pharmaceutical companies attempt to access newly developed technologies as quickly as 

possible. 

Although R&D alliance activity in biotechnology had begun in the seventies, 

during the 1990s it increased dramatically. Initially, big pharmaceutical companies were 
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expected to absorb the biotechnology industry. Instead, biotechnology firms proved that 

working with smaller, innovative partners was valuable and critical to the success of the 

pharmaceutical companies. More and more collaborations took place as large 

pharmaceutical companies reached for outside expertise, both in the fields in which they 

had competitive advantage and in those fields in which it was too risky to invest in house. 

Upjohn Corp., a major pharmaceutical company has reported that its external R&D 

budget has grown from 4 percent of its total R&D expenditures in 1995 to 21 percent of 

its total in 1999 (Van Brunt, 2000). Similarly, Pfizer, Inc. is involved in about 30 

alliances in the year 2000. and has devoted 25% of its total discovery budget to external 

collaborations (Hesp and Kiron, 2000). 
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2. SURVEY OF THEORETICAL AND EMPIRICAL LITERATURE ON 
CONTRACTUAL ARRANGEMENTS 

In the next few sections I review the Transaction Cost and Incomplete Contracts 

literature. Although separate discussions of these theoretical explanations as they relate to 

the specifics of this dissertation follow, it is important to point out that these theoretical 

frameworks are not mutually exclusive. On the contrary, since its conception incomplete 

contracting has been challenged for its lack of rigorous foundations, i.e. its foundations 

on transaction costs to motivate the reasons for incompleteness of contracts (Hart and 

Moore, 1999). The transaction costs of difficulty of foreseeing contingencies, costs of 

writing all the contingencies, and the enforcement costs of the contractual agreements 

through court system are the basis for the existence of incomplete contracts.' In more 

recent incomplete contracting studies, complexity of the environment is considered as 

another reason why incomplete contracts exist in real world (Segal. 1999; Tadelis. 2001). 

2.1 Transaction Cost Economics 

Inter-firm relationships and collaborative activities involve many transactions, 

thus. Transaction Cost Economic (TCE) analysis is used to explain why and under what 

conditions contractual collaborative activities are observed. Most research in TCE 

focuses on the governance mechanisms such that economic agents align transactions with 

governance structures to shape economizing outcomes, taking the institutional 

^ Coase (1937), Williamson (1975, 1985) and Klein et. al. (1978) provide further discussions of Transaction 
Cost literature. 
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environment as given (Williamson, 1996, p. 5). Theoretical research by TCE scholars 

emphasizes the potential transactional problems associated with asset and knowledge 

specificity, environmental uncertainty and the possibility of post-contractual 

opportunistic behavior stemming &om small-numbers bargaining conditions or other 

appropriation issues (Williamson, 1975, 1985; Klein et. al. 1978). This analysis is based 

on the assumption that as assets become more specialized, quasi-rents are more likely to 

be subject to the threat of appropriation by opportunistic parmers. Thus, vertical 

integration emerges as a means of economizing on the appropriation costs (Klein et. al., 

1978). Given these arguments, early studies argued that R&D is better and more 

efficiently organized within firms than through markets (Williamson. 1975. p. 203; 

Teece, 1988). Although this "make-or-buy" decision is a central issue analyzed in the 

TCE literature, this research program has only recently started to examine the strategic 

alliances as hybrid organizational forms located between the polar opposites of market 

and hierarchy. 

More recent TCE research suggests that strategic alliances can be an attractive 

hybrid organizational form for an environment characterized by rapid innovation and 

technological change (Teece, 1992. p. 20). Hybrid organizational structures are 

characterized by semi-strong incentives (as opposed to the lack of incentives through 

bureaucratic decision making) and by some degree of administrative apparatus, which 

allows for better coordination of complementary assets and monitoring of activities 

(Williamson, 1996, p. 105). Thus, organizational failures associated with carrying-out 

R&D internally only outweigh the costs related to signing of long-term R&D contracts. 
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and vertical integration of R&D is no longer satisfactory in industries where fostering 

creative environment is of the outmost importance (Tapon, 1989). 

The TCE approach to corporate finance is important to review. According to this 

approach, debt and equity are principally considered as governance structures instead of 

as financial instruments (Williamson, 1988). It is argued that as asset specificity 

increases, individual investment projects are more likely to take the form of equity 

financing rather than the issuance of debt. R&D intensive firms with illiquid and less re-

deployable assets, such as research expertise and intellectual property, are predicted to 

have a low debt to equity ratio (Chang, 1998). 

2.2 Incomplete Contracts 

Incomplete contract theory assumes that formal contracts will omit some of the 

contingencies when the costs of foreseeing them and devising optimal responses to. and 

enforcement by courts exceed the efficiency gains from specifying all of them (Maskin 

and Tirole. 1999). Formal contracts that spell out the key aspects of governance structure 

of R&D collaborations are often considered to be incomplete. 

Since the literatiure on incomplete contracts is vast and growing, I only focus on 

studies that developed theories of ownership and organization of R&D activity based on 

the incomplete contract framework. Grossman and Hart (1986) developed a theory of 

ownership and allocation of property rights. In this model the allocation of control rights 

among contractual parmers is established by the relative margined contribution of each 

parmer engaging in a contractual relationship. Under non-integration, firms invest only to 
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a moderate extent and under- investment by both parties is predicted. In the case of 

vertical integration, on the other hand, the owner firm will obtain larger share of the ex 

post surplus. This would lead to over-investment by the owner firm and under-investment 

by the subsidiary. Aghion and Tirole (1994) develop a model that analyzes the 

organization of the R&D activity based on the Grossman and Hart incomplete contract 

firamework. In this model, a cash-constrained research company and a financing company 

participate in an R&D project, and the financing company is the only user of the 

innovation. How the property rights to the irmovation should be distributed between the 

research and the financing company is a key question examined in the model. The model 

predicts that if the research unit's effort is important enough (the marginal efllciency of 

its effort larger relative to the financing company's investment), the property rights are 

allocated to the research company. In the case where benefits from increased effort by the 

research company are not sufficiently important, the allocation of the property rights 

depend on the ex ante bargaining power of the parties. Another prediction of this model is 

that the allocation of the property rights is always efficient when the research company 

has bargaining power ex ante, but the allocation may not be efficient when the financing 

company has the ex ante bargaining power and the cash-constraint of the research firm is 

binding. The ex ante bargaining power by parties influences both the distribution and the 

size of the pie (Aghion and Tirole, 1994, p. 1192). 

Lemer and Merges (1998) and Bizan (2000) all test the predictions of the Aghion 

and Tirole model in the context of biotechnology R&D collaborations and of American-

Israeli research alliances, respectively. In the first study, the number of the control rights 



in a contractual agreement is the dependent variable while Bizan uses information on the 

share of rents in each research contract as the variable of interest. By using a linear 

estimation technique, Lemer and Merges show that the allocation of control rights to the 

R&D firm (biotechnology firm) increases with its financial resources; a result consistent 

with the Aghion and Tirole model. Their results testing the distribution of control rights 

according to the relative marginal efficiency of contribution by each partner are not 

consistent with the theoretical framework. The proxy used to define the relative marginal 

contribution, the stage of the project, may not be appropriate to test the predictions of the 

model. 

The study by Bizan employs a switching regimes regression in order to test the 

predictions of the model with the argument that the set of variables influencing the rent 

share decision depend on which firm has the e.\ ante bargaining power. The author's 

interpretation of the model suggests that relative marginal contribution of partners 

matters only when the research company has the ex ante bargaining power. In the case 

when the financing company has the ex ante bargaining power and the research company 

is cash constrained, we operate under a different regime. This study shows that the 

switching probability which is determined by ex ante bargaining power is significantly 

different firom zero, and that the results are consistent with the Aghion and Tirole model. 

A literature on property rights in economic organization has developed recently, 

based on the seminal work by Grossman and Hart (1986) and transaction cost 
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foundations.^ According to the property rights approach and given that contracts are 

incomplete, the owner of a specific asset has the "residual control rights" over that asset, 

and, thus has the right to decide on all aspects of that asset's usage, including the aspects 

that are not specified in the contract (Hart, 1995). 

Property rights and incomplete contracting approaches, based on transaction cost 

foundations, allow for rigorous analysis of R&D collaborations. R&D projects are risky, 

uncertain and long-term; and formal contracts used in R&D partnerships are more likely 

to be incomplete. 

2^ Empirical Literature on Reasons for Collaborative Activity and 

Consequences of Strategic Alliances 

Empirical studies on collaborative activity have become recently possible as more 

data on strategic alliances are collected. The empirical approach to analyzing the 

emergence of collaborative activity has generally taken one of two forms. There are many 

studies in economics and organizational behavior that analyze the motivations of firms to 

form alliances. Other empirical research examines the organizational and contractual 

characteristics of the strategic alliances. Over time, as the number of collaborations has 

increased, the contractual forms used in these parmerships have become more diverse. 

Therefore, it is important to understand what types of contractual agreements are more 

suitable to certain environmental conditions that the transaction takes place. 

* The property rights literature and distribution of control rights based on incomplete contract framework 
are reviewed in Hart (1995). 
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Empirical studies that broadly fall in the first category analyze the firm's decision 

to engage in different types of collaborations' The decision to engage in collaborations 

(as a binary variable) or the number of alliances a firm engages in per year appears as the 

dependent variable in these studies. Research by Pisano (1990) posits that transaction-

cost factors influence whether an established firm would expand its R&D boundaries in-

house or procure the relevant capabilities from outside sources. Under this framework, he 

finds that small numbers bargaining hazards in R&D markets motivate internalization of 

R&D investment by using a sample of 92 biotech projects. This early study, which was 

conducted before collaborative activity in pharmaceutical research had become common, 

is similar to the traditional analysis of "make-or-buy" decisions based on TCE. Although 

the results favor internalization based on the small-numbers bargaining problem, this 

study does not consider the possibility that the smaller the number of biotechnology firms 

in a particular therapeutic area, the less likely would the large firm be able to find a 

suitable parmer in that area and be forced to do R&D in-house.'° 

Arora and Gamoerdella (1990) show that different types of external collaborations 

are complementary in the pharmaceutical industry after controlling for firm 

characteristics. In this study, strategies to engage in four types of external linkages-

collaborations with other firms, collaborations with universities, equity investments and 

acquisitions— are shown to be positively correlated. Other research by these authors 

investigates the role of technological capability of a firm in its ability and willingness to 

' See for example, Pisano (1989. 1990); Dutta and Weiss (1997). 
This point is made by Arora and Gambardella (1994). 
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enter into collaborative linkages (1994). The pharmaceutical firms with higher in-house 

knowledge capabilities engage in more research collaborations with the biotechnology 

companies. 

Another study by Pisano (1989) compares the equity versus non-equity modes of 

collaboration in biotechnology. He finds evidence that some of the governance properties 

of internal organization may be attained through partial equity ownership. A more recent 

study by Dutta and Weiss (1997) investigates the pattern of collaborations in the 

electrical and electronics machinery sector. A multinomial logit analysis is utilized to 

study the relationship between technological innovativeness and pattern of collaborations. 

This study indicates that more innovative firms are more likely to engage in marketing 

and licensing agreements rather than joint ventures or R&D collaborations. 

Other research approaches the question from a managerial point of view and 

analyzes the impact of network effects on learning (Powell and Brantley. 1992; Powell et. 

al. 1999). The study by Powell et al. (1999) investigates the organizational retums to 

collaboration in the biotechnology industry. In a two stage least squares analysis, the 

authors investigate the effect of previous R&D ties and network centrality in current 

R&D ties and a range of other variables. They find decreasing retums to networks, where 

networks include all the direct and indirect linkages through collaborations. Another 

result from this study indicates that initial R&D ties trigger the development of 

experience at facilitating all types of alliances in later periods. Firms learn to develop 

routines for collaborative agreements. 
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3. EFFECT OF TECHNOLOGICAL PROGRESS ON CONTRACTUAL 

AGREEMENTS 

3.1 Introduction 

Rapid technological change has created challenges as well as opportunities in the 

organization of research and development (R&D). As a result, R&D collaborations and 

strategic technology alliances with various contract structures emerged as significant 

means for the development and utilization of innovation. Risk and uncertainty associated 

with changing technology, increased R&D costs, high financial risk of committing 

resources to large-scale development, and the prospect of specialized research have 

affected the new forms of R&D organization. However. R&D collaborations and 

technology alliances face a high incidence of instability. Failure rates range as high as 70 

per cent" and many of the breakdowns are related to contract specification and 

collaboration management problems. This study examines contractual hazards, such as 

unplanned or unauthorized transfers of know-how and the possibility of deception 

concerning intellectual property rights that contribute to alliance failures. It investigates 

how different contract types address potential problems that can arise in R&D 

parmerships between pharmaceutical and biotechnology firms under technological 

uncertainty. 

The organizational and contractual structures of collaborative arrangements 

between pharmaceutical and biotechnology companies range from licensing agreements 

" Arie Lewin. The Financial Times (London), November 1999. 
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to more complex research collaboration, including technology transfers, joint research 

and co-development agreements and minority equity investments. The purpose of these 

contractual partnerships is to align incentives of the participating parties and promote 

efficient drug discovery research. However, formal contracts used to organize alliances 

are often difficult to write and can be very incomplete leading to costly disputes, 

renegotiations and legal action. These types of contractual hazards are especially high in 

R&D related alliances relative to manufacturing, marketing and distribution agreements. 

