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Introduction

1.1 Introduction

Ever since General Electric joined with Corning Glass Works in 1879 to

develop Thomas Edison’s first light bulb, companies in a wide range of

industries have been engaging in inter-firm collaboration. Particularly in

the most recent decades, there has been an unprecedented growth in inter-

firm partnerships by means of a variety of forms (Chesnais, 1988; Hergert

and Morris, 1988; Hladik, 1985; OECD, 1992). In fact, many different

forms of cooperation have arisen, such as licensing agreements, customer-

supplier relationships, research contracts and joint R&D agreements, joint

ventures, etc. See Auster (1987), Chesnais (1988), Dussauge and Garrette

(1999), Hagedoorn (1990 and 1993), Narula (1999), Nooteboom (1999),

Osborn and Baughn (1990), and Yoshino and Rangan (1995), for a number

of widely accepted taxonomies of different modes of cooperation.

The particular motives of companies to enter into various sorts of inter-

firm partnerships are manifold (see amongst others, Das, Sen, and Sen-

gupta, 1998; Eisenhardt and Schoonhoven, 1996; Hagedoorn, 1993; Hak-

lisch, 1986; Harrigan, 1985 and 1988; Hladik, 1985 and 1988; Lorenzoni

and Lipparini, 1999; Obleros and MacDonald, 1988; Ohmae, 1985):

• The need to grow and expand into new product ranges and new, possibly

foreign, markets;

• Jointly cope with uncertainty;

• The need to reduce, minimize, and share costs;

• Achieve economies of scale and scope;

• Monitor environmental changes and opportunities;

• The need to develop and incorporate new knowledge and capabilities.

1
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Traditionally, the focus of inter-firm collaboration would be on the fi-

nal stages of the value chain where companies would jointly develop, co-

produce, or market fairly simple products. More sensitive company ac-

tivities that form the basis of competitive advantage, such as R&D, were

generally conducted internally. Currently, however, companies cooperate

in various activities across all stages of the value chain.

Although inter-firm collaboration has become an important aspect of

company behaviour in a large number of industries, inter-firm partner-

ships play a particularly important role in high-tech industries and other

sectors where learning and flexibility form the basis of competition (Ci-

borra, 1991; Dussauge and Garrette, 1999; Eisenhardt and Schoonhoven,

1996; Gomes-Casseres, 1996; Harrigan and Newman, 1990; Oster, 1992).

Indeed, in most high-tech industries, such as pharmaceutical biotechnology

and information technology, large numbers of inter-firm R&D partnerships

between companies have led to dense networks of inter-firm relationships

(see Dussauge and Garrette, 1999; Hagedoorn, 1993 and 1996a; Hage-

doorn and Schakenraad, 1990 and 1992; Link and Bauer, 1989; Mowery,

1988; Mytelka, 1991; Nooteboom, 1999). In this type of rapidly devel-

oping industry, advances in science and technology are widely dispersed.

Successful exploitation of these important developments requires skills and

capabilities that far exceed those that are internally possessed by most

high-tech companies. Technological developments trigger the formation of

various types of R&D partnerships, which enable companies to maintain

their flexibility and learn from a variety of sources (i.e., research partners)

about the many new commercial opportunities available to them.

This thesis studies the nature of inter-firm R&D collaboration in the

high-tech pharmaceutical biotechnology industry. Inter-firm R&D part-

nerships are those inter-firm relationships that can be expected to have

an influence on R&D, innovation, and technological development. We will

refer to R&D as the basic research and development activities that are

aimed at increasing scientific or technological knowledge and the applica-
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tion of that knowledge to the creation of new and improved products and

processes. Companies can cooperate in R&D through a specific set of orga-

nizational modes of cooperation where two or more partners, that remain

independent economic agents and organizations, share some of their R&D

activities. These R&D partnerships are primarily related to two basic cate-

gories of organizational forms, i.e., contractual agreements, such as research

contracts and joint R&D agreements, and equity-based partnerships, such

as minority holdings and joint ventures. These different forms of coopera-

tion constitute the most important forms of bilateral R&D exchanges and

joint R&D undertaking (see also Hagedoorn, 2002).

Important research questions related to the subject of inter-firm R&D

collaboration in a high-tech setting are, for example: do high-tech compa-

nies strive for mutual gain from their joint research activities or do they

aim to satisfy their own competitive interests? Do these companies choose

to be flexible in their partnerships or is integration the most preferred

basis of these interactions between companies? Has intensive coopera-

tion in R&D led to a high level of complementarity and specialization in

most high-tech industries? Does inter-organizational trust or, by contrast,

opportunism play an important role in these sorts of partnerships? Ques-

tions such as these lead one to investigate the specific nature of inter-firm

R&D partnerships in high-tech industries. Inter-firm R&D partnerships,

their underlying motives, organizational setting, the companies involved in

these partnerships, and the drivers of partnership formation are the main

subjects studied in this thesis. The general research question guiding the

thesis is then: is inter-firm R&D collaboration in the high-tech pharmaceu-

tical biotechnology industry most accurately characterized as firm-based or

network-oriented? In a search for answers to this question, the thesis is

largely empirical in nature. For the empirical analyses, we make use of

the MERIT-Cooperative Agreements and Technology Indicators (CATI)

database on pharmaceutical biotechnology R&D partnerships that were
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formed during the period 1975-1998 (see appendix A for an extensive de-

scription of this database).

In studying various issues related to inter-firm R&D collaboration, this

thesis mainly draws from several interesting theories that can all be clas-

sified into one of two basic categories depending on whether they view

cooperation as the primary purpose of the high-tech firm or as a strate-

gic tool that enables these companies to improve their competitive posi-

tion: the firm-based view and the network- or partner-oriented perspective

(Contractor and Lorange, 1988a; Hagedoorn and Osborn, 2002; Osborn

and Hagedoorn, 1997). Both research traditions have already devoted con-

siderable effort to studying the main purpose of the high-tech firm, the

specific organization of high-tech industries, and the most important fea-

tures characterizing inter-firm R&D partnerships, but they clearly present

opposing views on each of these relevant issues. While the firm-based

view stresses the crucial role of independence, opportunism, and the use of

detailed contracts in inter-firm R&D collaboration, the network-oriented

perspective emphasizes the more positive aspects of these sorts of partner-

ships, such as complementarity, the development of inter-organizational

trust, and mutual gain.

The remaining part of this chapter is structured as follows. In the

next section, we will describe these two different research traditions that

provide us with a relevant theoretical context for studying the subject

of inter-firm R&D collaboration. Section 1.3 will introduce the research

questions that have formed the basis of each of the core theoretical and

empirical chapters in this thesis. In section 1.4, we briefly describe the

pharmaceutical biotechnology industry with the aim of clarifying the most

important reasons for selecting this particular sector as the main industrial

setting for the thesis. Finally, section 1.5 provides an outline of the various

issues that will be studied in each consecutive chapter.
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1.2 Different theoretical approaches to inter-firm collaboration

In trying to explain the nature of inter-firm R&D partnering in the high-

tech pharmaceutical biotechnology industry, this thesis makes use of a

number of theories that can all be classified into one of two broad-based,

diametrically opposed, research traditions: the firm-based view and the

network-oriented perspective (Contractor and Lorange, 1988a; Hagedoorn

and Osborn, 2002; Osborn and Hagedoorn, 1997). Underlying both of

these theoretical perspectives, there is a clear set of assumptions regarding

the purpose of the high-tech firm, the organization of high-tech industries,

and the specific features characterizing inter-firm R&D partnerships.

In the firm-based view, we find an understanding of the high-tech firm

and the nature of its relations that is for the most part based on neo-

classical economic notions of competition. Researchers in this view gen-

erally agree that high-tech industries consist of large numbers of indepen-

dent, “go-it-alone” companies, striving for competitive advantage in an

impersonal, hostile market environment. In such a competitive setting,

inter-firm R&D partnerships are largely motivated by self-interest where

each of the research partners tries to use the alliance to strengthen its

competitive position vis-à-vis other companies. Because a high level of in-

tegration and mutual dependence in the R&D partnership may compromise

the competitive position and bargaining power of individual partners, high-

tech companies generally prefer to cooperate in research through flexible,

contractual forms of partnerships rather than through equity-based agree-

ments (Hamel, 1991; MacDonald, 1995; Porter, 1990; Reich and Mankin,

1986). As partnership formation is generally viewed as being primarily

driven by the competitive, opportunistic behaviour of cooperating com-

panies (see also Dyer, 1996; Harrigan, 1988; Kanter, 1994; Ohmae, 1989;

Prahalad and Hamel, 1990), the use of formal, detailed contracts in inter-

firm R&D collaboration also protects participating companies from their
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partner’s probing of their competitive, technological knowledge (Kawasaki

and MacMillan, 1986).

In contrast, in the network-oriented perspective, it is argued that the

behaviour of high-tech companies and the interaction between these firms

is driven as much by cooperation as it is by competition (see Contractor

and Lorange, 2002; Gulati, 1998; Hagedoorn, 1995). As most of these

researchers have so clearly pointed out, the organization of high-tech in-

dustries is fundamentally based on dense, tightly connected networks of

trustful R&D partnerships between highly integrated, interdependent com-

panies. High-tech companies that participate in these equity-based R&D

networks are willing to set aside their immediate competitive interests and

sacrifice part of their independence as embeddedness in such networks en-

ables these companies to achieve a number of common, otherwise unreach-

able, goals (see also Gomes-Casseres, 1996; Gulati, 1999; Lorenzoni and

Baden-Fuller, 1995; Lyles, 1994; Powell and Brantley, 1992). In these cen-

trally coordinated knowledge networks, each of the network partners plays

a specialized, complementary role in the innovation process, resulting in

a high level of interdependence and inter-organizational trust between all

participating companies (Hakansson and Johansson, 1993; Herrigel, 1993;

Ring and van de Ven, 1992; Staber, 1998). The notion that high-tech com-

panies can thus learn from a variety of specialized research partners has

led many observers to conclude that embeddedness in knowledge networks

gives these companies a competitive edge over firms that do not engage

in R&D partnerships (see amongst others, Ciborra, 1991; Gomes-Casseres,

1996; Hagedoorn, 1995; Jarillo, 1993; Lorenzoni and Baden-Fuller, 1995;

Powell and Brantley, 1992).

1.3 Research questions

The main purpose of this thesis is to gain a better insight into the changing

nature of inter-firm relationships in a high-tech setting. To achieve this
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goal, the general research question is: is inter-firm R&D collaboration

in the high-tech pharmaceutical biotechnology industry most accurately

characterized as firm-based or network-oriented?

In this thesis, we provide an empirical analysis of inter-firm R&D part-

nering in the international pharmaceutical biotechnology industry. Specif-

ically, we examine newly formed R&D partnerships in this industry be-

tween 1975, the year in which biotechnology was first discovered, and 1998.

Through a longitudinal analysis of various aspects related to R&D part-

nerships, we intend to provide an overall picture of the nature of these

partnerships in terms of their underlying motives, organizational setting,

players, and the specific factors driving these relationships between com-

panies. Thus, the main research question can be divided into four more

specific research questions:

• What are the motives underlying inter-firm R&D partnerships?

• What are the organizational characteristics of these partnerships?

• What are the roles played by different groups of cooperating companies?

• What are the main determinants of R&D partnerships?

The main contributions of this thesis are that it studies inter-firm R&D

collaboration within the context of the two most important theoretical

perspectives of partnerships and networks and that it studies this subject

in a longitudinal research setting. So far, most studies of pharmaceutical

biotechnology R&D partnerships are based on survey research and, there-

fore, mainly of a cross-sectional nature. Studying various issues related to

R&D partnerships longitudinally can provide us with a better understand-

ing of each of these relevant issues.

1.4 The reasons for selecting the pharmaceutical industry

The pharmaceutical industry provides us with a particularly interesting

context for studying the changing nature of inter-firm relationships in a

high-tech setting. There are three main reasons why this high-tech sector
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was selected as the primary industrial context for analysing various aspects

related to inter-firm R&D collaboration.

• Besides its important implications for drug research and development,

the discovery of biotechnology has led to the development of a strong

dual market structure in the pharmaceutical industry, mainly based on a

large number of relatively small, research-intensive biotechnology firms

and a small group of very large, established pharmaceutical companies

(see Powell, 1996; Saviotti, 1998). Another important feature of the

modern pharmaceutical biotechnology industry is the sharply increasing

frequency of inter-firm R&D partnerships between these two different

groups of companies (see also Kenney, 1986; Powell, 1996; Rothaer-

mel, 2000). While these developments are by no means unique to this

industry, pharmaceutical biotechnology has been one of the areas of

knowledge, which has given rise to the largest number of R&D partner-

ships (see, for example, Hagedoorn and Schakenraad, 1992; Hagedoorn,

1996a and 2002). From a theoretical point of view, it seems particularly

important to understand the specifics of inter-firm R&D collaboration

in this sort of high-tech industry, e.g., the motives underlying most of

these partnerships, the role played by small biotechnology firms and

large pharmaceutical companies in cooperative R&D networks, and the

most important factors determining wide-spread cooperation in drug

research.

• In the traditional, organic chemistry-based pharmaceutical industry of

the 1950s and 1960s, inter-firm R&D collaboration did not play a very

important role. In the post-war era, large pharmaceutical companies

can most accurately be characterized as highly independent companies

that were mainly following a “go-it-alone” research strategy, involv-

ing hardly any formal R&D partnerships with other large companies.

While most of these dominant innovators were intensely cooperating

in research with universities and other science-based institutions, they

were primarily competing with other companies (Cockburn and Hen-
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derson, 2000; Faulkner and Orsenigo, 1989; Freeman, 1990; Galambos

and Sturchio, 1998). With the emergence of biotechnology in the first

half of the 1970s, however, the pharmaceutical industry witnessed a

rather dramatic change in the nature of relationships between compa-

nies. As a result of a number of radical scientific and technological

developments, pharmaceutical companies were more or less “forced” to

adapt their research strategies to also include a large number of R&D

partnerships. Against this unique historical background, it is very inter-

esting to examine the question whether these numerous, newly formed

partnerships are truly of a cooperative nature in terms of their underly-

ing motives, organizational forms, and driving forces, or whether they

are still primarily of a competitive nature, oriented towards improving

the competitive position of individual companies.

• With the possible exception of the important work of Gulati (1995a,

1995b, and 1999), Powell, Koput, and Smith-Doerr (1996), Rothaer-

mel (2001), and a few others, so far, most contributions to the liter-

ature on pharmaceutical biotechnology R&D partnerships and various

other forms of cooperation are based on survey research and, therefore,

usually of a cross-sectional nature. However, there is a pressing need

to understand the longitudinal aspects of R&D partnerships and net-

works, particularly how they evolve through time and co-evolve with the

degree of maturity of different technologies, high-tech firms, and high-

tech industries. In the 1980s, a number of attempts were made to set up

databases that would allow longitudinal research, but the work on most

of these databases was terminated after a number of years. Apart from

some “commercial” databases, such as BioScan, there are few databases

that generate both cross-sectional and longitudinal insight (Hagedoorn,

2002; Hagedoorn, Link, and Vonortas, 2000). The CATI database is one

of the few still existing databases that allow us to conduct longitudinal

research and thus study various trends in partnerships and networks

over time. In this database, the pharmaceutical biotechnology industry
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is well represented. For each year since the discovery of biotechnology

in 1975, it includes detailed information on individual partnerships and

each of the companies participating in these agreements.

1.5 Overview of the chapters

In figure 1.1, an overview of the thesis is provided. It becomes clear from

this figure that the main body of this thesis consists of one descriptive chap-

ter (chapter 2) and four chapters that are based on an empirical analysis

of the CATI data set (chapters 3, 4, 5, and 6).

Figure 1.1: Outline of the thesis.
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Chapter 2 introduces the pharmaceutical industry as a high-tech sector

that has experienced a series of dramatic changes since its inception in

the 1940s, discusses the most important scientific and technological devel-

opments, and the emergence of a large number of inter-firm R&D part-

nerships between large pharmaceutical companies and small, new biotech-

nology firms. We investigate how large companies were able to survive

the radical shift to biotechnology by building on their unique, firm-specific

skills and capabilities.

Chapter 3 provides an historical analysis that gives insight into the most

important trends and patterns in pharmaceutical biotechnology R&D part-

nerships since the discovery of biotechnology in 1975. It discusses general

growth patterns in these partnerships, focussing on their underlying mo-

tives and major developments in their specific organizational setting over

time (see figure 1.1). Using country-level data, we also investigate some

important international patterns in the formation of R&D partnerships

within the Triad regions (i.e., Asia, Europe, and North America).

Chapter 4 investigates the structural evolution of inter-firm R&D net-

works over time. The CATI database allows us to conduct a detailed

analysis of these networks in terms of density, major network players, and

group formation (see also figure 1.1). Insights from Schumpeterian theory

are combined with the current alliance literature to investigate whether

complementary resources and capabilities that are possessed by small, en-

trepreneurial biotechnology firms and large, established pharmaceutical

companies have led to a high level of mutual dependence between these

two groups of companies. MDS analysis is used to graphically represent

the development of R&D networks and the changing role of different groups

of players over time.

Chapters 5 and 6 discuss the results of panel analyses, both examining

the most important drivers of R&D partnership formation amongst groups

of high-tech pharmaceutical biotechnology companies (see also figure 1.1).

Chapter 5 analyses the role of an important partner- or network-oriented
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determinant of partnership formation, i.e., inter-organizational trust, mak-

ing use of fixed-effects binomial logit models. The results of these anal-

yses are discussed within the theoretical context of important streams of

literature on trust and the existing literature on dual market structures,

considering the specifics of inter-firm R&D collaboration between groups

of companies that are substantially different in terms of their size and

bargaining power.

Chapter 6 is then mainly concerned with the empirical analysis of the

role of a relatively large number of firm-based determinants with regard

to the propensity of pharmaceutical biotechnology companies to continue

forming R&D partnerships. Binomial panel logit models are used to in-

vestigate the effect of the general experience of companies with setting up

partnerships, their specific strategic network positioning, their networking

efficiency, and their technological competences on partnering propensity.

The results enable us to determine if cooperating companies can learn from

their experience and use their unique, firm-specific partnering capabilities

to optimally benefit from their existing and future partnerships.

Finally, within the context of both perspectives of inter-firm R&D col-

laboration, chapter 7 provides a discussion of the main theoretical and

empirical findings of this thesis in terms of motives, organizational setting,

players, and the most important drivers of R&D partnership formation.

This chapter combines all the results presented in chapters 2-6 and, as

such, attempts to provide an answer to the main research question as pre-

sented in section 1.3: is inter-firm R&D collaboration in the high-tech

pharmaceutical biotechnology industry most accurately characterized as

firm-based or network-oriented?
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Biotechnological revolution and the continuing dominance

of established companies

2.1 Introduction

Technological change is difficult for any company to manage (see Baum,

1996; Hannan and Freeman, 1977 and 1989; Kaufman, 1971; Nelson and

Winter, 1982; Rosenbloom and Christensen, 1998; Utterback and Suarez,

1993). However, it is particularly difficult for large, established compa-

nies to diversify into new technological fields or even recognize the need

to change, because these companies invested large amounts of resources

in building up their existing knowledge base (Henderson, 1993; Henderson

and Clark, 1990; Tolbert and Zucker, 1996; Zucker and Darby, 1997). In

addition, the accumulated knowledge base of established high-tech compa-

nies is an important source of the company’s financial success (Reinganum,

1983 and 1989; Waring, 1993). Indeed, technological advance arising within

an industry is an effective means of increasing sales and net income of the

established companies in an industry. Because the economic value of exist-

ing skills and capabilities will be lost from a radical shift in technological

direction, these companies will continue to build on their existing knowl-

edge base for as long as they can (see also Ahuja and Lampert, 2001; Dosi,

1982; Dougherty and Heller, 1994; Henderson, 1993; Reinganum, 1983 and

1989).

However, when a radical change in technology originates outside the in-

dustry and uses a different set of skills and capabilities, or complementary

assets (Teece, 1986), from those required to practice the old technology,

new entrants may eventually replace existing companies (Tushman and

Anderson (1986) refer to this type of change as competence-destroying

13
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technological change). The skills, capabilities, and knowledge base of es-

tablished companies then constitute a significant barrier to the absorption

of the new technology (see Cohen and Levinthal, 1989 and 1990). Particu-

larly, it will be impossible for companies to incorporate the new technology

into their existing knowledge base if they continue to invest in the old one.

A new technology that substitutes the old technology thus creates better

entry conditions for new firms, because it is extremely difficult for existing

companies to recognize the need to change if the old technology continues

to produce high returns on investment and will only be completely sub-

stituted by the new technology in due time (see also Zucker and Darby,

1997).

On the other hand, if the new technology uses the same complementary

assets as those required to practice the old technology, then existing compa-

nies tend to have an advantage over new entrants (Gort and Klepper, 1982;

Rosenbloom and Christensen, 1998; Rothaermel, 2000). In other words, if

innovation is largely dependent on particular skills and capabilities and if

this knowledge base is difficult to access for new firms, existing companies

have a considerable chance of survival. The survival of existing companies

is enhanced by the experience these companies have built up in using their

unique set of skills and capabilities to avoid being driven out of the industry

by new entrants (Rothaermel, 2000 and 2001). These theoretical insights

provide us with a context for analysing the latest technological shift in the

pharmaceutical industry, the shift to recombinant DNA technology and

hybridoma technology, and the survival of established companies.

The pharmaceutical industry provides us with a unique setting for

studying the strategic responses of large, established companies to the dis-

covery of a radically new technology. Throughout the 20th century, the in-

dustry experienced a series of decisive technological changes, starting with

significant advances in synthetic organic chemistry, which formed the gen-

eral knowledge base for drug discovery in the 1950s and 1960s (Achilladelis

and Antonakis, 2001; OTA, 1991 and 1993; Pisano, 1994; Schwartzman,
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1976). In the 1970s, a wave of scientific breakthroughs in the biological sci-

ences ultimately led to the development of a new, much more concentrated,

style of R&D, i.e., rational drug design (Della Valle and Gambardella, 1993;

OTA, 1991 and 1993). The next, partially overlapping, but much more rad-

ical technological shift was grounded in recombinant DNA technology and

hybridoma technology, and is generally referred to as the biotechnologi-

cal revolution (Achilladelis and Antonakis, 2001; Galambos and Sturchio,

1998; Orsenigo, 1989; Rothaermel, 2000; Zucker and Darby, 1997).

From the viewpoint of the large, established pharmaceutical companies,

this latest shift to biotechnology, a new research strategy largely outside

their accumulated skills and capabilities, was rather different from previ-

ous technological changes in the industry: for the first time, commerciali-

sation of a new technology was carried out by new entrants (Pisano, 1990;

Sapienza, 1989; Senker and Sharp, 1997). In the 1950s, 1960s, and 1970s,

established companies typically dominated innovation in the pharmaceuti-

cal industry. However, in the 1980s, new firms led the shift to biotechnology

while existing companies were only slowly acknowledging the important po-

tential applications of the new technology. Although their initial reaction

to the emergence of biotechnology was a rather slow one, by the mid-1990s,

many pharmaceutical companies had established significant capabilities in

recombinant DNA technology and molecular biology (Zucker and Darby,

1996 and 1997). They gained access to the new knowledge base by creating

various sorts of inter-firm partnerships with the new biotechnology firms

(Arora and Gambardella, 1990; Barley, Freeman, and Hybels, 1992; Hage-

doorn, 1996a; Hagedoorn and Schakenraad, 1990 and 1992; Pisano and

Wheelwright, 1995; Powell, 1996 and 1998). These inter-firm partnerships

added a completely new element to the tight networks of academia-industry

cooperation that traditionally sustained innovation in the pharmaceutical

industry (see Cockburn and Henderson, 2000; Freeman, 1990; Galambos

and Sturchio, 1998). This poses two questions that are important from a

theoretical point of view:
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• Why did new entrants first commercialise biotechnology? Why did ex-

isting companies not seize upon important scientific breakthroughs in

the 1970s, especially as the companies concerned have a strong tradi-

tion in R&D and have been able to sustain a high rate of innovation

over many decades (see Galambos and Sturchio, 1998; Reekie and We-

ber, 1979; Schwartzman, 1976; Taggart, 1993; Walsh, 1984; Walsh and

Galimberti, 1993)?

• If existing companies were so clearly lagging behind the new firms that

were leading the innovation, why did new entrants not replace existing

companies?

In the next section, we will first describe the early development of the

modern pharmaceutical industry. Section 2.3 discusses major scientific and

technological developments that ultimately led up to the biotechnological

revolution in drug discovery and explains why the emergence of biotech-

nology was so different from previous technological shifts in the industry.

This is followed by a discussion of the factors that determine the compet-

itiveness of pharmaceutical companies. Section 2.5 presents a discussion

of the two questions stated above from a theoretical perspective. Some

conclusions to be drawn from this chapter are discussed in the last section.

2.2 History

A chronology of key events in the development of the pharmaceutical indus-

try is given in table 2.1, which provides the reader with a quick overview of

the major scientific and technological developments in the pharmaceutical

industry. As is evident from the table, until the Second World War, there

was little sign of what would eventually emerge as the modern pharmaceu-

tical industry in the 1940s. Early efforts to develop new drugs took place

in the late 19th century and were the result of a unique cross-fertilization

between individual scientists and industry (see also Cockburn and Hen-

derson, 2000; Freeman, 1990; Galambos and Sturchio, 1998). Particularly,
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they were triggered by William Perkins’ attempts to manufacture synthetic

quinine from aniline. He actually succeeded in producing the first artificial

dye, aniline purple. Large European chemical companies were quick to take

advantage of this important discovery by developing the necessary capabil-

ities in R&D and production (Baumler, 1968; Beer, 1959; Behnisch, 1986;

Lesch, 1993; Taggart, 1993; Verg, 1988). They began to synthesize a wide

range of artificial dyes and, as a by-product of their chemical operations,

these companies were also capable of producing a number of chemicals and

compounds with significant therapeutic uses.

The German chemical company Bayer, for example, successfully devel-

oped aspirin in 1899. Aspirin has become one of the most widely used drugs

since Bayer started to produce it on a commercial scale. Another German

company (Hoechst) actively supported the work of the German bacteriolo-

gist Paul Ehrlich, which involved using synthetic dyes as a transport system

for carrying drugs to particular parts of the human body. Eventually, after

some 600 molecular manipulations, he produced Salvarsan, which was a

highly effective drug against syphilis (Taggart, 1993). The pharmaceutical

branches of Bayer and Hoechst, and to a lesser extent those of Swiss chem-

ical companies (e.g., Ciba Geigy), are typically viewed as the first modern

pharmaceutical companies and, by being adopted as role models by many

European and US drug manufacturers, they helped shape the structure

and practices of the pharmaceutical industry (Baumler, 1968; Lesch, 1993;

Sharp, Patel, and Pavitt, 1996; Verg, 1988). Although some further drug

research took place at the turn of the 20th century, very few new drugs

were discovered and marketed in the next twenty-five years (Sneader, 1985).

This was mainly due to the larger chemical and dyestuff operations of many

companies that greatly overshadowed their search for new drugs.

The groundwork for what would ultimately unfold as the pharmaceuti-

cal industry was laid in 1928 when Alexander Fleming, a bacteriologist at

London’s St. Mary’s Hospital, first discovered the anti-bacterial properties

of penicillium mold (see table 2.1). It took another twelve years before Ox-
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ford University scientists Howard Florey and Ernst Chain developed peni-

cillin into a potentially useful therapeutic agent. Even then, it required

heavy investments by a consortium of US companies (including Pfizer, Eli

Lilly, and Squibb) to develop the deep-tank fermentation techniques that

allowed for the mass production of penicillin (Hacking, 1986; Marstrand,

1981; Taggart, 1993). Due to the extensive wartime needs for safe an-

tibiotics, companies increasingly recognized the importance of investing in

drug research and development (Achilladelis and Antonakis, 2001). Fur-

thermore, in 1948, the US Patent and Trademark Office (USPTO) granted

the first patents for artificial antibiotics, which guaranteed the reaping of

profits from investments in drug research (Bogner and Thomas, 1994). This

constituted an important development for the pharmaceutical industry: it

led to the formation of specialized antibiotic firms, whose main purpose was

the development of new drugs, entirely independent of chemical operations.

Often founded as branches of chemical/dyestuff companies, many of

the current industry leaders became actively involved in drug research

and manufacturing in the 1940s: Bayer and Hoechst from Germany, UK-

based Glaxo, Beecham, and the Wellcome Foundation, the Swiss companies

Roche and Ciba Geigy, and Pfizer, Eli Lilly, Merck, and Abbott Laborato-

ries from the US. With a significant delay, the first Asian companies (e.g.,

Takeda and Yamanouchi from Japan) entered the industry in the second

half of the 1960s. Based on technology imported from the US, these firms

started with the production of antibiotics, including penicillin.

In the following years, the search for drugs quickly intensified, which

led to an increasing number of new drugs emanating from tight networks

of academia-industry cooperation (see also PhRMA, 2001; Taggart, 1993).

In 1943, Rutgers University microbiologist Selman Waksman discovered

the anti-tuberculosis agent streptomycin, which was ultimately developed

by a pharmaceutical company. This was followed by the introduction of a

wide variety of important new drugs, beginning with Chloramphenicol, the

first broad-spectrum antibiotic, in 1947; Methotrexate, an early therapeu-



20 Chapter 2

tic agent against cancer, in 1948; and, during the first half of the 1950s, the

development of Chlorpromazine, a breakthrough drug for psychosis, Isoni-

azid, a treatment for tuberculosis, and many more, all patented, drugs (see

also table 2.1). Thus, within a relatively short period of time, the modern

pharmaceutical industry had emerged as an R&D-intensive industry that

is heavily dependent on continuing flows of new drugs, close cooperation

with scientists, and strong patent protection.

2.3 Major trends in science, technology, and drug discovery

Before the emergence of biotechnology, the pharmaceutical industry had

already experienced a series of decisive technological changes, each of which

forced established companies to develop new skills and capabilities in R&D

(see also table 2.1). In each of these technological shifts, applied research

and commercialisation were typically concentrated in a few large, well-

financed pharmaceutical companies. Innovation at these firms was linked

to tight networks of relations with universities and other science-based

institutions (Cockburn and Henderson, 2000; Freeman, 1990; Galambos

and Sturchio, 1998).