R&D activities are risky, unpredictable, and long-term. In addition, technological 

uncertainty associated with the rapid pace of technological advance amplifies the 

potential problems and make it difficult to spell out R&D contracts etTectively. These 

problems can delay or hinder projects with great potential benefits, prevent the 

introduction of new drugs or technology, and result in high economic costs to partner 

companies and to society. There are many examples of such contractual problems. For 

instance, in 1994 Ligand Pharmaceuticals. Inc. filed a lawsuit against Pfizer. Inc. for 

breach of contract related to droloxifene. one of the compounds investigated for its 

potential implications in the treatment of breast cancer and osteoporosis under the Pfizer-

Ligand research collaboration. This lawsuit was settled a year and a half later, which 

slowed down the clinical development of the compound. 

This research focuses on biotechnology alliances with pharmaceutical companies 

involving drug discovery research to demonstrate how uncertainty due to the advances in 

technology affects the structure of R&D contracts. It investigates the transaction-specific 

conditions that shape the governance structure of contractual agreements. Specifically, I 
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analyze the role of technological change in contributing to diverse types of contracts with 

different degrees of hierarchical governance structures. I use summary contractual data 

from 322 R&D and technology related contracts and demonstrate that newer technologies 

associated with higher uncertainty result in the choice of more equity investment and 

more hierarchical contract structures. This finding provides additional support to the 

transaction cost hypotheses that as contractual difficulties arise, allying firms are more 

likely to choose a more hierarchical governance form over simpler arrangements. 

Previous research, focusing on the hierarchical ranking of contracts or equity investment 

choice, substantiated transaction cost arguments that more hierarchical alliances are 

chosen when contracting hazards related to small numbers bargaining problem, 

uncertainty or other appropriation issues are present (Oxley 1997. 1999; Gulati 1998; 

Pisano 1989, 1990). The effect of technological conditions, such as the type of 

technology used or developed in an alliance in terms of its level of advancement and 

value were not taken into account in prior studies and this has been identified as a major 

shortcoming (Oxley, 1997). This research contributes to the literature by demonstrating 

the significance of technological uncertainty in determining the observed variety of 

contractual arrangements in biotechnology collaborations. Under the conditions of 

technological flux, monitoring contractual activities is difficult, renegotiating and 

possible disputes are likely, thus, the benefits from a greater level of hierarchy in 

governance choice of contract is higher. 
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3.2 Economic Issues in Contract Structure 

A strategic alliance is a voluntarily initiated cooperative agreement between 

parties pooling their complementary resources, such as technological know-how, 

marketing and distribution expertise, other firm-specific assets and cash reserves to 

accomplish a purpose. Formal contracts that specify key aspects of governance structure 

of collaborations are often incomplete, leading to alliances with potentially very costly 

problems. These problems include the inappropriate distribution of property rights, the 

possibility of unauthorized technical know-how transfers and under-investment of 

complementary resources by parmer firms. Grossman and Hart (1986) and Aghion and 

Tirole (1994) developed theories of ownership and allocation of property rights under the 

framework of incomplete contracts. In these models the allocation of control rights 

among contractual partners is determined by the relative marginal contribution of each 

partner, and under- investment by both parties is the predicted outcome. Transaction 

Cost Economics predicts a similar outcome of low incentives to commit resources at the 

outset of alliance based on the prospect of the ex post opportunistic behavior by partners 

(Pisano, 1989). 

R&D activities are risky, unpredictable, and long-term. All make it very costly to 

specify contingencies in contractual R&D agreements. It is difficult to state the 

characteristics of technological know-how developed or utilized in these collaborations 

through established contractual mechanisms. Problems with monitoring activities and 

enforcing terms are likely to be higher in R&D collaborations than with other types of 
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contracted activities. Indeed, many of the disputes in biotechnology collaborations 

involve patent litigation and contract breach concerning the distribution of intellectual 

property rights. 

Contracting for R&D involves more severe problems than contracting for other 

types of activities, such as marketing and distribution. However, the number and 

likelihood of hazards associated with R&D contracts are even higher in an environment 

of rapidly changing technology. There is greater uncertainty in R&D projects containing 

a newer technology since progress and the outcome of these projects are more 

ambiguous. The established and commonly used methods of recombinant DNA and 

monoclonal antibodies of biotechnology are likely to involve less uncertainty and risks 

compared to the newer technologies of gene sequencing and gene therapy.'" Uncertainty 

of the technological environment make it much harder to specify the details of R&D 

projects related to quality of effort and other intangible investments, and increases the 

necessity to better monitor and control the collaborative projects. Thus, the degree of 

newness and uncertainty of the technology developed and transferred in R&D agreements 

have an effect on the governance structure of contracts. Biotechnology contracts are 

expected to differ in their organizational structures in order to manage changing 

technologies with uncertain contributions to drug discovery research. Diverse types of 

contracts with varied degrees of hierarchical governance structures can solve such 

The level of uncertainty differs among established and new technologies as well. Recombinant DNA 
(RDNA) technology has more overlay and applications with newer technologies. Thus, degree of 
uncertainty associated with RDNA methods is expected to be higher than more routine monoclonal 
antibody techniques. 



31 

problems of monitoring difficulties in collaborative research and technology transfers. A 

simple model, based on Aghion and Tirole (1994), illustrates the problems associated 

with R&D contracts in the next section. 

3.2.1 Model 

A research project is initiated and developed up to a certain stage by the R&D 

firm. I assume that R&D firms are cash-constrained. The cash-constraint implies that 

R&D firms seek alliances to continue to develop their project. The probability of success 

of the collaborated project is defined as p and the expected value of the project to the 

financing firm (pharmaceutical company) is V. Define p = pie.u.I): where e is the 

contractible effort by the R&D firm, u is non-contractible effort by the R&D firm and I is 

the monetary and technological investment to the project by the pharmaceutical firm. In 

more uncertain and complex environments, the proportion of non-contractible effort 

relative to the total is assumed to be higher. Examples of contractible effort are the 

number of Full Time Equivalent (F.T.E.) Ph.D.'s specified to be working on a project or 

a guaranteed percentage of yields in material preparation. Examples of non-contractible 

effort deal with unobserved attributes, such as the quality of the scientists assigned to 

work on the contracted project. The probability, p. is assumed to be increasing and 

strictly concave in (e.i/,/). and p{e.ii.I)<l in the relevant range to provide interior 

solutions. 
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A common financial structure of the contract, based on a fixed payment, F, and 

rewards to contractible effort, m, involves a payment schedule, such as: 

P{e )  =  F  +•  m . e  with /n > 0 and e<e . 

1 assume that the exact nature of the research outcome is not well defined ex ante; thus, 

the contract only specifies a sharing rule of the possible rewards based on contractible 

effort and investment, as well as the allocation of management and contract governance 

rights.'" Under the payment structure defined above, the expected utilities for the 

financing (pharmaceutical) firm and R&D (biotechnology) firm are defined as: 

U f  =Vp(e ,uJ ) - I -F -me  (1) 

= F  +  me-c i e . u )  (2) 

where c(e.M) is the private cost to R&D firm associated with its effort level involved in 

the project, which is assumed to be increasing and convex in both types of efforts. This is 

similar to the standard moral hazard specification. 

The R&D unit maximizes (2) to obtain its optimal level of contractible and non-

contractible effort levels. Since there are no rewards to non-contractible effort, this type 

of effort is chosen to equal zero {u = 0) and the contractible effort level is chosen to 

Stmtlar assumptions are made by Aghion and Tirole (1994). 
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equal its marginal product (i.e., c ^ ( e , u )  =  m ) .  Thus, the R&D unit maximizes (2) with 

the pair of effort levels(e = e*,i/= 0) where e*is chosen such that c ^ ( e , u )  =  m .  The 

financing partner (pharmaceutical company) with appropriate incentives takes the 

op t ima l  e f fo r t  l eve l s  o f  t he  R&D u n i t  a s  g iven  and  max imize s  ( I )  t o  ch o o se  1  =  1 '  (V ) .  

Under the specified financial structure, the utilities of the contractual partners are: 

U' f  =p{e 'A l \VW- I ' iV )  

U R&D = F + me 

Given this specific payment structure, the R&D unit has the appropriate 

incentives to provide optimal levels of contractible effort although its non-contractible 

effort level is clearly sub optimal ( m = 0). If the proportion of non-contractible effort is 

high with respect to total effort, (e + u), the investment by the financing firm will be less 

and the probability of success for the research project will be lower. The technological 

circumstances that define the research project have an effect on the proportion of effort 

levels that are non-contractible. A contractual agreement on a research project involving 

uncertain and newer technology cannot specify many of the observable effort 

contingencies. Possible solutions to this problem include specifying different financial 

structures in the contract, such as revenue sharing rules, that might provide R&D partner 

necessary incentives to increase non-contractible effort levels. In industries where the 

probability of success of each individual project is very slim, revenue sharing rules do not 
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always help align incentives. Furthermore, although a revenue sharing financial structure 

is good for R&D firm's incentives, it also exposes the R&D firm to a great deal of risk, 

especially in pharmaceutical/biotechnology industries with many ongoing projects and 

small probabilities of success.'^ 

The financing firm can establish more control over managing and monitoring the 

contracted activities by choosing to invest in the partner R&D firm instead of (or in 

addition to) providing a fixed payment. We can consider the same payment structure 

outlined above where the fixed payment, F, is replaced by an identical amount of equity 

investment. by the financing company. Although optimal effort levels by the R&D 

parmer.(e = e'.M = 0). and the optimal investment level by the financing 

company./ = !'{¥) remain identical, equity investment is likely to allow for better 

observation of quality of effort during the contractual partnership. Equity investment 

generally provides an effective channel to address agency concerns and increases the 

ability to manage and monitor the collaborative relationship, especially under 

circumstances of high uncertainty. Transaction Cost Economics predicts that under 

circumstances where contracts cannot be specified due to environmental uncertainties 

some form of equity ownership may provide a solution (Pisano, 1989). Assuming the 

R&D firm is indifferent to the form of lump-sum payment, under the conditions that 

minority equity investment provides increased ability to govern the collaborative research 

This is only true when the R&D unit is risk-averse, which is the standard assumption in principal-agent 
theory. 
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project and alleviates potential agency problems; the financing firm chooses the equity 

investment as part of the contractual agreement. Although the actual governance benefits 

of the equity investment in R&D collaborations are not observed, we expect to see the 

choice of equity investment under conditions of high uncertainty. Consider an index 

fimction such that: 

I'" = \ xiUy-U) >0 

r =0 if <0 

The index function takes on the value of I when the expected benefits to the financing 

firm are greater with equity investment in the collaboration (relative to the fixed payment 

option of the same amount). This specification leads to a binary choice model where the 

decision of equity involvement can be investigated by the use of a limited dependent 

variable technique, such as probit or iogit.'^ If we define. 

u'f =  p:x+ .  

then, we have: 

Pr ob[I"< = 11 .V] = Pr ob[U'f^ > U] ] 

= Pr - p. yx + is ,^-s.)>0\ X] 

Similar arguments can be used to develop models where choice models include more than two options. In 
the empirical analysis, I estimate probit as well as an ordered probit models to examine contract governance 
choice. 
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= ProA[>9% + f >0|^] 

where e is distributed normal (probit model) or logistic (logit model). 

This simple model and economic issues in contracting lead to the hypothesis that 

equity investment is desirable when it is expected to reduce the adverse effects of 

contractual uncertainties. The governance and ownership structures created by equity 

involvement help align incentives for cooperative behavior, lower the potential of under

investment of resources and decrease the costs of monitoring the activities once contract 

terms are in process. R&D collaborations utilizing or developing new and unknown 

technologies are more uncertain and unpredictable. Specifying these agreements in 

formal contracts is more difficult and costly. Thus, equity arrangements are expected to 

be more likely in R&D contracts when the contract involves newer technology cohorts 

relative to the R&D contracts using established technologies. 

A more precise analysis of R&D and technology contracts can be accomplished 

by examining contract types in more detail. Licensing agreements are usually about 

transfers of developed technologies, and. thus, are easier to specify and more likely to be 

more complete. On the other hand, joint research/collaboration agreements are usually set 

up to develop new technologies or to conduct newer applications of established 

technologies. Joint R&D and collaboration contracts are more involved, more uncertain, 

and incomplete due to the difficulty of specifying contingencies and property rights in 

these arrangements. Thus, contract types, such as licensing agreements with technology 

transfers, non-equity R&D/co-development arrangements, and contracts with equity 
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involvement can be "ranked" from lowest to highest level of hierarchy (Oxley, 1997). 

This ordering of contract types in terms of hierarchy of governance and organizational 

structure allows a more in-depth analysis of technological change effects. Thus, contracts 

allocating a bigger proportion of governance and management control rights of the 

alliance to the financing firm (through bilateral arrangements and equity involvement) 

are more likely to occur when the contract involves newer technology cohorts relative to 

the R&D contracts using established technologies. 

Similar to technological uncertainty, other environmental or project specific 

factors might lead to equity investment and/or other hierarchical contract structures. 

Collaborations involving multiple projects and/or covering various disease categories are 

more difficult to specify. Furthermore, unanticipated contingencies and problems are 

more likely to arise within complex collaborations, especially when newer technologies 

are used in these agreements. Collaborations involving multiple projects can be harder to 

monitor as well. Thus, equity investment and more hierarchical contract types are more 

likely among R&D related contracts when the contract involves multiple projects}^ 

These hypotheses are tested in the next section by examining the pharmaceutical-

biotechnology collaborations. 