With significant advances in synthetic organic chemistry, the discovery

of new drugs began as a chemical science, focusing on chemical structures

and related activity. In the days following the Second World War, little

was known about the biological processes of disease and drug interactions;

at best, drug development was a trial-and-error effort, based on the mass

screening of chemical compounds (Pisano, 1994; Schwartzman, 1976). The

fermentation skills of the antibiotic companies in the 1940s and 1950s pro-

vided an alternative knowledge base for some firms, primarily located in

the US.

In the 1970s, a major shift from trial-and-error techniques occurred

when a series of breakthroughs in the biological sciences (i.e., biology, bio-

chemistry, and pharmacology) provided the basis for a new, much more
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concentrated, style of R&D, based on increased knowledge of how the hu-

man body functions. Rational drug design enabled scientists to develop

drugs that interact with a particular disease. The increased knowledge

of biological processes, however, ultimately led to a much more radical

technological shift in the 1980s with the emergence of biotechnology as an

alternative to organic chemistry as the general knowledge base for drug

research (Achilladelis and Antonakis, 2001; Della Valle and Gambardella,

1993; Galambos and Sturchio, 1998; OTA, 1991; Zucker and Darby, 1997).

2.3.1 Random (mass) screening

In the 1950s and 1960s, research skills in mass screening drawn from the

organic chemistry of the dye trades typically dominated the search for new

drugs. These skills comprise the random screening of chemical compounds,

both natural and synthetic ones, for potential therapeutic activity. Around

10,000 chemicals and compounds are screened every year, only a few of

which will ultimately be brought to market (Warden, 1979). Despite these

poor odds of commercial success and the high costs involved with main-

taining huge libraries of chemical compounds, this traditional approach to

discovering new drugs has provided the industry with many path-breaking

new drugs (OTA, 1991).

Penicillin, for example, was developed from penicillium mold and other

powerful antibiotics, including streptomycin and bacitracin, were found by

extracting chemicals from natural products and screening them for clini-

cal reactions (Achilladelis and Antonakis, 2001; Mann, 1984; OTA, 1991).

Aspirin (acetylsalicylate) was found by screening compounds chemically

similar to salicylate, a conventional treatment for pain. Testing chemical

modifications of salicylate is an early example of the research strategy that

pharmaceutical companies were following for many years. This particular

strategy used to be based on information about certain clinical effects of

known chemicals that companies retrieved by chance, however, it involved

little knowledge of how the drugs actually worked (OTA, 1993). In recent
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years, this traditional chemical route toward innovation has become in-

creasingly costly and provides fewer drugs (Grabowski and Vernon, 1994;

Pisano and Wheelwright, 1995; Walker and Walker, 1986).

2.3.2 Rational drug design

The traditional chemical approach to drug discovery was certainly not an

“irrational” endeavour, however, the rationale behind this research strat-

egy was not grounded in knowledge of biochemistry. The extraction and

screening of natural chemicals for antibiotics, for example, followed a rea-

sonable strategy, but did not rest on knowledge of the actual workings

of the drugs. As scientists increasingly shifted their focus toward chronic

diseases such as cancer and various types of neurological illnesses, finding

new drugs became more and more dependent on information about the de-

velopment process of particular conditions (Della Valle and Gambardella,

1993; OTA, 1993).

Rational drug design has been made possible by the increase in infor-

mation about cellular mechanisms and control, which is necessary for the

development of new drugs to attack chronic diseases. In essence, rational

drug design reversed the traditional approach to drug discovery by working

backward from a known chemical entity. Rather than screening chemicals

and compounds for certain clinical effects, the molecular mechanism under-

lying these effects is used to guide a specific drug research strategy. Since

the 1970s, random screening has thus been increasingly augmented by sig-

nificant advances in the biological sciences, which have enabled scientists

to use a more mechanistic approach to drug design (OTA, 1991 and 1993;

Schwartzman, 1976; Zucker and Darby, 1997).

2.3.3 Biotechnological revolution

Rational drug design allowed for more targeted drug research, based on an

increased body of knowledge of the disease process. However, increased
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knowledge of biochemistry and molecular biology eventually led to an-

other, partially overlapping, but much more radical technological shift in

the 1980s: the emergence of biotechnology. It was particularly triggered

by two key scientific successes in the first half of the 1970s. The first one

was the discovery in 1973 by Herbert Boyer and Stanley Cohen, two scien-

tists at the University of California and Stanford University respectively,

that deoxyribonucleic acid (DNA) could be cut, recombined, and inserted

into a foreign bacterium that would then express a new gene (see table

2.1). Particularly, they inserted pieces of frog DNA into the genes of the

bacterium E. coli, which started to produce proteins encoded by the for-

eign DNA. Also, even more miraculously, its offspring exhibited the same

production capacity as the modified bacterium (Barley et al., 1992; Cohen,

Chang, Boyer, and Helling, 1973). Scientists immediately recognized the

enormous potential of the technique now known as recombinant DNA or

rDNA: it provides researchers with the means to use plants, animals, and

cells as cheap production facilities for large quantities of particular, desired

proteins.

The second important discovery occurred two years later, in 1975, when

Cesar Milstein and Georges Kohler of the British Laboratory of Molecular

Biology, Cambridge, UK succeeded in fusing cells from a mouse myeloma

with cells retrieved from mouse B-lymphocytes to create a hybridoma (see

also table 2.1). Hybridomas can be defined as self-replicating cell lines that

produce antibodies (i.e., stronger, more resistant cells) and can be grown

in vitro or in the peritoneal cavity of a mouse. Because each hybridoma

produces only one type of antibody, the antibodies were referred to as

monoclonal antibodies or MABs. Hybridoma technology is a method to

produce, at low cost, large quantities of specific antibodies (see also Barley

et al., 1992; Fransman, 1991; McMillan, Narin, and Deeds, 2000; Orsenigo,

1989; Senker, 1998).

In most of the literature dealing with the effects of biotechnology on the

pharmaceutical industry (see e.g., Galambos and Sturchio, 1998; Orsenigo,
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1989; Rothaermel, 2000; Walsh and Galimberti, 1993; Zucker and Darby,

1997), the shift to recombinant DNA technology and molecular biology is

referred to as the biotechnological revolution. This is because the advent

of biotechnology has transformed drug discovery in two fundamental ways.

First, pharmaceutical companies make use of the knowledge base underly-

ing biotechnology that draws on a larger number of scientific disciplines:

in addition to biochemistry, now molecular biology, genetics, immunology,

and various other disciplines provide the scientific foundations for biotech-

nology (Fransman, 1991).

Second, biotechnology has provided the pharmaceutical industry with a

whole new set of research tools (Fildes, 1990; Hamilton, Villa, and Dibner,

1990). They involve the ex ante design of synthetic molecules with very

specific properties, rather than the reliance on the slow and costly random

screening method. Although the drug that is ultimately derived can be

a synthesized chemical, its development process depends heavily on tech-

niques from biotechnology. In this case, companies make use of the infor-

mation provided by biotechnology, allowing the discovery aspect of their

drug research strategy to be more specific and targeted. Consequently,

biotechnology has generated significant and completely different opportu-

nities for innovation in the pharmaceutical industry (Orsenigo, 1989; OTA,

1991).

2.4 Determinants of firm competitiveness

Competitiveness and financial success of companies in the pharmaceutical

industry depend to a large extent on the skills and capabilities these com-

panies have developed in R&D, regulation, and marketing (Bogner and

Thomas, 1994; OTA, 1991; Reekie and Weber, 1979; Schwartzman, 1976;

Taggart, 1993; Walsh and Galimberti, 1993). In recent years, however, the

costs involved in carrying out these activities have increased significantly.

This has led to a situation where pharmaceutical companies have to invest
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large amounts of resources in the development and maintenance of these

capabilities.

2.4.1 Research and development

The modern pharmaceutical industry is heavily dependent on continuing

flows of new drugs, which are the result of research and development. The

profitability, and ultimately the survival, of pharmaceutical companies de-

pend on the maintenance of a competitive position. In turn, the compet-

itive position is determined by the rate of innovation. Thus, among the

established companies in the industry, there are few recorded cases where a

company has cut back on R&D expenditure, even during periods of falling

profits (Cool, Roller, and Leleux, 1999; OTA, 1991; Roberts, 1999; Taggert,

1993).

However, as the importance of innovation has increased, so have the

costs of R&D efforts (DiMasi, 1995; Fildes, 1990; OECD, 2001; OTA,

1991; PhRMA, 2002; Pisano and Wheelwright, 1995; Schwartzman, 1976;

Sharp et al., 1996). In part, this is due to increasingly stringent govern-

ment regulation (see section 2.4.2); in part, it is due to the new directions

of innovation. Because traditional mass screening methods resulted in ever

fewer drugs, companies began to explore alternative routes toward inno-

vation, which ultimately led to the development of the high-cost, rational

approach to drug discovery (Freeman, 1990; Grabowski and Vernon, 1994;

Pisano and Wheelwright, 1995; Sharp, 1990). Furthermore, with growing

frequency, R&D departments of pharmaceutical companies direct their at-

tention toward chronic diseases for which finding a cure is a lengthy and

expensive process (Della Valle and Gambardella, 1993; OTA, 1993; Sharp

et al., 1996). The industry’s latest shift to biotechnology has also signifi-

cantly added to costs in the sense that it requires a level of sophistication

in research strategy and technological knowledge that is without precedent

in the pharmaceutical industry.
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Figure 2.1: Pharmaceutical industry R&D expenditures, 1975-1995 (1975 = 100). Source:
Organization for Economic Cooperation and Development, Analytical Business Enterprise R&D
Database, Paris, April 1999

The actual growth pattern in pharmaceutical industry R&D expendi-

tures is presented in figure 2.1. All numbers are indexed on the base year

1975. We see a strong growth pattern in the level of R&D spending by the

pharmaceutical industry during the past two and a half decades, although

most of this growth took place during the second half of the 1980s and the

first half of the 1990s. During the 1970s and the first half of the 1980s, the

amount spent on R&D by pharmaceutical companies followed a pattern of

relatively slow growth. Particularly, the index number reached a level of

around 335 in 1984, which is nearly 3.5 times higher than the number that

we found for 1975. We see a rapid acceleration of this particular growth

pattern since the second half of the 1980s. From 1985 to 1989, the index

number almost doubled to slightly over 600 in 1989. During the 1990s,

R&D expenditures continued to rise at a rapid pace, reaching an index
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Table 2.2: R&D intensities of the world’s largest pharmaceutical companies, 1999. Source:
Financial Times FT 500 (http://www.ft.com/ft500/), 11 May 2001, and own calculations based
on information from Worldscope and annual reports

Company name Country of origin R&D expenditures as % of revenues
1. Pfizer1 US 17.10
2. Warner Lambert US 9.74
3. Merck US 6.32
4. Glaxo Wellcome2 UK 14.95
5. Smithkline Beecham UK 12.15
6. Johnson and Johnson US 9.46
7. Novartis3 Switzerland 13.02
8. Bristol Myers Squibb4 US 9.11
9. Eli Lilly US 17.99
10. Roche Switzerland 13.66
11. Astra5(1998) Sweden 18.65
12. Zeneca (1998) UK 12.89
13. Schering Plough US 12.98

number of 972 in 1995 or, compared to the base year, an amount spent on

R&D that is nearly 9 times higher than in 1975.

So far, we have presented the general trend in the level of R&D spending

by the pharmaceutical industry as a whole. In the following, we examine

R&D expenditures at a more disaggregated level, i.e., at the level of in-

dividual companies. Table 2.2 shows, for the 13 largest pharmaceutical

companies, the total amount of resources spent on R&D as a proportion of

revenues. We selected these companies based on the Financial Times 500,

which provides a listing of the world’s largest companies ranked by their

market capitalization. Some of the largest companies that are listed in this

table have recently merged to form new companies (e.g., Pfizer and Warner

Lambert in 2000), other companies are the result of a merger between two

firms that took place many years ago (e.g., Bristol Myers and Squibb in

1 Pfizer merged with Warner Lambert in 2000 to create the new company Pfizer.
2 Glaxo Wellcome merged with Smithkline Beecham in 2000 to create Glaxosmithkline.
3 Novartis is the result of a merger between Ciba Geigy and Sandoz in 1996.
4 Bristol Myers Squibb is the outcome of a merger between Bristol Myers and Squibb in 1989.
5 Astra merged with Zeneca in 1999 to form Astrazeneca.
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1989). Overall, these 13 companies allocated around 12 percent of their

revenues to the search for new drugs at the end of the previous century.

The individual companies’ allocations vary from just over 6 percent for

Merck to over 18 percent for Astra.

2.4.2 Regulation

As mentioned in the previous section, high costs of R&D are partly due to

increasingly strict regulation by governments. In 1962, the US government

established pre-market approval requirements in an effort to alleviate in-

creased public concerns about the safety, quality, and effectiveness of new

drugs. During the 1960s, most Western countries established similar ad-

ministrative procedures for new drug approval. The next three decades saw

these procedures become increasingly onerous (Bogner and Thomas, 1994;

OECD, 1989; PhRMA, 2001; Sharp et al., 1996). Particularly in the US,

drug development is a tightly regulated process, which can take up to 12

years or more than half of the drug’s effective patent life. Pharmaceutical

companies spend much of the drug development time conducting expensive

clinical trials required to prove the safety of the drug and waiting for Food

and Drug Administration (FDA) review and approval (Barley et al., 1992;

OTA, 1991).

Competitiveness and financial success of companies in the pharmaceu-

tical industry depend on the skills and capabilities these companies have

developed for coping effectively with regulatory agencies. In fact, compa-

nies that possess certain skills for dealing with regulatory agencies have a

decisive advantage over competitors in high-cost, intensive drug research.

Particularly, these companies spend significantly less time in the approval

process, develop and market higher numbers of new drugs, and accumulate

substantially larger amounts of resources for future research (Bogner and

Thomas, 1994).
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2.4.3 Marketing

Skills in complying with drug-approval processes have become an important

source of competitive advantage since the 1960s. Another growing source of

advantage is the ability of companies to successfully market their drugs to

physicians (see Barley et al., 1992; Bogner and Thomas, 1994; Della Valle

and Gambardella, 1993; Hakansson, Kjellberg, and Lundgren, 1993; OTA,

1991; Taggart, 1993). Pharmaceuticals marketing differs from almost all

other consumer goods in that the buying decision is not made by the final

consumer: the drug is prescribed by the physician and paid for by the

patient, with the state making a varying contribution to the cost of treat-

ment. In addition, pharmaceutical companies may advertise their drugs

only to physicians (Barley et al., 1992; Bogner and Thomas, 1994; OTA,

1991; Taggart, 1993). Before the 1950s, direct marketing to physicians did

not exist. However, the creation of “prescription-only” drugs in the 1940s,

along with the increased flow of new, synthetic antibiotics, brought about

the need to develop skills for influencing the physician (Temin, 1990).

The most effective way in which a pharmaceutical company may influ-

ence the prescribing behaviour of physicians is through regular office visits

by sales representatives. These sales representatives must be highly knowl-

edgeable about diseases and their treatment, and about the side effects

involved in using the company’s drugs (OTA, 1991; Taggart, 1993). Fur-

thermore, they need to be educated about such issues as medical culture,

distribution, pricing, regulation, and so on, where foreign markets may

differ substantially from domestic markets (Layman, 1988). The training

cost of such a sales representative is extremely high as it takes up to a

full year before a new employee becomes fully effective (Taggart, 1993).

Thus, since the 1950s, established pharmaceutical companies have allo-

cated large amounts of resources to building up specialized sales forces

directed at physicians, which fit into the medical cultures of the various

countries in which they sell.
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2.5 Biotechnological revolution and the survival of established

companies

The biotechnological revolution is an outstanding example of the type of

radical technological shift that is most likely to result in the replacement

of previously dominant innovators by new entrants that have faster ac-

cess to the new knowledge base. Indeed, the knowledge base underlying

biotechnology draws on a completely new set of scientific disciplines (Frans-

man, 1991). Furthermore, the technology has enabled scientists to design

molecules with very specific properties while the research strategy that

pharmaceutical companies were following in the 1970s and 1980s involved

the nearly random screening of molecules to discover ones that were effec-

tive (Fildes, 1990; Hamilton et al., 1990).

Unquestionably, large, established pharmaceutical companies were slow

to respond to the discovery of biotechnology. Well after recombinant DNA

technology and hybridoma technology first became possible in the 1970s,

established companies continued to build on their existing knowledge base

that was largely corresponding to the old technologies they had developed.

Because older technologies were still producing high returns on invest-

ment, established companies were unwilling to reallocate their resources

to the new technology (Barley et al., 1992; Galambos and Sturchio, 1998;

Saviotti, 1998; Walsh and Galimberti, 1993; Zucker and Darby, 1996 and

1997). Their preoccupation with older technologies thus prevented these

companies from building up a new knowledge base in recombinant DNA

technology and molecular biology. In other words, the accumulated knowl-

edge base of established pharmaceutical companies formed a major barrier

to the absorption of biotechnology (see Cohen and Levinthal, 1989 and

1990).

By not taking advantage of the important discovery of biotechnology, ex-

isting companies left the window of opportunity open for new entrants. In

the US and the UK, a large number of new biotechnology firms were set up
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to exploit commercial opportunities following the scientific breakthroughs

of the 1970s (Grabowsky and Vernon, 1994; Kenney, 1986; Oakey, 1990;

Orsenigo, 1989; Pisano, 1990; Sapienza, 1989; Senker and Sharp, 1997).

These companies were set up with the aim of producing new drugs for

sale to final consumers, however, many of them failed to do so. The main

difficulties facing new firms were a shortage of finance and a lack of the

complementary assets (Teece, 1986) required to successfully commercialise

biotechnology (Barley et al., 1992; Deeds and Hill, 1996; Greis, Dibner,

and Bean, 1995; Walsh and Galimberti, 1993).

Thus, entry of new firms did not replace the important role played by

existing companies. In fact, established companies turned out to possess a

unique set of complementary assets in R&D and marketing that were not

made redundant by the discovery of biotechnology, but that continued to

form the basis of innovation in the pharmaceutical industry (Rothaermel,

2000 and 2001; Saviotti, 1998). Existing companies were able to use their

skills and capabilities to gain access to the new knowledge base through nu-

merous inter-firm partnerships with the new firms (Arora and Gambardella,

1990; Barley et al., 1992; Hagedoorn, 1996a; Hagedoorn and Schakenraad,

1990 and 1992; Pisano and Wheelwright, 1995; Powell, 1996 and 1998).

This suggests that many pharmaceutical companies ultimately followed a

strategy of change, incorporating the new technology into their existing

knowledge base rather than pursuing under-investment and incompetence

as responses to a radical technological shift.

In section 2.5.1, we will describe in some more detail the strategic re-

sponses of large pharmaceutical companies to the discovery of biotechnol-

ogy. This allows us to answer the first question that was posed in the

introduction to this chapter: why was the technology first commercialised

by new entrants rather than by existing companies that have for many

decades been the dominant innovators in the pharmaceutical industry? In

section 2.5.2, we will provide an answer to the second research question,
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why did new entrants not replace existing companies, by discussing the

main difficulties faced by new firms entering the pharmaceutical industry.

2.5.1 Established companies and their strategies

When the first new biotechnology firms were beginning to appear in the

1970s, existing companies were entering a period of strategic re-orientation

and organizational restructuring in general, as a result of decreasing re-

turns from R&D and the exploitation of traditional screening methods.

Bayer, Hoechst, Rhone Poulenc, Ciba Geigy, Sandoz, ICI, and American

Cyanamid, for example, all underwent (major or minor) restructuring from

the mid-1970s to early 1980s (Achilladelis and Antonakis, 2001; Galambos

and Sturchio, 1998; Walsh and Galimberti, 1993). One of the main objec-

tives was to achieve greater economies of scale and scope. This led to a

shift in R&D toward research that would lead to higher value-added pro-

duction (Achilladelis and Antonakis, 2001; Barley et al., 1992; Bogner and

Thomas, 1994; OTA, 1991; Taggart, 1993). Bayer, for example, increased

its investment in biological research from 30 percent of R&D in 1970 to 57

percent of R&D in 1988 (Walsh and Galimberti, 1993). Furthermore, it

led to the establishment of small groups to carry out exploratory research

across a broader range of scientific disciplines and to identify new commer-

cial opportunities (Galambos and Sturchio, 1998; Walsh and Galimberti,

1993).

As part of this new research strategy, established companies were mov-

ing away from traditional forms of screening and synthetic organic chem-

istry toward the new, much more concentrated, style of R&D in biochem-

istry. In an effort to apply their increased knowledge of biological pro-

cesses across various types of illnesses, these companies increasingly shifted

their focus toward biochemical research (Achilladelis and Antonakis, 2001;

Bogner and Thomas, 1994; Galambos and Sturchio, 1998; OTA, 1991;

Walsh and Galimberti, 1993). Merck, for example, launched a major bio-

chemical research program in 1975. This program would ultimately yield
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two new drugs, enalapril maleate (a treatment for hypertension) and lo-

vastatin (a drug to lower cholesterol levels). The pipelines at several other

companies already contained a number of unusually promising drug can-

didates. Scientists at Smithkline and French, for example, were about to

bring to conclusion more than a decade of biochemical research by pro-

ducing Tagamet, which is the first H2-antagonist anti-ulcer drug. Glaxo

was following a similar research strategy for the development of its own ul-

cer treatment (Zantac). Another large company (Squibb) was developing

captopril, a compound to prevent increases in blood pressure, which was

the result of several years of biochemical research (Galambos and Sturchio,

1998).

Thus, in the 1970s and well into the 1980s, established companies were

heavily involved in large-scale, intensive biochemical research, because

these research programs were providing them with many path-breaking

new drugs (Barley et al., 1992; Galambos and Sturchio, 1998; Saviotti,

1998; Walsh and Galimberti, 1993; Zucker and Darby, 1996 and 1997).

In fact, by the end of the 1980s, most of the world’s “blockbuster” drugs

had emerged from the new style of R&D in biochemistry. Many of these

drugs were treatments for ulcers, hypertension, or arthritis. Several were

generating worldwide sales of around a billion US dollars each year (Galam-

bos and Sturchio, 1998). Meanwhile, the traditional chemical approach to

drug discovery also continued to provide the industry with a wide variety

of important new drugs (Bogner and Thomas, 1994).

Among the exploratory activities mentioned, were investigations into

biotechnology at quite an early stage (see also Achilladelis and Antonakis,

2001; Barley et al., 1992; Galambos and Sturchio, 1998; Grabowski and

Vernon, 1994; Rothaermel, 2001; Senker, 1998; Zucker and Darby, 1997).

Bayer, for example, maintained a small molecular biology group at its

Wuppertal facilities during the 1970s. The Swiss pharmaceutical company

Ciba Geigy set up molecular biology and human cell biology groups at the

FMI in Basel in 1975. The company invested heavily in this independent
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research foundation in exchange for the exclusive right to commercially

exploit its results. ICI set up a Bioscience Group in its Corporate Research

Laboratories in 1976 (Walsh and Galimberti, 1993).

Despite these explorations in the 1970s, established companies did not

make their first serious investments in biotechnology until the 1980s. By

that time, a large number of new firms had already entered the industry

(Kenney, 1986; Oakey, 1990; Orsenigo, 1989; Senker and Sharp, 1997).

Rather than relying solely on in-house R&D as a strategy to enter the new

technological field, existing companies created numerous inter-firm part-

nerships with the new biotechnology firms (Arora and Gambardella, 1990;

Barley et al., 1992; Hagedoorn, 1996a; Hagedoorn and Schakenraad, 1990

and 1992; Pisano and Wheelwright, 1995; Powell, 1996 and 1998). In

exchange for access to the research skills of these new firms, large compa-

nies provided their smaller partners with regulatory expertise and financial

support. In fact, in 1982, pharmaceutical companies invested around 120

million US dollars in new biotechnology firms (OTA, 1984). Because there

was great uncertainty among pharmaceutical executives as to which tech-

nology they should pursue, this strategy constituted a lower risk strategy

than developing the necessary capabilities from scratch (see also Walsh and

Galimberti, 1993).

As mentioned before, pharmaceutical companies have always comple-

mented their in-house R&D with external capabilities that they access

through their many relations with individual scientists. However, by creat-

ing inter-firm R&D partnerships with new biotechnology firms, companies

were essentially adding a new element to their traditional networks of co-

operation (Cockburn and Henderson, 2000; Freeman, 1990; Galambos and

Sturchio, 1998). Indeed, although these companies have a strong tradition

of cooperating in research with universities and other science-based insti-

tutions, they only had relations with other companies at a later stage of

drug development, e.g., toxicity testing (Faulkner and Orsenigo, 1989).

While they aimed their initial strategies at exploring the commercial
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opportunities of biotechnology, in the second half of the 1980s, many phar-

maceutical companies began to develop longer-term strategies toward the

new technology (Achilladelis and Antonakis, 2001; Barley et al., 1992;

Galambos and Sturchio, 1998; Walsh and Galimberti, 1993). Once these

companies were able to determine which technology would be crucial to

their future competitiveness, they began to develop this in-house capabil-

ity. One important way of doing so quickly was to acquire a successful

biotechnology firm, preferably a (former) partner of which they already

had knowledge of its capabilities. This led to a wave of acquisitions and

mergers between existing companies and new firms during the second half

of the 1980s and the first half of the 1990s (OTA, 1991; Walsh and Galim-

berti, 1993; Senker, 1998). A well-known example of this new strategy is

the acquisition of the first and largest of the biotechnology firms, Genen-

tech, by Hoffman LaRoche in 1990. By the mid-1990s, existing companies

had established significant capabilities in their selected technologies, how-

ever, they continued to cooperate with new biotechnology firms to explore

new ones.

2.5.2 Complementary assets as barriers to entry

With the slow reaction of large, established pharmaceutical companies to

the important discovery of biotechnology, new entrants have played an

extremely important role in the early diffusion of the new technology (see

also Grabowsky and Vernon, 1994; Kenney, 1986; Oakey, 1990 and 1993;

Orsenigo, 1989; Senker, 1998; Senker and Sharp, 1997). Despite their

crucial role in applied research and commercialisation, most of these new

firms were unable to produce a drug or generate any profits. In fact, of the

43 firms that were set up in the US in 1981, only six of these companies

were making a profit in 1990 (OTA, 1991 and 1993). We have argued in

the above that the main problems facing new biotechnology firms were

a shortage of finance and a lack of the complementary assets, skills, and

capabilities (Teece, 1986) necessary for successful commercialisation of the
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technological knowledge they clearly possessed (see also Barley et al., 1992;

Deeds and Hill, 1996; Greis et al., 1995; Walsh and Galimberti, 1993).

To commercialise biotechnology, firms needed large networks of physi-

cians prepared to carry out tests on the safety, quality, and effectiveness of

new drugs and later to prescribe them to their patients (Barley et al., 1992;

Bogner and Thomas, 1994; Della Valle and Gambardella, 1993; Hakans-

son et al., 1993; OTA, 1991; Taggart 1993). To educate these doctors

about a completely new class of drugs and their therapeutic uses, and

about the side effects involved in using these products, companies needed

large enough sales forces to give adequate coverage of all doctors (OTA,

1991; Taggart, 1993). In addition, they needed well-established relation-

ships with regulatory agencies (e.g., the FDA) in order to negotiate the

necessary clinical trials and to quickly steer the new drug through the ap-

proval process (Barley et al., 1992; Bogner and Thomas, 1994; Senker,

1998; Walsh and Galimberti, 1993). These kinds of skills and capabilities,

or networks of established relationships have to be built up over many years

while complying with drug-approval processes also requires heavy invest-

ments in R&D and marketing (see also Bogner and Thomas, 1994; OTA,

1991; Pisano and Wheelwright, 1995; Sharp et al., 1996; Taggart, 1993;

Walsh and Galimberti, 1993).

To effectively deal with their initial difficulties, new biotechnology firms

could follow one of two strategies or, in some cases, a combination of the

other two strategies. The first strategy open to them was to act as a

supplier of “knowledge services” such as information, consultancy, and

contract R&D, or intermediate products such as reagents, enzymes, or

specialist equipment, to other pharmaceutical companies instead of sell-

ing new drugs to final consumers (Saviotti, 1998; Smith and Fleck, 1988;

Walsh and Galimberti, 1993). In this role, new firms would essentially

act as the external R&D department for an existing company, either by

conducting contract research or through inter-firm R&D partnerships with

existing companies (Arora and Gambardella, 1990; Barley et al., 1992;
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Hagedoorn, 1996a; Hagedoorn and Schakenraad, 1990 and 1992; Pisano

and Wheelwright, 1995; Powell, 1996 and 1998). Most of the UK-based

biotechnology firms (e.g., Biogen, British Biotechnology, Cambridge Anti-

body Technology, Celltech, and Oxford Biosciences), whose main source of

continued finance was their own profits, were companies selling mainly ser-

vices rather than drugs. Forty percent of these firms did contract research

while services accounted for over 50 percent of revenues for 35 percent of

these companies (Oakey, Faulkner, Cooper, and Walsh, 1990).

The other strategy open to new firms was to engage in inter-firm part-

nerships with existing companies in order to gain access to their funds and

their complementary assets, sharing expertise in biotechnology in return

(Barley et al., 1992; Deeds and Hill, 1996; Greis et al., 1995; Pisano, 1991;

Powell, 1996 and 1998). These inter-firm partnerships constituted an im-

portant element in the initial strategies of the companies dealing with the

commercialisation of biotechnology. Indeed, even the most successful of

the new biotechnology firms (e.g., Amgen, Biogen, Cetus, Celltech, Chi-

ron, and a few others) only succeeded in marketing new drugs as a result

of various sorts of inter-firm partnerships with large, established pharma-

ceutical companies (see also Walsh and Galimberti, 1993).