Pisano (1989) and Oxley (1997) test a similar hypothesis without controlling for the technology effects. 
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3.3 Empirical Analysis 

3 J.l Data Source and Sample 

The principal data source for the empirical study is the Recombinant Capital 

Database (ReCap), a contract database covering over 7,900 biotechnology cooperative 

arrangements since 1978. ReCap collects and organizes iiiformation on contractual 

agreements between pharmaceutical and biotechnology companies, as well as other 

agreements involving biotechnology firms, universities and government agencies. These 

contractual arrangements involve activities ranging from technology transfers and joint 

R&D for drug discovery to co-development, marketing, distribution, and manufacturing 

of new drugs. The ReCap database is derived from the U.S. Securities and E.xchange 

Commission (SEC) filings, press releases and presentations by participating companies, 

and includes both public and private companies located worldwide. For each 

collaborative agreement, the summary database provides information on the names of the 

partners, type of contractual relationship (including whether the firms have equity 

participation), relevant product area and the technology field. 

I have constructed a sample of technology transfer and R&D agreements between 

pharmaceutical and biotechnology companies that were initiated in 1985 and in 1995.'^ 

Since the main information source is the SEC filings, there is some overrepresentation of 

larger and publicly owned companies in the data set. However, systematic bias in 

contract type and activity is not present in the recorded agreements, [n the constructed 

sample, I have not included any agreement without a technology or R&D component 

These years are selected to take into account the biotechnological change over the ten-year period. 
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since the main purpose of this study is to analyze the effect of technological uncertainty 

on contract types. 

TABLE 3.1A and TABLE 3.IB summarize the distribution of contract types and 

available technology fields in 1985 and 1995. These tables demonstrate the increase in 

the number and size of R&D related contracts over time. The average size of contractual 

arrangements initiated in 1985 was approximately $12 million, and rose to $30 million 

for the agreements of 1995. Recombinant DNA (RDNA) and Monoclonal Antibody 

technologies, which were developed in the 1970s, were dominant in the biotechnology 

contractual arrangements signed in 1985. The number of available technologies utilized 

and/or developed in contractual arrangements increased from 8 to 23 between 1985 and 

1995. indicating the progress in technological activity over the years. As the number and 

complexity of technologies have grown, available contract types have increased as well. 

Most interestingly, collaborations and co-development arrangements have become 

prevalent as the contract-type choice in 1995. 
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TABLE 3.1A 
1985 Contract Analysis 
Summary 
Number of Contracts in the 42 
Sample* 
Number of Available 8 
Technologies 
Average Size of the $11.77 million 
Contracts" 
Types of Contracts in the 4 
Sample*" 

TABLE 3.1B 
1995 Contract Analysis 
Summary 
Number of Contracts in the 280 
Sample* 
Number of Available 23 
Technologies 
Average Size of the $29.78 million 
Contracts'* 
Types of Contracts in the 6 
Sample*** 

' Technology type is not available for 9 contracts in 1985 and for 35 contracts in 1995. 
" This information is available for only 18 contracts in the 1985 sample (43% of total) and 127 contracts in 
the 1995 sample (45% of total). Size is defined as the total disclosed potential pre-commercial value of the 
agreement and includes up-front payments, sponsored research, equity, milestone payments, and loans. 

The observed contract types in 1985 are licensing agreements with technology transfer, unilateral R&D 
contracts with or without equity and research joint ventures. The contract types in 1995 included these 
forms as well as bilateral collaboration/co-development contracts with or without equity. 
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3.3.2 Description of Variables 

The hypotheses developed in the prior sections associate the impact of 

technological uncertainty in drug discovery research with the governance structure 

decision and transaction characteristics of the contractual agreements. Equity 

arrangements and more hierarchical contract structures are expected more often among 

R&D related contracts when the contract involves newer technology cohorts. The 

dependent variable used represents the partner firms' choice of governance structure and 

contract type. The dependent variable. EQUITY, is defined as follows: 

EQUITY, = I if the i"* contractual arrangement involves equity investment 

EQUITYi = 0 if no equity is involved (pure contracts) 

The contractual alliances include licensing deals with technology transfers and joint R&D 

and co-development agreements between pharmaceutical and biotechnology companies. 

In the sample. 27 percent of 322 alliances contained equity participation. 

A list of independent variables, specifying the transaction-specific characteristics 

of collaborations that lead to contractual hazards, is shown in TABLE 3.2. All the 

contracts included in the sample are R&D related, but the functional scope of the R&D 

agreements differs among contracts. Many contractual transactions are not limited to the 

research or development of drug candidates; they involve other potential activities such 

as marketing and distribution if the alliance produces successful pharmaceutical products. 

The variable, MIXED, is set to equal I if contracts undertake activities other than R&D. 

Most R&D agreements in pharmaceutical development cannot specify the scope of the 

collaboration with an exact count of projects or products since at the stage of signing the 
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contract many details are not known. However, pharmaceutical R&D contracts indicate 

the target disease category or categories. Thus, the DISEASE SCOPE variable indicates 

whether the contract involves more than one disease category. Under the hypotheses. I 

expect that the likelihood of equity investment increase when a contract involves multiple 

projects and/or functions. 

TABLE 3.2 Definitions of Variables 

Independent 
Variables 

Definition Mean 

MIXED Activities covered by 
agreement other than 
R&D or technology 

= 1 if the contract involves other activities 
i.e. R&D and marketing: 
= 0 if contract involves only R&D 
activities 

0.41 

DISEASE 
SCOPE 

Range of disease 
categories covered in 
a contract 

= 1 if more than 1 disease category 
covered in a contract; 
= 0 if only I disease category 

0.14 

DISCOVERY Drug development 
stage at the signing of 
contract 

= 1 if the contract signed at the discovery 
or formulation stage of drug development: 
= 0 if the contract signed at later stages 

0.28 

DIAGNOSTICS An indicator of the 
focus of the contract 

= I If the contract is in human 
diagnostics: 
= 0 if the contract is in human 
therapeutics 

0.12 

TIME85 Time dummy 
variable 

= I if the contract is signed in 1985: 
= 0 if the contract is signed in 1995 

0.12 

Technology 
Variables 

(See Table 5 and text 
for explanations) 

Pharmaceutical contracts in the sample include projects related to human 

therapeutics or human diagnostics. To control sector-level effects and account for the 

focus of the contracted activity, a dummy variable, DIAGNOSTICS, is included in the 

analysis. Human therapeutic projects are generally more complicated and uncertain 
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relative to diagnostic tests. Biotechnology contracts with animal health, agriculture and 

other specialty chemical applications are excluded from study. Another variable, 

DISCOVERY, controls for the stage of the contracted project at the signing of the 

contract. The drug discovery process is divided into several stages; discovery and 

optimization of lead molecules, pre-clinical studies and three stages of clinical 

development. A contract signed at the earlier stages of the drug discovery process is more 

likely to involve higher uncertainty. Finally, to capture any systematic changes in 

alliance structures adopted between 1985 and 1995, a time dummy variable is included in 

the study. TIME85 takes on the value of 1 for contracts initiated in 1985. 

33.3 Technology Variables 

Focusing on a single industry over time has made it possible to analyze the effect 

of technological change on governance structure of contractual alliances. In order to 

include technological advance in the analysis. I categorized the technologies utilized 

under contractual agreements into clusters with the assistance of an expert in the field. 

The technology groups are constructed by classifying biotechnology fields in terms of 

their broadly similar function in drug development and the time of their emergence. For 

example, technology group 9 (TECH 9) involves all the fields related to genetic 

sequencing and gene e.xpression, as well as more recent developments within these fields, 

such as micro array technologies. TABLE 3.3 shows how the technology dummy 

variables are constructed, and lists all the technology variables used in the econometric 

estimation. 
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TABLE 3.3* Technology Group Variables 

Technology Group 
Variables 

Technology Fields Date of First 
Contractual 
Agreement 

Mean 

TECH 1 Recombinant DNA 1978 0.14 
(RDNA) 
TECH 2 Device, DNA probes 1979-1981 0.08 
(Device) 
TECH 3 
(Antibody) 

Monoclonal Antibodies, Immunoassay 1981 0.13 

TECH 4 
(Drug Delivery) 

Drug Delivery Methods, Adjuvant 1981-1987 0.19 

TECHS 
(Extra-Cellular 
Matrix) 

Hyaluronic Acid, Collagen Matri.x, 
Carbohydrates 

1982-1987 0.05 

TECH 6 Natural Products, Peptides. Rational 1982-1988 0.11 
(Drug Design) Drug Design, Synthetics 
TECH 7 Combinatorial Chemistry, 1984-1988 0.11 
(Combinatorial) Combinatorial Screening 
TECHS 
(Separations) 

Separations, Resin Polymers 1989 0.14 

TECH 9 
(Genetic) 

Gene Sequence/Therapy. Microarray. 
Transcription Factors. Transgenics. 
Oligonucleotides 

1989-1995 0.18 

A very significant criterion in technology clusters is the similarity in the novelty 

of the technology fields within each group. In order to demonstrate the effect of 

technological progress on the choice of contract governance structures, it is necessary to 

differentiate technology fields in terms of their newness and introduction in drug 

development. Given technological advances, I characterize the degree of "newness'' for 

a specific biotechnology field according to the date of first contractual agreement within 

* This table is constructed from ReCap database of biotechnology contractual agreements. Date of first 
contractual agreement is between pharmaceutical and biotechnology companies. In some instances, there is 
an earlier contract that involves a university, but ranking of technology cohorts are identical. The mean 
values are based on the sample with 261 contracts. (Source; www.recap.com) 

http://www.recap.com
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that specific field.'® TABLE 3.3 shows the date of first occmrence of a contractual 

agreement in the ReCap database utilizing each technologyTechnology groups 

constructed for the econometric study comprise functionally related technology fields, 

which also have very similar dates of first contractual alliance. For example, technology 

group 3 (TECH 3) includes immunoassay and monoclonal antibody technologies. The 

initial contractual agreements utilizing either of these technologies were initiated in 1981 

in the database. Similarly, all the technology fields grouped under TECH 9 were not 

utilized by contractual alliances until the late 1980s and early 1990s. These dates do not 

indicate when a specific technology was invented, but they provide an indication of the 

beginning of a widespread usage of a technology field. Thus. TECH 9 (genetic) is defined 

to be "newer" compared to TECH 3 (antibodies). With this strategy, I am able to 

establish technology cohorts based on relative ranking of newness among technology 

variables. Newer technologies are expected to be more uncertain. Thus, contractual 

specification of collaborations with newer technologies is difficult and related 

appropriation hazards are more likely to be present. 

[ have tried other methods: I have identified the first scientific publication and the first successful patent 
in each technology field, and studied how the number of publications/patents changes over time. The 
purpose was to determine the level of activity within each field, but these exercises did not successfully 
differentiate the technologies in terms of their novelty. The magnitude of patent and publication numbers 
demonstrated that many biotechnology fields were active in basic and applied research prior to their role in 
drug discovery research. 

Each technology cohort includes fields with similar dates of first contractual alliance although some 
variation in dates exists. A more detailed clustering of technology fields is analyzed econometrically. 
Results are very robust to differences in technology clustering. 
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3. 4 Econometric Specification and Results of the Estimation 

3.4.1 Results of the Probit Model 

As defined in previous sections, the dependent variable, EQUITY, is a categorical 

variable that takes on the values of 0 and I. Thus, a qualitative response model, probit. is 

used as the econometric specification."" The general specification for the probit model is 

as follows: 

? x o b i E Q U I T Y  = 1) = 
TO 

= <D (P'x) 

where function 0(.) is a commonly used notation for the standard normal distribution. 

The results of the probit estimation are shown in TABLE 3.4. The second column 

in the table shows the model estimation including the technology variables. Several 

contracts did not indicate the field of technology they utilized or developed, and some 

others indicated only that technology was in-licensed. In order to analyze technology-

specific effects on equity decision, these contracts are excluded from the sample. The 

final sample has 261 contractual agreements, 32 signed in 1985 and 229 in 1995. 

The results provide strong support for the hypotheses developed. Technology 

variables significantly contribute to the choice of contract governance in terms of equity 

investment. The newer and more uncertain technology fields, as expected, generate more 

equity participation since equity investment allows for more control in monitoring the 

The underlying probability distribution assumed in probit specification is normal. The common 
alternative specification logit assumes a logistic distribution. Since underlying theory does not determine 
which speciHcation is the right one, probit is used to compare results with previous research. 