2.6 Conclusions

The biotechnological revolution is largely based on important developments

in biochemistry, molecular biology, and genetics, which constitute a radi-

cal departure from the knowledge base previously used by pharmaceutical

companies (Achilladelis and Antonakis, 2001; Fransman, 1991; Galambos

and Sturchio, 1998; Orsenigo, 1989; OTA, 1991; Rothaermel, 2000; Zucker

and Darby, 1997). Although large, established pharmaceutical companies

have generally been among the most R&D-intensive and innovative com-

panies in the economy, these companies were only slowly acknowledging

the important potential applications of the radically new technology in the
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1970s and 1980s. Indeed, the moves toward mergers and acquisitions on

the one hand, and the building up of a new knowledge base in molecular

biology on the other, were late ones in this field. Their first move was

to establish small research groups whose primary task was to carry out

exploratory basic research and to identify new commercial opportunities

(Galambos and Sturchio, 1998; Walsh and Galimberti, 1993). Their sec-

ond move was a collaborative strategy based on numerous inter-firm R&D

partnerships with new, research-intensive biotechnology firms (Arora and

Gambardella, 1990; Barley et al., 1992; Hagedoorn, 1996a; Hagedoorn and

Schakenraad, 1990 and 1992; Pisano and Wheelwright, 1995; Powell, 1996

and 1998). The third stage was undertaken once some of the uncertainty

had been reduced, and when companies had identified both commercial

opportunities and less promising technologies (and abandoned the latter):

increased in-house R&D, mergers and acquisitions, and more traditional,

close cooperation with scientists (OTA, 1991; Walsh and Galimberti, 1993;

Senker, 1998).

Neither the size of the companies concerned nor the corresponding lack

of flexibility in redirecting a large and bureaucratic organization can ex-

plain the pace with which established companies responded to the dis-

covery of biotechnology. After all, the companies that responded most

effectively to the opportunities for innovation provided by biochemistry in

the 1970s and 1980s were already very large and bureaucratic. On balance,

large companies such as Merck, Smithkline and French, Glaxo, and Squibb

had done an excellent job of coping with that earlier shift to biochemistry

(Achilladelis and Antonakis, 2001; Barley et al., 1992; Bogner and Thomas,

1994; Galambos and Sturchio, 1998; Henderson and Cockburn, 1996; OTA,

1991; Walsh and Galimberti, 1993). Furthermore, once these companies

began to read and respond to important developments in biotechnology,

most of them were able to establish significant capabilities in the new tech-

nology rather quickly (Zucker and Darby, 1996 and 1997). In the 1970s,

however, many pharmaceutical companies carefully worked out a strategy
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of caution toward the new technology. Because older technologies (i.e.,

random screening and rational drug design) were still producing high re-

turns on investment, this strategy involved a continuing focus on the old

technologies they had established (Bogner and Thomas, 1994; Galambos

and Sturchio, 1998; Saviotti, 1998; Walsh and Galimberti, 1993; Zucker

and Darby, 1996 and 1997).

Existing companies’ preoccupation with older technologies could have

put these companies at a disadvantage in the 1970s and 1980s, when a

large number of new firms were entering the pharmaceutical industry with

potentially competence-destroying new technologies (Cohen and Levinthal,

1989 and 1990; Tushman and Anderson, 1986; Zucker and Darby, 1997).

However, established companies were able to use their existing knowledge

base to their advantage. Particularly, the accumulated skills, capabilities,

and knowledge base of established companies allowed these companies to

negotiate inter-firm partnerships with the new biotechnology firms, which

gave them access to the new knowledge base (Arora and Gambardella,

1990; Powell, 1996 and 1998; Rothaermel, 2000 and 2001). In these part-

nerships, the speed with which established companies were able to build

up a new knowledge base in molecular biology depended as much on their

ability to absorb external technological knowledge as it depended on their

in-house R&D. In this sense, we can argue that the new entrants’ skills for

exploiting biotechnology were not, after all, really competence destroying

(see also Rothaermel, 2000 and 2001; Saviotti, 1998). If the new technology

had been a competence-destroying technology in Schumpeter’s (1934) sense

(“gales of creative destruction”), successful exploitation of biotechnology

would have required the use of a completely new set of complementary

assets, skills, and capabilities (Teece, 1986).

Because biotechnology uses the same complementary assets as those re-

quired to practice older technologies, existing companies had a significant

advantage over new entrants (see also Gort and Klepper, 1982; Rosenbloom

and Christensen, 1998; Rothaermel, 2000; Saviotti, 1998). The need for
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large amounts of resources, complementary assets, and regulatory exper-

tise are factors mentioned in this chapter that serve both to determine

the competitiveness of existing companies and to bar entry by new firms.

Indeed, these kinds of skills and capabilities are difficult to access for new

firms. To successfully compete in the pharmaceutical industry, most of

these new biotechnology firms were thus more or less “forced” to cooper-

ate with existing companies in order to gain access to their funds and their

complementary assets (Barley et al., 1992; Deeds and Hill, 1996; Greis et

al., 1995; Pisano, 1991; Powell, 1996 and 1998).

By the mid-1990s, a new pattern of innovation had emerged in the phar-

maceutical industry where innovation was largely concentrated in dense

networks of inter-firm R&D partnerships between existing companies and

new firms. Inter-firm cooperation now played a crucial role in that pro-

cess and was likely to remain important for many years to come (Arora

and Gambardella, 1990; Barley et al., 1992; Hagedoorn, 1996a; Powell,

1996 and 1998). Given the improved biotechnology capabilities of estab-

lished companies, however, it appears that these companies will continue

to dominate the search for new drugs, their development, and marketing.

The skills, capabilities, and market power of established companies proved

strong enough to absorb technological knowledge originating outside the

industry (Rothaermel, 2000 and 2001). In the 1970s and 1980s, these

companies therefore continued to build on their existing knowledge base,

innovated in a lower risk way than most of the new firms, and ultimately

incorporated the new technology into their accumulated knowledge base.

This suggests that the largest pharmaceutical companies have maintained

the ability to develop and implement new strategies of change, which ensure

their continuing dominance in the rapidly changing technological environ-

ment in which they operate.
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Trends in inter-firm R&D partnering since 1975
6

3.1 Introduction

Until recently, R&D was not an activity that researchers expected to see

carried out in cooperation between different companies. In particular for

high-tech industries, such as information technology and biotechnology,

where state-of-the-art research and technological know-how are critical to

competitive success, the sharing of R&D activities by competing companies

seemed a rather unusual aspect of corporate behaviour. This is probably

one of the main reasons why the growth of the number of inter-firm R&D

partnerships during the 1980s and the 1990s has attracted so much atten-

tion in recent years, both in the academic literature and in the popular

press.

In the present chapter, we will attempt to contribute to the under-

standing of inter-firm collaboration in R&D with an analysis of some basic

trends and patterns in the forming of R&D partnerships in the interna-

tional pharmaceutical biotechnology industry. The biotechnology industry

is one of the main examples of current industries where we find a large num-

ber of R&D partnerships, in particular between large and small companies

(Hagedoorn, 1996a; Hagedoorn and Roijakkers, 2002; Kenney, 1986; Pow-

ell, 1996). Data from the MERIT-CATI database (see appendix A) suggest

that over 65 percent of all the biotechnology R&D partnerships are related

to pharmaceutical biotechnology7. Because of the dominance of this par-

6 This chapter is based on Roijakkers, N. and Hagedoorn, J. 2003. Inter-firm R&D partnering in
high technology industries - Patterns in the international biotechnology industry since 1975. In
J. Dunning and G. Boyd (eds.), Alliance capitalism and corporate management: entrepreneurial
cooperation in knowledge-based economies. Cheltenham: Edward Elgar, 63-91.

7 See figure 4.1 for the distribution of newly established R&D partnerships in various
biotechnology-based industries.
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ticular sub-sector in the biotechnology industry, with so few partnerships

found in other biotechnology sectors, our contribution focuses on collabo-

ration between companies in the pharmaceutical biotechnology industry.

Apart from a sectoral restriction, we will also limit the analysis to those

inter-firm agreements for which the transfer of technology or the creation of

new technology through R&D are central to the agreement. R&D refers to

the standard research and development activities that are aimed at increas-

ing scientific or technical knowledge and the application of that knowledge

to the creation of new and improved products and processes. We will con-

fine the analysis to particular modes of partnering such as joint ventures

for which common R&D or technology sharing is a major objective, joint

R&D agreements, and minority holdings coupled with research contracts.

We have chosen the period from 1975 to 1998, because this period covers

the years in which inter-firm partnering has risen rapidly, in pharmaceuti-

cal biotechnology as well as in many other fields of technology and sectors

of industry (Hagedoorn, 1996a).

In section 3.2, we first present and explain the growth pattern in R&D

partnering since 1975. This is followed by a discussion of the major fac-

tors that could motivate companies to enter into various sorts of R&D

partnerships. Although the rationales for cooperation are numerous, we

restrict our attention to those rationales that are important for firms in

the pharmaceutical biotechnology industry (see Hagedoorn (1993) for a

more general overview of motives for R&D partnerships). Section 3.4 is

devoted to a discussion of the different organizational features of basic cat-

egories of modes of cooperation. In that section, we also pay attention to

the analysis of changes in the distribution of different categories of part-

nerships. Next, we discuss international patterns of partnering in terms of

changes in the historical distribution of domestic and international part-

nerships, with special reference to the Triad regions (Asia, Europe, and

North America). Section 3.6 presents some conclusions.
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3.2 Historical pattern of R&D partnerships

In order to assess the importance and magnitude of alliance activity, we ex-

amine the number of newly established R&D partnerships as they appear

in the CATI database. Figure 3.1 shows the growth pattern of annually,

newly made R&D partnerships in the pharmaceutical biotechnology in-

dustry for the period 1975-1998. The numbers are calculated as three-year

moving averages to show the general trend in the data while correcting for

yearly fluctuations.

Figure 3.1: The growth of newly established R&D partnerships, three-year moving averages,
1975-1998.

During the second half of the 1970s, there is a gradual increase of the

number of newly established R&D partnerships from fewer than 5 new

partnerships in 1976 to around 15 new agreements in 1978. The end of the

1970s witnessed a rather sudden increase in the number of new partnerships

as nearly 25 alliances were established in 1979. This particular growth
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pattern is continued well into the first half of the 1980s. Apart from a

small drop in 1982, those years mark a rather steep increase of the number

of annually formed partnerships from about 30 in 1980 to nearly 70 new

alliances made in 1986. The last couple of years of the 1980s show a

substantial drop in the newly made R&D partnerships to slightly more

than 35 alliances in 1989. During the early 1990s, the number of newly

made alliances drops even further to fewer than 20 agreements in 1991,

after which this number takes off again to reach a level of about 230 new

partnerships in 1996. At the end of the period of our analysis, the number

of annually made alliances is decreasing again to slightly over 200 new

partnerships in 1997. However, this number is still considerably higher

than the figures found for most years since the early 1980s.

All in all, the historical data on R&D partnering in the pharmaceutical

biotechnology industry reveal, despite some irregularities, an overall growth

pattern in the number of annually made R&D partnerships since the mid-

1970s. During the late 1970s, we see a rather steady growth pattern while

the 1980s and particularly the 1990s show a more accelerated growth trend

with clear peaks in 1986 and 1996 as well as a significant drop in alliance

activity in 1990. This particular, seemingly cyclical, growth pattern is

quite identical to the pattern found for other industries (see Hagedoorn,

1996a).

One possible explanation for the specific pattern in the newly estab-

lished R&D partnerships, found in the CATI database, is related to the

volatility of financial markets during the second half of the 1980s. In the

first years of the 1980s, venture capital firms invested large amounts of

financial resources in capital-intensive R&D projects carried out by new

biotechnology firms (Hakansson et al., 1993; Senker, 1996; Walsh, Niosi,

and Mustar, 1995). Originally based on university research that led to ma-

jor scientific and technological changes, nearly all of the new biotechnology

companies were founded to commercially exploit promising new technolo-

gies such as recombinant DNA technology and hybridoma technology. For
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most, if not all, of these small firms, venture capital constituted the single

largest source of funding.

After the 1987 Wall Street crash, however, venture capitalists became

increasingly hesitant to provide the funds for new biotechnology firms since

most of them failed to introduce new, breakthrough drugs (Barley et al.,

1992; Galambos and Sturchio, 1998; Smith and Fleck, 1988; Walsh and

Galimberti, 1993). The decreasing availability of venture capital during

the second half of the 1980s caused an initial shakeout in the industry with

numerous biotechnology firms filing for bankruptcy. The lower number

of potential biotechnology R&D partners available to large pharmaceutical

companies may provide a tentative explanation for the substantial decrease

in the number of newly established partnerships during the final years of

the 1980s. Also during these years, the major source of funding for new

biotechnology firms shifted from venture capital firms to large pharma-

ceutical companies, which shows up in the gradual growth of newly made

R&D partnerships during the first half of the 1990s (see also Barley et al.,

1992; Senker and Sharp, 1997; Smith and Fleck, 1988).

3.3 Rationales for R&D partnering

In the literature, the explanation for the overall increase of alliance activity

is generally related to the motives that “force” companies to collaborate

on R&D. Major factors mentioned in that context are related to important

industrial and technological changes in the 1980s and 1990s that have led

to increased interdisciplinarity of scientific and technological developments,

higher risks surrounding R&D, increasing costs of R&D projects, and ever-

shortening innovation cycles that favour collaboration (see Contractor and

Lorange, 1988a; Dussauge and Garrette, 1999; Hagedoorn, 1993 and 1996a;

Mowery, 1988; Mytelka, 1991; Nooteboom, 1999; OECD, 1992). In this

section, we restrict our attention to those rationales that are important for



46 Chapter 3

firms that are engaged in biotechnological activities, in particular large,

established pharmaceutical companies and new biotechnology firms.

For large pharmaceutical companies, their motives to enter into R&D

partnerships frequently have both a cost-economizing background as well as

a strategic intent (see also Eisenhardt and Schoonhoven, 1996; Hagedoorn,

1993; Hagedoorn et al., 2000; Lorenzoni and Lipparini, 1999; Mowery,

Oxley, and Silverman, 1998). The cost-economizing motivation appears to

particularly play a role when we consider the period that covers the first

years of the 1980s. Around this time, the pharmaceutical industry at large

was confronted with a dramatic increase of R&D costs8 and at the same

time, a declining number of new, innovative drug compounds resulting from

the more traditional chemical route to innovation (Grabowski and Vernon,

1994; Pisano and Wheelwright, 1995; Walker and Walker, 1986).

As a result of these developments, large companies such as Bayer, Ciba

Geigy, and Eli Lilly were beginning to reposition themselves in an attempt

to achieve greater economies of scale and scope in R&D. One of their

main goals was to carry out exploratory basic research across a broader

range of new scientific and technological areas in order to identify and take

advantage of the many commercial opportunities that were opening up in

these fields (Galambos and Sturchio, 1998; Hagedoorn, 1995; Hamel, 1991;

Walsh and Galimberti, 1993). However, even the largest, well-financed

pharmaceutical companies were finding it more and more difficult to finance

both basic and applied research across the entire range of relevant new

opportunities. This problem induced many of these firms to seek access to

external technological research and knowledge by establishing partnerships

with others (Barley et al., 1992; Hagedoorn, 1993; Pisano and Wheelwright,

1995; Powell, 1996 and 1998).

During the early 1980s, pharmaceutical companies began to develop

and maintain numerous formal partnerships with external sources of the

new technology, i.e., small biotechnology firms, most of them US-based,

8 See section 2.4.1, for a description of the specific growth pattern in R&D costs since 1975.
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and research universities in order to gain a window on the scientific ad-

vances in molecular biology and recombinant DNA technology (Arora and

Gambardella, 1990; Barley et al., 1992; Hagedoorn and Roijakkers, 2002;

Powell, 1996). In these cases, the strategic intent of R&D partnerships

became more apparent. Adopting this strategy allowed these firms to keep

their main R&D activities within their own domain while jointly perform-

ing R&D with biotechnology companies in this new, high-risk area of R&D

of which the future importance for their technological capabilities was too

unclear to justify any sudden changes in the existing research strategy.

If established companies are motivated to enter partnerships mainly to

lower the cost of some of their R&D activities as well as to explore new

technological opportunities beyond their current domain (Arora and Gam-

bardella, 1990; Doz, 1988; Pisano, 1991; Shan, Walker, and Kogut, 1994),

small firms in turn primarily have a cost-economizing rationale (Senker

and Sharp, 1997). Although biotechnology firms developed a reputation

for their R&D capabilities and applied laboratory research in advanced

biotechnology, most of them failed to develop new drugs for sale to final

customers. According to Walsh and Galimberti (1993), this was mainly

due to a shortage of funds, an extended development cycle, a lower level of

demand than anticipated, and their inability to combine obviously novel

forms of technical knowledge with knowledge of approval procedures, pro-

duction, and marketing.

The instability of capital markets in the final years of the 1980s has

been an important motivating factor for small biotechnology firms to form

various kinds of partnerships. In section 3.2, we already mentioned that

during the first half of the 1980s, the initial capital requirements of US-

based start-ups were primarily met by venture capital firms (Hakansson et

al., 1993; Senker, 1996; Walsh et al., 1995). Between 1980 and 1983, the

most successful biotechnology firms that were founded on the basis of aca-

demic breakthroughs, such as Genentech, were the first to go public and

launch initial stock offerings (IPOs) (Barley et al., 1992). Some of these
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had disappointing results, but the stock market boom of 1983 triggered a

series of initial public offerings and a period of heavy speculation in the

stocks of new biotechnology firms. The strong market for initial stock of-

ferings also stimulated many venture capital firms to provide the funding

for large numbers of new start-ups, often on just the promise of a new

technology. Besides recombinant DNA technology, the ability to produce,

at low cost, large quantities of monoclonal antibodies triggered the found-

ing of many entrepreneurial companies as well as a wave of enthusiasm

amongst investors.

Because development work took longer than anticipated, however, and

many new biotechnology-based drugs proved to be less promising when

subjected to rigorous clinical testing, even the oldest biotechnology firms

were slow in introducing new, breakthrough products (Galambos and Stur-

chio, 1998; Smith and Fleck, 1988). Venture capital firms typically receive

their financing through partnerships, which are normally based on strict

contractual arrangements with respect to payback dates. The low chances

of recapturing their investments within a relatively short period of time

made these firms less willing to finance costly research and development

and clinical trials (Barley et al., 1992). As was mentioned in section 3.2, af-

ter the stock market collapse of 1987, investors became extremely cautious

about the potential for new biotechnology-based drugs and their interest

in initial public offerings began to diminish. Unable as yet to produce their

own working capital, small firms were consequently experiencing increas-

ing pressure to finance their R&D by entering into partnerships with large

pharmaceutical firms (Senker and Sharp, 1997; Smith and Fleck, 1988).

As discussed in chapter 2, another problem confronting small firms was

a lack of complementary skills, assets, and technologies (Teece, 1986) nec-

essary for the successful commercial exploitation of the state-of-the-art

technological knowledge they clearly possessed. Recombinant DNA tech-

nology may provide new routes to existing as well as to new drugs, but

the required technological know-how must be combined with knowledge
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of the worldwide market introduction and distribution of safe and effec-

tive pharmaceutical products, among others. Such complementary forms

of knowledge are possessed by large pharmaceutical companies, which in

the past were the dominant innovators in the pharmaceutical industry. In

modern biotechnology, it has become common practice for small firms to

share their scientific and technical expertise and/or patents in biotechnol-

ogy with large pharmaceutical firms in exchange for access to the larger

firms’ financial resources and established organizational capabilities in clin-

ical research, regulatory affairs, manufacturing, and marketing (Della Valle

and Gambardella, 1993; Hakansson et al., 1993; Larson, 1992; Rothaermel,

2000).

3.4 Modes of cooperation

In the previous sections, we have discussed R&D partnerships in general

terms. However, it has to be stressed that in the pharmaceutical biotech-

nology industry, R&D partnering takes place through a specific number of

organizational modes. In this section, we distinguish between a group of

equity-based partnerships, such as joint ventures and minority holdings,

and a group of contractual agreements, such as joint R&D agreements and

R&D contracts. As these modes of cooperation will feature so prominently

in the following analysis, we will briefly discuss these modes somewhat

further.

Joint ventures are probably the oldest and most well-known form of

inter-firm partnering (Berg, Duncan, and Friedman, 1982; Hladik, 1985).

Traditionally, this mode of cooperation accounted for the majority of part-

nerships in many sectors of industry. In a joint venture, two or more

separate parent companies agree to combine their resources and skills in a

distinct organizational unit or “company” that is characterized by shared

equity ownership. In the context of R&D partnering, joint ventures have

shared R&D as a specific company objective as well as production, mar-
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keting, sales, etc. From this brief description of joint ventures, it is obvious

that equity participation is used in an attempt to lower transaction costs

between the parent companies. Because equity participation creates a rela-

tively high degree of organizational interdependence among the participat-

ing companies, the chances of cheating on other partners can be reduced

to a large extent. If one partner does not behave in a responsible way, then

the whole venture suffers and equity diminishes for all parent companies

(Buckley and Casson, 1988).

Minority holdings are another type of equity-based partnerships where

one company obtains a rather small interest (substantially less than 50

percent) in another. In the pharmaceutical biotechnology industry, mi-

nority holdings are often coupled with technology exchange agreements.

Particularly, large pharmaceutical companies are well known to invest in

small biotechnology companies in order to explore a promising new field

of technology without investing the full amount of resources that would

be needed for internal development. If the technology of the small firm

becomes more important to the pharmaceutical firm, a takeover can be

considered.

During the past decades, a number of contractual forms of R&D part-

nering, in particular joint R&D agreements, have become an alternative to

equity-based partnerships. We understand joint R&D agreements to cover

technology and R&D sharing by two or more companies through the joint

undertaking of research and development projects with shared resources.

Research contracts are examples of non-equity partnerships that regulate

R&D partnering in which one company, usually a large one, contracts an-

other, frequently small, company, to perform particular research projects.

Non-equity agreements are used extensively by large pharmaceutical com-

panies in the pharmaceutical biotechnology industry in order to raise their

ability to switch from research in one technology to another (Barley et al.,

1992; Obleros and MacDonald, 1988).

Recent studies have established that non-equity, contractual forms of
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R&D partnerships, such as joint R&D agreements and research contracts,

have become very important modes of inter-firm collaboration as their

numbers and share in the total of partnerships has far exceeded that

of equity-based partnerships (Hagedoorn, 1996a; Hagedoorn and Narula,

1996). Whereas equity agreements are often established in order to raise

mutual dependence, an increasing number of companies prefer a more flex-

ible relationship with other companies. Especially in high-tech industries

such as pharmaceutical biotechnology that are characterized by the in-

creasing complexity of technologies, rapid technological changes, and the

increasing costs of R&D, even the largest firms are no longer able to mon-

itor all the technological developments that are important for their core

markets. Cooperation through more flexible types of agreements enables

these firms to monitor several technological developments, and at the same

time, let them concentrate on a few, most promising, projects internally

(Harrigan, 1985 and 1988). If certain technologies turn out to be less suc-

cessful, contractual arrangements can be terminated relatively easily with

only a small financial loss.

Figure 3.2 shows the gradual increase in the relative importance of con-

tractual arrangements compared to equity-sharing partnerships, which is

in congruence with previous contributions. All numbers are calculated

as three-year moving averages and expressed as percentages of the total

number of annually, newly established R&D partnerships. During the late

1970s, when there were only a small number of R&D partnerships, approx-

imately 60 percent of the newly made partnerships in the pharmaceutical

biotechnology industry were equity-based agreements. The majority of

these equity-sharing partnerships are of the minority holding type. Less

than 20 percent of all the R&D partnerships, as found in the CATI data-

bank, are R&D joint ventures. Since the 1980s, the share of contractual

arrangements has increased from about 60 percent during most of the eight-

ies to approximately 85 percent in the nineties. In general, companies seem

to prefer joint R&D agreements to R&D contracts. However, the number of
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Figure 3.2: The share (%) of contractual modes in all newly established R&D partnerships,
three-year moving averages, 1975-1998.

yearly established R&D contracts, found in the CATI database, indicates

an increasing popularity of this mode of partnering in recent years.

So far, we have presented a general overview of major trends in R&D

partnerships in the pharmaceutical biotechnology industry since 1975, ex-

amining both growth data and the distribution according to major orga-

nizational characteristics of these partnerships. These overall trends in

inter-firm R&D partnering indicate the following:

• By and large, companies seem to increasingly prefer contractual part-

nerships to equity-based arrangements.

• The growth of annually, newly made R&D partnerships in the pharma-

ceutical biotechnology industry since the early 1980s is primarily caused

by an increase in the number of contractual agreements such as joint

R&D agreements.
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3.5 International patterns in R&D partnerships

A considerable number of scholars in business as well as in economics

have paid attention to the “globalisation” of the world economy (see e.g.,

Bartlett, Doz, and Hedlund, 1990; Cantwell, 1991; Dunning, 1988 and

1993; Hirschey and Caves, 1981; Pearce, 1989; Reich, 1990 and 1991;

Vernon, 1966 and 1979). Globalisation is an important and critical fea-

ture of today’s high-tech industries such as pharmaceutical biotechnology

where increased international competition between companies forces them

to pursue international strategies. Through these international strategies,

companies seek not only foreign market entry, but they also seek foreign

assets (both of a tangible and an intangible nature), and build interna-

tional inter-firm partnerships for international sourcing of R&D, produc-

tion, and supply. Many authors (Contractor and Lorange, 1988a; Dunning,

1993; Duysters and Hagedoorn, 1996a; Ohmae, 1990; Yoshino and Rangan,

1995) have stressed the critical role that inter-firm R&D partnering plays

in the internationalisation strategies of a growing number of companies.

Consequently, one could expect that the share of international R&D part-

nerships in the total number of R&D partnerships should have increased

during the past two and a half decades.

In this section, we will see to what extent inter-firm pharmaceutical

biotechnology R&D partnerships have become more internationalised. We

will pay special attention to partnerships made between companies from

Asia (Japan and South Korea), Europe (the EU and EFTA countries), and

North America (US and Canada). Previous work by Freeman and Hage-

doorn (1994) and Ohmae (1985 and 1990), already revealed that the ma-

jority of R&D partnerships are made between companies from within the

Triad regions (Japan, Europe, and North America). South Korea is men-

tioned by Freeman and Hagedoorn (1994) and Duysters and Hagedoorn

(2000) as a recent “player” of some importance. In the following, R&D

partnerships between companies from Asia, Europe, and North America
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are considered as international alliances, i.e., inter-Triadic partnerships.

Intra-European partnerships are seen as regional or domestic partnerships,

as are partnerships made within either Asia or North America. All other

combinations outside the Triad regions are treated as a miscellaneous cat-

egory.

Figure 3.3 demonstrates that a large share of the sample of pharmaceu-

tical biotechnology R&D partnerships is of an intra-regional or domestic

nature during the second half of the 1970s as well as the 1980s. However,

this share has declined over the past decades, from an average of about 55

percent for most of the 1980s to somewhat higher than 45 percent during

the 1990s. For most of the 1990s, the share of international, inter-Triadic,

partnerships has been higher than the domestic and regional alliances.

During the final years of the 1990s, the share of domestic alliances has

risen again relative to international partnerships. Also, during the most

recent years, we see a growth of the share of other combinations to a still

relatively small share of around 2 percent.

So far, we have described the general pattern in international pharma-

ceutical biotechnology R&D partnering. In the following, we examine the

role played by the different international economic and trading blocks at

a more disaggregated level (see figure 3.4). If one looks at the overall pat-

tern in R&D partnering during the past two and a half decades, it becomes

clear that companies from the Triad participate in over 98 percent of all

R&D partnerships. North America clearly dominates R&D partnering in

the pharmaceutical biotechnology industry. Over 70 percent of the R&D

partnerships, as found in CATI, for the past two and a half decades have

at least one North American partner. During the 1970s and 1980s, the

share of partnerships involving at least one North American partner grad-

ually eroded from around 82 percent in the second half of the 1970s to

less than 75 percent in the final years of the 1980s. This share increased

again to more than 85 percent during the 1990s. Partnerships within North

America (of which the majority share stands for intra-US R&D partner-
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Figure 3.3: Share (%) of international and domestic (regional) partnerships in newly established
R&D partnerships, three-year moving averages, 1975-1998.

ing; US-Canadian partnerships and intra-Canadian partnerships account

for less than 4 percent) account for around 40 percent of all the R&D

partnerships in all periods.

During the second half of the 1970s, more than 37 percent of the inter-

firm R&D partnerships were made between European and North American

companies. This share reached a level of less than 26 percent during the

1980s, after which it increased again to over 39 percent in the 1990s. These

shares are substantially higher than the shares found for intra-European

R&D partnerships in identical periods. The share of intra-European part-

nerships dropped from slightly over 11 percent in the 1970s to around 10

percent in the early 1980s. The second half of the 1980s marks a sudden

increase in the share of intra-European partnerships to nearly 16 percent.

During the 1990s, less than 10 percent of all R&D partnerships were made

between two or more European firms.



Figure 3.4: International distribution of R&D partnerships, 1975-1998.
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North American-Asian R&D partnering has gradually grown from about

4 percent during the 1970s to about 16 percent during the first half of

the 1980s. This share eroded to slightly less than 12 percent in the late

1980s and to only 5 percent in the first years of the 1990s. The share

of R&D partnerships made between companies from North America and

Asia reached 8 percent during the most recent years. Intra-Asian or intra-

Japanese R&D partnerships and partnerships between Europe and Asia

remain at a relatively low level of less than 7 percent during the last two

and a half decades.

Further analysis of this data (detailed figures are not shown here), re-

veals some striking developments in the overall distribution of R&D part-

nerships at the level of countries. First of all, Swiss firms and companies

from the UK and Germany play an important role in Europe-US R&D

partnering in all periods considered. The overall dominance of R&D part-

nering between Europe and the US by UK firms is a development that

dates back to the late 1980s. During the 1970s, less than 5 percent of these

alliances were made between UK-based companies and US companies and

in the first half of the 1980s, partnerships between firms from the UK and

US companies accounted for even less than 3 percent of all partnerships.

However, the second half of the 1980s marks a sudden increase in the share

of UK-US partnerships to over 7 percent. This increase continues well into

the 1990s and ultimately reaches a level of more than 11 percent. During

the last two and a half decades, we also observe R&D partnerships between

US companies and companies from France, Sweden, and the Netherlands,

although these shares remain relatively low.

Second, while UK-based firms and companies from Switzerland and Ger-

many have dominated Europe-US R&D partnering in the pharmaceuti-

cal biotechnology industry during the past decades, these firms have also

played an important role in inter-firm partnering between two or more

European companies. Particularly, during the 1980s and the 1990s, 2-

3 percent of these partnerships were established within the UK. A few
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other important country dyads: Switzerland-Germany, UK-Sweden, and

Germany-France.

Third, Japan-US partnerships represent the largest share of all Asia-

North America pharmaceutical biotechnology R&D partnering during the

1970s, the 1980s as well as the 1990s. During the 1980s and the 1990s,

South Korea appears as a relatively important partner to the US besides

Japan.

Fourth, if we take a closer look at the pattern in R&D partnering be-

tween companies from Asia and Europe, it becomes clear that companies

from Japan, Switzerland, and the UK participated in the majority of these

alliances during the late 1970s and the 1980s. During the 1990s, Japan-UK

partnerships as well as Japan-Germany partnering, and to a lesser extent

partnerships between Japanese firms and French companies have domi-

nated R&D partnering between Asia and Europe. Besides Japan, South

Korea appears as an important partner for French companies.

3.6 Conclusions

The increasing costs of R&D projects, the need to search for alternative

routes to pharmaceutical innovation, the speed of developments in major

scientific areas such as molecular biology and recombinant DNA technol-

ogy, and the high risks surrounding pharmaceutical biotechnology R&D

describe much of the strategic and cost-related factors that have moti-

vated large pharmaceutical companies to enter into various sorts of R&D

partnerships. Major aspects of the partnering behaviour of small biotech-

nology firms can be found in attempts to obtain access to skills, assets,

and technologies that would complement their state-of-the-art R&D capa-

bilities and a shortage of venture capital. As all these phenomena have

become critical in the current process of inter-firm competition in the com-

bined pharmaceutical and biotechnology industry, it is no surprise that the
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absolute number of R&D partnerships has increased dramatically during

the past decades.

This growth is, to a very large degree, caused by the number of contrac-

tual agreements, i.e., joint R&D agreements and R&D contracts. Equity-

sharing agreements (i.e., minority holdings), once the most prominent form

of inter-firm R&D partnering, have largely been replaced by contractual

arrangements as about 85 percent of the recently established partnerships

are of a contractual nature. This development suggests that partnering in

the pharmaceutical biotechnology industry demands organizational flexi-

bility with the actual form of the partnership fitted to the strategic needs

of the companies that are involved. In this industry where factors such

as the increasing interdisciplinarity of technological fields9, rapid scientific

advances, and the high costs of R&D projects significantly affect inter-firm

competition, companies strive to increase their organizational flexibility by

engaging in numerous short-term R&D projects with multiple partners.

As demonstrated in section 3.5, the increase of alliances in the phar-

maceutical biotechnology industry has also led to a larger number of in-

ternational or inter-Triadic partnerships. In relative terms, the growth of

these international partnerships has superseded the increase in the num-

ber of domestic partnerships or alliances in the same economic region. An

explanation for this specific pattern can be found in the foreign sources

of biotechnological know-how that companies seek through international

R&D partnerships. In that context, the dominance of North America, par-

ticularly the US, reflects the important role that this continent plays as a

major source of R&D resources and capabilities in pharmaceutical biotech-

nology. This dominance has not only led companies from other countries,

particularly the UK, Switzerland, and Germany, to actively search for R&D

partnerships with North American companies, the North American dom-

inance of technological development in the pharmaceutical biotechnology

9 An example would be the rapidly expanding field of bioinformatics (Fransman, 1991). As the
name suggests, this is the use of information technology in the screening and identification of
DNA.
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industry has led to a situation where a large percentage of R&D partner-

ships are formed between companies within the US.



4

Small entrepreneurial firms and large companies in

inter-firm R&D networks
10

4.1 Introduction

This chapter studies the role played by small entrepreneurial firms and

large companies in the international pharmaceutical biotechnology indus-

try. The pharmaceutical biotechnology industry is one of the main exam-

ples of current industries that are characterised by “hyper-competition”

(D’Aveni, 1994) with a high degree of uncertainty about the combined

effects of both new technologies and new market structures. It is an exam-

ple of an industry with Schumpeterian competition where revolutionary

changes in technology and innovative, new products and processes have

the potential to threaten the position of existing market-leaders and their

product-market positions (Porter Liebeskind, Lumerman Oliver, Zucker,

and Brewer, 1996). It is also a sector where we find a large number of R&D

partnerships, in particular between large and small companies (Hagedoorn,

1996a; Kenney, 1986; Powell, 1996).

Throughout this chapter, we will refer to the pharmaceutical biotechnol-

ogy “industry” although, given the above-mentioned characteristics, this

is probably an incorrect term as its status as a separate industrial sector

is still somewhat unclear. Strictly taken, pharmaceutical biotechnology is

not yet a regular industrial sector, but a hybrid form of an “industry” with

established companies, i.e., from the pharmaceutical sector, and a wide

10 This chapter is based on Hagedoorn, J. and Roijakkers, N. 2002. Small entrepreneurial firms
and large companies in inter-firm R&D networks - The international biotechnology industry.
In M. Hitt, D. Ireland, M. Camp, and D. Sexton (eds.), Strategic entrepreneurship: creating a
new mindset. London: Blackwell, 223-252. Furthermore, the chapter was selected for inclusion
in the Best Paper Proceedings of the High Technology Small Firms Conference, which was held
at Manchester Business School, Manchester, UK, from 31 May until 1 June 2001.
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range of new biotechnology companies that are science based and tech-

nology driven, but still with relatively few regular products and limited

manufacturing capabilities (Powell et al., 1996). In other words, when we

use the term industry in this chapter, we recognise that we are mainly

analysing a group of companies that are engaged in R&D, innovation,

and the manufacturing of products and processes that can be labelled as

biotechnological activities.

This chapter concentrates on the analysis of inter-firm networks of R&D

partnerships and the role played by different groups of companies. This

analysis of the role of different groups of companies and the structure of

networks in the pharmaceutical biotechnology industry follows the sugges-

tion made by Hitt and Ireland (2000) and Shan et al. (1994) that the

study of network structures and the role played by different groups of com-

panies is of eminent importance to understanding emerging sectors such

as the pharmaceutical biotechnology industry. Within these networks, we

will pay special attention to the role of small entrepreneurial firms that

are known to play such an important role in this industry (Kenney, 1986;

Powell et al., 1996).

We have chosen the period from 1985 to 1995, because this period is

expected to encompass the end of the first period of the growth of the phar-

maceutical biotechnology industry with the emergence of a large number of

small biotechnology companies during the 1980s and a first phase of some

maturation where the commercialisation of biotechnology is becoming more

important (Arora and Gambardella, 1990; Galambos and Sturchio, 1998).

This period also covers the years in which inter-firm partnering has risen

rapidly, in this sector as well as in many other fields of technology and

sectors of industry (Hagedoorn, 1996a).

In section 4.2, we will first discuss the different roles that large compa-

nies and small entrepreneurial firms play in generating innovative output

and major technological changes. The perspective that is chosen in this

chapter is clearly influenced by the Schumpeterian tradition in the study
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of innovation. In sections 4.3 and 4.4, we also pay attention to the comple-

mentarities of large and small firms in the networks of R&D partnerships

that have become so important in the pharmaceutical biotechnology in-

dustry. These sections lead us to a set of three research questions that will

guide the empirical analysis of this chapter. These research questions focus

on the general structure of the inter-firm networks of R&D partnerships,

changes in the position of small, entrepreneurial biotechnology firms, and

the role of large pharmaceutical companies. After a description of some

methodological issues and an explanation of the data used in our analysis,

the second part of the chapter is devoted to an empirical analysis that

concentrates on the main issues introduced with the research questions. In

section 4.7, we first analyse some basic trends in R&D partnerships since

the mid-1980s. This is followed by an in-depth analysis of the changes in

the inter-firm R&D networks where attention is paid to groups of compa-

nies as well as to the nodal players in the different networks that emerge

over time. In section 4.9, we discuss our main findings and we draw some

major conclusions from this chapter.

4.2 Innovation - the role of large companies and small

entrepreneurial firms

Our understanding of the importance of innovation and our perception of

the role played by different categories of companies, such as large compa-

nies and relatively small entrepreneurial firms, can be clearly placed within

the Schumpeterian tradition. We follow Schumpeter (1934) where innova-

tion is described in the context of “new combinations” that replace existing

products and markets. As suggested by Hagedoorn (1996b) and others, we

understand these Schumpeterian new combinations as “technical” innova-

tions in terms of new products or new quality of products, new methods

of production, or new sources of supply of raw materials. These techni-

cal innovations have to be distinguished from “market or organizational”
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innovations, which are new combinations in terms of new markets or new

industry structures.

For the pharmaceutical industry, modern biotechnology is a clear exam-

ple of a set of new combinations with new technologies and state-of-the-art

scientific understanding that create a technological discontinuity. In the

context of this technological discontinuity, innovations not only affect the

introduction of new products and new processes, but these technical inno-

vations also come with new “players,” i.e., companies that restructure parts

of the pharmaceutical industry that has gradually become mature (Powell,

1996; Powell et al., 1996). These new scientific and technical innovations

from biotechnology that are currently introduced, are largely based on

immunology and molecular biology, including recombinant DNA technol-

ogy, whereas the “traditional” pharmaceutical industry and its innovations

are largely based on organic chemistry. Some observers understand these

changes to be so fundamental that they describe the technological disconti-

nuity in the pharmaceutical industry, as caused by modern biotechnology,

as a clear shift in the existing technological paradigm (Della Valle and

Gambardella, 1993; Orsenigo, 1989; Walsh and Galimberti, 1993).

When we consider the innovative role played by both large companies

and smaller entrepreneurial firms, there is also a strong Schumpeterian

flavour to our understanding of the contribution of these different categories

of companies. The importance of the entrepreneurial company as a major

generator of new innovations is most clearly stressed in the “early” Schum-

peter (1934). In this early work, entrepreneurial companies are small,

independent companies that act as major agents of change within new in-

dustries. These entrepreneurial companies are innovators that successfully

introduce new products of which the development is expected to be largely

financed through external sources and not so much through internal finan-

cial resources (cash flow). In modern strategic management terminology:

this Schumpeterian entrepreneurship is based on proactive strategies that

capitalize on firm-specific advantages and innovative capabilities, financed
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through bank loans and venture capital. The Schumpeterian entrepreneur

is not necessarily a strictly rational, economically maximizing agent, a risk

taker, or a capitalist, as in the “classical” theories of entrepreneurship by

Knight and Say (Marco, 1985), but primarily an agent of change who is

searching for new opportunities (Hagedoorn, 1996b; Santarelli and Pescia-

relli, 1990).

Many elements of these Schumpeterian entrepreneurial firms are clearly

present in the pharmaceutical biotechnology industry. In fact, both Ken-

ney (1986) and Powell et al. (1996) depict small biotechnology firms as an

ideal type of modern entrepreneurial companies. As mentioned by Arora

and Gambardella (1990), Barley et al. (1992), Pisano (1991), and Powell

et al. (1996), small, new biotechnology companies are frequently financed

through venture capital or loans and equity participation of large compa-

nies. Originally based on university research that led to major scientific

and technological changes, nearly all of the small biotechnology companies

also started as new entrants to the pharmaceutical industry (Kenney, 1986;

Pisano, 1990; Powell, 1996).

In terms of their organizational setting and their organizational culture,

most of the small biotechnology companies are quite different from the

“standard” company that one finds in traditional industries. New biotech-

nology companies seem to be driven by scientific discoveries and innovative

performance and not only by regular profit seeking (Lumerman Oliver and

Porter Liebeskind, 1997). In addition, the “academic culture” within these

innovation-driven and loosely organized companies, with their informal,

non-hierarchical structures, sets them apart from many other “traditional”

companies (Pisano, 1991; Powell, 1996).

If we look at the role of large companies in Schumpeter, we have to

understand that there is also an important role for these large companies

in many publications by Schumpeter. Specifically the “older” Schumpeter

(1942) pictures a world of “modern, trustified capitalism” where large,

science-based companies dominate the innovative environment and where
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innovation has become routinized in large research laboratories and R&D

departments. It is this particular perspective on the role of large companies

that has for a long period, during the 1950s, 1960s, and 1970s, dominated

the understanding of the role of large companies as the main source of

innovation (see Kamien and Schwartz, 1982; Scherer, 1984).

In the combined biotechnology and pharmaceutical industry, the role of

large companies is most clearly found in the dominant role that these com-

panies play in the more traditional pharmaceutical sub-sectors (Arora and

Gambardella, 1990). Large companies, with their extensive R&D activities

and their long-term experience with time-consuming clinical trials, have

come to dominate the innovation process in the traditional pharmaceuti-

cal industry. This dominance is based on their leading role in incremental

innovation, exploiting their current organic chemical knowledge base, and

their ability to expand existing portfolios of drugs.

4.3 Mutual dependence of large and small companies

Some authors (Hakansson et al., 1993; Kenney, 1986; Rothaermel, 2000)

stress the importance of complementarity between small entrepreneurial

firms and large companies, in particular in high-tech industries. The basis

for this complementarity is to be found in the variety of resources, capa-

bilities, and complementary innovative expertise such as those described

in section 4.2.

During the 1980s, when modern biotechnology became relevant to the

pharmaceutical industry, a certain degree of mutual dependence developed

almost instantaneously between large pharmaceutical companies and a

group of relatively small, new biotechnology firms (Arora and Gambardella,

1990; Pisano, 1991; Powell, 1996). These small biotechnology companies,

most of them US-based, have developed a reputation for their R&D capa-

bilities and applied laboratory research in advanced biotechnology at the

scientific and technological frontier. Large pharmaceutical companies were
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already known for their vast body of engineering know-how necessary for

scaling up from a laboratory setting to the actual manufacturing process

of new drugs. They also have the “deep pockets” that are necessary for

the extensive and costly clinical testing required as part of the government

regulatory process for new therapeutic drugs and new diagnostic products.

Furthermore, large companies are known for their financial resources that

enable them to deal with the costs of the final stage of commercialisation

and the successful worldwide market introduction and distribution of safe

and effective pharmaceutical products.

The obvious complementarities between both groups of companies dur-

ing the early period of modern biotechnology led to a mutual dependence

as companies started to collaborate on various projects (Laamanen and

Autio, 1996; Slowinski, Seelig, and Hull, 1996). This mutual dependence

in cooperative projects consisted of financial support and regulatory exper-

tise provided by large pharmaceutical companies to small, entrepreneurial

biotechnology companies, in return for which large companies acquired ac-

cess to the research skills of these small biotechnology companies (Arora

and Gambardella, 1990; Barley et al., 1992; Pisano, 1991; Powell, 1996;

Shan et al., 1994). With the increasing number of new drugs based on

pharmaceutical biotechnology, collaboration between small entrepreneurial

firms and large companies also provides the first group with access to new

markets and distribution facilities.

4.4 Networks as the locus of innovation

The mutual dependence of large pharmaceutical companies and small, en-

trepreneurial biotechnology firms also meant that the locus of innovation

in the pharmaceutical industry has gradually changed. Collaboration by

these different companies is part of a broader trend in many industries and

technologies where the interdisciplinarity of fields of science and technol-

ogy, the dependence on a substantial stock of knowledge, and the costs of
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R&D force even the largest companies to collaborate with others (Hage-

doorn, 1993). In the pharmaceutical biotechnology industry, these general

developments together with sector-specific scientific and technological de-

velopments have led to a situation where large pharmaceutical companies

are no longer the sole locus of innovation (Arora and Gambardella, 1990).

As in so many other industries and fields of technology, extensive collab-

oration in this sector has led to rather dense networks of companies that

enter into all sorts of partnerships with a large number of other companies

(Hagedoorn, 1990 and 1993; Powell et al., 1996). In the pharmaceutical

biotechnology industry, this mutual knowledge resource dependency be-

tween groups of large and small companies has led to dense networks of

R&D collaboration between a variety of companies where small firms play

an important role in this new locus of innovation.

Some authors (e.g., Arora and Gambardella, 1990; Oakey, 1993;

Saviotti, 1998) mention that the network-like structure of this locus of

innovation, with both intensive inter-firm collaboration in general and spe-

cific cooperation between large companies and small entrepreneurial firms,

could be a temporary phenomenon that coincides with the immaturity of

biotechnology as a new technological paradigm developed during the 1980s.

As the industry matures, small entrepreneurial companies could be taken

over or their services could become redundant. Large companies could

become more important for the new biotechnology-based pharmaceutical

industry as such, as well as for the inter-firm R&D networks that have

developed over time.

Others (e.g., Pisano, 1991; Powell, 1996; Powell et al., 1996; Segers,

1992; Senker and Sharp, 1997), however, seem to expect that these net-

works of R&D collaboration in the pharmaceutical biotechnology industry

are of a more long-term nature, because functionally specialized companies

can easily maintain various relations with each other through distinctive

transactions. In particular, the “nodal” role of small biotechnology compa-

nies, both in terms of their critical role as carriers of new scientific knowl-
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edge and in their role as major network players with multiple partnerships,

is expected to be a long-term affair that will affect the continuation of a

network-like structure of innovation in the pharmaceutical biotechnology

industry for decades (Galambos and Sturchio, 1998; Powell, 1996; Senker

and Sharp, 1997).

4.5 Research questions

As the pharmaceutical biotechnology industry gradually became somewhat

more mature, some phenomena and patterns, discussed in the previous

sections, that characterized the R&D networks of the 1980s, might suc-

cessively have become less significant during the 1990s while new patterns

were emerging. In that context, one has to consider in particular the den-

sity of networks that followed the growth in R&D cooperation and the

role of different groups of companies in these networks. The literature

discussed in section 4.4 clearly suggests a number of specific research ques-

tions that will guide our empirical investigation in the following sections.

These research questions are:

• Are inter-firm networks in the pharmaceutical biotechnology industry

becoming less dense or is their density increasing?

• Is the well-established role of small biotechnology firms as nodal players

in these inter-firm networks decreasing over time?

• Are R&D partnerships between large pharmaceutical companies becom-

ing a more important element in these networks of innovation?

4.6 Research methodology and data

The core of this chapter is found in the empirical analysis of the evolution

of the structure of inter-firm alliance networks in pharmaceutical biotech-

nology and the role played by different categories of cooperating firms.



70 Chapter 4

Most attention is paid to measuring variation in network density over time

and analysing the extent to which small, entrepreneurial biotechnology

firms and/or large pharmaceutical companies play a central role in these

networks.

Based on our first research question, which refers to increasing or de-

creasing density of inter-firm networks, we expect that an increasing or

decreasing network density will show up in a growing or declining average

number of partnerships per firm. To study this aspect of network structure,

we calculated the ratio of the total number of R&D partnerships between

firms to the number of participating companies for each year. The total

number of partnerships for each year was obtained by counting the number

of dyads (relations between two firms) at the level of cooperating firms.

In the present context, we do not consider the calculation of standard

network density indices as a meaningful alternative to the density indicator

that we propose. A standard network density index is defined as the ratio of

the actual number of partnerships between firms to the possible number of

links. Comparing these indices from one year to the next year requires that

the calculations be based on a constant number of network participants over

time (Barley et al., 1992). One option is to compute density indices based

on a constant subset of the most active players. Many small biotechnology

firms in our sample have engaged in only one partnership during the period

of investigation. If we would base our analysis on a constant subset of the

most active players, many small firms would disappear from the sample,

which is not a desired outcome in light of our research objectives.

Our second research question considers the role of small, entrepreneurial

biotechnology firms as major network participants. In that context, we

compare the partnering behaviour of small firms to large companies. To

evaluate these alliance activities, we calculated the number of R&D part-

nerships per employee for both groups of firms. We first classified each

of the firms in our sample into one of three distinct size categories based

on their number of employees during the period of study. Firms with less
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than or equal to 500 employees are regarded as small and those having

between 501 and 5,000 employees are considered as medium-sized compa-

nies. Firms with over 5,001 employees are classified as large companies.

We created a separate category for academic or governmental institutions.

Due to the small size and/or private status of some firms, we could only

obtain information on their size for a few years. We classified these firms

into one of the three categories based on the available information.

For small, entrepreneurial biotechnology firms and large pharmaceutical

companies, we calculated, for both categories, the ratio of the total number

of R&D partnerships between companies to the number of cooperating

firms for each year. The total number of partnerships for each year was

obtained by counting the number of dyads at the level of cooperating firms.

For both small and large firms, we divided the results obtained by the

means of the appropriate employee categories to control for any size effects

on alliance activity. We transformed the mean numbers of employees into a

logarithmic scale (natural logarithm) to account for size differentials, which

are unrelated to technological activities of companies. Small biotechnology

firms typically employ mainly R&D specialists and therefore they have,

compared to large pharmaceutical firms, lower numbers of employees in

many other functional areas, such as production, marketing, sales, etc.

For our third research question, which looks at the role of R&D part-

nerships among large pharmaceutical firms, we examine the distribution

of partnerships between firms of similar and different size classes. If large

firms have come to play a more central role in partnerships than small

entrepreneurial firms, we expect the number of partnerships between large

firms to have increased as well. An intensification of R&D partnering

between large and small firms would point at ongoing complementarity

between both categories of cooperating firms. For each year, we calculated

the total numbers of dyads between large firms, small firms, and between

large and small companies as percentages of the overall numbers of dyads

in that year. These overall numbers also include R&D partnerships involv-
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ing medium-sized firms. However, given the limited role of medium-sized

companies (about 10 percent of the sample) and the emphasis in our re-

search questions on large and small companies, the group of medium-sized

firms receives no attention in this chapter.

In order to provide some further details about the evolution of networks

and the role played by small biotechnology firms and large pharmaceutical

companies, we will represent these networks using a non-metric multidi-

mensional scaling (MDS) technique. MDS is a data reduction procedure

somewhat comparable to principal component analysis and other factor-

analytical methods. One of the main advantages of MDS is that it can

usually, but not necessarily, fit an appropriate model in two-dimensional

pictures. More specifically, MDS offers a scaling of similarity data into

points lying in an X-dimensional space. The purpose of this method is to

provide coordinates for these points in such a way that distances between

pairs of points fit as closely as possible to the observed similarities. In

order to facilitate interpretation, the solution is given in two dimensions

provided that the fit of the model is acceptable. A stress value indicates

the goodness-of-fit of the configuration, as this measures the proportion of

the variance of the disparities that is accounted for by the MDS model, im-

plying that lower values indicate a better goodness of fit (Hair, Anderson,

Tatham, and Lundgren, 1994).

Our analysis is restricted to periods of three years since it is technically

impossible to picture all firms in the network when more than three years

of data are added. MDS plots are presented for the periods 1985-1987,

1989-1991, and 1993-1995. Comparing these three periods allows us to

add a dynamic perspective to our analysis. To improve the interpretation

of the pictures, it is useful to draw lines of different styles and thickness

between companies, indicating different degrees of cooperation intensity.

For our analyses, we make use of two types of data: firm size data and

data on R&D partnerships. To describe network participants in terms of

their size, we collected information on the number of employees of each
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firm from various sources such as the Institute for Biotechnology Informa-

tion, the US Securities and Exchange Commission, World Scope Global

Researcher, Amadeus, and Dun and Bradstreet’s Linkages.

The data on R&D partnerships are taken from the MERIT-CATI infor-

mation system (see appendix A). This databank contains information on

nearly 10,000 cooperative agreements in various sectors, ranging from high-

tech sectors such as information technology and pharmaceutical biotech-

nology to less technology-intensive sectors such as chemicals and heavy

electrical equipment. Cooperative agreements are defined as mutual inter-

ests between independent industrial partners that are not linked through

majority ownership. In the CATI database, only those agreements are

being recorded that involve either a technology transfer or some form of

jointly undertaken R&D. Information is also collected on joint ventures in

which new technology is received from at least one of the partners, or on

joint ventures having some R&D program. Other types of agreements such

as production and marketing partnerships are not included. Agreements

formed between companies and governmental or academic institutions are

generally not included in the database unless they involve at least two

commercial companies.

This chapter focuses on those partnerships that were established in the

period 1985-1995. In the CATI databank, a total of 720 global R&D agree-

ments involving 475 biotechnology and pharmaceutical companies were

recorded during this time frame. Our data include equity agreements,

which comprise joint ventures and minority holdings, as well as non-equity

partnerships that consist of joint R&D agreements and R&D contracts.

The data exclude agreements that are established within the context of

national and international, government-sponsored R&D cost-sharing pro-

grams. Our sample of 475 participating firms comprises 111 large com-

panies, 308 small ones, and 53 firms of medium size. We include three

academic or governmental institutions. For our purpose, the most relevant



74 Chapter 4

information for each partnership is the number of companies involved, their

names as well as the year in which the agreement was established.

This sample is representative for the pharmaceutical biotechnology in-

dustry during the period 1985-1995. Various sources indicate that during

this period there are about 100 large pharmaceutical companies with a clear

interest in biotechnology (OECD, 1993; OTA, 1988; Walsh and Galimberti,

1993). About two-thirds of the industry during this period consists of small

and relatively young firms (Pisano, Shan, and Teece, 1988; Van Vliet, 1998;

Walsh, Niosi, and Mustar, 1995).

4.7 Trends in R&D partnerships during the period 1985-1995

Some general background to the more detailed analysis of the R&D net-

works in the pharmaceutical biotechnology industry is given in figures

4.1 and 4.2. Figure 4.1 demonstrates the importance of pharmaceutical

biotechnology in R&D partnering. Over 65 percent of all the biotechnol-

ogy R&D partnerships in the CATI database are related to pharmaceutical

biotechnology. In the most recent years that we analyse, pharmaceutical

biotechnology even reaches a share of over 70 percent of all biotechnology

partnerships. The dominance of this particular sub-sector in the biotech-

nology industry, with so few partnerships found in other biotechnology

sectors, is one of the main reasons why our contribution focuses on the

pharmaceutical biotechnology industry.

Figure 4.2 presents the trend in the growth of newly made R&D part-

nerships in pharmaceutical biotechnology during the period 1985-1995, as

found in the CATI database. This development can be characterised as

a flattened U-shaped growth pattern. The growth in the number of new

R&D partnerships drops from about 70 partnerships made annually, as

found for the mid-1980s, to about 20 alliances during the early 1990s, af-

ter which the growth pattern is restored with a steep increase up to over

100 newly established R&D partnerships during the mid-1990s. This par-



Small entrepreneurial firms and large companies 75

Figure 4.1: Distribution of newly established R&D partnerships in various biotechnology-based
industries, three-year moving averages, 1985-1995.

ticular growth pattern is quite identical to the pattern found for other

industries (Hagedoorn, 1996a). In the previous chapter, section 3.2, we

have provided a tentative explanation for the specific pattern in the newly

established pharmaceutical biotechnology partnerships during the period

1985-1995.

As a first step in the analysis of the inter-firm R&D networks and also

to assess the evolution of network density, we calculated the number of

annually, newly made R&D partnerships per firm as they appear in the

CATI databank. Information on these numbers of new R&D partnerships

and participating firms is given in table 4.1. Figure 4.3 shows the total

number of newly established partnerships per firm in the pharmaceutical

biotechnology industry for the period 1985-1995. These numbers are cal-

culated as three-year moving averages to present the overall trend in the

data while correcting for yearly fluctuations. For 1995, we added the actual
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Figure 4.2: Number of newly established R&D partnerships, three-year moving averages, 1985-
1995.

value to the graph to be able to visualize the strong growth in alliance ac-

tivity in the last three years of observation. Figure 4.3 pictures a U-shaped

pattern in the average number of newly made R&D partnerships per firm.

It demonstrates that, apart from a small increase in 1987, the final years

of the 1980s are characterized by a sharp decrease in the number of part-

nerships per firm from 1.9 in 1986 to 1.5 in 1989. The first years of the

1990s show a further decline in the average number of R&D partnerships

per firm to a level of 1.2 in 1990. This is followed by a short period of

stabilization, which is continued by a sharp rise of new partnerships per

firm from 1992 onwards. In 1995, the steep upward trend arrives at a level

of 1.85 new partnerships per firm.

As an indicator of the magnitude of R&D alliance activities of both small

biotechnology firms and large pharmaceutical companies, we computed the

number of annually, newly established R&D partnerships per employee



Small entrepreneurial firms and large companies 77

Table 4.1: Number of newly established R&D partnerships and participating companies, 1985-
1995.

Year Number of partnerships Number of companies
1985 164 85
1986 158 79
1987 128 75
1988 172 84
1989 76 56
1990 14 13
1991 18 15
1992 78 55
1993 170 106
1994 250 163
1995 332 179

(logarithmic scale) for both categories of cooperating companies. Figure 4.4

shows the specific trend for the number of new R&D partnerships for these

groups of companies. The data in this graph are also shown as three-year

moving averages, with the exception of 1995 for which we present the actual

values of that year. We notice that for small firms, the average number of

new R&D partnerships decreased gradually during the final years of the

1980s from about 0.7 in 1986 to fewer than 0.55 in 1989 and this number

declined even further to about 0.5 in 1990. In 1991, the number of new

R&D partnerships was still at a level of around 0.5. From 1992 onwards,

this number steadily increases and reaches the value of about 0.6 in 1995.

The same pattern of decline in the average number of R&D partnerships

during the second half of the 1980s is also found for large firms, albeit at a

slightly lower level. Apart from a small increase in 1987, the final years of

the 1980s are characterized by a gradual decrease in the average number of

partnerships from 0.4 in 1986 to fewer than 0.35 in 1989. After a further

decline in 1990 to around 0.3 agreements, the number of newly made R&D

partnerships took off again during the first half of the 1990s, which is

characterized by a rather steep increase to 0.6 in 1995. This number is

somewhat higher than the value we found for small firms in the same year.
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Figure 4.3: Number of newly established R&D partnerships per company, three-year moving
averages, 1985-1995.

To evaluate the importance and magnitude of R&D partnerships within

and between different categories of companies, we calculated the number of

annually, newly established R&D partnerships for large companies, small

firms, and combinations of both. Figure 4.5 shows the evolution of the

number of newly made partnerships between firms of similar and different

sizes. All numbers are calculated as three-year moving averages and ex-

pressed as percentages of the total number of annually, newly established

R&D partnerships.

If we consider the specific trend for the share of R&D partnerships

between large pharmaceutical firms, we see that during the second half of

the 1980s, there is a gradual decline from an average share of more than

23 percent in the mid-1980s to around 15 percent in 1989. During the

first years of the 1990s, the share of R&D partnerships between large firms

decreased even further to a level of less than 5 percent in 1992; in 1993 this
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Figure 4.4: Number of newly established R&D partnerships per employee for small firms and
large companies, mean numbers of employees are log values, three-year moving averages, 1985-
1995.

share reached nearly 7 percent. After this small increase, the downward

trend set in again until it arrived at a small share of less than 6 percent in

1994.