TABLE 3.4 Simple Probit Results 

Variables Model 1 Model 2 

CONSTANT -0.81 -1.35*** 
(0.155) (0.249) 

MIXED 0.434*» 0.521 
(0.179) (0.188) 

DIAGNOSTICS -0.693*« -0.769** 
(0.301) (0.351) 

DISEASE SCOPE 0.497»» 0.530** 
(0.233) (0.247) 

DISCOVERY 0.363* -0.110 
(0.196) (0.244) 

TIME 1985 DUMMY 0.138 0.370 
(0.250) (0.285) 

Technology Variables 
TECH I ^ 0.473 
(RDNA) (0.322) 
TECH 2 0.899** 
(Device) (0.416) 
TECH 3 0.280 
(Antibody) (0.364) 
TECH 4 Left-out 
(Drug Delivery) variable 
TECH 5 -0.117 
(Extra-Cellular Matrix) (0.514) 
TECH 6 0.325 
(Drug Design) (0.355) 
TECH 7 0.935** 
(Combinatorial) (0.373) 
TECHS 1.294** 
(Separations) (0.616) 
TECH 9 1.298*** 
(Genetic) (0.334) 
Number of Observations 261 261 
Log-likelihood -152.1 -140.5 

•> 

X" 19.2*» 42.3*** 
Percentage correctly predicted 71 % 73% 
Pseudo R-squared 0.41 0.46 

Standard errors are in parentheses. 
***p <0.01; ••p < 0.05; »p < O.l 
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research alliance and lower the likelihood of appropriation hazards. The estimation 

results shown in TABLE 3.4 are obtained relative to TECH 4 (drug delivery). The results 

indicate that contracts involving newer technologies, such as TECH 7-9 (combinatorial, 

separations and genetic) are more likely to use eqmty, relative to alliances with TECH 4, 

a more established technology cohort. Marginal effects for TECH 7-9 that are calculated 

at the means of the variables are 0.35, 0.48 and 0.48, respectively. Marginal effects 

demonstrate that contracts using TECH 9 (genetic), for example, are 48 % more likely to 

involve equity participation relative to the excluded technology variable. 

Contracts employing or developing more established technologies, TECH 1. 

TECH 3 and TECH 5 (RDNA, antibody and e.xtra-cellular matrix) are not statistically 

different than contracts using the excluded technology, in terms of the equity 

participation decision. An interesting exception is TECH 2 (device). Although contractual 

agreements producing or using devices helpful in drug discovery research have been 

around for a long time, there has been tremendous progress in the device technology 

based on the advances of computing and electronic technologies. The definition of 

newness adopted in this study might not capture all the progress and advances within 

each technology field. Since device technology has progressed constantly, the contracts 

utilizing and/or developing this technology might be more likely to use equity 

investment. Given the estimation results in the first and second models shown in TABLE 
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3.4, we can reject the hypothesis that the coefficient estimates of the technology variables 

are not jointly different from zero at the p <0.01 level."' 

The remainder of the estimation results provides additional support for the 

Transaction Cost hypotheses tested and parallels the previous findings. In particular, 

collaborative arrangements are more likely to use equity investment when contracts 

involve extra functions, such as distribution and marketing, and when the scope of a 

contract expands to multiple disease categories. Equity investment in these multifaceted 

arrangements is expected to reduce the appropriation hazards providing monitoring and 

more control of the contracted activities. Similarly, estimation results suggests that 

contracts focused on human diagnostics, which generally utilize more routine techniques 

of development, are less likely to involve equity. 

3. 4. 2 Results of the Ordered Response Model 

Since equity participation decision provides only limited information on the 

governance structure of contractual alliances, I constructed another dependent variable 

incorporating more information on the contract type choice. I partitioned the sample of 

pure contracts (i.e. no equity investment) into licensing agreements and joint R&D/co-

development agreements. The main purpose is to analyze the effect of technological 

progress in drug discovery research on the choice of contract type. Licensing agreements 

are more likely to involve more developed technology and the purpose of the alliance is 

I tested the joint hypothesis using the likelihood ratio test and log-likelihood estimates from first two 
models. 
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the utilization of existing technology. The joint R&D and co-development agreements, on 

the other hand, are initiated at earlier stages of drug development. They are more likely to 

be about creation of novel technology and, thus, involve more uncertainty (Mowery and 

Rosenberg, 1989). To examine the effect of technological change on pure contract types 

in detail I constructed another dependent variable, TYPE, and estimated the determinants 

of the contract governance choice following an ordered response (probit) model." TYPE 

is defmed as: 

TYPEi = 0 if the i"* contractual alliance is a licensing agreement 

TYPE, = I if the i'*' contractual alliance is an R&D/co-development agreement 

TYPEi = 2 if the i^** contractual arrangement involves equity participation 

The ordered response model is built around a latent regression. 

y* = p'X-¥ £, 

where y * is an unobservable measure of the contract type choice. X is a vector of 

independent variables (i.e. characteristics of the transaction) and e, is i.i.d. random error 

term distributed N(O.l). Given the observed choice of the contract type as defined above, 

we obtain following probabilities: 

P{TYPE, = 0) = <D(-^:V) 

PiTYPE, = I) = 0(/i - P'X) -

P{TYPE, = 2) = I - <D(// - fiX) 

~ Similar definitions are used by Oxiey (1997) and Gulati (1998). 
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where O is the cumulative standard normal distribution and // > 0 is an unknown 

threshold parameter to be estimated. The model with three types of contract choice has 

only one unknown threshold parameter since the initial parameter is normalized to be 

zero. 

The dependent variable TYPE is considered as a ranking of contractual 

alternatives in terms of governance and other organizational features. The parameters of 

the ordered probit estimation describe the association between characteristics of the 

alliance and the degree of "hierarchy" in the governance forms of the contractual 

arrangements. Some of the key governance structure differences between licensing and 

joint R&D agreements include greater risk sharing and incentive alignment in the latter 

form of contracts. 

The results of the ordered probit estimation are presented in TABLE 3.5. Similar 

to simple probit results, the hypotheses developed earlier are again supported. The 

contracts utilizing newer and more uncertain technologies tend to participate in more 

hierarchical contractual arrangements relative to the contracts with the excluded 

technology. Contracts involving multiple disease categories and involving mixed 

activities are likely to result in more hierarchical alliance types. 



TABLE 3.5 Ordered Probit Results 

Variables Model 1 Model 2 

CONSTANT 0.755**» 0.409** 
(0.138) (0.187) 

MIXED 0.360»* 0.394** 
(0.152) (0.169) 

DIAGNOSTICS -0.611*** -0.794*** 
(0.215) (0.251) 

DISEASE SCOPE 0.535^* 0.551** 
(0.228) (0.251) 

DISCOVERY 0.429*» 0.144 
(0.180) (0.237) 

TIME 1985 DUMMY 0.118 0.242 
(0.208) (0.238) 

Technology Variables 
TECH 1 0.404 
(RDNA) (0.268) 
TECH 2 0.712** 
(Device) (0.299) 
TECH 3 0.405 
(Antibody) (0.324) 
TECH 4 Left-out 
(Drug Delivery) variable 
TECH 5 -0.152 
(Extra-Cellular Matri.x) (0.352) 
TECH 6 0.446 
(Drug Design) (0.361) 
TECH 7 0.602* 
(Combinatorial) (0.333) 
TECHS 1.310** 
(Separations) (0.635) 
TECH 9 0.886** 
(Genetic) (0.273) 
Number of Observations 261 261 
Log-likelihood -247.7 -238.9 •y 
r 28.I*** 45.8*** 
Percentage correctly predicted 53 % 53 % 
Pseudo R-squared 0.65 0.69 

Standard errors are in parentheses. 
*»*p < 0.01; **p < 0.05; •p < 0.1 
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Overall, both empirical methodologies provide similar results and support for the 

transaction cost hypotheses. The estimation results suggesting that contracts with 

multiple projects (disease categories) and complex activities are more likely to result in 

more hierarchical alliance types, substantiate the similar findings of Pisano (with 

biotechnology contracts) and Oxley (with several high technology contracts). Moreover, 

the role of technological change on the choice of contractual type is established. Previous 

research, which does not include specific technology information, possibly suffers from 

omitted variables bias. These new results support the hypothesis that contracts with 

newer. less established technologies are more likely to use equity investment due to 

appropriation concerns associated with their uncertainty. As technologies become more 

established and standard, contracts involving these technologies tend to have less equity 

involvement. These results suggest that attributes of a specific transaction, including the 

characteristics of the technology utilized, is crucial in determining contractual type. 

3. 4.4 Analysis with Firm Effects 

Firm level heterogeneity, in addition to the transaction-specific alliance 

characteristics, can be important in explaining the choice of contract governance structure 

in partnerships. In particular, firms might make strategic decisions about equity 

investment or contract governance structure independent of the specific attributes of their 

contractual transactions. Although analyses of this paper utilize contract-level data, the 

dataset includes several pharmaceuticed firms engaged in multiple contracts. To 

determine the role of firm-level variation on the choice of contract governance structure, I 
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conducted analyses of probit and ordered probit models with random effects.^ The probit 

model for a binary outcome with random effects is defined as:"^ 

y,,* = P'X„ - N[0,l] i = = 1 K 

= I if y *,* > 0, and 0 otherwise 

and + //, with both error components are normally distributed with zero 

means and independent of each other for n firms each with k contractual agreements. The 

component z/, is the random disturbance characterizing the observation. It is constant 

for all contractual agreements of a specific firm and varies across firms. The cross-

contract correlation within a specific firm is estimated by Corr{£^^.e,,] = p = — 
i+cr; 

This specification allows for testing the hypothesis that contractual characteristics within 

a firm are correlated and takes into account the firm-level heterogeneity."" 

The random effects specification includes only those pharmaceutical companies 

with multiple alliances and the sample is reduced to 206 contracts of 34 companies. 

Estimation results for probit and ordered probit models are presented in TABLE 3.6 and 

in TABLE 3.7. Although the coefficient estimates are broadly similar to previous 

estimates, some of the transaction-specific variables and technology variables lose 

significance. Firm effects appear to be significant. The hypothesis of no random effects is 

rejected at p <0.05 levels for model 1 under both the probit and ordered probit 

^ Fixed effects treatment is not used with probit models since there is no feasible way to remove 
heterogeneity and estimation of individual specific effects are intractable (Greene. 1997). 

The structural model is similar for the ordered probtt specification. 
^ The possible time component in the residual error term is ignored. Since only a few companies in the 
sample are observed both in 1985 and in 1995 across-period correlation is assumed to be not significant. 



specifications with the use of likelihood ratio test (TABLE 3.6). However, the Wald test 

(simple t-test) reveals that the cross-contract correlation within a single firm and the 

standard error of the random effect are not significant at conventional levels. Although 

Wald and likelihood ratio tests are asymptotically equivalent, they can behave differently 

in finite samples as in this case. Since the small-sample characteristics of these tests are 

unknown, there is no clear criterion for how to proceed when they indicate different 

results. 

TABLE 3.6 
Probit and Ordered Probit with Random Effects (Model 1) 

Probit Ordered Probit 
Variables No Random Random No Random Random 

EfTects Effects Effects Effects 
CONSTANT -0.804**» -0.858*** 0.677»»* 0.684*** 

(0.181) (0.280) (0.158) (0.233) 
MIXED 0.489»» 0.511* 0.432* » 0.441 

(0.202) (0.286) (0.182) (0.307) 
DIAGNOSTICS -0.812** -0.777 -0.703 -0.641** 

(0.354) (0.510) (0.262) (0.324) 
DISEASE SCOPE 0.477^ 0.534»» 0.524** 0.570** 

(0.247) (0.258) (0.241) (0.239) 
DISCOVERY 0.386* 0.406 0.454** 0.479** 

(0.217) (0.261) (0.196) (0.202) 
TIME 1985 DUMMY 0.295 0.154 0.287 0.174 

(0.271) (0.391) (0.237) (0.327) 
Rho 0.114 

(0.101) 
Mu 1.496*** 1.538*** 

(0.128) (0.150) 
Sigma 0.219 

(0.206) 
Number of Observations 206 206 206 206 
Log-likelihood -122.5 -119.9 -196.8 -195.0 
Restricted Log-likelihood -131.4 -122.5 -209.2 -196.8 

7 

X' 17.8«*« 5.01 24.8*** 3.50* 
Standard errors are in parentheses. •••p<0.01; •*p <0.05; *p <0.1 
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Results for model 2 with technology variables are presented in TABLE 3.7. The 

hypothesis of no random effects is rejected at 5 per cent level for the probit specification 

although only marginally for the ordered probit model with the likelihood ratio test. 