During the final years of the 1980s, the share of partnerships between

small biotechnology firms in all R&D alliances steadily declined from an

average of slightly less than 7 percent in 1986 to around 2 percent in 1989.

This share reached nearly 5 percent in 1990 after which the upward trend

continued until it arrived at a level of more than 16 percent in 1993. In

1994, the share decreased again to slightly more than 12 percent.

Examining the particular trend for the share of R&D partnerships be-

tween large pharmaceutical firms and small biotechnology companies, we

see that during the late 1980s, there is a sharp increase from an average

share of slightly more than 41 percent in the mid-1980s to nearly 64 per-
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Figure 4.5: Distribution of newly established R&D partnerships between companies of similar
and different sizes, three-year moving averages, 1985-1995.

cent in 1989. During the first years of the 1990s, the average share of R&D

partnerships between large and small firms stabilized at a level of around

80 percent. After this short period of stabilization in the early 1990s, a

sharp downward trend set in from 1992 onwards. It reached a level of less

than 59 percent in 1993 and 1994.

4.8 The structure of inter-firm R&D networks

After having identified the basic trends in R&D partnering, we now turn

to the particular evolution of R&D networks. We examine networks of

R&D partnerships at two distinct levels. First, we describe the basic char-

acteristics of the overall network, mainly focusing on density in order to

evaluate changes in the intensity of partnerships between firms. We then

evaluate the importance of particular players for the overall structure of
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the networks by examining the role of the most intensely cooperating firms

in pharmaceutical biotechnology.

Figures 4.6-4.8 give us a graphical representation of the R&D partner-

ships in the pharmaceutical biotechnology industry in the periods 1985-

1987, 1989-1991, and 1993-1995. Solid lines represent one partnership be-

tween companies whereas dotted lines indicate two or three partnerships.

Thick solid lines indicate four or five alliances. See appendix B for com-

pany codes. For all MDS solutions presented in this chapter, Kruskal’s

stress values range from good to very good (Kruskal and Wish, 1978),

varying from 0.027 for the period 1985-1987 to 0.004 for the period 1989-

1991. For an evaluation of the importance of small biotechnology firms

and large pharmaceutical companies in R&D partnering, we refer to table

4.2. This table lists the twenty-five network participants with the most

R&D partnerships in the pharmaceutical biotechnology industry during

the periods 1985-1987, 1989-1991, and 1993-1995.

The MDS plot for the period 1985-1987 (figure 4.6) shows a rather dense

network in which cooperation is not concentrated in any particular part of

the network and the multitude of lines connects most of the companies in

the network, either in a direct or indirect way. Although most firms are

connected to at least two other partners, we also see quite a few one-on-

one links. Many companies have engaged in at least two R&D partnerships

with one particular firm. This is illustrative for the growth in the number

of partnerships per firm during that period.

If we look at the leading companies of the pharmaceutical biotechnology

network in the period 1985-1987, we see that a number of small biotech-

nology companies such as Biogen, Celltech, and California Biotechnology

keep very nodal positions in the network (see figure 4.6). These compa-

nies also rank high on the list of most intensely cooperating companies

(table 4.2). Apparently, many small biotechnology firms are attractive

partners for large pharmaceutical corporations. Furthermore, the network

is characterized by many strongly tied couples of small and large firms. A
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few important ties: Biogen and Smithkline Beecham, Celltech and Amer-

ican Cyanamid, California Biotechnology and American Home Products.

Smithkline Beecham is found in the middle of an R&D network with spe-

cialized biotechnology companies such as Applied Immune Sciences and

British Biotechnology, as well as a number of large-sized companies such

as Procordia Nova. American Home Products, another leading pharma-

ceutical company, is mainly connected to large partners such as Eastman

Kodak and Sumitomo.

Turning to the next period (1989-1991), we find a somewhat different

pattern (see figure 4.7). The MDS solution shows an extremely sparse

network that involves seventy-five firms of which the vast majority are

part of clusters of firms that are all centred around three focal players:

Roche, Smithkline Beecham, and Merck. Although some firms are linked

to more than one partner, we observe mostly one-on-one partnerships. The

majority of firms are connected to one specific partner through no more

than one R&D partnership.

In the years 1989-1991, the group of most partner-intensive companies in

the network for the pharmaceutical biotechnology industry covers a number

of leading pharmaceutical companies as well as many small biotechnology

firms (see table 4.2). We notice that the small biotechnology firms that

have already been mentioned, changed their positions in the rank order

of leading R&D partnering firms while several new, small firms such as T

Cell Sciences and Repligen entered the top ranking of cooperating compa-

nies. It is obvious that in this period, R&D partnering has not led to a

dense network and we therefore focus on the somewhat denser clusters of

cooperating firms that were found (see figure 4.7).

At the top left-hand side of figure 4.7, we can see one cluster involving

a number of small and large cooperating companies, which are all centred

around the leading pharmaceutical company Smithkline Beecham. A very

nodal position in this cluster is held by T Cell Sciences, which is also closely

tied to the core of the cluster. Within this cluster, Smithkline Beecham is
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mainly connected to small biotechnology firms. Glaxo Holdings is found in

the middle of a second, somewhat smaller, R&D network with two special-

ized biotechnology companies, Biochem Pharma and Gilead Sciences. The

strong ties between Glaxo Holdings and Biochem Pharma form the core of

this cluster.

A third mixed cluster of small biotechnology firms and large pharmaceu-

tical companies is found at the bottom left-hand side of figure 4.7. The core

of this cluster is formed by two large pharmaceutical companies, Merck and

Sandoz. If we study this particular cluster, we see that these large firms

are mainly tied to a number of small biotechnology firms such as Celltech

and Repligen that also hold nodal positions in the network. A large cluster

of small and large firms is located at the right-hand side. This cluster is

basically centred around the large pharmaceutical company Roche that is

found in the middle of an R&D network with many specialized biotechnol-

ogy companies. Two nodal biotechnology companies, Xenova and Telios

Pharmaceuticals, hold important positions in this cluster.

The network density in the pharmaceutical biotechnology sector shows

a substantial increase if one compares the period 1993-1995 (see figure 4.8)

with 1989-1991. During the period 1993-1995, the many newly created

R&D partnerships between biotechnology companies and pharmaceutical

firms resulted in a much denser network structure in which cooperation

is mainly concentrated at the right-hand side of figure 4.8. Nearly all

companies in this dense part of the network are either directly or indirectly

connected to each other. However, as indicated by the network pattern at

the left-hand side of figure 4.8, there are still a large number of one-on-one

links in other parts of the network. In addition, the number of firms that

are connected to one particular partner through at least two partnerships

has increased, which is illustrative for the increase in the number of R&D

partnerships per firm during this period.

Small firms that held strong positions in the rank order of most in-

tensely cooperating firms during the period 1989-1991, have left the group
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of leading cooperating firms for the period 1993-1995. Only two new, young

biotechnology firms, Ligand and Onyx, have entered this group (see table

4.2). The top of the network for the pharmaceutical biotechnology indus-

try during this time period covers only leading pharmaceutical companies

such as Smithkline Beecham, Pfizer, and Ciba Geigy that all hold nodal

positions in the network. Ligand is strongly tied to Smithkline Beecham

as well as to other large pharmaceutical firms such as Glaxo Wellcome (see

figure 4.8). Onyx is tightly related to large companies such as Eli Lilly and

Warner Lambert. Apart from R&D partnerships with two nodal biotech-

nology companies, these large pharmaceutical firms are mainly connected

to a wide variety of other small partners. In addition to this, some specific

partnerships between large companies can be observed, such as the ties

between Smithkline Beecham and Ciba Geigy and Warner Lambert and

BASF.

4.9 Discussion and conclusions

This chapter aims at improving the understanding of the specific evolution

of R&D partnerships and the related inter-firm networks in the pharmaceu-

tical biotechnology industry. In that context, we pay extensive attention

to the complementary role of small entrepreneurial firms and large phar-

maceutical companies in these R&D networks.

As also found in previous research (Hagedoorn, 1993; Kenney, 1986;

Powell et al., 1996), the widespread collaboration between different groups

of cooperating firms in the pharmaceutical biotechnology industry has led

to rather dense network-like structures of joint innovative activities. Small,

entrepreneurial biotechnology companies play an important role in these

R&D networks. This role for small firms can clearly be understood in the

light of the Schumpeterian tradition where entrepreneurial firms are viewed

as important generators of innovative change within new industries. In

particular, during the 1980s, the nodal role of small, new biotechnology



Small entrepreneurial firms and large companies 89

firms coincides with major scientific and technological breakthroughs in-

troduced by many of these new entrants to the pharmaceutical industry

(Powell, 1996).

However, as the field of biotechnology has gradually matured, en-

trepreneurial biotechnology firms could have become less important for the

newly developed R&D networks while large companies may have become

more dominant. This more dominant role for large, science-based firms in a

more routinized innovative environment is particularly stressed in the later

writings of Schumpeter (1942), see also Scherer (1984). Recent contribu-

tions (e.g., Senker and Sharp, 1997) expect, however, that the nodal role of

small biotechnology firms, as major players with multiple partnerships in

R&D networks, will not decrease as the technology becomes more mature.

Our analysis reveals that during the second half of the 1980s, the R&D

partnership-intensity of small firms was higher than for large companies.

The more detailed analysis of the periods 1985-1987 and 1989-1991 shows

that numerous entrepreneurial biotechnology firms kept very nodal posi-

tions in R&D networks, albeit next to several large pharmaceutical com-

panies that were also well represented.

One of the other major observations in this chapter is the strong in-

crease in the R&D alliance-intensity for large firms during the first half

of the 1990s. At the end of the period, this alliance-intensity of large

firms exceeds the intensity found for small firms. The changing role of

large pharmaceutical companies is also found in the analysis of the over-

all R&D network of the period 1993-1995. This analysis shows that only

two young biotechnology firms hold strong positions in the rank order of

most intensely cooperating firms and that the top positions of the network

are mainly taken by leading pharmaceutical companies that hold nodal

positions in the overall network.

In congruence with “early” Schumpeterian views, these results are in-

dicative of the significant role played by small, entrepreneurial biotech-

nology firms in innovation, particularly during the 1980s when modern
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biotechnology first became relevant to the pharmaceutical industry. The

early 1990s, however, seem to demonstrate a decreasing importance of

these small firms in inter-firm R&D networks if compared to the role of

large pharmaceutical companies. These large companies developed into

more dominant players with multiple partnerships, a change that is clearly

more in line with expectations based on the later writings of Schumpeter.

The complementarity of the innovative capabilities of small, en-

trepreneurial biotechnology firms and large pharmaceutical companies has

formed the basis for numerous R&D partnerships between these two groups

of firms. An increasingly dominant role of large firms in all sorts of inno-

vative activities might render these complementarities less obvious. The

intensity of specific cooperation between groups of small and large com-

panies, as well as of inter-firm collaboration in general, is then likely to

drop off (Arora and Gambardella, 1990; Saviotti, 1998). However, others

(Powell, 1996; Senker and Sharp, 1997) expect that entrepreneurial firms

will continue to play a critical role in R&D networks with large companies

and that intensive R&D collaboration in the pharmaceutical biotechnology

industry will therefore be of a more long-term nature.

Our analysis of the evolution of inter-firm R&D partnerships in the

pharmaceutical biotechnology industry reveals that during the first half

of the 1990s, there is an explosive growth in the number of R&D part-

nerships per firm, accompanied by a strong increase in network density.

This latter phenomenon is mainly due to an increase in the number of

firms that are connected to one particular partner through at least two

R&D partnerships. In all of this, R&D partnerships between two or more

large firms played only a minor role and this share of large-large coopera-

tion was even gradually decreasing. Partnerships between large firms and

small entrepreneurial companies, however, remained important throughout

the period. The detailed analysis of the periods 1985-1987, 1989-1991, and

1993-1995 demonstrates that R&D networks in the pharmaceutical biotech-
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nology industry are mainly characterized by many strongly tied couples of

entrepreneurial biotechnology firms and large companies.

Our findings suggest that the 1990s have introduced a period of inten-

sified R&D cooperation leading to denser inter-firm networks in the phar-

maceutical biotechnology industry. In these networks, the dominant role of

entrepreneurial biotechnology firms as major players with many partner-

ships seems to be decreasing. However, as large pharmaceutical firms have

increasingly become nodal players in R&D networks, their most preferred

partners continue to be small biotechnology firms, implying a continuing

mutual dependence between these two groups of firms.
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How important is inter-organizational trust?

5.1 Introduction

Until recently, most of the social sciences literature on the role of trust con-

centrated primarily on trust in the context of individuals or small groups.

However, the current management and organization literature (see section

5.2.1 for an elaborate discussion of this literature) increasingly focuses on

trust between organizations. This inter-organizational trust is frequently

understood and measured in the context of the repeated ties between two or

more separate organizations such as companies. Many contributions that

focus on inter-firm partnerships analyse this inter-organizational trust to

explain the current growth in these partnerships. See appendix C for an

overview of empirical studies in leading journals, using repeated ties to

measure inter-organizational trust.

As explained in more detail in section 5.2.1, the broad body of rele-

vant literature that has emerged, appears largely influenced by four differ-

ent approaches: transaction cost economics based governance approach, a

relationship-centred trust perspective, and two separate bodies of litera-

ture that combine elements of the other two approaches. Although there

are some clear differences between these literatures, inter-organizational

trust plays an important role in their understanding of the formation of

subsequent inter-firm partnerships.

In this chapter, we will analyse the role of inter-organizational trust in

an industry with a strong dual market structure, i.e., the pharmaceutical

biotechnology industry. Such a dual market structure is largely deter-

mined by, on the one hand, a group of large, integrated, international, and

established companies and, on the other hand, a group of relatively small,

93
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specialized companies. The dual market structure in the pharmaceutical

biotechnology industry is apparent in the role played by a small group of

very large pharmaceutical companies and a large group of relatively small

biotechnology companies (Powell, 1996; Saviotti, 1998). In the previous

chapter, we have already established that inter-firm partnering in phar-

maceutical biotechnology is rather specific in terms of the concentration

of inter-firm R&D partnering within these two groups of companies (see

also Kenney, 1986; Powell, 1996; Rothaermel, 2000). To the best of our

knowledge, the current literature on the effect of inter-organizational trust

on subsequent inter-firm partnering has paid no attention to the specific

setting of a dual market structure in a high-tech industry. Early, seminal

contributions to the analysis of dual market structures, however, did reveal

the impact of such market structures on innovative performance, productiv-

ity, earnings, financial issues, labour relations, and marketing practices (see

Averitt, 1968; Bowring, 1986). It is the objective of this chapter to investi-

gate whether in this sort of industry, the effect of inter-organizational trust

on subsequent inter-firm partnering might also be different from what is

known from many studies on other industries with more evenly distributed

populations of companies.

As mentioned before, the relationship between inter-organizational trust

and inter-firm partnering has been developed in a relatively large number of

contributions from a number of research traditions. In the next section, we

will discuss these different literatures and their particular understanding of

the role of inter-organizational trust in inter-firm collaboration to provide

the background for the hypotheses. This is followed by a discussion of two

hypotheses that stipulate the expected effect of inter-organizational trust

on subsequent partnering. Section 5.3 describes the specific characteristics

of the data set, sample, and the variables used in the analysis. In order

to test our hypotheses, we constructed a longitudinal, or panel, data set

that contains information about the R&D partnering behaviour of pairs

of pharmaceutical biotechnology companies. This data set also comprises
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some information about the companies in these pairs, such as their location

and size. In section 5.4, we discuss the use of a logit method to analyse

panel data. This methodological section is followed by section 5.5, which

reports the results of the study. Section 5.6 provides a discussion of our

findings. Some conclusions to be drawn from this chapter are discussed in

the final section.

5.2 Theory development and hypotheses

5.2.1 The role of inter-organizational trust in inter-firm

partnering

The current literature on inter-organizational trust and inter-firm partner-

ships appears largely influenced by four approaches:

• A predominantly transaction cost economics based governance ap-

proach;

• A relationship-centred perspective on networks of collaborating firms;

• A synthesis of the governance and the relationship-centred approaches;

• A learning perspective that also combines elements of the other two ap-

proaches, but with a strong emphasis on the learning experience within

repeated ties.

Although the governance approach has its roots in a number of theoret-

ical traditions, largely derived from several streams of economics (agency

theory, game theory, and contributions from institutional economics), it

owes the greater part of its intellectual heritage to transaction cost eco-

nomics. From this latter perspective (Williamson, 1975, 1985, and 1996),

trust between companies, or better: the initial lack of inter-organizational

trust, has to be understood in the context of the possible opportunistic

behaviour and bounded rationality of companies. Both opportunistic be-

haviour and bounded rationality are expected to affect the transactions
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and economic relationships of companies. When it comes to the under-

standing of inter-firm partnering, issues such as small numbers bargaining,

the incomplete nature of many contracts, and the opportunism of economic

subjects play a major role in the analyses from this theoretical perspec-

tive. Inter-organizational trust in inter-firm relationships will only emerge

if adequate safeguards prevent companies from abusing the possibilities for

opportunistic behaviour. This opportunistic behaviour is assumed to exist

particularly in “hybrids” in between market transaction and integration.

In other words, from this perspective, the self-interested and opportunistic

behaviour of companies has to be balanced by adequate legal, economic,

and ownership safeguards, regardless of whether inter-organizational trust

develops gradually or not at all.

A rather different perception of the role of inter-organizational trust is

found in a predominantly continental, European network perspective. In

this approach, trust in relationships between companies is seen as an im-

portant element in understanding the nature of inter-firm partnerships in

e.g., industrial marketing and customer-supplier relationships (Hakansson

and Johansson, 1993; Johansson and Mattsson, 1987) and in homogeneous

industrial districts and regional networks (Herrigel, 1993; Lazerson, 1993;

Staber, 1998). At the core of this relationship-centred approach, we find

an understanding of partnership formation where the interaction between

firms is based on the quality of their information exchange and the mu-

tual trust at the very start of their joint activities. In contrast with the

transaction cost economics based governance approach, repeated ties are

expected to induce shared interests that invite further partnering and in-

formation sharing where companies adapt to each other’s demands within

a growing number of partnerships (Johansson and Mattson, 1987). In the

words of Madhok (1995: 58, 59), “(. . . ) mutual adaptation facilitates the

exchange and creates efficiency by reducing friction and enhancing coordi-

nation. An expectation of repeat interaction over the longer term further

cements the bonding between the actors. Thus, instead of frequency of
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interaction increasing the associated transaction costs, greater knowledge

of each other, through more willing information sharing in a situation of

repeat interaction, improves the capability to mutually adapt and harness

the synergies better.” From this perspective, inter-organizational trust is

essentially a positive force that has long-term effects on the behaviour of

partnering companies as it develops further when pairs of companies in-

crease the frequency of their continued interaction (see also Nooteboom,

Berger, and Noorderhaven, 1997).

This relationship-centred approach shares the importance attached to

the positive perception of inter-organizational trust with some other re-

cent contributions to the management and organization literature on part-

nership formation (Gulati, 1995a; Ring and van de Ven, 1992; Zaheer,

McEvily, and Perrone, 1998). However, there is at least one major dif-

ference. In the relationship-centred approach, inter-organizational trust

is an “a priori” condition for any relationship between companies. Inter-

organizational trust will increase over time with repeated ties, but trust

itself is present from the start in order to facilitate the foundation of the

relationship between two companies. In contributions such as those by

Gulati (1995a), Ring and van de Ven (1992), Saxton (1997), and Zaheer

et al. (1998), inter-organizational trust is understood to be based on re-

peated ties with a particular partner. In that context, equity participation

in an inter-firm partnership is seen as a necessary safeguard at the ini-

tial stages of collaboration. With the increasing frequency of cooperation

between partners, inter-organizational trust can develop further and the

role of equity-based safeguards will gradually decrease. This line of think-

ing appears to take a theoretical perspective in between the governance

approach and the relationship-centred perspective on collaborating firms.

On the one hand, in contrast with the governance approach, these contribu-

tions emphasize the crucial role of inter-organizational trust and they stress

that safeguards, such as equity participation, play a diminishing role. On

the other hand, in contrast with the relationship-centred approach, inter-
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organizational trust is expected to only develop gradually through repeated

ties and equity-based safeguards and legal protections still do play a role

at the initial stages of inter-organizational trust building.

Elements of the literatures discussed in the above also play an impor-

tant role in the fourth approach to understanding inter-organizational trust

and inter-firm collaboration where inter-active learning through coopera-

tion and repeated ties is a focal point in the analysis (Lundvall, 1993). In

that context, inter-organizational trust in pairs of companies that are com-

patible in terms of the level of their capabilities and the complementarity

in their specific competences, is an important prerequisite without which

learning would be impossible. Research has indeed established that part-

nerships are undertaken by pairs of companies that are on the one hand

complementary in certain capabilities, but that are also somewhat similar

in many of their activities in order to be able to collaborate successfully

(Hagedoorn, 1993; Mowery et al., 1998; Mytelka, 1991). When companies

are entering into partnerships with “equals,” whether these shared activi-

ties are aimed at joint marketing, joint production, or joint R&D, a major

element in this partnering is to learn about new markets, new production

methods, new technologies, or to acquire new research capabilities. This

learning experience is expected to be crucial to understanding inter-firm

collaboration in a variety of different forms of partnerships where compa-

nies engage in repeated ties with other companies (Ciborra, 1991; Lyles,

1994).

What we have seen so far is that, despite some basic differences, a

number of literatures stress the importance of inter-organizational trust

in understanding subsequent inter-firm partnering. Some authors empha-

size that inter-organizational trust has to gradually develop once it turns

out that legal and ownership safeguards are no longer necessary or these

safeguards will only play a limited role in repeated ties. Others stress

that inter-organizational trust is so basic to any inter-firm partnership that

without trust, it will be difficult to nurture such a relationship and elements
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of common activities, such as joint R&D, will not emerge if trust does not

play a major role from the beginning of the partnership. However, regard-

less of these differences, it is obvious that in each of these perspectives,

with the possible exception of a “traditional” transaction cost economics

based governance approach, inter-organizational trust plays a crucial role

in understanding the existing and subsequent partnerships between firms.

5.2.2 The effect of inter-organizational trust on subsequent

partnerships

Most of the literatures discussed in section 5.2.1 indicate that inter-

organizational trust is an important element of inter-firm partnering,

whether it comes at the start of a collaborative effort or whether it grad-

ually develops as companies continue to partner. In other words, inter-

organizational trust is expected to be embedded in the specific relationship

between companies. Inter-organizational trust is also assumed to grow in

pairs of companies that share a common history of collaboration through

repeated ties. According to many contributions (Gulati, 1995a; Hakans-

son and Johansson, 1993; Herrigel, 1993; Lazerson, 1993; Madhok, 1995;

Staber, 1998; Zaheer et al., 1998), this shared history of partnering leads

to a gradual increase in inter-organizational trust. This increased inter-

organizational trust will have a positive effect on subsequent partnerships

between the same companies (see also Chung, Singh, and Lee, 2000).

For others, inter-organizational trust will not only develop through re-

peated ties, the frequency of previous partnerships will enable pairs of

companies to improve their joint learning, which increases the probability

that they will also collaborate in the future (Ciborra, 1991; Lundvall, 1993;

Lyles, 1994). Therefore, the general idea behind most literatures on inter-

organizational trust is that growing numbers of repeated ties in specific

pairs of companies, indicating increasing inter-organizational trust, has a

positive effect on their subsequent partnerships (see appendix C). Hence:
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Hypothesis 1: The greater the inter-organizational trust in pairs of part-

nering companies, the greater the likelihood that these pairs will establish

subsequent partnerships.

The first hypothesis refers to the effect of inter-organizational trust in

general, i.e., all repeated ties in pairs of companies, regardless of the specific

markets in which these companies form their partnerships. In other words,

the first hypothesis refers to the degree to which companies collaborate with

each other, regardless of whether their previous partnerships were in their

main product-markets or in other, secondary product-markets. However,

it is also interesting to consider the extent to which inter-organizational

trust in pairs of companies develops in their main industrial activity. This

reflects the role that sector-specific inter-organizational trust plays in the

formation of subsequent partnerships.

The literature appears to have paid no attention to this issue of sector-

specific inter-organizational trust. However, we can follow the line of

argument presented for the first hypothesis while adding that, if inter-

organizational trust is important, it is specifically the partnering amongst

companies competing in similar main product-markets that requires inter-

organizational trust. The more these competitors are involved in joint

efforts, the more sector-specific inter-organizational trust will develop in

these pairs of companies. Hence:

Hypothesis 2: The greater the sector-specific inter-organizational trust in

pairs of companies, the greater the likelihood that these pairs will establish

subsequent partnerships.

5.3 Data, sample, and variables

5.3.1 Data

This chapter focuses on the pharmaceutical biotechnology industry, a sec-

tor where we find a large number of R&D partnerships and where this form
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of inter-firm partnering is an important aspect of the behaviour of many

companies (Barley et al., 1992; Powell et al., 1996; Rothaermel, 2000). In

order to test the hypotheses, we constructed a data set on pairs of pharma-

ceutical biotechnology companies with R&D partnerships. This data set

was obtained from the MERIT-CATI database (see appendix A), a compre-

hensive database that contains information on R&D partnerships (Hage-

doorn, 1996a; Mowery et al., 1998). This database comprises information

on thousands of technology-related inter-firm partnerships in various indus-

tries, ranging from high-tech sectors such as pharmaceutical biotechnology

to less technology-intensive sectors such as chemicals. In order to system-

atically collect information on inter-firm partnerships, various sources were

consulted from the international financial and specialized technical press.

The databank contains information on each R&D partnership and some

information on companies participating in these partnerships.

5.3.2 Sample

The sample of pairs of pharmaceutical biotechnology companies that forms

the starting point for our study comprises a total of 804 pairs of partnering

companies that are cooperating through 882 R&D partnerships during the

period 1991-1998. We checked whether partners in these alliances are in-

deed separate companies and not connected through common governance,

using information from Disclosure.

In technical terms, what we study are balanced panels, that is, all pairs

of companies in our sample were in the risk set during the entire period of

observation. This means that they are assumed to have had the opportu-

nity to form R&D partnerships during the entire period. Therefore, we had

to exclude pairs with companies that were established since 1992 and pairs

with companies that ceased to exist during this period, either through

a take-over or due to bankruptcy. These procedures led to a sample of

34 pairs of pharmaceutical biotechnology companies that might cooperate

through multiple partnerships leading to 272 observations.
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5.3.3 Variables

The dependent variable, R&D partnerships, is a dichotomously coded vari-

able for the occurrence of an R&D partnership for each year during the

period 1991-1998. Each dependent variable takes the value of one when

the companies in a pair entered into an R&D partnership with each other

during a particular year and it takes the value of zero if this did not occur

in the given year. Pairs can experience more than one partnership during

a given year.

For each pair of companies, we calculated two R&D partnering-related

measures of inter-organizational trust as the independent variables for each

year during the period 1991-1998. These measures were calculated until

the end of the five-year period preceding the given year, so the starting year

for measuring these independent variables is 1986. We use this five-year

moving window approach, because only partnerships formed during these

few previous years are likely to affect current partnering behaviour (see

Gulati, 1995b). This approach also enables us to control for left censoring

in the data set. To verify the results of this approach, we will also apply

a cumulative method. This cumulative approach assumes that all R&D

partnering activity that has taken place before a given year, can influence

partnership formation.

The central independent variables used in the analysis are

inter-organizational trust and intra-sector inter-organizational trust.

Inter-organizational trust reflects repeated ties through all common R&D

partnerships between the companies in a pair, including those made

in other industries than pharmaceutical biotechnology (hypothesis 1).

Intra-sector inter-organizational trust regards only the number of pharma-

ceutical biotechnology partnerships made between the companies in a pair

(hypothesis 2).

We include various control variables in the analysis, each of which are

expected to influence the R&D partnering behaviour of companies. Differ-
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ent organizational modes of R&D cooperation such as contractual agree-

ments and equity-based partnerships, are expected to affect the partnering

behaviour of firms in different ways. In equity-based R&D partnerships,

such as joint ventures, two or more partnering companies typically share

control over a number of common activities besides R&D, and as such,

the organizational interdependence of the partners tends to increase as the

relationship continues over time. Based on “traditional” views from the

transaction cost economics based governance approach, one would expect

that in equity-based collaborative settings that come close to hierarchical

control structures, inter-organizational trust between partnering compa-

nies is likely to develop gradually up to the level where firms would engage

in repeated ties. In contrast to this, contractual R&D agreements are

by definition incomplete contracts, and given the uncertainty surrounding

the legal protection of partners in incomplete contracts, one could propose

that a possible lack of inter-organizational trust between the partnering

companies is likely to prohibit these firms from engaging in repeated ties.

However, according to Gulati (1995a), inter-organizational trust could,

after an initial phase of equity participation, just as well develop in con-

tractual agreements as in equity-based partnerships. In this view, contrac-

tual agreements are based on knowledge of each other developing inter-

organizational trust between the partnering companies, which develops

through repeated ties between the same partners. In these situations, eq-

uity investments are no longer required as a means to protect the partners

in the alliance against potential opportunism.

We include several variables to control for the effect of the preference

for contractual forms of R&D partnerships on subsequent partnering be-

haviour, indicating the relevance of contractual agreements vis-à-vis equity-

based safeguards (see also Dyer and Singh, 1998; Gulati, 1995a). The

contractual nature of R&D partnerships expresses the average share (per-

centage) of contractual agreements in the total number of R&D partner-

ships of both partners in pairs of pharmaceutical biotechnology companies,
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until the end of the five-year period preceding a given year. This variable

is calculated to reflect the extent to which pairs of companies engage in

contractual agreements or equity-based partnerships, both within the phar-

maceutical biotechnology industry and in other industries. We also include

separate variables (intra-sector and inter-sector contractual nature of R&D

partnerships) that express the degree to which pairs of companies concen-

trate these different forms of partnerships in pharmaceutical biotechnology

or in other industries.