Similar to the analysis of model I, the cross-contract correlation and the standard error of 

the random effect are not significant with a Wald test. Thus, it appears that firm-level 

characteristics are possibly infiuential in determining the contract governance choice in 

addition to the transaction-specific attributes of alliances. These results differ from 

previous research, which did not find any firm level effects on the choice of contract 

type. Previous research integrated additional firm specific information, including assets 

and R&D expenditure ratios of alliance participants and reported the insignificance of the 

additional firm level variables (Oxley. 1997 and Gulati 1998). This new evidence on 

firm-specific effects necessitates more detailed analysis of firm level effects in contract 

structure in future research. 
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TABLE 3.7 
Probit and Ordered Probit with Random Effects (Model 2) 

Probit Ordered Probit 
Variables No Random Random No Random Random 

Effects EfTects EfTects Effects 
CONSTANT -1.345*** -1.426** 0.280 0.293 

(0.282) (0.570) (0.215) (0.365) 
MIXED 0.560»»» 0.601 0.490** 0.503 

(0.211) (0.429) (0.198) (0.468) 
DIAGNOSTICS -1.046** -0.982 -1.038*** -0.952** 

(0.424) (0.659) (0.327) (0.456) 
DISEASE SCOPE 0.555*"* 0.604* 0.587** 0.615** 

(0.261) (0.310) (0.269) (0.260) 
DISCOVERY -0.080 -0.120 0.203 0.220 

(0.279) (0.481) (0.267) (0.415) 
TIME 1985 DUMMY 0.500 0.383 0.422 0.339 

(0.307) (0.725) (0.268) (0.463) 
Rho 0.135 

(0.163) 
Mu 1.563*** 

(0.135) 
1.593*** 
(0.284) 

Sigma 0.183 
(0.259) 

TECH 1 0.361 0.391 0.350 0.354 
(RDNA) (0.356) (0.831) (0.308) (0.559) 
TECH 2 1.056*» 1.063 1.045*** 1.019* 
(Device) (0.521) (0.665) (0.403) (0.581) 
TECH 3 0.499 0.451 0.541 0.457 
(Antibody) (0.411) (0.560) (0.367) (0.564) 
TECH 4 Left-out Left-out Left-out Left-out 
(Drug Delivery) variable variable variable variable 
TECH 5 0.176 0.266 -0.146 -0.118 
(E.\tra-Cellular Matnx) (0.599) (0.776) (0.449) (0.651) 
TECH 6 0.126 0.092 0.409 0.406 
(Drug Design) (0.432) (0.523) (0.458) (0.554) 
TECH 7 0.935^'» 0.993 0.639* 0.628 
(Combinatorial) (0.400) (0.762) (0.365) (0.621) 
TECH 8 1.270»» 1J30 1.327** 1.333 
(Separations) (0.627) (1.646) (0.643) (1.528) 
TECH 9 1.223*** 1.342** 0.838*** 0.834** 
(Genetic) (07371) (0.525) (0.309) (0.374) 
Number of Observations 206 206 206 206 
Log-likelihood -113.9 -111.5 -189.4 -188.1 
Restricted Log-likelihood -131.4 -113.9 -209.2 -189.4 

•» 

X 34.7*** 5.03** 39.6*** 2.59 
Standard errors are in parentheses. ***p <0.01; ••p < 0.05; *p < O.l 
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3.5  Conclusions  

This chapter investigates the effect of technological change on the choice of 

contractual governance. Specifically, I show that contracts developing or utilizing 

relatively new technologies are more likely to contain equity investment and have a more 

hierarchical governance structures. Advances in technology create new opportunities for 

R&D related parmerships and introduce new challenges in the specification of 

contractual agreements. Difficulties in undertaking contractual alliances in an 

enviroiiment of technological change and uncertainty increase the potential transactional 

problems associated with collaborative activity. This study is able to capture technology-

specific transaction problems and estimate their effect on the type of collaboration 

choice. Controlling for the effect of specific technologies on the choice of contract type 

has been a key limitation of prior studies. In addition, the effect of firm level 

heterogeneity in the choice of contract type is analyzed with a random effects 

specification that allows for the correlation of errors within a specific firm, and some 

evidence on the firm-level effects is found. 

Transactions cost theories suggest that R&D is more efficiently organized within 

a hierarchy of a single firm than through markets."^ However, more recent arguments 

indicate partial ownership through equity participation and the choice of a higher degree 

of hierarchy in a contractual governance structure may be "particularly effective for 

activities (such as R&D) that are costly to govern through contracts but are subject to 

Williamson (1975, 1985), Teece (1988) 



59 

incentive losses when internalized completely" (Pisano, 1989, p. 124)."^ In highly 

innovative fields, such as biotechnology, the continual advances in technology and the 

environment of constant uncertainty may lead to the choice of more hierarchical 

contractual governance structures. These partial ownership and hierarchical governance 

structures help with difficulties in monitoring a partner's activities in a contractual 

arrangement. 

Teece (1992) also argues alliances are the choice of governance and exchange mode in the fields of high 
innovative activity, such as biotechnology. 
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4. THE EFFECT OF PARTNERSfflPS ON THE DISCOVERY OF NEW 

DRUGS 

4.1 Introduction 

In this section of the dissertation, I investigate the significance of external R&D 

investments by large pharmaceutical companies (through research collaborations) to their 

overall iimovation process. This study measures the innovative returns, in terms of 

successful patents, to external R&D investments separate from the returns to in-house 

R&D resources and possible knowledge spillovers. The purpose of this research is to 

analyze the distinct contribution of external R&D investments to the success of patent 

production. Since R&D collaborations have only recently become common and drug 

discovery and development is a very long process, it is difficult to measure the 

performance of these alliances. In this section. I consider the success of knowledge 

production by large pharmaceutical companies as an intermediate step to evaluating the 

performance of biotechnology R&D collaborations. 

The number of R&D collaborations among biotechnology and pharmaceutical 

companies has increased gready in recent years, as have the high performance 

expectations from these alliances. Pharmaceutical companies eventually e.xpect to 

discover and develop blockbuster biological drugs and earn substantial profits. Since the 

drug discovery process can extend over 10 years, we do not yet have access to good 

performance measures of R&D collaborations, such as revenues from sales of drugs 

produced as a consequence of R&D alliances. In this research, I analyze an intermediate 
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step in the drug discovery process and consider the extent of successful patent production 

as a performance measure for R&D collaborations. The results of this research, 

incorporating 12 very large pharmaceutical firms over 15 years, indicate that the implied 

long-run elasticity of successful patent output with respect to all active R&D alliances is 

lower than the elasticity estimate with respect to in-house R&D investments. Marginal 

returns to and elasticity estimates of R&D alliances are shown to differ among R&D 

agreements, which contribute to various stages of drug discovery and development 

process. R&D alliances that are initiated in the earliest stages of drug discovery process 

are likely to have more significant effect on patent production. This study also indicates 

that knowledge spillovers by competitors contribute to patent production, but publicly 

available knowledge, such as scientific publications hinder it. 

4.2 Literature Review on the R&D Collaborations, Learning and Knowledge 

Production 

A growing body of empirical research on strategic R&D alliances, both in 

biotechnology and other high technology industries, has focused on the firms' decision to 

engage in collaborations. Among many suggested motives for collaborations at the R&D 

level are; gaining access to the latest technological and scientific advances in innovative 

industries, such as biotechnology, and combining complementary resources and 

capabilities.'^ It has been argued that strategic alliances are increasingly necessary to 

^ Powell et. al., 1999; Arora and Gambardella, 1990, 1994; Teece 1992 emphasize the role of R&D 
alliances in accessing complementary skills and resources. 
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support innovative activities. These alliances can facilitate more complex relationships 

than markets and avoid some of the problems with hierarchies, such as being tied to 

specific technology that is likely to be outmoded quickly in highly dynamic industries 

(Teece, 1992). The necessity of sustained irmovation in drug discovery research and the 

race to access the latest technological and scientific advances in biotechnology resulted in 

an increased number of R&D alliances between pharmaceutical and biotechnology 

companies. Faster access to new markets, obtaining advantages of scale R&D. and 

accessing technological expertise located beyond the boundaries of the firm have been 

suggested as other significant benefits of such alliances (Robertson and Gatignon. 1998). 

Other empirical research analyzes the relationship between the technological and 

scientific capability of a specific firm and its intensity in engaging in R&D collaborations 

with others. Investigation of the role of the technological capability of a pharmaceutical 

firm in its ability to enter into collaborative activities shows that in-house R&D 

investments and R&D alliances are complimentary (Arora and Gamberdella. 1994). 

More recent research considers a similar question in the electrical and electronics 

machinery industry (Dutta and Weiss. 1997). A multinomial logit analysis is used to 

study the relationship between technological innovativeness and pattern of collaborations. 

This study indicates that more innovative firms are more likely to engage in marketing 

and licensing agreements rather than joint ventures or R&D collaborations. 

Other research, in economics and management, emphasizes the role of joint 

learning in R&D alliances and analyze the impact of networks (i.e. alliances) on learning 

(Powell and Brantley, 1992; Powell et. al. 1999). The study by Powell et al. (1999) 
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investigates the organizational returns to collaboration in the biotechnology industry. 

They find decreasing returns to networks, where networks include all the direct and 

indirect linkages through collaborations. Another result from this study indicates that 

initial R&D ties trigger the development of experience at facilitating all types of alliances 

in later periods. Firms leam to develop routines for collaborative agreements. Although 

these studies emphasize the effect of joint learning, there is also evidence against the 

knowledge transfer across alliances (Majewski, 1998). Her results are consistent with the 

explanations that firms in an alliance provide complementary skills to the collaboration, 

but they continue to specialize in their core competencies and do not use the alliance for 

knowledge exchange or move into each other's field of expertise post-alliance. 

4.3 Knowledge Production Model 

In this research I consider a model for the determination of the firm's stock of 

knowledge. The change in a firm's knowledge stock is determined by the internal R&D 

investments at time t. by knowledge spillovers from other firms in the industry and fi-om 

firms operating in related industries, and by external investment through R&D 

collaborations. Following a model by Cohen and Levinthal (1989), I characterize the 

determination of the annual change in knowledge, z-,, by firm i. such that 

r, = M, + AT, + J', {(^[^ (M, + Af,) + X + r)} + a, X 
k I, 

where Mj is a firm's in-house R&D investment and Ni is the external R&D investment; y\ 

is the Section of knowledge that the firm is able to assimilate (absorptive capacity of a 
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firm); 0 is the degree of intra-industry or related industry spillovers; and T is the level of 

public knowledge. Firm specific parameter, ai, represents the fraction of knowledge 

assimilated through parmerships and collaborations.-

Other firms' investments in total R&D, represented by Mj+Nj for j;ti, contribute to 

the accumulation of knowledge in two ways. First, they contribute through spillovers 

from other firms either in the same or related industries. M represents the in-house R&D 

investments of pharmaceutical firms and N represents the total external R&D investment. 

B is the level of R&D investments by biotechnology companies. T can be interpreted as 

publicly available basic research generated by university laboratories. The degree of 

spillover effect by other firms is represented by 0 where 0 < 0 < 1. A value of zero 

implies that the research-conducting firm exclusively appropriates the benefits of 

research. Parameter 0 is assumed to be constant across different firms in an industry. 

Patent policy is one of the exogenous factors that can shape 0.^° 

R&D investments of other firms also contribute to the accumulation of knowledge 

through collaborations. A firm can engage in different degrees of outsourcing and 

research collaborations. The external R&D investment by a firm. Ni, includes specific 

investments through licensing agreements, research collaborations and co-development 

arrangements. The value and impact of the research collaborations and other agreements 

cannot be simply measured by the dollar investments made by the funding company. A 

pharmaceutical company's collaboration with a biotechnology or a contract research firm 

^ In-house and e.\temal R&D investments include both current and previous years' funds and capital. 
Cohen and Levinthal, 1989. 
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also provides more direct access to the knowledge created by those firms. Firm specific 

parameter, ai, represents the fi:action of knowledge assimilated through partnerships and 

collaborations. If there are / research collaborations by a firm, the last term represents the 

direct knowledge transfers associated with the collaborations. Although both parameters y 

and a represent absorptive capacity of a pharmaceutical company, I allow them to be 

different. Thus, a firm engaging in research collaboration is allowed to assimilate some 

knowledge created by the other firm in the collaboration.^' 

I assume that profits of each firm increase with knowledge accumulation. z„ 

n'. > 0, but at a decreasing rate. It is assumed that there are n firms in the industry with 

symmetric R&D policies. Each firm chooses its level of internal and external R&D 

levels. (Mi, Ni), to maximize their profits, taking the R&D choice pair of other firms as 

given. 

Cohen and Levinthal (1989) assume that a firm's internal Ri&D investment increases the absorptive 
capacity, i.e. ym > 0 and aw > 0 since firms invest in their own R&D to absorb e.\temally available 
knowledge. In this sense the absorptive capacity is endogenous. In the following sections, however, I 
estimate parameters y and a, assuming they are exogenous. 
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4.4 Empirical Analysis 

4.4.1 Econometric Specification 

In order to examine the innovative returns to external R&D investments by large 

pharmaceutical companies, I estimate a "knowledge production function" proposed by 

Pakes and Griliches/' If Z is defined as the level of economically valuable technological 

knowledge in pharmaceutical industry, r = </Z/</rcan be thought as the net accrual of 

knowledge per unit of time. According to this knowledge production function, new 

knowledge is generated by knowledge capital (i.e. cumulative past research expenditures) 

and measures of research inputs firom the current period. Since knowledge flow, z, is not 

observable, we have to use imperfect indicators for newly created knowledge or 

inventions. Widely used measures of knowledge flow include patents, and in the case of 

pharmaceutical industry, variables such as Investigational New Drug Applications 

(IND's) and New Chemical Entities (NCE's) are utilized as proxies in previous research. 

In this study. I use patents granted in the United States as the measure for knowledge 

flow. Since not all the new knowledge are patented and patents differ in their economic 

impact and importance, patent count is regarded as a noisy indicator of research success 

(Pakes and Griliches, 1984). Patent count is still the most widely used and most readily 

available measure of new knowledge. In addition, well-defined intellectual property 

rights in pharmaceutical industry and the importance of acquiring thorough patent 

protection for future commercial success diminish some of the problems associated with 

Pakes and Griliches, 1984 in Z. Griliches ed. R&D. Patents and E*roductivitv. 
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using patent count as a knowledge flow indicator (Henderson and Cockbum, 1996). 

Although IND's and NCE's might be better knowledge increment measures in the 

pharmaceutical industry, the duration of drug discovery process require much longer time 

series and more detailed R&D level data when utili2dng these measures. 

Following other research on the R&D-patent relationship, the new knowledge is 

hypothesized to be generated by a production function, P = /(^,/I, K) where P is the 

successful patent count per year for each firm, R is a vector of past and current in-house 

research inputs. A is a vector of external R&D inputs (R&D collaborations) and Y is a 

vector of other variables ±at affect innovation. 