Another control variable refers to the role played by international part-

nerships that seem to behave quite differently from partnerships within the

same international trading block (Buckley and Casson, 1988; Contractor

and Lorange, 1988b; Dyer and Singh, 1998). Firms do not usually possess

the same amount of information on potential “foreign” partners as they

have on possible partners within the same region. In addition, the costs

for obtaining valuable information on international partners are typically

much higher. Furthermore, companies could find it more difficult to control

international partnerships than to control regional partnerships while op-

portunistic behaviour is more likely to occur when the partners are located

in different continents. For these reasons, companies could prefer regional

partnerships, particularly when the sharing of sensitive R&D activities is

part of the agreement.

We control for the regional nature of R&D partnerships as the average

percentage of all the regional R&D partnerships of both companies in their

total number of R&D partnerships during the five-year period preceding

the given year. This variable reflects the extent to which pairs of companies

engage in regional partnerships, both within the pharmaceutical biotech-

nology industry as well as in other industries. Regional partnerships are

registered according to the region of origin (North America, Europe, Asia,

and other regions) in which the headquarters of companies are located.
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We also include intra-sector and inter-sector regional nature of R&D part-

nerships to control for the degree to which pairs of companies concentrate

regional partnerships in pharmaceutical biotechnology or in other indus-

tries.11

In addition, we control for size differences between the companies in a

pair. Several researchers have already shown that the size of companies

influences their R&D partnering behaviour (Hagedoorn, 1996a; Mytelka,

1991). The variable size ratio records the total number of employees of the

largest company in a pair divided by the total number of employees of the

smallest company in the pair. This ratio is calculated for each year that

precedes the year for which the dependent variable is calculated. Small

biotechnology firms typically employ mainly R&D specialists and there-

fore they have, compared to large pharmaceutical firms, lower numbers of

employees in many other functional areas, such as production, marketing,

sales, etc. We therefore transformed these size ratios into a logarithmic

scale (natural logarithm) to account for size differentials, which are unre-

lated to the technological activities of companies.

Finally, we control for the time since the last R&D partnership was

established. We assume that the more years have passed since pairs of

pharmaceutical biotechnology companies have formed their last common

partnership, the less likely they will engage in new R&D partnerships (see

also Gulati, 1999). The variable duration was constructed to record the

time elapsed since the prior partnership of pairs within the five-year period

preceding the year for which the dependent variable is calculated. This

variable is set to zero at the outset.

11 We do not differentiate between domestic and cross-border, international partners, because,
for instance in the case of European companies, two firms located at very close distance, e.g.,
one pharmaceutical company in the South of Germany and another in Switzerland, would be
counted as international partners whereas two US companies on both sides of the continent
would be considered domestic. In other words, this measure takes into account the current
rate of internationalisation, the effect of economic integration, and the large size differences
amongst countries.
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5.4 Statistical method

We model partnership formation by means of binomial logit models for

panel data. A panel data set follows a given sample of cases (pairs of phar-

maceutical biotechnology companies) over time and thus provides multiple

observations on each of the cases in the sample. One advantage of panel

data sets over traditional cross-sectional or standard time-series data sets

is that they typically provide researchers with a larger number of data

points, thereby reducing the collinearity among independent variables (see

amongst others Baltagi, 1995; Hsiao, 1985 and 1986; Klevmarken, 1989;

Solon, 1989).

Apart from this important advantage, panel data sets also enable us to

handle a key statistical problem that often arises in empirical studies, i.e.,

the problem of “unobserved heterogeneity” (Baltagi, 1995; Hsiao, 1986;

Wansbeek, 2001). This problem occurs when the actual reason for finding

or not finding certain effects is due to the role of omitted (misspecified,

unobserved) variables that are correlated with the independent variables

(see also Baltagi and Levin, 1992; Black, Moffitt, and Warner, 1990; Chin-

tagunta, Kyriazidou, and Perktold, 2001; Hajivassiliou, 1987; Heckman,

1981). This is also of concern for our study where we suggest that inter-

organizational trust in pairs of partnering companies affects the likelihood

of subsequent partnership formation. This expected effect might occur, be-

cause we manage to capture a genuine effect of inter-organizational trust

building in pairs of pharmaceutical biotechnology companies on their future

preferences for forming R&D partnerships. There is, however, another pos-

sibility that could lead us to make statistical inferences with respect to our

sample on the basis of spurious results: pairs of pharmaceutical biotechnol-

ogy companies may differ in their propensity to form R&D partnerships,

not because of real differences in the level of inter-organizational trust that

has developed amongst these companies, but because of unobserved effects

in our data set that are not captured by any of the independent variables
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in the model. We may then conclude that inter-organizational trust is an

important determinant of subsequent partnership formation, merely be-

cause the independent variables serve as proxies for omitted variables that

affect the formation of R&D partnerships. Through the use of data on

both individual characteristics of the pairs of companies in our sample and

on the inter-temporal dynamics (panel data), we are better able to control

for the effects of omitted variables.

To address concerns of heterogeneity, we employ fixed-effects logit mod-

els for our statistical analysis (see also Ahn, Lee, and Schmidt, 2001; Bal-

tagi, 1995; Charlier, Melenberg, and van Soest, 2001). Fixed-effects models

treat the unobserved pair effect as a constant over time. This method en-

tails computing a separate constant term for each pair of pharmaceutical

biotechnology companies and including a dummy variable for each of these

pairs. A frequently used fixed-effects logit model for panel data is the one

proposed by Chamberlain (1980 and 1984), in which a variable’s positive

coefficient indicates that it promotes the occurrence of an event (see Char-

lier, Melenberg, and van Soest, 2000), in our case, the formation of a new

R&D partnership, where:

P (yit = 1) =
eX ′

itβ+αi

1 + eX ′
itβ+αi

(5.1)

In equation 5.1, P (yit = 1) is the probability that y takes the value 1 at

time t for pair i. This probability is a function of a time-varying vector

of explanatory variables (X ′
it), which characterizes pair i, and a vector of

unknown parameter β. αi is a separate time-invariant intercept (dummy

variable), computed for each pair i. Fixed-effects models cannot contain

any variables, which are the same in every period (other than pair-specific

effects).
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5.5 Results

Table 5.1 provides some descriptive statistics for all variables under study

and it gives the correlations between these variables. Obviously, some of the

relatively high correlations indicate possible multi-collinearity, in particular

between the variable duration and other explanatory variables. Therefore,

we also estimated fixed-effects logit models for panel data excluding the

variable duration. Table 5.2 displays the estimation results of these logit

models using LIMDEP 7.0. We report the results of the moving window

approach. The results of the cumulative approach turned out to be not

significantly different.

Hypothesis 1 argues that greater inter-organizational trust in pairs of

partnering firms, expressed through increasing numbers of repeated ties

in R&D partnering, will increase the likelihood of their subsequent part-

nership formation. However, in models 1 and 2 (see table 5.2), inter-

organizational trust in pairs of pharmaceutical biotechnology firms has a

significant, negative effect on their involvement with R&D partnering at

a later stage. We also hypothesized that increasing sector-specific inter-

organizational trust in pairs of companies, measured only through their

repeated ties in pharmaceutical biotechnology R&D partnering, will have

a positive impact on the likelihood of their subsequent partnerships in this

industry (hypothesis 2). The estimates of the indicator for intra-sector

inter-organizational trust in models 3 and 4 (see table 5.2) are also nega-

tive and significantly different from zero. These results suggest that inter-

organizational trust in pairs of pharmaceutical biotechnology companies,

expressed through their repeated ties in R&D partnering, does not have

the expected predicting power regarding the likelihood of subsequent part-

nerships of these pairs of companies. Thus, hypotheses 1 and 2 are not

supported.

Following some other studies (Chung et al., 2000; Gulati, 1995a; Sax-

ton, 1997), we undertook some additional analyses including squared terms
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Table 5.2: Fixed-effects panel logit estimates

Variable 1 2 3 4
Inter-organizational trust -.96122** -1.03001**

(.23145) (.25074)
Intra-sector inter-organizational trust -.88506** -.96122**

(.22281) (.24641)
Contractual nature 3.46301** 3.27530**

(.91662) (.94290)
Intra-sector contractual nature 2.78001** 2.64864**

(.77638) (.79516)
Inter-sector contractual nature 2.19001* 2.20021*

(1.06327) (1.06216)
Regional nature -.25870 -.26703

(1.02635) (1.02299)
Intra-sector regional nature -.62014 -.60376

(.98667) (.98719)
Inter-sector regional nature -.32464 -.35001

(1.28375) (1.28845)
Size ratio -.79966* -.80486* -.70331* -.69428*

(.33240) (.33310) (.33406) (.33438)
Duration .14290 .14623

(.18434) (.18678)
N 272 272 272 272
Log-likelihood -97.83 -97.53 -95.59 -95.29

Standard errors in parentheses; significance-levels * p<.05; ** p<.01; N = number of observa-
tions. The dependent variable is 1 if the pair forms an R&D partnership and 0 if not.

for both trust-related variables to detect a possible inverted U-shaped re-

lationship between repeated ties and the likelihood of subsequent R&D

partnerships. It turned out, however, that, unlike in most other studies,

the effects of these squared terms were insignificant.

As far as the control variables are concerned, our findings show that in

all four models in table 5.2, the estimates of the specific terms that capture

the regional nature of R&D partnering and the measure of duration are

insignificantly different from zero. However, in all four models, the con-

tractual nature of R&D partnerships does have a positive, significant effect

on the future involvement in R&D partnering of pairs of pharmaceutical

biotechnology companies. Finally, it is important to note that the control
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variable size ratio, which expresses the size differences between partnering

companies, has a negative, significant effect on subsequent R&D partner-

ing, see also models 1 - 4 in table 5.2.

5.6 Discussion

The current management and organization literature on inter-firm collab-

oration pays extensive attention to the role of inter-organizational trust

between companies when they are establishing new partnerships or when

they continue their cooperation through a range of repeated ties. With

the exception of the “traditional” transaction cost economics based gov-

ernance approach (Williamson, 1975, 1985, and 1996), all the literatures

discussed in this chapter, stress the crucial role of inter-organizational trust

in understanding the existing and subsequent partnerships between com-

panies. From a transaction cost economics perspective, it is possible for

inter-organizational trust between companies to emerge in collaboration,

but adequate legal, economic, and ownership safeguards are always neces-

sary to prevent partnering companies from behaving in an opportunistic

manner. Other literatures such as the relationship-centred approach (e.g.,

Ciborra, 1991; Hakansson and Johansson, 1993; Johansson and Mattson,

1987; Nooteboom et al., 1997), emphasize that if mutual trust between

partnering companies is not an important element of their relationship

from the very start of the partnership, it will be difficult to continue such

a relationship and learning through shared activities, such as joint R&D,

may not even be possible.

A number of contributions take a stand in between the governance ap-

proach and the relationship-centred approach when they stress that inter-

organizational trust can gradually develop within the context of repeated

ties between pairs of companies (e.g., Gulati, 1995a; Ring and van de Ven,

1992; Saxton, 1997; Zaheer et al., 1998). With the increasing frequency of

collaboration between partners, the importance of using safeguards, such
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as equity participation, is expected to decrease over time. In other words,

inter-organizational trust is gaining relevance as inter-firm partnering is

becoming more important, both in terms of the overall number of part-

nerships and the degree to which specific pairs of companies demonstrate

repeated ties.

Given this central role for inter-organizational trust in so many contri-

butions and its almost standard operationalization in terms of repeated ties

(see also appendix C), it is quite surprising that our findings do strongly

suggest that inter-organizational trust is negatively related to subsequent

R&D partnering. This qualifies the many suggestions regarding the pos-

itive role of inter-organizational trust, as found in these different litera-

tures; perhaps with the exception of the governance approach. However,

the positive effect of the share of contractual R&D agreements on the likeli-

hood of subsequent partnership formation indicates that the role of equity-

based partnerships, with their embodied equity-based safeguards, appears

to carry little weight in the partnership formation process. Therefore, this

dimension of a transaction cost economics based governance approach is of

little help in explaining our findings.

So, if we would accept, as suggested by so much evidence from other

studies, that inter-organizational trust generally does play a positive role

in understanding the likelihood of subsequent partnerships, why does it

have such an adverse effect in our study? We propose that an interpreta-

tion of this negative role for inter-organizational trust can be found in the

context of understanding the specifics of R&D partnering in a high-tech

dual market structure, such as found in the pharmaceutical biotechnology

industry. For this industry, we found a significant, negative effect of large

size differentials in pairs of pharmaceutical biotechnology companies on the

likelihood that they will continue to collaborate in the future. As already

indicated in the introduction to this chapter, the majority of R&D partner-

ships in pharmaceutical biotechnology are formed between large pharma-

ceutical companies and small biotechnology firms. In our sample, over 70
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percent of these pairs are large-small coalitions. These large pharmaceuti-

cal companies typically provide their many smaller partners with financial

support and regulatory know-how, in return for which large companies ac-

quire access to the research skills of these small biotechnology companies

(Arora and Gambardella, 1990; Barley et al., 1992; Pisano, 1991; Powell,

1996; Shan et al., 1994).

We submit that inter-organizational trust does not have to develop in

such a situation where partners are substantially different in terms of size

and where both groups of companies play such a different role in the in-

novation process. It is also important to note that in this industry, large

companies have a wide array of changing R&D partnerships whereas most

small companies have a limited number of partnerships. In our sample, the

average large pharmaceutical company had more than ten R&D partner-

ships during the period 1991-1998; the average small biotechnology firm

had only a couple of these partnerships. The actual number of partner-

ships of small biotechnology companies is even substantially lower, because

of the necessarily strict selection criteria for our panel data sample. This

excludes small companies entering the industry later during the period of

investigation and small companies that went bankrupt or that were taken

over. These small companies had even fewer R&D partnerships than the

small companies that were included in the sample.

Rousseau, Sitkin, Burt, and Camerer (1998) stress that inter-

organizational trust can only develop when there is mutual dependence

between partners. In the pharmaceutical biotechnology industry, large

companies are only partly dependent on small companies as a group, but

quite independent from individual small companies. The position of indi-

vidual small companies vis-à-vis large pharmaceutical companies, however,

is rather weak. Many small R&D companies concentrate on the same or

somewhat similar technologies, so switching costs for large companies are

relatively low. Also, many large companies use their R&D partnerships to

scan the technological environment and to collect information on new re-



114 Chapter 5

search topics and interesting, new technological developments (Arora and

Gambardella, 1990; Hagedoorn, 1996a; Powell et al., 1996). For small

biotechnology firms, these R&D partnerships are not so much part of a

scanning exercise, but a source of income and an important element in

their survival strategy (Kenney, 1986; Saviotti, 1998). Consequently, mu-

tual inter-organizational trust does not appear to be a major force in these

R&D partnerships (for related findings, see Hoang, Rothaermel, and Simac,

2003).

5.7 Conclusions

This chapter does not generate the results that one would expect based

on existing theoretical and empirical work related to the issue of inter-

organizational trust in inter-firm partnering and the effects that the devel-

opment of trust between companies may have on their subsequent part-

nership formation. Inter-firm R&D collaboration in the pharmaceutical

biotechnology industry does not seem to be stimulated by the develop-

ment of inter-organizational trust in pairs of companies through repeated

ties. In fact, when companies in this industry have collaborated with a

specific partner at one point in time, they are not likely to cooperate with

the same firm at a later date.

These findings seem to fly in the face of a large part of the management

and organization literature that suggests that inter-organizational trust,

which develops through repeated ties, is an important stimulus for sub-

sequent partnership formation, or these results do at least qualify some

major findings in previous research on this topic. We do accept that in

the social sciences, each individual falsification of an established relation-

ship does not necessarily make “tabula rasa” with common knowledge.

However, a number of aspects of our contribution could warrant a second

look at the accepted understanding of inter-firm partnering and the role of

inter-organizational trust in terms of repeated ties. After all, the pharma-
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ceutical biotechnology industry is a sector where partnerships are known

to flourish and it takes a relatively large share of the overall number of

inter-firm partnerships. In addition, R&D partnerships are an important

group within this multi-faceted phenomenon.

In other words, the results found in this chapter are contrary to what

could be expected based on the current literature and they might be

counter-intuitive. However, an explanation within the specific context of

the pharmaceutical biotechnology industry could be exemplary for an un-

derstanding of the role of inter-firm partnerships in high-tech industries.

Therefore, it seems interesting for subsequent work to focus on the effect

of inter-organizational trust on inter-firm partnering within the context

of other high-tech industries with diverging dual market structures and

specific groups of partnering companies.
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The role of multiple partnering capabilities and

technological competences
12

6.1 Introduction

Company experience with the formation of inter-firm partnerships plays an

important role in the current management and organization literature on

repeated inter-firm partnering (see e.g., Anand and Khanna, 2000; Kale

and Singh, 1999; Rothaermel and Deeds, 2001). In order to contribute

to this body of literature, this chapter will broaden the analysis of the

role of experience by considering multiple partnering capabilities and tech-

nological competences of companies in a high-tech environment. These

partnering capabilities and technological competences are both expected

to influence the probability that companies will continue to form inter-

firm R&D partnerships. In combining externally oriented partnering ca-

pabilities with internal technological competences, we analyse the effect

of both the internal and the external absorptive capacity of companies on

their propensity to engage in future R&D partnerships. This chapter also

stresses the importance of understanding the role of multiple partnering

capabilities, i.e., the general-purpose partnering capabilities of companies,

their specific strategic network positioning, and the efficiency with which

they arrange their partnerships.

The particular high-tech environment that we study is the pharma-

ceutical biotechnology industry where there is an abundance of inter-firm

partnerships (Hagedoorn, 1996a; Rothaermel and Deeds, 2001; Shan et al.,

1994). This industry is also characterized by a large number of inter-firm

12 This chapter was selected for consideration for the sixth annual McKinsey/SMS Best Confer-
ence Paper Prize at the Strategic Management Society 23rd Annual International Conference
in Baltimore, Maryland, USA.
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R&D partnerships, i.e., the particular group of partnerships that we study

in this chapter.

In section 6.2, we will first discuss the role of experience and learning

in relation to the capabilities of companies and we will place this in the

context of inter-firm R&D partnering. This provides us with a background

for understanding the hypotheses on multiple partnering capabilities and

technological competences. This general outline of the role of experience,

learning, and capabilities in R&D partnering is followed by a further dis-

cussion of a number of hypotheses that stipulate the expected effect of

different aspects of partnering capabilities and technological competences

on future inter-firm partnering. In order to test the hypotheses, we con-

structed a relatively large panel data set that contains information about

the inter-firm R&D partnerships and innovative activity of pharmaceutical

biotechnology companies over time. In section 6.3, we describe our sample,

we discuss the variables used in this study, we present our data sources,

and we outline the use of a logit approach to the analysis of panel data.

This methodological section is followed by a presentation and discussion

of the results of our study. Finally, in section 6.6, we present some of the

major conclusions to be drawn from this chapter.

6.2 Background and hypotheses

6.2.1 Experience, learning, and capabilities

We understand the experience that a company has with respect to any of

its basic functions to create certain endogenous capabilities which it, if suc-

cessful, gradually develops further in order to perform economic functions

more efficiently or more effectively (Cyert and March, 1963; Nelson and

Winter, 1982; Teece, Pisano, and Shuen, 1997). This experience is in fact

a stock of accumulated knowledge of an explicit and a tacit nature, which

is somewhat difficult to access for other companies (Kogut and Zander,
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1992). This accumulated knowledge base also creates an absorptive capac-

ity that enables a company to learn from a variety of both internal and

external sources, such as those related to technological development (Co-

hen and Levinthal, 1990; Lane and Lubatkin, 1996; Mowery et al., 1998;

Stock, Greis, and Fischer, 2001; Tsai, 2001).

Inter-firm R&D partnerships are clear examples of such external sources

that can be used by a company to externally acquire technological know-

how in order to complement its existing knowledge. This existing knowl-

edge base of a company refers to its internal sources of technological know-

how such as its in-house R&D, its stock of codified knowledge, and its

learning capabilities. These internal competences are not only a major

source of the technological performance of a company, they also play an im-

portant role in attracting external capabilities through R&D partnerships

(see Teece, 1992). Relevant technological experience is a crucial element

in developing such technological capabilities as experience with developing

capabilities creates opportunities for further learning. This does not only

apply to the internal nature of capabilities, it also refers to external capa-

bility development. In the following, we will focus on the development of

externally oriented partnering capabilities.

It is well known from the literature that inter-firm partnering is difficult

to manage, because of its complicated nature and because it is practically

impossible to specify the concrete results of joint efforts in advance (Anand

and Khanna, 2000; Chung et al., 2000). Furthermore, inter-firm R&D part-

nerships are by definition linked to more than one company where shared

responsibilities increase the potential managerial complexity. Considerable

scope for learning by a company exists in the opportunity to improve its

ability to anticipate and effectively respond to contingencies that may un-

fold as it interacts with R&D partners. This learning experience through

R&D partnerships can be developed further through interactions with a

number of different partners (Gulati, 1995b and 1999; Heide and Miner,

1992; Larson, 1992; Levinthal and Fichman, 1988). As also discussed by
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Ring and van de Ven (1992), the frequency with which companies inter-

act with other companies will increase their stock of information on how to

manage partnerships. This information will help them forge new inter-firm

partnerships with an increasing number of companies.

The more experienced a company is in establishing inter-firm partner-

ships, the more it will know how to react to new and unexpected events

in its future links to other firms. Beyond learning how to manage inter-

firm R&D partnerships in general, firms with more partnerships may also

increase their specific knowledge about when to form a partnership, whom

to partner with, and how to value external technological knowledge (Co-

hen and Levinthal, 1990; Levinthal and March, 1993). We also expect

that firms with more experience in setting up and managing partnerships

may improve their reputation as a partner, because they can contribute

to the legitimacy of the partnership. Opportunities to enter into future

partnerships are, therefore, more readily available to companies with more

experience in inter-firm partnering than to those with fewer prior links

to other firms (Dyer and Singh, 1998; Gulati, 1995b; Oster, 1992; Powell

et al., 1996). This experience with setting up inter-firm partnerships in

itself raises the potential for further cooperation of companies, increasing

their already existing experience even further. However, as indicated in the

above, this experience does not only reflect the general-purpose partnering

know-how of companies, but it also includes the more specific intelligence

regarding network settings and the choice for particular R&D partners.

6.2.2 Multiple partnering capabilities and future R&D

partnering

Following the discussion in section 6.2.1, we expect that once a firm starts

to build up its partnering experience, it improves its ability to anticipate

and effectively react to unexpected events that may occur in its links to

other firms (see Gulati, 1995b and 1999; Heide and Miner, 1992; Larson,

1992; Levinthal and Fichman, 1988). Through increasing interactions with
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R&D partners, companies develop a number of general-purpose partnering

capabilities in managing these relationships (Lyles, 1988). Knowledge of

how to manage inter-firm partnerships will help companies establish part-

nerships with other companies (Ring and van de Ven, 1992) and improve

the likelihood of success of these future relations (Anand and Khanna,

2000; Barkema, Shenkar, Vermeulen, and Bell, 1997; George and Farris,

1999; Kale and Singh, 1999; Ohmae, 1989; Rothaermel and Deeds, 2001;

Simonin, 1999).

This ability to form inter-firm partnerships is relevant in all industries,

but particularly in high-tech industries such as the pharmaceutical biotech-

nology sector. High-tech industries are characterized by rapid technological

change and unforeseen technological changes that have a major effect on

the management of innovation, not only within companies, but also in their

partnering activities (Eisenhardt and Bird-Schoonhoven, 1996; Hagedoorn,

1993; Powell, 1996). The ability of high-tech companies to determine the

value of external sources of technological knowledge (i.e., choose a com-

petent R&D partner) allows them to quickly respond to promising new

technological opportunities. The more companies develop general-purpose

partnering capabilities, the more these capabilities are expected to be help-

ful in choosing partners.

Our understanding of the effect of general-purpose partnering capabil-

ities, developed through prior experience with inter-firm R&D partner-

ing, suggests that companies enter into further partnerships, because their

experience enables them to build up capabilities for managing these re-

lationships. As such, this indicates a positive effect of experience-based,

general-purpose partnering capabilities of companies on their future part-

nering activities. Hence:

Hypothesis 1: The larger the experience-based, general-purpose partner-

ing capabilities of a company, the higher the probability that it will engage

in future partnering activities.
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Recent contributions point at a possible curve linear relationship be-

tween the degree to which companies have established inter-firm partner-

ships in the past and their future partnership formation. Chung et al.

(2000), Gulati (1995b), Hamel, Doz, and Prahalad (1989), and Saxton

(1997) indicate that there seem finite opportunities for inter-firm partner-

ing caused by fears of over-dependence on partners and gradually dimin-

ishing information gains through additional interaction. This suggests a

gradual lowering of the propensity of companies to engage in future inter-

firm partnerships. The literature usually refers to this non-monotonic effect

in the context of pairs of companies (see also chapter 5). However, this ef-

fect might also take place in a high-tech environment with a history and an

abundance of inter-firm R&D partnerships within a relatively small group

of companies. In that case, a large number of R&D partnerships within a

limited group of companies can dampen subsequent partnering activities.

This decreasing propensity to form partnerships will result in an inverted

U-shaped relationship between the number of past partnerships of a com-

pany and its interest in forming new partnerships. This also indicates that

experience-based, general-purpose partnering capabilities could be subject

to gradually decreasing learning opportunities through repeated interac-

tions. Hence:

Hypothesis 2: There is an inverted U-shaped relationship between the

experience-based, general-purpose partnering capabilities of a company and

the probability that it will engage in future partnering activities.

Partnering capabilities can also be understood in terms of the particular

ability of a company to place itself in a central position in a broader network

of inter-firm partnerships with multiple companies. We expect that a com-

pany with specific networking capabilities is able to position itself in such

a way that it can draw information and learn from a variety of inter-firm

R&D partnerships. In terms of social network theory (Burt, 1992; Free-

man, 1979; Keik, 1992), this implies that a company with well-developed

networking capabilities acts as a strategic player that can manoeuvre itself
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in a central position in between other companies. In a network of R&D

partnerships, a company that is able to occupy a central position also has

the potential to control the flows of information between a number of other

companies (Freeman, 1979; Knoke and Kuklinski, 1982; Wasserman and

Faust, 1994). Companies in such central positions in inter-firm R&D net-

works are expected to develop specific partnering capabilities that not only

give them control over information flows in the network, but this informa-

tion also enables them to use their visible position to attract and select

future partners (Gulati, 1999). Also, a central network position shapes a

company’s reputation as a skilled and knowledgeable partner, producing

access to new knowledge through an increasing number of partnerships

(Brass, Butterfield, and Skaggs, 1998; Powell et al., 1996).

It is well established that research-intensive, high-tech environments are,

given the redundancy of “old” contacts and the need to scan a variety of op-

tions, characterized by a high turnover in relatively short-term partnerships

(Hagedoorn, 1993; Powell et al., 1996). In that context, it is important to

not only maintain a status-quo based central network position, but it is

even more valuable to continuously search for new partnerships in order to

have timely access to new technologies. A company with a central network

position in between other companies is expected to have developed specific

networking capabilities that will enable it to use these capabilities to enter

into future partnerships. Hence:

Hypothesis 3: The larger the specific network centrality-based partnering

capabilities of a company, the higher the probability that it will engage in

future partnering activities.

We can also identify specific partnering capabilities in terms of the effi-

ciency that a company has learned to use in choosing its R&D partners. We

expect that a company gradually develops skills that enable it to increase

its efficiency in terms of avoiding the maintenance of redundant inter-firm

partnerships that carry little additional information (Burt, 1992). Specific

efficiency-based partnering capabilities then indicate the degree to which a
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company has learned to optimize its inter-firm R&D partnerships within a

group of other companies, avoiding redundant partnerships. In a network

of companies, each firm should, according to social network theory, be well

connected to others without sustaining a dense, redundant local network.

Efficiency-based partnering capabilities reflect both the experience that a

company needs in order to learn which R&D partners to select (i.e., deter-

mine the value of additional information or technological know-how) and

its ability to act as a strategic player who is able to create its own efficient

network of partnerships. We expect that a company that has developed

these specific partnering capabilities necessary to create a strategic net-

work position in between other companies, will employ these capabilities

to enter into useful, new R&D partnerships. Hence:

Hypothesis 4: The larger the specific network efficiency-based partnering

capabilities of a company, the higher the probability that it will engage in

future partnering activities.

6.2.3 Technological competences and future R&D partnering

Technological competences are necessary for companies to create compet-

itive advantages, using both internally developed competences and exter-

nally acquired resources (Teece, 1992). Inter-firm R&D partnerships have

become a major source of these external resources (Hagedoorn, 1993).

However, the opportunities for a company to form R&D partnerships and

the probability that it will continue to partner are partly dependent on its

own technological competences (Ahuja, 2000; Forrest, 1996).

Given the complexities of advanced technologies and the long-term na-

ture of the innovation process in research-based industries, such as the

pharmaceutical biotechnology sector, the technological competences of

companies in these industries are almost by definition based on accumu-

lated stocks of knowledge. In other words, the nature of advanced tech-

nologies demands that a successful company builds an accumulated stock
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of knowledge that enables it to explore a variety of technological options

(Cohen and Levinthal, 1990). Therefore, this stock of knowledge not only

indicates the past technological performance of a company, but given the

continuous nature of knowledge accumulation, it also signals its existing

technological competences (Powell, 1996).

A company with a proven track record of technological performance

will have developed technological competences that enable it to success-

fully participate in the “innovation game” with both internal and external

resources. For its use of external resources through partnerships, the tech-

nological competences of a firm not only make it an attractive partner

to other companies, it also gives the firm a strong position in terms of

choosing from a range of possible partners (Stuart, 1998). Alternatively,

companies with underdeveloped technological competences are companies

without a proven track record that can be expected to have some difficulty

in finding partners as they have so little to offer (Ahuja, 2000). Hence:

Hypothesis 5: The larger the technological competences of a company,

the higher the probability that it will engage in future partnering activities.

6.3 Research methods

6.3.1 Sample

We chose the international pharmaceutical biotechnology industry as the

primary setting for the analysis, because of the large number of inter-firm

R&D partnerships and the substantial R&D partnering activity that char-

acterizes this high-tech industry (Barley et al., 1992; Hagedoorn, 1996a;

Powell et al., 1996; Rothaermel, 2000). The group of pharmaceutical

biotechnology companies that forms the starting point for this research

comprises a total of nearly 600 companies that are participating in 1764

R&D partnerships during the period 1991-1998. Using information from
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Disclosure, we checked whether R&D partners are indeed separate compa-

nies and not connected through common governance.