Recent studies have used discrete dependent variable models when output takes 

on only the nonnegative integer values.^^ According to these count data models, the 

patent count is generated by Poisson process. This process is more appropriate in 

modeling traffic accidents or the number of malfunctioning products in a manufacturing 

firm since these examples can be thought of as outcomes of large number of Bernoulli 

trials with a small probability of occurrence. Thus, use of Poisson or Negative Binomial 

regression models captures only some aspects of drug research, such as screening for 

successful molecules, and does not incorporate more strategic research (Henderson and 

Cockbum. 1996). However, these models allow us to improve upon the least squares and 

linear estimation techniques by taking into account the discrete nature of the dependent 

variable. 

Henderson and Cockbum (1996); Hausman, Hail and Griltches (1984); Jensen (1987) are a few of the 
examples. 
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The primary equation of the Poisson regression model with a single parameter Xj 

is: ?rob{P,=p,) = ^^^,p, =0,1,2,3,... 

and ±e most common formulation for A, is the log-linear model: 

In /I, = P'x,, or equivalently, 

= =exp(>3:r,) 

where P is the patent count and x is the vector of all explanatory variables used in the 

knowledge production function. In order to ensure comparability of results with previous 

research, the past and current in-house research expenditures are entered in the equation 

in terms of logs.^"* All the other variables, including the external R&D investments 

measured by the count of R&D alliances. Aj, and other explanatory variables, Y;, are 

included in levels such that; 

^[^,]= = exp( Y log( R,)  •¥  SA,  +  cdY, )  =  /J.'.expC SA,  +  coV, )  

The Poisson model is often criticized due to its assumption that the variance of the 

dependent variable equals the mean. As the descriptive statistics table (TABLE 4.2) in 

the next section indicates, this mean = variance property of Poisson distribution is 

violated when patents are used as the dependent variable. The presence of over-

dispersion in the Poisson model leads to the underestimation of the standard errors, which 

prevents meaningful hypothesis testing. The most common solution to the over-

Entering research variables in log form assumes that estimated elasticity of these variables are constant. 
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dispersion problem is the use of a negative binomial regression, which generalizes the 

Poisson model and takes into account an individual and unobserved effect: 

In//, = P'x, . or 

= =exp(>S:r, +£:,) 

where the disturbance reflects either specification error or cross-sectional heterogeneity 

(Greene, 1997). It can be shown that if exp(^) is distributed gamma, we get a form of 

negative binomial model, with conditional mean X,, and conditional variance 

/I, (1 + ) where 0is the measure of the over-dispersion. However, the coefficient 

estimates of the model are not consistent if exp( e) is not distributed gamma (Hausman 

et. al.. 1984). 

Since 1 have a panel data set of a small number of pharmaceutical companies over 

time. I use Poisson and Negative Binomial models controlling for firm fixed effects as 

estimation techniques in order to take into account the heterogeneity among firms. The 

fixed effects Poisson model is assumed to have the conditional mean: 

log/l„ = P'x„ + a,. where a, is the coefficient on firm indicator variables. 

Because the approach used in linear fixed effects models (i.e. separate estimation of 

a, 's) does not remove the heterogeneity and due to the incidental parameter problem, 

conditional maximum likelihood estimation method is used (Greene, 1997; Hausman et. 

al. 1984). Although there is a preference in the literature for the fixed effects estimators 

over the rzuidom effects estimators, the probabilities and therefore marginal effects cannot 
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be computed since the estimation of the fixed effects model requires them to be 

conditioned out (Greene, 1997). 

The Poisson model that controls for the fixed effects still has the restriction that 

the mean and the variance are equal. The method developed by Hausman, Hall and 

Griliches allow for both over-dispersion of the Poisson specification as well as a firm 

specific variance to mean ratio. Since the fixed effects Negative Binomial Model includes 

additional sources of variance, the estimated errors are expected to be much larger than 

the estimated errors in the Poisson model with fixed effects. Thus, while similar 

coefficient estimates are obtained in both fixed-effects-count-data models, the estimates 

and conclusions are less precise with the use of Negative Binomial model. 1 will use all 

of these alternative estimation procedures as well as a log-linear specification with firm 

effects to evaluate the robustoess of the empirical results. 

4.4.2 Description of Data Sources and Data Construction Issues 

The dataset used in this study is relatively small; it includes information on 12 

large, multi-national pharmaceutical companies over the time period 1985-1998. TABLE 

4.1 lists the names of the large pharmaceutical companies analyzed, and the selected 

company level descriptive statistics. Although R&D alliance data for pharmaceutical 

companies are available until 2001,1 have restricted the sample to 1985-1998 in order to 

prevent undercounting of successful patent applications in 1999 and later years. The 

patent counts used in the estimation are the granted or ''successful" patents, and not every 

patent applied for in 1999 or later has been granted as of March 2002 It takes over 3 
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years for a patent to be granted on average. In alternative estimations, I further restricted 

the panel to the period of 1985-1997 to take into account the possibility that a few of the 

patents applied for in 1997 might not have been granted by the time of this analysis. 

TABLE 4.1 
Names and Selected Descriptive Statistics of the Pharmaceutical Firms 

Names of the Firms Avg. Number 
of Granted 

Patents 
(1985-1998) 

Avg. Real 
R&D 

Expenditures 
(1985-1998) 

Avg. Number of 
Total 

Cumulative 
R&D Alliances 

(1985-1998) 
Abbott Laboratories 123.5 368.4 4.6 

Lilly (Eli) & Co. 122.2 425.7 7.9 

Merck & Co. 196.2 547.7 5.4 

Pharmacia & Upjohn Inc. 51.4 328.9 7 

Pfizer Inc. 108.2 472.8 6.1 

SmithKline Beecham 101.3 437.1 6.9 

Warner-Lambert Co. 98.1 213.7 5.4 

Bristol-Myers Squibb 122.9 486.4 7.1 

Glaxo-Wellcome 68.8 612.9 5.6 

Schering-Plough 60.4 246.5 6 

American Home Products 118 344.4 8.6 

Johnson & Johnson 180.6 578.7 7 
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The dataset compiled from this study come from many sources. The principal 

alliance data source for the empirical study is the Recombinant Capital Database 

(ReCap), a contract database covering over 7,900 biotechnology collaborations. The 

details of this data source are discussed in Chapter 3. For this study, I collected data only 

on R&D related contractual alliances by large pharmaceutical companies in each year 

over 1985-1998. I use the count of firm specific R&D alliances as proxy for the amount 

of external R&D investments by large pharmaceutical companies. The R&D alliance data 

from ReCap is crosschecked randomly with Bioscan, another source of biotechnology 

alliances for some of the years. 

The ReCap alliance data include biotechnology collaborations that involve 

activities ranging from technology transfers and joint R&D for drug discovery to co-

development, marketing, distribution, and manufacturing of new drugs. Although 1 

strictly focus on R&D related collaborations and technology transfers in this analysis. I 

further classify R&D alliances into three categories. The first type is joint R&D 

agreements that do not include other future activities, such as manufacturing of drugs, 

marketing and distribution. This type of agreements is generally signed in very early 

stages of the drug discovery process and its contribution to patent production might be 

different than other R&D alliances. The agreements included under this category are joint 

research and early co-development agreements. The second type of alliance is more 

complex: it includes R&D as well as other activities. Some of these agreements are likely 

to be signed the later stages of drug discovery and the development process. In addition, 

the inclusion of other activities, besides R&D, in these agreements might indicate the 
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higher expectations and faster results from these projects. The last group of R&D 

alliances includes licensing agreements. These alliances are generally organized to 

transfer e.\isting technology that is used in drug discovery or development from 

biotechnology to pharmaceutical companies. Licensing agreements that do not directly 

contribute to the discovery and development of drugs (supply, manufacturing or 

marketing types of licensing agreements) are not included in the study. 

Since this study uses R&D alliance data as a proxy for annual external R&D 

expenditures by pharmaceutical companies, it is important to arrange the collaboration 

data according to their chronological contribution to the patent production. A company is 

likely to be engaged in several collaborations in any year, some of which have started in 

previous years. A "new" R&D alliance is defined as an agreement signed in the current 

year of analysis. This is analogous to current in-house R&D expenditures by a large 

pharmaceutical company. On the other hand, "cumulative" R&D alliances include all 

collaborations initiated in previous years. I define "active" alliances by a company in any 

year as the sum of "new" and "cumulative" alliances. In order to construct cumulative 

R&D alliance data, I use termination date information, which is available for some of the 

alliances. If the termination date is provided. I use that date to determine the duration of 

an alliance. In the cases where termination information is not available. I assume any 

alliance to remain active for a duration of 5 years. I determine five years to be a 
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reasonable approximation to the length of any collaboration by examining the R&D 

alliance data with termination date information.^^ 

The patent data panels are constructed from the US Patent and Trademark Office 

(USPTO) micro-patent database by detailed string searches for each large pharmaceutical 

company. The data contains granted patents with application dates starting in 1970s. 

Patent data construction at the firm level for large pharmaceutical companies is very 

complicated due to changes in firm structures through mergers and acquisitions, and the 

presence of large number of subsidiaries. [ extracted patents for all firms and for all their 

subsidiaries in each year during 1985-1998. I obtained the historical subsidiary and 

acquisition/merger information from extensive searches on pharmaceutical firms using 

Lexis-Nexis Academic Universe. 

I constructed the patent data set assuming that the presence and addition of new 

subsidiaries over time do not affect the corporate structure or R&D investment strategies 

of pharmaceutical firms.^^ I collected information on the names of subsidiaries as well as 

the dates of acquisitions and divestitures. The patent count for companies is adjusted by 

including patent grants for existing subsidiaries and acquisitions in each year of 1985-

1998. For example, a company might have 20 subsidiaries in 1985, each of which were 

incorporated before 1985. In 1986, the same company can have 22 subsidiaries including 

2 new acquisitions. If there are patents granted to the new subsidiaries during 1986, I 

Robinson and Stuart (2002) chose 5 years as active duration of alliances in their study independently. 
Vfajewski (1998) makes similar assimiptions about acquisitions and mergers. 
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included those patents in the patent count of the parent company. Similarly, the 

subsidiaries that were sold are excluded from patent count in the subsequent years. 

I use a somewhat different method in accounting for major mergers due to 

limitations in data. There are four significant mergers during 1985-1998 among large 

pharmaceutical companies analyzed in this study. In 1989, Bristol-Myers and Squibb 

Corp. merged to form Bristol-Myers Squibb. In the same year, SmithKline Beecham was 

formed with the mergers of SmithKline and United (Cingdom based Beecham Group. In 

1995. there are two other big majors: Pharmacia & Upjohn and Glaxo-Wellcome. 

Because patent data as well as other firm level data are already combined for these 

mergers. 1 was not able to get separate patent data. For example, the sub-string searches 

of "SmithKline" and "Beecham Group" still extracted "SmithKline-Beecham" patents. 

Thus, for the mergers described above, I put together all the patents of the merged entity 

into a single patent count for the parent firm. I used the identical strategy in gathering 

firm level R&D expenditure. R&D alliance and sales data. This method, similar to the 

strategy used with acquisition of subsidiaries, also assumes that significant merger 

activity does not change either the corporate structure or the R&D strategies of firms. A 

possibly better method of patent data construction would treat a firm before a significant 

merger as a separate firm than the merged entity and construct an unbalanced panel 

dataset, but relevant firm level data prior to the merger are not available. 

Annual in-house R&D expenditures, and firm size variables in terms of both 

number of employees and annual sales, and other financial variables are obtained &om 

COMPUSTAT annual data set. As described above, annual firm level data are adjusted 
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for the merger activity when necessary. Scientific publications are used as a proxy for 

publicly generated knowledge. I obtained data on the number of publications in all 

biological, chemical and medical sciences that are directly related to the drug discovery 

process from the online source of PUB MED. 

4.43 ConstructioD of Variables 

TABLE 4.2 provides a summary of variable names and descriptive statistics for 

selected variables. The R&D variable is a measure of the in-house R&D investments by 

pharmaceutical companies. Annual R&D expenditure data do not include R&D 

partnership expenditures or government sponsored research activities. R&D expenditures 

are deflated by biomedical R&D price index (BRDPI) developed by National Institute of 

Health (NIH). 
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TABLE 4.2 
Descriptive Statistics for the Selected Variables (1985-1998) 

Variable Mean Std. Dev. Min Max 
Granted Patent Applications 112.6 72.2 27 396 

Deflated R&D 
Expenditures (millions of 
dollars) 

421.9 200.8 123.1 1183.5 

^^Stock** of Previous R&D 
Investment (millions of dollars) 

1462.8 691.4 322.5 3537.2 

Deflated Industry R&D 
(millions of dollars) 

5486.8 1797.8 2861.5 8713.9 

New Joint R&D Agreements 0.46 0.76 0 3 

New Licensing Agreements 0.66 l.Ol 0 5 

New Complex Agreements 2.07 2.10 0 8 

Cumulative Joint R&D 
Agreements 

2.32 2.49 0 11 

Cumulative Licensing 
Agreements 

3.25 3.38 0 13 

Cumulative Complex 
Agreements 

12.06 9.72 0 39 

Employee (thousands) 44.53 17.24 16.9 93.1 

Scientific Publications 
(thousands) 

435.3 463.4 356.8 553.5 

Patent Stock of Competitors 8015.0 5195.8 824 18203 

The effect of the previous R&D investments on patent production is often 

analyzed by assuming a distributed lag structure on the research input variables (Pakes 

and Griliches, 1984). Rather than estimating a distributed lag structure on annual R&D 

investments and throw away data, I construct a "stock" of the R&D input variable. 
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following the method used by Henderson and Cockbum (1996). This method of stock 

construction is based on a standard perpetual inventory equation with declining balance 

depreciation: 

K , = { l - S ) K , _ , + R ,  

where Kt is the end-of-period stock of R&D capital and Rt is the real expenditures during 

the year. The depreciation rate 6 is chosen to be 20 percent per year, following other 

literature in pharmaceuticals.^^ An important problem that arises when creating stock 

variables out of a series of flow variables is the lack of information on the initial 

conditions for the stock. This problem is solved by setting the initial stock to the R«S:D 

expenditures in the first year divided by the sum of depreciation rate. 5 and a pre-sample 

average growth rate of new R&D.^^ Average growth rate of real R&D is calculated 

separately for each firm in the analysis, and it ranges from 0.07 to 0.17. Given these 

values and the assumed depreciation rate of 15-20 percent, the estimated initial value of 

R&D stock is approximately three to four times the level of current real R&D. 