We study balanced panels, that is, all companies in our sample were in

the risk set during the entire period of observation. This means that they

are assumed to have had the opportunity to form partnerships during the

entire period. Therefore, we had to exclude companies that were estab-

lished since 1992 and companies that ceased to exist during this period,

either through a take-over or due to bankruptcy. After these selection cri-

teria were applied to the initial set of cooperating companies, the sample

analysed in this chapter was reduced to 1325 inter-firm partnerships and

230 pharmaceutical biotechnology companies that are cooperating through

multiple partnerships leading to 1840 observations.

6.3.2 Main variables

The dependent variable, R&D partnerships, is a dichotomously coded vari-

able for the occurrence of an R&D partnership for each year during the

period 1991-1998. Each dependent variable takes the value of one when

a pharmaceutical biotechnology company entered into at least one R&D

partnership and the value of zero if this did not occur.

For each company, we calculated various measures of their general-

purpose and specific partnering capabilities and one indicator of their tech-

nological competences as the independent variables for each year during the

period 1991-1998. These measures were calculated until the end of the five-

year period preceding the given year, so the starting year for measuring

these independent variables is 1986. We use this five-year moving window

approach, because we assume that only during these few previous years,

the partnering capabilities of companies and their technological compe-

tences are likely to affect current partnership formation (Gulati, 1995b).

Furthermore, this five-year moving window approach enables us to control

for left censoring in the data set. In addition to this, we will also apply a

cumulative approach, which assumes that all firm activity that has taken
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place until the year before the given year can influence partnership forma-

tion. In that case, new partnership formation is affected by the long-term

partnering experience of companies.

Experience-based, general-purpose capabilities of pharmaceutical bio-

technology companies are measured as the total number of inter-firm R&D

partnerships of companies in the pharmaceutical biotechnology industry.

We include a squared term for this general-purpose experience variable to

detect a possible inverted U-shaped relationship between the number of

past R&D partnerships and the probability of future partnerships.

Specific centrality-based partnering capabilities of companies refer to

the relative betweenness measure of network centrality as suggested by

Freeman (1977 and 1979). This measure is based on the idea that compa-

nies control information exchange between other companies in a network

to the extent that they are positioned on the geodesic path or shortest

path between these companies. Freeman (1977) proposes a measure of be-

tweenness based on the geodesics between all companies. Assuming that

two companies i and j are indifferent as to which geodesic is used, the

probability of using any one is 1
gij

where gij is the number of geodesics link-

ing i and j. If company m lies between companies i and j on a geodesic,

the number of such geodesics that involve m is gimj (Knoke and Kuklin-

ski, 1982; Wasserman and Faust, 1994). Freeman (1977) has shown that

the maximum value of betweenness centrality is achieved by the central

company in a star-shaped network. That value is N2−3N+2
2 for undirected

networks. We assume undirected networks of cooperating companies as

inter-firm R&D partnerships in our data set are characterized by mutual

exchanges of technological knowledge. An appropriate measure of relative

betweenness centrality for company m is the following ratio, CB (firmm),

adapted from Knoke and Kuklinski (1982: 53):

CB (firmm) =

2
N∑
i

N∑
<j

gimj

gij

N 2 − 3N + 2
i 6= j (6.1)
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This relative betweenness centrality is expressed in percentages where

values range between 0 percent and 100 percent, with higher scores indicat-

ing greater firm centrality in a network relative to other network partners.

We use this relative centrality measure, because an absolute measure of

betweenness cannot be used to compare firm centralities of networks with

different numbers of companies. This measure is calculated using UCINET

5 (Borgatti, Everett, and Freeman, 1999), a software package that allows

for the computation of various network-related measures. The basic source

of information for UCINET is a binary, symmetric adjacency matrix con-

taining the partnerships between the companies in a network. We com-

puted separate matrices for each year for which the dependent variable is

calculated, including all R&D partnering activity among panel members

throughout the five-year period preceding the given year.

The indicator for the specific efficiency-based partnering capabilities of

pharmaceutical biotechnology companies is based on Burt’s (1992) hier-

archy measure, which is in fact an adjustment of the constraint measure.

Constraint indicates redundancy in the inter-firm partnerships of a com-

pany in the sense that it measures the extent to which the company has

partners that also cooperate intensely among themselves. In that case, the

constraint posed by a single partner on a focal company is likely to be

highest if the partner is part of a completely connected local network or

clique. If the company is also related to other clique members, the prob-

ability that the company will gain access to new knowledge through its

relationship with this partner, is relatively low. Hierarchy then measures

the extent to which the aggregate constraint on a company is concentrated

in its partnership with a single other company.

This hierarchy measure can be calculated using the following two-step

procedure. First, for each partner j of company i, we compute the ratio of

partner-specific constraint to the average level of constraint per partner,

RCij, which tells us how much one particular partner j is a more severe
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source of constraint to company i than any of its other partners. This ratio

can be formulated as follows:

RCij =
cij

C/N
(6.2)

In equation 6.2, cij measures the constraint posed on company i by partner

j, N is the total number of inter-firm partnerships of company i, C is

the sum of constraint across all N partnerships, and C/N is the average

constraint per partner. The constraint ratio is 1 for partner j posing an

average level of constraint on company i.

As a next step, we apply the Coleman-Theil disorder index to gener-

ate the actual hierarchy measure. This method multiplies the sum of all

partner-specific constraint ratios by its natural logarithm and divides the

outcome by the maximum sum possible. For company i, the hierarchy

measure, Hieri, can thus be stated as follows:

Hieri =

∑
j

(
cij

C/N

)
ln

(
cij

C/N

)
Nln (N)

(6.3)

This measure equals 0 when constraint is the same for each partner of

a company. It measures 1 when all constraint is concentrated in a single

partnership. In other words, higher values of hierarchy indicate that a com-

pany is more efficient in choosing its partners in terms of the contribution

that new partners can make to the body of knowledge that the company

already has access to through its existing inter-firm partnerships. Lower

values of hierarchy, in contrast, indicate more redundancy in a company’s

partnerships through duplication of information flows. This measure is

also calculated using UCINET 5 (Borgatti et al., 1999).

As a measure for the technological competences of pharmaceutical

biotechnology companies, we use the total number of US patent applica-

tions of each of these companies. Natural logarithms are taken to correct

for the large number of patent applications of large pharmaceutical com-

panies relative to small biotechnology firms. Patents are widely accepted
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in the management and organization literature as appropriate indicators

of the technological competences and learning capabilities of companies

(Acs and Audretsch, 1989; Patel and Pavitt, 1991). Narin, Noma, and

Perry (1987) and Powell and Brantley (1992) describe patents as accu-

rate “signals” of technological competences and learning capabilities in the

pharmaceutical biotechnology industry.

6.3.3 Control variables

The first control variable that we introduce, relates to the possible effect

of the non-biotechnology partnering experience of pharmaceutical biotech-

nology companies on the probability of their future inter-firm R&D part-

nerships. This variable considers the number of R&D partnerships of firms

in other industries than the pharmaceutical biotechnology sector, until the

end of the five-year period preceding a given year. We include this control

variable, because the experience of companies with partnerships in other

industries might add to their general-purpose partnering capabilities or

routines in managing these relations (Lyles, 1988; Ring and van de Ven,

1992).

The contractual nature of inter-firm R&D partnerships is a variable

that controls for the effect of the experience of companies with equity-

based partnerships or contractual agreements on new partnership forma-

tion (Dyer and Singh, 1998; Gulati, 1995a; Osborn and Hagedoorn, 1997).

In chapter 3, we already found that most of the recently formed R&D part-

nerships in the pharmaceutical biotechnology industry are of a contractual

nature (see also Hagedoorn, 1996a). The degree to which pharmaceuti-

cal biotechnology companies have experience in forming contractual agree-

ments might affect their future partnership formation that, in all likelihood,

is dominated by these contractual agreements. This variable measures the

share (percentage) of contractual agreements in the total number of phar-

maceutical biotechnology partnerships of companies, until the end of the

five-year period preceding a given year.
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We also control for the regional nature of inter-firm R&D partnerships

of companies as the share of all the regional R&D partnerships in their total

number of pharmaceutical biotechnology R&D partnerships, until the end

of the five-year period preceding the given year. Regional partnerships

are registered according to the region of origin (North America, Europe,

Asia, other regions) of the headquarters of companies. The degree to which

companies use international partnerships is one of the most widely used

control variables in this line of research. It refers to the role played by

international partnerships that seem quite different from R&D partnerships

within the same trading block (Buckley and Casson, 1988; Contractor and

Lorange, 1988b; Dyer and Singh, 1998). Firms do not usually possess the

same amount of information on potential “foreign” R&D partners as they

would on possible partners within the same region and the costs involved

with obtaining valuable information on international partners are typically

much higher. Given the current degree of internationalisation of inter-firm

partnering (see also chapter 3), the experience of companies with regionally

concentrated partnerships might affect their experience-based partnering

capabilities and their future inter-firm R&D partnering.

Finally, we assume that the more years have passed since pharmaceutical

biotechnology companies have formed their last R&D partnership, the less

likely they will engage in new R&D partnerships (Gulati, 1999). The

variable duration was constructed to control for the time elapsed since

the prior partnership of firms and set to zero at the outset.

Several researchers have already shown that both the size of companies

and their R&D efforts influence the extent to which they form inter-firm

R&D partnerships (Mytelka, 1991; Powell and Brantley, 1992). Our sample

of pharmaceutical biotechnology companies includes many small biotech-

nology firms. Unfortunately, we could not obtain yearly information on

the size (i.e., revenues or numbers of employees) and R&D expenses of

most of these, often privately held, small companies. One solution would

be to focus our study on a subset of only the largest pharmaceutical com-
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panies for which these kinds of yearly data are more readily available. In

that case, our findings would not be representative for the pharmaceutical

biotechnology industry at large. However, the variable on the technological

competences (patents) of companies does to a large extent also express the

size and R&D efforts of companies (Acs and Audretsch, 1989; Griliches,

1998). For this study, we found a correlation of 0.92 between the number

of patents of pharmaceutical biotechnology companies and their revenues

for about 40 percent of the companies in the sample, for which we were

able to find data on their size.

6.3.4 Data sources

Data for the dependent variable, various indicators of the general-purpose

and specific partnering capabilities of companies, and the control variables

were obtained from the MERIT-CATI database (see appendix A), a com-

prehensive data set that comprises information on inter-firm R&D part-

nerships (Hagedoorn, 1993; Mowery et al., 1998). This databank contains

information on each R&D partnership and some information on companies

participating in these partnerships.

The data on patents, which we use as a measure of technological com-

petences, are taken from the US Patent and Trademark Office (USPTO)

database of the US Department of Commerce. Although this US data

could imply a bias in favour of US-based pharmaceutical biotechnology

companies and against non-US firms, the patent literature suggests sev-

eral reasons to choose US patent data (see e.g., Patel and Pavitt, 1991).

Frequently mentioned motivations are the importance of the US market,

the genuine patent protection offered by US authorities, and the level of

technological sophistication of the US market, which makes it almost com-

pulsory for non-US companies to file patents in the USA. These reasons are

particularly relevant for the pharmaceutical biotechnology industry (Pow-

ell, 1996).
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6.3.5 Statistical method

The data that we analyse in this chapter refer to a panel data set. A

panel data set follows a given sample of cases (in our case, pharmaceutical

biotechnology companies) over time and thus provides multiple observa-

tions on each of the cases in the sample. An important advantage of panel

data sets over traditional cross-sectional or standard time-series data sets

is that they typically provide researchers with a larger number of data

points, thereby reducing the collinearity among independent variables (see

amongst others Baltagi, 1995; Hsiao, 1985 and 1986; Klevmarken, 1989;

Solon, 1989).

Discrete choice models can be applied to panel data when, as is the case

in this chapter, the dependent variable represents the occurrence of a spe-

cific event. In the context of this chapter, a pharmaceutical biotechnology

company either forms an R&D partnership in a given year (yit = 1) or it

does not (yit = 0). As P (yit = 1) is the probability at time t of the an-

nouncement of a partnership of company i, we can model new partnership

formation as follows:

P (yit = 1) = E〈yit|Xit〉 = F (X ′
itβ) (6.4)

In this chapter, we employ binomial logit models for panel data in order

to relate new partnership formation of companies to their general-purpose

and specific partnering capabilities and their technological competences. In

that case, the function F in equation 6.4 represents the logistic distribution

function so that the actual models used in this chapter can be stated as

follows:

P (yit = 1) =
eX ′

itβ

1 + eX ′
itβ

(6.5)

In equation 6.5, P (yit = 1) is a function of a time-varying vector of ex-

planatory variables (X ′
it), which characterizes company i, and a vector of

unknown parameter β. β also includes a time-invariant intercept, which
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is the same for all pharmaceutical biotechnology companies. This particu-

lar logit model specification provides us with an interesting alternative to

Chamberlain’s (1980 and 1984) fixed-effects model (see Cecchetti, 1986).

Due to limitations of the extensive panel data set underlying the analyses

in this chapter, we were unable to apply the Chamberlain model to our

data set.

6.4 Results

Table 6.1 provides some descriptive statistics for all variables under study

and it gives the correlations for these variables. Table 6.2 displays the es-

timation results of the various logit models for panel data using LIMDEP

7.0. We only report the results of the moving window approach, because

the results of the cumulative approach turned out to be not significantly

different. In models 1-4 (see table 6.2), we estimate the partial effects

of the different partnering capabilities of pharmaceutical biotechnology

companies and their technological competences on the probability of fu-

ture inter-firm R&D partnerships of companies. In model 5, we include a

squared term for the variable indicating experience-based, general-purpose

partnering capabilities of companies to detect a possible inverted U-shaped

relationship between these general-purpose partnering capabilities and new

partnership formation. In models 6-8, we measure the effects of separate

partnering capability variables in combination with technological compe-

tences on the probability of future R&D partnerships13. Models 9 and 10

include multiple variables for the partnering capabilities of companies and

their technological competences. Model 11 represents the full (reference)

model with all relevant variables for partnering capabilities and technolog-

ical competences.

13 We also estimated the effects of the interaction of several combinations of different partner-
ing capabilities of companies with their technological competences. However, none of these
interaction effects turned out to be statistically significant.
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Table 6.2: Panel logit estimates

Variable 1 2 3 4 5
Constant -1.04196** -1.02410** -1.00702** -1.19417** -1.03382**

(.08975) (.08050) (.07992) (.08688) (.08118)
Experience-based, .10039** .05147
general-purpose (.01904) (.04825)
capabilities

Experience-based, .00346
general-purpose (.00326)
capabilities (squared)

Specific centrality-based .06777**
partnering capabilities (.01360)

Specific efficiency-based .42081**
partnering capabilities (.14707)

Technological .41095**
competences (.06279)

Non-biotechnology .00637 .00865 .01491* -.00512 .00654
partnering experience (.00619) (.00615) (.00645) (.00666) (.00619)

Contractual nature 1.16017** 1.30629** 1.37589** 1.25553** 1.23655**
(.15761) (.15191) (.14982) (.15099) (.17224)

Regional nature -.80560 -.00850 .08082 -.01627 -.06336
(.16399) (.16250) (.16088) (.16290) (.16462)

Duration -.25674** -.27146** -.32815** -.31195** -.25255**
(.05573) (.05608) (.05794) (.05601) (.05584)

N 1840 1840 1840 1840 1840
Log-likelihood -1141.04 -1143.43 -1153.19 -1135.51 -1140.39
Log-likelihood change (5)-(1)
Chi square 1.30

Standard errors in parentheses; significance-levels * p<.05; ** p<.01; N = number of observations. The
dependent variable is 1 if the firm forms an R&D partnership and 0 if not.

The results of the chi-squared test for improvement of subsequent mod-

els (see models 5-11) are also reported in table 6.2. The test results show

that by including a squared term of the experience-based, general-purpose

partnering capabilities variable, model 5 does not gain explanatory power

as compared to the restricted model 1. However, models 6-8, which include

the combined effects of several partnering capabilities of pharmaceutical

biotechnology companies with their technological competences, do provide

us with significantly better fit than models 1-3, which comprise only one of

the indicators for the partnering capabilities of companies. Models 9 and

10, with multiple partnering capability variables, also generate significantly
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Table 6.2 (continued)

Variable 6 7 8 9 10 11
Constant -1.18766** -1.18237** -1.22669 -1.23271** -1.22275** -1.22862**

(.08689) (.08686) (.08774) (.08802) (.08781) (.87988)
Experience-based, .07282** .10747** .07145**
general-purpose (.01945) (.02198) (.02915)
capabilities

Experience-based,
general-purpose
capabilities (squared)

Specific centrality-based .05023** .07287** .03711**
partnering capabilities (.01394) (.01539) (.02054)

Specific efficiency-based .59271** .83392** .81316** .86561**
partnering capabilities (.15038) (.15744) (.15731) (.15868)

Technological .33739** .35200** .45228** .36440** .38508** .35975**
competences (.06551) (.06474) (.06401) (.06626) (.06547) (.06631)

Non-biotechnology -.00693 -.00586 -.00596 -.00881 -.00731 -.00861
partnering experience (.00668) (.00665) (.00668) (.00673) (.00667) (.00673)

Contractual nature 1.07453** 1.17116** 1.12410** .80807** .95273** .82602**
(.15806) (.15328) (.15248) (.16392) (.15656) (.16448)

Regional nature -.10297 -.05362 .00576 -.10855 -.36776 -.09297
(.16536) (.16406) (.16281) (.16475) (.16372) (.16522)

Duration -.28781** -.29973** -.37770** -.37223** -.38562** -.37759**
(.05621) (.05635) (.05858) (.05851) (.58930) (.05875)

N 1840 1840 1840 1840 1840 1840
Log-likelihood -1127.75 -1128.54 -1127.67 -1113.53 -1114.98 -1111.84
Log-likelihood change (6)-(1) (7)-(2) (8)-(3) (9)-(6) (10)-(7) (11)-(9)
Chi square 26.58** 29.78** 51.04** 28.44** 27.12** 3.38

better fit than models 6 and 7 that contain fewer variables of partnering

capabilities.

Hypothesis 1 argues that a company is more likely to engage in future

inter-firm R&D partnerships to the extent that it has built up general-

purpose partnering capabilities through its prior experience with R&D

partnerships. In model 1 (see table 6.2), the experience-based, general-

purpose capabilities of pharmaceutical biotechnology companies in setting

up R&D partnerships have a significant, positive effect on their involvement

with partnering at a later stage. In model 6 where we include the techno-

logical competences of companies, general-purpose partnering capabilities

developed through prior experience also have a positive and significant
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effect on future partnering of companies. Similar results are found after

adding the specific efficiency-based partnering capabilities variable (model

9).

To detect a possible inverted U-shaped relationship between the

experience-based, general-purpose partnering capabilities of companies and

the probability of future R&D partnerships (hypothesis 2), we included a

squared term for the experience-related variable in model 5. However,

the results show that the effect of this squared term is insignificant. We

therefore cannot accept hypothesis 2.

We also argue that the specific network centrality-based partnering ca-

pabilities of companies will have a positive impact on the probability of

their future partnering activities (hypothesis 3). The estimates of the in-

dicator for specific centrality-based partnering capabilities in model 2 and

the extended models 7 and 10 (see table 6.2) are positive and significantly

different from zero.

Hypothesis 4 argues that the larger the specific network efficiency-based

partnering capabilities of companies, the higher the probability that they

will form new inter-firm R&D partnerships. In model 3, the estimate of

the indicator for specific efficiency-based partnering capabilities of com-

panies has a significant, positive effect on the probability of their future

R&D partnering. If we include measures of the technological competences

of these companies (see models 8-10) and their specific centrality-based

partnering capabilities (model 10), their specific network efficiency still

has a positive and significant effect on the probability that companies will

form partnerships at a later stage. These results suggest that the part-

nering capabilities of pharmaceutical biotechnology companies, expressed

through their general-purpose experience with inter-firm partnering, their

network centrality, and their efficiency in choosing R&D partners, have

the expected predicting power regarding the probability of future inter-

firm R&D partnerships of these companies. Thus, hypotheses 1, 3, and 4

are supported.
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Hypothesis 5 argues that the probability of future R&D partnerships

of companies is positively influenced by the extent to which these com-

panies have built up technological competences through prior innovative

activity. In model 4 (see table 6.2), the indicator of the technological com-

petences of companies has a significant, positive effect on their future R&D

partnerships. Also in models 6-10 where we include various measures of

the partnering capabilities of companies, the estimates of the indicator for

technological competences are positive and significantly different from zero.

These results indicate that the technological competences of pharmaceuti-

cal biotechnology companies have a positive influence on their future R&D

partnering. Furthermore, we can improve our understanding of the part-

nership formation of these companies by not only looking at their general-

purpose and specific partnering capabilities, but also at their technological

competences. We thus find strong support for hypothesis 5.

Model 11 represents the full model that has to be interpreted with some

caution, due to the possible multi-collinearity, caused by the relatively high

correlation (0.77) between the experience-based, general-purpose partner-

ing capabilities of companies and their specific centrality-based capabili-

ties14. However, comparing these results with models 6-10 indicates that all

three variables indicating different aspects of partnering capabilities are, in

combination with the variable for technological competences, very relevant

for understanding repeated inter-firm R&D partnering in the pharmaceu-

tical biotechnology industry.

As far as the control variables are concerned, our findings show that

the estimates of the particular term that captures the non-biotechnology

R&D partnering experience of pharmaceutical biotechnology companies is

insignificant in most models (see table 6.2). In model 3, however, we find a

positive effect of this variable on future inter-firm partnerships of compa-

nies, however, only at the 5 percent significance-level. The measure for the

regional nature of inter-firm R&D partnerships is insignificantly different

14 The high correlation between these two variables may also explain why model 11 does not
provide us with significantly better fit than the restricted model 9.
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from zero in all models. However, the contractual nature of R&D part-

nerships does have a positive, significant effect on the future involvement

of companies in inter-firm partnering. Also, in all models, the variable

duration has a significant, negative effect on the probability of future part-

nerships of companies. This implies that the more time has elapsed since a

company established an inter-firm partnership, the smaller the probability

that it will engage in future partnerships.

6.5 Discussion

This chapter examines company-specific factors that influence the forma-

tion of inter-firm R&D partnerships by companies operating in the high-

tech pharmaceutical biotechnology industry. We use a broad set of theoret-

ical arguments to interpret new partnership formation in terms of both the

general-purpose and specific partnering capabilities and the technological

competences of the companies involved in this sector. It is clear that the set

of variables concerning the different partnering capabilities of companies

and the indicator of their technological competences play a significant role

in determining the formation of R&D partnerships with other companies.

This supports the idea that both the firm’s accumulated stock of knowl-

edge about how to partner and its internal technological know-how create

crucial opportunities for future learning. This can be discussed further in

the context of three main findings.

First, our results suggest that multiple partnering capabilities of phar-

maceutical biotechnology companies, in terms of their general-purpose ex-

perience with inter-firm R&D partnering, their network centrality, and

their efficiency in choosing R&D partners, enables them to continue enter-

ing into new partnerships. The important role for each of these partnering

capabilities can be clearly understood within the context of the learning

capabilities that companies develop in their R&D partnerships (see Anand

and Khanna, 2000; Powell et al., 1996). Companies involved in partner-
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ships can improve the opportunity for learning in the sense that their expe-

rience with the formation of these partnerships enables them to anticipate

and effectively respond to contingencies that may unfold as they interact

with their R&D partners. This partnering experience of companies clearly

has to be of an up-to-date nature as our analysis shows that older expertise

loses its value for learning, because it has a negative effect on the formation

of future inter-firm partnerships. Furthermore, learning opportunities for

partnering companies become clear in their ability to place themselves in

a central network position in between other companies, which gives them

access to multiple sources of information from the network. Also, compa-

nies that engage in inter-firm R&D partnering gradually learn to create

their own efficient network of partnerships, selecting new R&D partners

who can contribute to the body of technological knowledge that is already

present in their local network. Both the general-purpose and the specific

partnering capabilities of pharmaceutical biotechnology companies allow

these companies to benefit from their existing and future R&D partner-

ships (Oster, 1992; Rothaermel and Deeds, 2001). The visibility that is

inherent to these capabilities will help companies forge further partner-

ships with a variety of R&D partners, thus improving their opportunities

for learning even further (Dyer and Singh, 1998; Gulati, 1995b; Ring and

van de Ven, 1992; Teece, 1992).

Second, we find no evidence of a curve linear relation between the degree

to which companies have established inter-firm R&D partnerships in the

past and their future partnerships. This finding is not in congruence with

what we would expect on the basis of existing contributions (Chung et al.,

2000; Gulati, 1995b; Saxton, 1997) that all indicate that the propensity of

companies to form inter-firm partnerships is likely to gradually decrease

due to fears of over-dependence on partners and diminishing information

gains through new partnerships. We can explain our finding within the

context of the pharmaceutical biotechnology industry where the direction

of technological development is still unclear and there is consequently a
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high level of uncertainty (OTA, 1991; Senker, 1998). In this specific indus-

trial setting, companies are highly dependent on their R&D partnerships

for timely access to the latest advances in science and technology. As long

as technological uncertainty prevails in this industry, timely access to con-

tinuing flows of new information will remain crucial and pharmaceutical

biotechnology companies are expected to continue scanning the technolog-

ical environment through their multiple partnerships.

Third, our results indicate that, besides the general-purpose and specific

partnering capabilities of companies, their technological competences also

play a significant role in explaining their future R&D partnering activities.

This finding is consistent with the idea that high-tech companies that are

successful innovators will develop technological competences that enable

them to also be actively involved in innovation in the future (Ahuja, 2000;

Stuart, 1998). In fact, the accumulated technological knowledge base of a

high-tech company creates an absorptive capacity (Cohen and Levinthal,

1990) that enables this company to learn from a variety of R&D partners.

Also, companies with a well-established history of technological perfor-

mance make attractive partners that are able to access external sources of

state-of-the-art technological knowledge through their partnerships with

an increasing number of partners.

Our findings clearly show that the general-purpose and specific partner-

ing capabilities of pharmaceutical biotechnology companies in a solid com-

bination with their technological competences play a crucial role in setting

up future inter-firm R&D partnerships. We submit that an interesting in-

terpretation of this important role for these multiple firm capabilities can

be found in the context of understanding the specifics of R&D partnering

in high-tech industries, such as the pharmaceutical biotechnology sector.

In general terms, high-tech industries can be characterized by their ever-

shortening technology development cycles and the short product life cycles

that form a constant pressure on companies to respond quickly to changing

market needs and new technological opportunities (Eisenhardt and Bird-
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Schoonhoven, 1996). As mentioned before, timely access to new technolo-

gies and state-of-the-art scientific knowledge that is developed outside the

boundaries of the firm is crucial to competitive success in these industries.

Due to a number of factors, i.e., the globalisation of markets, the increas-

ing complexity of technologies, and the increasing costs of R&D, even the

largest firms are no longer able to individually monitor all the technolog-

ical and scientific developments that are important for their core markets

(Hagedoorn, 1993). Collaboration with a wide variety of R&D partners

enables companies to simultaneously detect several scientific and techno-

logical developments as well as respond quickly to the most promising new

opportunities. As companies undertake joint R&D with several other com-

panies, they learn how to manage such inter-firm partnerships, position

themselves for access to numerous sources of information, and how to op-

timally select partners in terms of their knowledge contribution. These

multiple partnering capabilities not only make them attractive partners

to other companies, but also allow them to choose from a wide range of

possible R&D partners. The stock of technological knowledge that compa-

nies accumulate through their prior innovative activity also adds to their

reputation as a partner but, more importantly, it creates an absorptive

capacity that allows these companies to evaluate a variety of technological

options and ultimately internalise the most promising one. Based on their

general-purpose and specific partnering capabilities and their technologi-

cal competences, companies are thus able to create a portfolio of inter-firm

R&D partnerships that allows them to tap into many different sources of

promising new research.

This broad portfolio of partnering options is clearly available in the

pharmaceutical biotechnology industry where the majority of R&D part-

nerships are formed between large pharmaceutical companies and small,

R&D-intensive biotechnology firms (Kenney, 1986; Powell, 1996; Rothaer-

mel, 2000). For instance, in our sample, about 26 percent of the compa-

nies are large pharmaceutical companies and nearly 67 percent of these
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companies are small biotechnology firms. In terms of R&D partnerships,

about 68 percent are large-small coalitions. Large pharmaceutical compa-

nies typically provide their many smaller partners with financial support

and regulatory expertise, in return for which large companies gain access

to the specific research skills of these small biotechnology firms (Arora

and Gambardella, 1990; Barley et al., 1992; Pisano, 1991; Powell, 1996;

Shan et al., 1994). Large pharmaceutical companies can secure their fu-

ture access to promising new biotechnologies by building up their stock of

knowledge about how to partner and developing their absorptive capacity

through internal innovative activity. For small biotechnology firms, it is

their variety of partnering capabilities and their visibility as a partner that

possesses state-of-the-art technological know-how and technological com-

petences that allow them to enter into future partnerships with a variety

of other companies.

6.6 Conclusions

Both internal and external sources of capabilities play an important role

in understanding the likelihood that pharmaceutical biotechnology com-

panies will engage in future inter-firm R&D partnerships. Apparently, it

is not only the general-purpose experience of these companies with R&D

partnering, but also their specific strategic positioning in R&D networks

and the efficiency with which they use their partnerships that increase the

probability that companies will continue to form new partnerships. The

combination of these general-purpose and specific partnering capabilities

with adequate technological competences of companies increases the prob-

ability of new partnership formation even further.