I use R&D alliance data as proxy measures for external R&D investments by 

pharmaceutical firms since I do not have access to data on annual external R&D 

investments. The details of R&D alliance variables and data construction issues are 

explained in the previous section. 

In order to check the effect of assumed depreciation rate, I also tried 10 and 15 percent. The empirical 
results were very robust to the different depreciation rates. 

This method is developed and used by Hall et.al. (1988) 
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The knowledge spillovers by competitors are constructed for each pharmaceutical 

firm in two ways. One method uses the patent stock of the competitors, since once a 

patent application is filed the iiiformation becomes publicly available (Henderson and 

Cockbum, 1996). The other method uses the weighted sum of the pool of R&D 

expenditures by other pharmaceutical firms in the sample. The weights are based on a 

firm's own R&D expenditures as a share of total R&D in the sample.^' The scientific 

publications by universities as well as pharmaceutical and biotechnology companies are 

used to represent the knowledge spillovers from publicly avmlable sources. 

4.4.4 Discussion of the Results 

Tables 4.3A-C show the results of the Model 1 estimation where external R&D 

investment is measured by the total number of new and cumulative (i.e. active) R&D 

alliances by each pharmaceutical company. The results are shown for OLS. Poisson and 

Negative Binomial specifications with panel models controlling for firm fixed effects. 

The dependent variable is the annual count of successftil patents in the latter models, and 

is the log of the number of patents for the OLS specification in order to compare the 

coefficient estimates across different specifications. The elasticity estimates for current 

real R&D expenditures range from 0.72 to 0.89, but the coefficient estimates for the 

R&D stock variable are negative in each econometric specification. These estimates 

together suggest that the long-run implied elasticity of successful patent output with 

This method has been suggested by Jaffe (1986), who emphasized the significance of R&D investment in 
assimilating outside knowledge. 
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respect to R&D spending are in the range of 0.38 to 0.46, which are roughly comparable 

to other estimates of R&D returns in pharmaceutical industry when firm fixed effects are 

taken into account. 

TABLE 4.3A 

Panel Models Controlling for Firm Fixed Effects 
Model 1: External R&D Investment ~ Total R&D Agreements 

OLS Poisson Negative 
Binomial 

Dependent Variable: Log(Patents) Patents Patents 
Variables: Coefficients Coefficients Coefficients 

(Std. Errors) (Std. Errors) (Std. Errors) 
Deflated R&D Expenditure 0.731*** 0.765*** 0.885*** 
(log) (0.240) (0.027) (0.316) 
"Stock" of Previous R&D -0.353* -0.308*** -0.426* 
Investment (0.180) (0.018) (0.233) 
New Total R&D Agreements -0.004 -0.008*** -0.008 

(0.014) (0.002) (0.016) 
Cumulative Total R&D 0.010* O.OlO*** 0.009** 
Agreements (0.005) (0.2 E-3) (0.004) 
Employee (thousands) 0.005 0.003*** -0.006 

(0.007) (0.5 E-3) (0.007) 
Number of Observations 168 168 168 
Adjusted R-squared 0.59 
Log-likelihood -1761.1 -767.2 

Standard errors are in parentheses. *** p<0.0l;*»p<0.05: •p<0.1 

The coefficient estimates on new and cumulative R&D alliances are both small in 

magnitude, but they are very similar across different specifications. Notably, the 

contribution of the cumulative R&D alliances to the patent production is positive and 

statistically significant as expected. This novel result points out the significance of 
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external R&D investment in knowledge production process of the pharmaceutical 

companies. The cumulative number of R&D agreements can be interpreted as the stock 

of R&D partnerships, which is the sum of all the R&D collaborations a firm had initiated 

in previous years. 

In order to compare the elasticity estimates of successful patent production with 

respect to different forms of R&D investments, I calculated the elasticity of patent 

production relating to R&D alliances, based on the log-linear fixed effects estimation. As 

discussed in previous sections, the marginal values and probabilities cannot be obtained 

in Poisson and Negative Binomial panel models controlling for firm fixed effects. Since 

the coefficient estimates and statistical significance of R&D alliance coefficients are 

similar across specifications, the elasticity estimates based on OLS fixed effects 

estimation is considered to be a representative value. TABLE 4.3 B compares the 

elasticity estimates of the research inputs. 

TABLE 4.3B Elasticity Calculations of Research Inputs (Model 1) 

Variables Elasticity 
Estimates 

In-house R&D Expenditures 
(current + stock) 

0.38 

"Active*' R&D Alliances 
(new + cumulative) 

0.13 

Although the elasticity estimate of patent production with respect to R&D alliances is 

lower than the patent elasticity with respect to in-house R&D expenditures, it is important 
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to consider that we are comparing in-house R&D expenditures, in millions of dollars, to 

the count of R&D alliances. These elasticity estimates indicate that $4.22 million (in 

1980 dollars) increase from the average value of in-house R&D investments results in 

0.43 additional successful patents. Similarly, one additional R&D collaboration produces 

0.84 additional successful patents. If an R&D collaboration costs approximately $15 

million^" (in 1980 dollars), the returns to external R&D investments are still slightly 

lower than the returns to in-house R&D investment. This is an interesting result since 

there has been a tremendous increase in external R&D investments by large 

pharmaceutical companies. These results do not suggest that pharmaceutical companies 

should not engage in R&D collaborations, however, they do point out that the expected 

returns from these collaborations have not been fully realized yet. 

As shown in TABLE 4.3 A. the R&D stock coefficient is negative and statistically 

significant in all three specifications. It has been shown in the literature that the previous 

years' R&D expenditures generally do not contribute to patent production, especially 

when firm fixed effects are included in models (Hausman et. al.. 1984). but the 

significant negative effect is not expected. In order to check whether the results are 

sensitive to the assumptions made in the construction of the R&D stock variable. I 

computed the R&D stock variable with different depreciation rates (10. 15 and 20 

percent) and re-estimated this model. However, the estimation results were robust to the 

differences in the assumed rate of the depreciation rate. In addition, I considered a similar 

This estimate is based on the analysis of R&D alliances where I have information on the value of the 
collaboration. 
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model that included lagged values of real R&D expenditures instead of the R&D stock 

variable. Consistent with the reported results, the coefficients of the lagged values of 

R&D expenditures were all negative and in some instances, statistically significant/' The 

negative impact of the R&D stock variable on patent output might be due to the certain 

characteristics of this sample. The dataset only includes large, multi-national 

pharmaceutical companies, and their patenting strategies might be different than other 

smaller companies in the industry. In future research, I plan to further analyze the reasons 

behind this negative and statistically significant effect of R&D stock. 

In order to assess the effect of the R&D stock in more detail. I re-estimated this 

model without including the R&D stock variable. In the previous R&D-patent 

relationship literature, the lagged values of R&D expenditures are generally left out due 

to their insignificant contribution to patent output, especially when firm fixed effects are 

included. The results of this estimation are presented in TABLE 4.3C. All of the 

coefficient estimates are comparable to the earlier specifications that contain R&D stock 

as an input, but log-likelihood tests indicate that R&D stock variable should be included 

in the model. 

[n these alternative estimations, I included only up to three lags of the R&D e.\penditures. 
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TABLE 4.3 C 
Panel Models Controlling for Firm Fixed Effects (without R&D stock variable) 
Model 1: External R&D Investment ~ Total R&D Agreements 

OLS Poisson Negative 
Binomial 

Dependent Variable: Log(Patents) Patents Patents 
Variables: Coefficients Coefficients Coefficients 

(Std. Errors) (Std. Errors) (Std. Errors) 
Deflated R&D Expenditure 0.413*» 0.518*** 0.340*** 
(log) (0.178) (0.017) (0.036) 
New Total R&D Agreements -0.005 -0.009*** -0.006 

(0.014) (0.002) (0.013) 
Cumulative Total R&D 0.007 0.008*** O.Oll*** 
Agreements (0.005) (0.2 E-3) (0.003) 
Employee (thousands) 0.008 0.005*** -0.004 

(0.006) (0.5 E-3) (0.005) 
Number of Observations 168 168 168 
Adjusted R-squared 0.58 
Log-likelihood -1778.1 -771.2 

Standard errors are in parentheses. p < 0.01; ••p< 0.05; •p<0 . l  

Tables 4.4A-D present the results of Model 2, which includes the detailed 

classification of "new" and "cumulative" R&D alliances. The elasticity estimates of the 

patent production with respect to in-house R&D expenditures are very comparable to the 

previous model; they range from 0.36 to 0.5 in different specifications. The R&D stock 

coefficient estimate is again negative and statistically significant. TABLE 4.4B presents 

the results of a slightly different model (Model 2*), which considers "active" R&D 

alliances as external research variables instead of the more detailed analysis with "new" 

and "cumulative" R&D alliances. TABLE 4.4D presents the results of Model 2 without 

including the R&D stock variable as one of the in-house research inputs. 



There is large variation in the coefficient estimates of the new and cumulative 

R&D alliances, classified into three categories. Joint R&D alliances, which are likely to 

be signed in very early stages of the drug discovery process, contribute positively to the 

patent production process only if they were initiated in previous years. 

TABLE 4.4A 
Panel Models Controlling for Firm Fixed Effects 
Model 2; E.\temal R&D Investment ~ Different Types of R&D Agreements 

OLS Poisson Negative 
Binomial 

Dependent Variable: Log(Patents) Patents Patents 
Variables: Coefficients Coefficients Coefficients 

(Std. Errors) (Std. Errors) (Std. Errors) 
Deflated R&D Expenditure 0.740»»» 0.896*** 0.939*** 
(log) (0.228) (0.044) (0.283) 
"Stock" of Previous R&D -0.377** -0.401*** -0.467** 
Investment (0.171) (0.052) (0.221) 
New Joint R&D Agreements -0.206*** -0.242*** -0.218*** 

(0.046) (0.005) (0.064) 
New Licensing Agreements 0.033 0.035*** 0.027 

(0.342) (0.004) (0.038) 
New Complex Agreements 0.018 0.018*** 0.016 

(0.021) (0.002) (0.028) 
Cumulative Joint R&D 0.085*** 0.086*** 0.076* 
Agreements (0.025) (0.001) (0.026) 
Cumulative Licensing -0.047** -0.054*** -0.034 
Agreements (0.022) (0.002) (0.024) 
Cumulative Complex 0.012 0.013*** 0.009 
Agreements (0.009) (0.001) (0.010) 
Employee (thousands) 0.007 0.004*** -0.005 

(0.006) (0.7 E-3) (0.005) 
Number of Observations 168 168 168 
Adjusted R-squared 0.64 
Log-likelihood -1543.1 -755.9 

Standard errors are in parentheses. 'p <0.01; **p <0.05;* ' p<0 . l  
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The impact of newly initiated joint R&D alliances on patent production, on the other 

hand, is negative and statistically significant. These results might indicate that it takes 

some time before an R&D alliance is effective in contributing to patent production and 

new knowledge creation. According to these results, newer joint R&D collaborations 

hinder the patent production process. The R&D partnerships can initially divert research 

focus from patent production to integration of these new collaborations into research 

portfolio of a pharmaceutical company. 

The positive impact of neither new or cumulative complex R&D agreements is 

statistically significant in contributing to patent production process, possibly due to the 

late introduction of these agreements in the drug discovery research and development. 

Complex agreements include many other activities, such as manufacturing, marketing 

and distribution of the eventual output. These agreements are likely to be initiated in later 

stages of drug development, and are less likely to contribute to the patent production 

process, which occurs more often in the earlier stages of drug discovery research. On the 

other hand, these agreements are generally much larger in size, scale and scope, and more 

likely to include significant research projects. Thus, their positive and statistically 

relevant contribution to patent production is expected. Less detailed Model 2* results, 

which only take into account differences among three types of "active" R&D 

collaborations, indicate that the coefficient on "active" complex R&D agreements is 

positive and statistically significant. 
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TABLE 4.4B 

Panel Models Controlling for Firm Fixed Effects 
Model 2*; External R&D Investment ~ Different Types of "Active" 
R&D Agreements 

OLS Poisson Negative 
Binomial 

Dependent Variable: Log(Patents) Patents Patents 

Variables: Coefficients Coefficients Coefficients 
(Std. Errors) (Std. Errors) (Std. Errors) 

Deflated R&D Expenditure 0.72*"** 0.78*** 0.86** 
(log) (0.24) (0.03) (0.34) 
'^Stock" of Previous R&D -0.36** -0.33*** -0.41* 
Investment (0.18) (0.03) (0.25) 

Active" Joint R&D 0.04* 0.02*** 0.007 
Agreements (0.024) (0.8 E-3) (0.02) 
**Active" Licensing -0.035* -0.031*** -0.016 
Agreements (0.021) (0.1 E-3) (0.018) 

Active" Complex R&D 0.014* 0.016*** 0.013* 
Agreements (0.009) (0.6 E-3) (0.007) 
Employee (1000s) 0.005 0.002* ** -0.006 

(0.007) (0.5 E-3) (0.008) 
Number of Observations 168 168 168 
Adjusted R-squared 0.60 
Log-likelihood -1747.8 -767.1 

Standard errors are in parentheses. *** p < 0.01: "p < 0.05; •
 

•o
 

A O
 

Another interesting result suggested by both Model 2 and Model 2* is the 

significantly negative effect of "cumulative" or "active" licensing agreements on the 

successful patent production. The technology transferred by the use of R&D licensing 

arrangements might assist pharmaceutical companies in later stages of drug development 

instead of in the patent production process. Licensing agreements might hamper some of 
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the patent production by the large pharmaceutical companies since the necessary 

knowledge is acquired through these arrangements, instead of through patent production. 

Similar to the previous analysis, I calculated the implied long-run elasticity of 

patent output with respect to different R&D collaboration types. TABLE 4.4C 

summarizes these elasticity estimates for R&D collaborations as well as for in-house 

R&D expenditures. Based on these elasticity estimates, $4.22 million increase in in-house 

R&D expenditiires result in 0.41 additional successful patents, but one additional joint 

R&D agreement produces 3.1 additional successful patents and one more complex R&D 

collaboration results in 1.5 more patents. In a case where any R&D collaboration costs 

approximately $15 million (in 1980 dollars), we observe higher returns to external R&D 

investments relative to the in-house research expenditures. These calculations reflect the 

significance of differences in the type of R&D collaborations in terms of their 

contribution to patent production process. 

TABLE 4.4C Elasticity Calculations of Research Inputs (Model 2*) 

Variables Elasticity 
Estimates 

In-house R&D Expenditures 
(current + stock) 

0.36 

"Active" Joint R&D Alliances 
(new + cumulative) 

0.06 

"Active" Complex R&D Alliances 
(new + cumulative) 

0.16 

"Active" Licensing Agreements 
(new + cumulative) 

-0.10 
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TABLE 4.4D 

Panel Models Controlling for Firm Fixed Effects (without R&D stock variable) 
Model 2; External R&D Investment ~ Different Types of R&D Agreements 

OLS Poisson Negative 
Binomial 

Dependent Variable: Log(Patents) Patents Patents 

Variables: Coefficients 
(Std. Errors) 

Coefficients 
(Std. Errors) 

Coefficients 
(Std. Errors) 

Deflated R&D Expenditure 
(log) 

0.403 »» 
(0.171) 

0.581*** 
(0.014) 

0.355*** 
(0.048) 

New Joint R&D Agreements -0.204*** 
(0.047) 

-0.236*** 
(0.004) 

-0.204*** 
(0.050) 

New Licensing Agreements 0.026 
(0.345) 

0.031*** 
(0.004) 

0.020 
(0.026) 

New Complex Agreements 0.023 
(0.021) 

0.021*** 
(0.002) 

0.016 
(0.028) 

Cumulative Joint R&D 
Agreements 

0.081 
(0.025) 

0.081*** 
(0.002) 

0.074* 
(0.044) 

Cumulative Licensing 
Agreements 

-0.045** 
(0.022) 

-0.051*** 
(0.002) 

-0.036 
(0.030) 

Cumulative Complex 
Agreements 

0.008 
(0.009) 

0.009*** 
(0.001) 

0.012 
(0.016) 

Employee (thousands) 0.010* 
(0.006) 

0.007*** 
(0.5 E-3) 

-0.003 
(0.005) 

Number of Observations 168 168 168 
Adjusted R-squared 0.63 
Log-likelihood -1570.2 -761.1 

Standard errors are in parentheses, •••p < 0.01: ''p < 0.05; 'p < 0.01 

The results presented in Tables 4.4A-D indicate the significant differences in the 

impact of different types of R&D alliances. R&D alliances are likely to be initiated with 

different purposes, and not all of them contribute to knowledge production, as measured 
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by the successful patent output. These results suggest that it will be necessary to do more 

detailed analysis incorporating external research investments that directly contribute to 

knowledge accumulation. 

The last table, TABLE 4.5, summarizes the results of the full model including the 

knowledge spillover effects. Knowledge spillovers between pharmaceutical firms are 

measured by the competitors' patent stock, and publicly available knowledge is 

represented by the scientific publications. Positive impact of knowledge spillovers and 

publicly available knowledge to patent production process are expected. Indeed, news 

from competitors' previous patent stock contributes to the patent production process."*" 

However, the results indicate that publicly available knowledge hampers new patent 

production. While this appears odd. it is well known that patent production and scientific 

publication are the anti-thesis of each other. Although scientific publications although 

add to the basic knowledge stock, they are also used as effective means of limiting 

patentable information.^^ 

*- Henderson and Cockbum, 1996 have similar results. 
Limiting others' patenting potential is known as '^defensive publication strategy" in highly innovative 

industries (Barrett. 2002). 
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TABLE 4.5 
Panel Models Controlling for Firm Fixed Effects 
Model 3; Full Model with External R&D Investment ~ Total R&D Agreements and 
Knowledge Spillovers 

OLS Poisson Negative 
Binomial 

Dependent Variable: Log(Patents) Patents Patents 

Variables: Coefficients 
(Std. Errors) 

Coefficients 
(Std. Errors) 

Coefficients 
(Std. Errors) 

Deflated R&D Expenditure 
(log) 

0.821*** 
(0.241) 

0.882*** 
(0.029) 

1.12* 
(0.630) 

''Stock^ of Previous R&D 
Investment 

-0.365** 
(0.184) 

-0.456*** 
(0.031) 

-0.341 
(0.282) 

New Total R&D Agreements -0.020 
(0.015) 

-0.029*** 
(0.003) 

-0.022 
(0.078) 

Cumulative Total R&D 
Agreements 

0.012 
(0.008) 

0.010*** 
(0.5 E-3) 

0.008 
(0.013) 

Scientific Publications 
(thousands) 

-0.546*** 
(0.145) 

-0.583*** 
(0.039) 

-0.456 
(0.397) 

Patent Stock of Competitors 
(thousands) 

0.043* 
(0.025) 

0.059*** 
(0.003) 

0.029 
(0.063) 

Employee (thousands) 0.004 
(0.006) 

0.9 E-3* 
(0.5 E-3) 

-0.009 
(0.017) 

Number of Observations 168 168 168 
Adjusted R-squared 0.62 
Log-likelihood -1611.6 -759.8 

Standard errors are in parentheses.*''p <0.01; ''p < 0.05; "p < O.l 

4.5 Conclusions and Extensions 

Collaborations have emerged as a significant mode for development and 

utilization of irmovation in biotechnology and pharmaceutical industries. This chapter of 

my dissertation investigated the significance of the direct contribution of external R&D 
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investments (through R&D collaborations) by large pharmaceutical companies on annual 

changes in icnowledge stock. Since the dollar volume of external R&D investments by 

pharmaceutical companies is not available, I used the count of joint R&D alliances, 

licensing agreements, and more complex R&D alliances as proxy measures of the 

external R&D investment. 

The results show that R&D alliances, especially those signed in earlier stages of 

research, have a role in the patent production and drug discovery processes of the large 

pharmaceutical companies. The estimated elasticity of patent production in terms of all 

active R&D alliances indicates lower marginal returns to external R&D investments than 

the returns to in-house R&D investments. However, the implied long-run elasticity of 

patent output with respect to various R&D collaboration types differs among these types, 

in terms of their contribution to patent production process. R&D alliances are likely to be 

initiated with different purposes, and not all of them contribute to knowledge production, 

as measured by the successful patent output. Another result of this analysis indicates that 

knowledge spillovers by competitors also contribute to patent production, but scientific 

publications hinder it. 

Although these results point out the emerging significance of R&D alliances in 

knowledge production in pharmaceutical industry, more detailed external R&D 

investment data are necessary to improve the conclusions of this study. 
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5. CONCLUSIONS 

There has been a remarkable increase in the number, size and scope of 

collaborations in the form of contractual parmerships among firms and other institutions 

in the past two decades. Rapid technological change that created challenges as well as 

opportunities for the organization of R&D is one of the causes for the increase in 

collaborative activity. The risks and uncertainty associated with changing technology, 

increased R&D costs, as well as the opportunities for specialized research contributed to 

new forms of R&D organization within and among firms. Thus, collaborations at the 

R&D level and strategic technology alliances have emerged in the past two decades as 

significant modes for the e.xpansion and utilization of innovation, especially in high 

technology industries. 

Although most of the theoretical and empirical literature on collaborations focuses 

on the motivations for and the consequences of the inter-firm relationships, 1 investigated 

the conditions that affect the stability and success of these contractual relationships and 

evaluated the performance of R&D alliances in the pharmaceutical industry. It is crucial 

to examine these topics since there is high incidence of instability in strategic alliances, 

and the performance of R&D collaborations in terms of their contribution to overall R&D 

productivity has not been well evaluated. 

I consider two related topics and analyze the questions raised using data from 

pharmaceutical and biotechnology R&D collaborations. In Chapter 3 of my dissertation, I 

consider the effect of technological progress and associated uncertainty on contractual 

R&D agreements between pharmaceutical and biotechnology companies. In this chapter. 
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I ask questions related to the observed contract structures in these R&D collaborations: 

Why do we observe diverse types of contracts with different governance structures? How 

can transaction specific problems be addressed in different contract types in order to 

lessen the organizational problems and reduce the possibility of alliance failure? In this 

section 1 examine how different contract types address potential problems that can arise 

in R&D parmerships between pharmaceutical and biotechnology firms under 

technological uncertainty. 

The purpose of contractual partnerships is to align incentives of the participating 

parties and promote efficient drug discovery research. However, formal contracts used to 

organize alliances are often difficult to write and can be very incomplete. The contractual 

hazards are especially high in R&D related alliances since R&D activities are risky, 

unpredictable, and long-term. In addition, technological uncertainty associated with the 

rapid pace of technological advance amplifies the potential problems and make it difficult 

to spell out R&D contracts effectively. This research focuses on biotechnology alliances 

with pharmaceutical companies involving drug discovery research to demonstrate how 

uncertainty due to the advances in technology affects the structure of R&D contracts. 

Specifically, I analyze the role of technological change in contributing to diverse types of 

contracts with different degrees of hierarchical governance structures and demonstrate 

that newer technologies associated with higher uncertainty result in the choice of more 

equity investment and more hierarchical contract structures. This finding provides 

additional support to the transaction cost hypotheses that as contractual difficulties arise, 

allying firms are more likely to choose a more hierarchiczil governance form over simpler 
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arrangements. This research contributes to the literature by demonstrating the 

significance of technological uncertainty in determining the observed variety of 

contractual arrangements in biotechnology collaborations. Advances in technology 

create new opportunities for R&D related parmerships and introduce new challenges in 

the specification of contractual agreements. Difficulties in undertaking contractual 

alliances in an environment of technological change and uncertainty increase the 

potential transactional problems associated with collaborative activity. The effect of 

technological conditions, such as the type of technology used or developed in an alliance 

in terms of its level of advancement and value were not taken into account in prior studies 

and this has been identified as a major shortcoming. Under the conditions of 

technological flu.\. monitoring contractual activities is difficult, renegotiating and 

possible disputes are likely, thus, the benefits from a greater level of hierarchy in 

governance choice of contract is higher. 

In Chapter 4,1 examine the effect of R&D collaborations on the discovery of new 

drugs. The questions analyzed in this section of the dissertation investigate the 

significance of external R&D investments by large pharmaceutical companies (through 

research collaborations) to their overall innovation process. I evaluate whether R&D 

collaborations have produced measurable impact on the overall R&D productivity of 

pharmaceutical companies. The purpose of this research is to analyze the distinct 

contribution of external R&D investments to the success of patent production. The 

number of R&D collaborations among biotechnology and pharmaceutical companies has 

increased greatly in recent years, as have the high performance expectations from these 
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alliances. Since the drug discovery process can extend over 10 years, we do not yet have 

access to good performance measures of R&D collaborations, such as revenues from 

sales of drugs produced as a consequence of R&D alliances. In this research, 1 analyze an 

intermediate step in the drug discovery process and consider the extent of successful 

patent production as a performance measure for R&D collaborations. 

The results of this research indicate that the implied long-run elasticity of 

successful patent output with respect to all active R&D alliances is lower than the 

elasticity estimate with respect to in-house R&D investments. The elasticity estimates of 

patent output with respect to various types of R&D agreements are shown to differ. The 

results show that R&D alliances, especially those signed in earlier stages of research, 

have a distinct role in the patent production and drug discovery processes of the large 

pharmaceutical companies. There are significant differences in the impact of different 

types of R&D alliances, in terms of their contribution to patent production process. 

This dissertation analyzed two related and significant topics R&D collaborative 

activity. There are several contributions of this study to the literature: Chapter 4 pointed 

out the significance of technological uncertainty in determination of the variety in 

contractual arrangements among pharmaceutical and biotechnology industries. In the 

latter section of my dissertation, I analyzed an intermediate step in drug discovery 

process, successful patent production, to evaluate the performance of strategic alliances 

and their contribution to overall R&D productivity. The results of this section indicated 

the distinct impact of R&D alliances in generation of new patents. Although this 
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dissertation has many novel contributions to literature, there are also new questions 

raised, which will be the topics of future studies. 
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