Obviously, there are a number of options for further study of the role

of these company-specific capabilities. The current study merely looks at

one particular high-tech industry, i.e., the pharmaceutical biotechnology

sector. Further study of other high-tech industries can reveal whether these
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effects are also found in a larger group of industries. Similarly, a broader

set of capabilities and competences and a wider range of different forms

of partnering, preferably placed in the context of other industries than

high-tech sectors, can improve our understanding of the role that these

company capabilities play in establishing inter-firm partnerships. Given

this research agenda, our current contribution has certain limitations, but

it also provides us with some interesting answers to a number of relevant

questions.
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7.1 Introduction

The main purpose of this concluding chapter is to reach beyond the individ-

ual theories that were developed in each consecutive chapter by discussing

some of the results found in this thesis within the context of a broader

theoretical setting. Researchers first began to recognize the importance

of understanding inter-firm collaboration for explaining individual firm be-

haviour in the early 1980s, when a large number of interesting contributions

emerged on the formation, evolution, operation, and outcomes of inter-firm

partnerships and inter-organizational networks. The background against

which most scholars have studied this variety of issues reflects a mix of the-

oretical perspectives, several methodological approaches, and distinct foci

in terms of industrial background, modes of cooperation, and international

patterns (see amongst others Axelsson and Easton, 1992; Badaracco, 1991;

Contractor and Lorange, 1988b and 2002; Doz and Hamel, 1998; Gomes-

Casseres, 1996; Grabher, 1993; Harrigan, 1985; Jarillo, 1993; Lewis, 1990;

Lorange and Roos, 1992; Nohria and Eccles, 1992; Pfeffer and Salancik,

1978; Porter, 1990).

Within the range of theoretical approaches and methodologies used, we

can distinguish two broad-based, diametrically opposed, approaches to the

study of inter-firm partnerships: the firm-based view and the network- or

partner-oriented perspective (see also Gulati, Nohria, and Zaheer, 2000;

Hagedoorn and Osborn, 2002; Osborn and Hagedoorn, 1997). Whereas

the firm-based approach stresses such issues as independence, the use of

15 This chapter is based on Roijakkers, N. and Hagedoorn, J. Strategic and organizational un-
derstanding of inter-firm partnerships and networks. In H. Hanusch and A. Pyka (eds.), Elgar
Companion to Neo-Schumpeterian Economics. Cheltenham: Edward Elgar (forthcoming).
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detailed contracts, and the crucial role of opportunism in partnerships,

the network-oriented approach emphasizes the more positive aspects of al-

liances, such as complementarity, the development of inter-organizational

trust, and mutual gain. While a complete review of twenty years of research

in this field is beyond the scope of the current chapter, we do intend to

provide a clear understanding of the theoretical premises underlying each

perspective (see table 7.1). This will enable us to discuss both our theoreti-

cal and empirical findings in light of these opposing views with reference to

their particular understanding of the purpose of the high-tech firm, the or-

ganization of high-tech industries, and the specific features characterizing

inter-firm R&D partnerships (see table 7.2).

In the next section, we will first discuss the main characteristics of both

the firm-based view and the network-oriented perspective on partnerships

and networks. Within the context of both perspectives, section 7.3 reviews

the major findings of this thesis in terms of motives, organizational setting,

players, and the main determinants of inter-firm R&D partnerships in the

pharmaceutical biotechnology industry. The final section presents some

conclusions to be drawn from this chapter.

7.2 Two different perspectives for explaining inter-firm

collaboration

Standard market transactions of unrelated companies and, full or partial,

integration by means of mergers and acquisitions were, until recently, con-

sidered by many as the only stable forms of interaction between companies.

Most observers viewed inter-firm partnerships where companies can main-

tain their independence, but at the same time share some of their activities

with others, as a relatively unstable and temporary aspect of company be-

haviour. The upsurge in inter-firm partnerships in the 1980s, however,

stimulated scholars to develop a number of theories explaining inter-firm

collaboration as a more lasting characteristic of companies in many in-
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dustries. See Contractor and Lorange (1988a), Hagedoorn and Osborn

(2002), and Osborn and Hagedoorn (1997), for an elaborate review of both

economics- and strategy-based perspectives on partnerships and networks.

Several interesting theories emerged in the 1980s and 1990s that can all

be classified into one of two basic categories depending on whether they

view inter-firm collaboration as the primary purpose of the firm or as a

strategic tool that enables companies to improve their competitive position.

The main characteristics of these different approaches are summarized in

table 7.1. As both perspectives allow us to position some of the major

findings of this thesis within the context of existing theories on inter-firm

partnering, we will discuss these perspectives somewhat further.

Table 7.1: Main characteristics of the two most important perspectives on inter-firm collabo-
ration.

Theorical premises Firm-based view Network-based view
Main purpose of the firm Competition Cooperation

Organization of the Stand-alone, go-it-alone Networked, highly integrated
industry companies companies

Characteristics of inter- Firm-oriented Partner- or network-oriented
firm partnerships Independence Interdependence

Internalisation of core activities Specialization, complementarity,
such as R&D and network-level coordination
Short-term, oriented towards Long-term
fulfilling immediate corporate
needs
Opportunism, unequal power Inter-organizational trust
balance
Contracts Informal controls
Promotion of self-interest Strive for mutual gain

7.2.1 Firm-based view

In this section, we will elaborate on the firm-based view of inter-firm col-

laboration, a research trajectory that has led and, to some extent, is still



150 Chapter 7

leading the field of inter-firm partnership and network research (see also

Contractor and Lorange, 1988a, 1988b, and 2002; Gulati et al., 2000; Hage-

doorn and Osborn, 2002; Osborn and Hagedoorn, 1997). A basic research

issue that is being dealt with in this field is what type of relationship com-

panies should maintain with their suppliers, customers, competitors, or

other organizations in their competitive environment. Although a num-

ber of researchers were already struggling with this complex question some

decades ago (see amongst others Hymer, 1960; MacMillan and Farmer,

1979; Pfeffer and Salancik, 1978; Warren, 1967), most contributions to this

field began to appear more recently. In answering this question, researchers

have typically chosen to view companies as autonomous entities, striving

for competitive advantage from either the unique set of skills and capabil-

ities they possess internally (e.g., Barney, 1986 and 1991), or from exter-

nally located industry sources (e.g., Porter, 1980 and 1985). We can label

this particular perspective “firm-oriented,” because most of these scholars

share the presumption that companies are atomistic actors, competing for

profits against each other in an impersonal, hostile market environment.

The underlying assumption that it is best for companies to be primarily

competitive in their relationships with others is what clearly differentiates

this view from the other perspective, the network-oriented perspective on

firms and the nature of their relations (see table 7.1).

Researchers employing a firm-based view generally agree that all types

of inter-firm relationships are largely competitive in nature (see e.g.,

Badaracco, 1991; Doz and Hamel, 1998; Hamel, 1991; Hamel, Doz, and

Prahalad, 1989; Harrigan, 1985; Perlmutter and Heenan, 1986; Porter,

1990; Porter, Enright, and Tendi, 1990; Prahalad and Hamel, 1990; Reich

and Mankin, 1986). Drawing on central concepts from neo-classical eco-

nomics, they argue that individuals, and the companies they form, are

primarily motivated by self-interest and that competition is therefore an

important feature of the industrial landscape. In other words, with a firm-

based view, companies are assumed to be complex organizations of indi-
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viduals with multiple, partially conflicting interests and/or goals where

all companies need to compete to further their immediate, firm-specific

needs. Whereas established companies will consistently strive to enhance

their competitive advantage vis-à-vis rivals with the aim of earning supe-

rior profits, new entrants and manufacturers of substitute products will

attempt to strengthen their competitive position in order to ultimately re-

place existing firms (Porter, 1980 and 1985). In such a hostile, competitive

environment, each company should try to obtain a high level of market

power, enabling it to effectively deal with competitive threats as well as

capitalize on some of the most relevant commercial opportunities. The

most powerful companies, in this respect, are the ones that remain indepen-

dent agents and interact with other companies only through arm’s length

market transactions (see table 7.1). By “going-it-alone,” these companies

can avoid becoming overly dependent on specific other firms in their envi-

ronment, which enhances their effective market power in relation to these

companies (Hamel, 1991; Hamel et al., 1989; Porter et al., 1990; Reich and

Mankin, 1986).

A large number of researchers within the firm-based tradition began

to recognize the extensive use of inter-firm partnerships by predominantly

large, established companies in the 1980s. To the extent that specific modes

of inter-firm collaboration, such as equity-based partnerships, would com-

promise the independence and market power of the companies involved,

these inter-firm relations were viewed as a second-best option to perform-

ing certain tasks independently (Bettis, Bradley, and Hamel, 1992; Mac-

Donald, 1995; Porter, 1990; Porter et al., 1990; Reich and Mankin, 1986).

As Porter (1990) has so clearly pointed out, inter-firm partnerships are

hardly ever an optimal solution, because no company can rely on others

for skills and capabilities that are critical to its competitive position. In

this respect, most observers tended to regard a prominent form of inter-

firm collaboration, i.e., R&D partnerships, with substantial suspicion for

two main reasons. First, R&D constitutes a core activity for most high-
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tech companies and, as such, it was not often considered a sound basis

for inter-firm collaboration. Second, inter-firm R&D partnerships are of-

ten subject to the hazard of opportunism (Harrigan, 1985 and 1988). Due

to the ultimately competitive nature of these relationships, R&D partners

will be tempted to serve their own interests to the detriment of others, by

manipulating, bargaining, or the use of power to achieve results (see also

table 7.1). Inter-firm collaboration, it was therefore concluded, is a form of

competition that is negatively related to the long-term survival prospects of

companies (Bettis et al., 1992; Hendry, 1995; MacDonald, 1995; Reich and

Mankin, 1986; Sapienza, 1989). While a highly competitive environment

stimulates companies to continuously improve themselves and innovate,

inter-firm partnerships would merely lead to mediocrity and competitive

weakness (Porter et al., 1990).

As some contributions were thus highly cautionary in nature and fo-

cussed on the numerous problems involved in managing partnerships and

networks, others described the circumstances under which it would be ben-

eficial for companies to engage in cooperation (Badaracco, 1991; Bleeke and

Ernst, 1991; Dyer, 1996; Dyer and Ouchi, 1993; Hamel, 1991; Hamel et al.,

1989; Kanter, 1994; Lewis, 1990; Nishiguchi, 1994; Ohmae, 1989; Parkhe,

1991; Prahalad and Hamel, 1990). These authors also acknowledge that

inter-firm partnerships are fraught with substantial problems and risks,

but unlike some of the contributions described in the above, they view

these partnerships as a potentially useful tool for improving the firm’s

competitive position. By selecting a specific alliance option and crafting

each partnership to serve immediate corporate needs, managers can use

inter-firm partnerships to further the competitive interests of their firms

(see table 7.1). Hamel et al. (1989), for instance, argue that companies

can substantially benefit from inter-firm partnerships with competitors to

the extent that they are able to gain access to their partner’s knowledge

and skills. However, Hamel et al. (1989) do caution managers that the

use of inter-firm partnerships should be based on a sound understanding
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of what is to be learned from specific partners, a well-developed capacity

to learn, and strong defenses against their partner’s probing of their skills

and technologies.

As many authors recognize the risk of surrendering crucial competi-

tive knowledge, researchers propose that inter-firm partnerships be based

on detailed contracts, stipulating the expected behaviour of partners and

the preferred outcomes of the agreement (see e.g., Kawasaki and MacMil-

lan, 1986). In this line of research, specific modes of cooperation, such

as contractual agreements, are thus characterized by their strengths and

weaknesses in helping companies ward off competitive threats and capital-

ize on opportunities to improve their competitive advantage in relation to

other firms (see amongst others Bleeke and Ernst, 1991; Doz and Hamel,

1998; Dyer, 1996; Dyer and Ouchi, 1993; Hamel, 1991; Hamel et al., 1989;

Kanter, 1994; Teece, 1992; Williamson, 1996).

In this section, we have attempted to establish a clear view of the firm-

oriented perspective on inter-firm collaboration by discussing part of the

research in this field (see also table 7.1). Researchers within this tradition

view companies as independent entities, interacting with other companies

in a highly competitive environment. They describe the competitive sit-

uation as atomistic, that is, each “selfish” individual company strives to

satisfy its own needs, leading to intensive rivalry. Under such circum-

stances, short-term partnerships are mostly contractual in nature where

each partner will try to learn as much as possible from the other and,

at the same time, limit access to competitive knowledge. Although this

particular view was clearly dominating partnership research in the 1980s,

researchers increasingly considered this view inadequate for explaining the

partnering behaviour of a large number of companies that were embedded

in dense networks of inter-firm relations. This ultimately led to the de-

velopment of the network-oriented perspective of inter-firm collaboration,

which will be described in the next section.
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7.2.2 Partner- or network-based view

As pointed out in the preceding section, the basic assumption underly-

ing most of the relevant theoretical and empirical work in the firm-based

tradition is that companies are primarily motivated by self-interest and

that, therefore, competition drives all interaction between companies. Re-

searchers applying a partner- or network-oriented perspective, however,

do not share this particular view of companies and the nature of their

relations. Instead, they tend to characterize inter-firm relationships as

a dynamic, constantly evolving process where companies adopt a mix of

both competitive and cooperative postures in their relationships with other

firms. Specifically, in the network-oriented perspective, it is argued that

companies are embedded in dense, tightly connected networks of inter-

organizational relations (see table 7.1). In such a network, the interests

and goals of the participating companies are hardly ever totally conflict-

ing or fully aligned. In their relations towards other firms in their en-

vironment, therefore, companies must find an optimal balance between

competitive and cooperative behaviour, depending on the prevailing cir-

cumstances. In some situations, they may find it more beneficial to create

long-term, trustful partnerships while under different circumstances they

may view a competitive posture as a more suitable approach. Whereas re-

searchers employing a firm-based view thus adopt a rather atomistic view

of companies where inter-firm collaboration is regarded as just another

competitive tool, most scholars taking a network-oriented perspective view

inter-firm partnerships and inter-organizational networks as a real alter-

native way of dealing with other companies (see amongst others Axelsson

and Easton, 1992; Burt, 1992; Ciborra, 1991; Contractor and Lorange,

1988b and 2002; Galaskiewicz and Zaheer, 1999; Gomes-Casseres, 1996;

Grabher, 1993; Granovetter, 1985; Gulati, 1998; Gulati et al., 2000; Hage-

doorn, 2002; Hakansson and Johansson, 1993; Jarillo, 1993; Johansson and

Mattsson, 1987; Larson, 1992; Lorenzoni and Baden-Fuller, 1995; Miles
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and Snow, 1992; Powell et al., 1996; Ring and van de Ven, 1992; Thorelli,

1986).

The main theoretical premise underlying the network-based view is that

additional benefits may accrue to those companies that intentionally embed

themselves in dense networks of long-term collaborative relationships with

other companies (Axelsson and Easton, 1992; Barley et al., 1992; Chung

et al., 2000; Ciborra, 1991; Gomes-Casseres, 1996; Gulati, 1999; Lorenzoni

and Baden-Fuller, 1995; Lyles, 1988 and 1994; Powell and Brantley, 1992;

Powell et al., 1996). Specifically, in the network-based view, it is argued

that companies can substantially benefit from taking part in a cooperative

network to the extent that the network is able to accomplish more than

any of the individual partners can achieve independently. The related

notion that most companies are willing to accept a relatively high level of

interdependence for mutual gain towards common goals gained prominence

particularly in the technology and organizational learning views of inter-

firm collaboration (see e.g., Auster, 1992; Ciborra, 1991; Contractor and

Lorange, 1988b and 2002; Hagedoorn, 1993 and 2002; Kale et al., 2000;

Osborn and Baughn, 1990; Teece, 1986) (see also chapter 6 of this thesis

for a discussion of part of the learning literature).

In these literatures, innovative output is considered to be one of the

most prominent outcomes of inter-firm partnerships from which cooperat-

ing companies can all benefit. Indeed, researchers studying a number of

positive outcomes of inter-firm collaboration, such as learning and innova-

tion, for the most part have often argued that embeddedness in a highly

integrated network of equity-based partnerships enables companies to ef-

fectively respond to radical changes in their technological environment (see

also table 7.1). To the extent that these changes require the development

of a whole new set of technological skills and capabilities, inter-firm R&D

partnerships with other, specialized companies are an important part of a

learning process for high-tech firms, a process in which they actively search

for new opportunities in a network setting of a multitude of inter-firm part-



156 Chapter 7

nerships (Ciborra, 1991; Hagedoorn, 2002). The companies in such knowl-

edge networks tend to align their research strategies, or even develop their

strategies jointly, in an effort to accrue network-wide benefits, such as those

pertaining to common access to complementary, specialized technological

knowledge, to the advantage of all network partners (Best, 1990; Chung et

al., 2000; Jarillo, 1993). The fact that strategic coordination takes place

within networks has led several researchers to describe them as an organi-

zational form that exists at a higher level of aggregation than individual

companies where the network (also sometimes referred to as group, clique,

or constellation) as a whole may compete against other networks or build

up collaborative relationships where appropriate (see e.g., Gomes-Casseres,

1994 and 1996; Powell, 1990; Thorelli, 1986).

Another important stream of network-oriented research related to the

technology and inter-organizational learning views comes under the head-

ing of inter-organizational trust (see chapter 5 for an elaborate discussion of

the main literatures dealing with the subject of inter-organizational trust).

In the network-oriented perspective, trust in relationships between com-

panies is viewed as an important element in understanding the nature of

inter-firm partnerships and inter-organizational networks (Gulati, 1995a;

Hakansson and Johansson, 1993; Herrigel, 1993; Johansson and Mattsson,

1987; Kale et al., 2000; Lazerson, 1993; Ring and van de Ven, 1992; Saxton,

1997; Staber, 1998; Zaheer et al., 1998). In fact, at the core of the network-

oriented perspective, we find an understanding of inter-firm collaboration

where the interaction between companies is based on inter-organizational

trust and mutual adaptation (see table 7.1). To the extent that two or

more companies have shared interests and common goals, they are likely

to engage in inter-firm collaboration where they adapt to each other’s de-

mands within a number of long-term, trustful partnerships (Johansson and

Mattsson, 1987). Several authors within this research tradition have argued

that inter-organizational trust is so basic to any partnership and network

relation that without trust, a number of positive outcomes of inter-firm
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collaboration, such as innovation, will not emerge if trust does not play an

important role in these collaborative relationships between companies. In

this respect, inter-organizational trust in a group of cooperating compa-

nies, that are more or less “equals” in terms of their (market) power, size,

and the level of complementarity in their knowledge base, is an important

precondition for the occurrence of inter-organizational learning and inno-

vation (Ciborra, 1991; Hagedoorn, 1993; Lyles, 1988 and 1994; Mowery et

al., 1998; Mytelka, 1991).

We can thus state that researchers employing a network-based view con-

sider the neo-classical theoretical assumption of atomistic, opportunistic

competition to be a serious mischaracterization of the nature of inter-firm

relationships. In their view, companies may adopt a competitive posture

in some of their relations, but these companies are also characterized by

their embeddedness in dense networks of long-term, reciprocal relationships

where all network partners strive to attain common goals. The question

that we wish to answer in this chapter is, therefore, whether partner- or

network-oriented strategies are actually formed by companies operating in

the high-tech pharmaceutical biotechnology industry. More specifically,

did pharmaceutical companies handle a radical change in technology by

maintaining their independence and building on their unique, firm-specific

capabilities? Or did they deal with the discovery of biotechnology by em-

bedding themselves in dense, tightly connected networks of trustful R&D

partnerships? We will deal with these issues at length in the next section.

7.3 R&D collaboration in pharmaceutical biotechnology:

firm-based or network-oriented?

This section will review some of the major findings of this thesis in light

of both perspectives examining inter-firm partnerships and networks. By

discussing our findings in the context of these two diametrically opposed

views of inter-firm collaboration, a better understanding of the issues un-
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der study should be gained. In the following, our results will be further

discussed and finally summarized in table 7.2.

7.3.1 Motives

The existing literature on inter-firm partnerships and inter-organizational

networks pays extensive attention to the nature of inter-firm relationships

and the primary motives underlying most of these relationships between

companies. Many of the literatures that we discussed in previous sections,

employing either a firm-based view or a network-oriented perspective, typ-

ically explain inter-firm collaboration by drawing on a well-defined set of

assumptions regarding the main purpose of the high-tech firm.

In the firm-based view, we find an understanding of the high-tech firm

and the nature of its relations that is for the most part based on neo-

classical notions of competition. Although researchers in this view tend to

disagree about whether core activities, such as R&D, should be the object

of cooperation (see e.g., Hamel et al., 1989; Ohmae, 1989; Porter, 1990;

Reich and Mankin, 1986), inter-firm partnerships are generally regarded as

just another competitive tool to help strengthen the firm’s position vis-à-vis

its rivals. Like all other relations between separate companies, short-term

inter-firm partnerships are largely motivated by self-interest where each

of the participating companies tries to use the alliance to serve its own,

firm-specific needs (see table 7.1). In contrast, in the network-oriented

perspective, it is argued that the behaviour of high-tech companies and

the interaction between different firms is driven as much by cooperation as

it is by competition (Axelsson and Easton, 1992; Contractor and Lorange,

2002; Gulati, 1998; Hagedoorn, 1995; Powell et al., 1996). As most of these

researchers have so clearly pointed out, companies may choose to cooperate

with others in a wide range of core activities where each partner is willing to

forego individual goals for the purpose of achieving a number of common,

otherwise unreachable, objectives. As such, the motives underlying inter-

firm partnerships are viewed as partner- or network-oriented in the sense
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that cooperating companies set aside their immediate competitive interests

for the benefit of the alliance as a whole (see also table 7.1). Given these

different assumptions regarding the nature of inter-firm relationships and

the underlying motives, it seems interesting to review some of the findings

of this thesis that are related to these issues.

In chapter 2, we analysed the historical development of the high-tech

pharmaceutical biotechnology industry in terms of major technological

shifts, the companies that brought about these technical changes, and the

dramatically changing nature of inter-firm relationships over time. An im-

portant result of this historical analysis, which is clearly in line with the

most critical assumptions underlying the firm-based view, is that inter-

firm R&D collaboration did not play an important role in the traditional,

organic chemistry-based pharmaceutical industry. On the basis of a large

number of historical background articles, we argued that the most dom-

inant innovators in the 1950s and 1960s were following a drug research

strategy that involved hardly any formal collaborative relationships with

other companies. Although we have been able to identify a few concrete

examples of inter-firm R&D partnering in the years following the Second

World War, such as the penicillin consortium and the large number of

partnerships in later stages of the drug development process, the major-

ity of inter-firm relationships in this high-tech industry were of a com-

petitive nature (see also Cockburn and Henderson, 2000; Faulkner and

Orsenigo, 1989; Freeman, 1990; Galambos and Sturchio, 1998; Hacking,

1986; Marstrand, 1981; Taggart, 1993). As we so clearly pointed out in

chapter 2, state-of-the-art drug research and technological know-how are

critical to the competitive success of large pharmaceutical companies and,

as such, R&D is not an activity these companies were willing to share with

others (Bogner and Thomas, 1994; Cool et al., 1999; OTA, 1991; Reekie

and Weber, 1979; Schwartzman, 1976; Taggart, 1993; Walsh and Galim-

berti, 1993). In support of these findings, our descriptive analysis of the

MERIT-CATI database in chapter 3 shows that inter-firm R&D partnering



160 Chapter 7

in the pharmaceutical industry did not take off until the second half of the

1970s, indicating also a very low number of these partnerships prior to the

1970s. Inter-firm relationships in the traditional pharmaceutical industry

can thus be most accurately characterized as firm-based or firm-oriented

in the sense that each company would typically carry out its core activities

internally while they would adopt a predominantly competitive posture in

their relations with others.

With the discovery of recombinant DNA technology and hybridoma

technology in the first half of the 1970s, however, the pharmaceutical indus-

try witnessed a rather dramatic change in the mix of relationships between

companies. As a result of radical developments in science, technology, and

drug discovery, pharmaceutical companies were more or less “forced” to

adapt their research strategies to also include large numbers of inter-firm

R&D partnerships. Consequently, the relationships between large phar-

maceutical companies and small, new biotechnology firms are no longer

solely oriented towards competition, but they also involve various sorts of

R&D partnerships between these two groups of companies. In congruence

with the network-oriented perspective, chapter 4 shows that the sharply

increasing frequency of R&D partnerships has led to dense networks of

cooperation where companies undertake joint research with several other

companies (see also Hagedoorn, 1990 and 1993; Kenney, 1986; Powell et

al., 1996).

As we can largely explain inter-firm R&D partnering in the modern

pharmaceutical biotechnology industry within the context of the network-

oriented perspective, some of the more traditional insights from the firm-

based literature still do apply if we consider the motives underlying these

partnerships. In chapter 3, we outlined some of the rationales for R&D

partnering that are important for both large pharmaceutical companies

and small biotechnology firms. For large pharmaceutical companies, their

motives to enter into short-term R&D partnerships are frequently related

to a number of immediate company needs, such as the need to gain access
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to the new biotechnological knowledge base, the need to cope with the

dramatic rise in R&D costs (see chapter 2), and the need to maintain

their strong competitive position as dominant innovating companies (Arora

and Gambardella, 1990; Barley et al., 1992; Hagedoorn and Roijakkers,

2002; Powell, 1996 and 1998). In a similar manner, small biotechnology

firms use their partnerships with large pharmaceutical companies to serve

their own, firm-specific needs, such as the immediate need to finance their

R&D activities and gain access to the larger firms’ marketing expertise and

regulatory know-how (see also Della Valle and Gambardella, 1993; Larson,

1992; Rothaermel, 2000; Senker and Sharp, 1997). On the basis of this

outline, it appears that for both groups of cooperating companies, inter-

firm R&D partnerships are primarily motivated by self-interest and the

need to fulfil immediate competitive interests.

7.3.2 Organizational setting

Besides the main purpose of the high-tech firm and the nature of its re-

lations, both theoretical streams have also developed a well-defined set

of assumptions regarding the organization of high-tech industries and the

consequent organizational features of inter-firm relationships in this type

of industry.

Researchers applying a network-oriented perspective have typically ar-

gued that the organization of most high-tech industries is fundamentally

based on dense, tightly connected networks of relationships between a num-

ber of highly integrated, interdependent companies (see table 7.1). High-

tech companies that participate in these knowledge networks are willing

to sacrifice part of their independence as embeddedness in such networks

enables these companies to accomplish more than they could achieve on an

individual basis (Barley et al., 1992; Chung et al., 2000; Gomes-Casseres,

1996; Gulati, 1999; Lorenzoni and Baden-Fuller, 1995; Lyles, 1994; Powell

and Brantley, 1992; Powell et al., 1996). Indeed, several of these authors
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have pointed out that high-tech firms can substantially benefit from tak-

ing part in a highly integrated network of equity-based R&D partnerships

to the extent that learning and innovation within the network allow these

companies to effectively deal with their rapidly changing technological envi-

ronment (see Auster, 1992; Ciborra, 1991; Contractor and Lorange, 2002;

Hagedoorn, 1995; Osborn and Baughn, 1990). In contrast, in the firm-

based view, it is generally agreed upon that high-tech industries consist of

large numbers of independent, “go-it-alone” companies where the bound-

aries between these separate companies are fairly distinct (see also table

7.1). Most researchers employing this perspective have chosen to view high-

tech companies as autonomous actors, striving for competitive advantage

in an impersonal, hostile market environment. Because a high level of

integration and dependence on specific other companies may compromise

the competitive position and market power of individual companies, it is

not considered to be beneficial for high-tech firms to cooperate in R&D

through equity-based partnerships (see amongst others Bettis et al., 1992;

Hamel, 1991; Hamel et al., 1989; MacDonald, 1995; Porter, 1990; Porter

et al., 1990; Reich and Mankin, 1986).

In chapter 4, we examined the structural development of inter-

organizational R&D networks in the pharmaceutical biotechnology indus-

try over time. One of our main findings is that the formation of large

numbers of R&D partnerships between large pharmaceutical companies

and small, new biotechnology firms has led to the development of dense

networks of inter-firm R&D collaboration where both groups of companies

share some of their innovative activities through specific types of agree-

ments. Furthermore, the network maps that we presented in this chapter

clearly show that these knowledge networks have become increasingly dense

over time. However, in contrast to what could be expected on the basis of

the network-oriented perspective, intensive cooperation in this high-tech

industry has not resulted in tightly connected networks of relationships
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between highly integrated pharmaceutical biotechnology companies. As

found in chapter 4, repeated R&D partnering between increasingly net-

worked pairs or groups of companies is indeed very low. In a similar man-

ner, the results found in chapter 3 also indicate a relatively low degree

of integration where the majority of inter-firm R&D partnerships between

large pharmaceutical companies and small biotechnology firms are of a

contractual nature with only a few of these partnerships being based on

equity participation (see also Hagedoorn, 1996a; Hagedoorn and Narula,

1996).

An explanation for the high absolute number of non-equity, contrac-

tual agreements and the relatively large share of this particular mode of

cooperation in the total number of pharmaceutical biotechnology R&D

partnerships was found in the general preference for flexibility and inde-

pendence in this high-tech industry. In fact, various types of contractual

agreements, such as research contracts and joint R&D agreements, are used

extensively by large pharmaceutical companies in order to raise their abil-

ity to switch from research in one technology to another while maintaining

their position as independent innovating companies (Barley et al., 1992;

Obleros and MacDonald, 1988). Alike many other high-tech industries,

the pharmaceutical biotechnology industry is characterized by rapid scien-

tific and technological changes and a significant rise in R&D costs where

even the largest, financially strong companies are no longer able to monitor

all technological developments that are important for their core markets.

Cooperation through flexible types of agreements enables these companies

to monitor several technological developments, and at the same time, let

them concentrate on a few, most promising, projects internally (Harri-

gan, 1985 and 1988). If certain technologies turn out to be less successful,

contractual agreements can be terminated relatively easy with only a small

financial loss. In line with the assumptions underlying the firm-based view,

large pharmaceutical companies thus handle rapid changes in science and
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technology by maintaining their independence and cooperating in research

mostly through flexible, non-equity types of R&D partnerships. This en-

sures a high level of flexibility, which these companies need to successfully

compete in the rapidly changing environment in which they operate.

7.3.3 Players

As we have already discussed several interesting characteristics of inter-firm

R&D partnerships in previous sections, such as the motives underlying such

partnerships and their organizational setting, our discussion now turns to

the companies participating in these inter-firm relationships. Albeit at a

different level of analysis, this discussion is very much related to some of

the arguments formulated in the previous section in the sense that we focus

once more on the issue of interdependence between individual companies

or groups of cooperating companies. Researchers in both the firm-based

view and the network-oriented perspective have addressed the subject of

mutual dependence between high-tech companies by focusing on the ques-

tion of whether these companies should carry out their R&D activities

independently or in cooperation with others (see table 7.1).

As mentioned before, researchers employing a firm-based view stress

the crucial role of independence in high-tech industries where all compa-

nies need to conduct their R&D activities internally (see Bettis et al., 1992;

Hamel, 1991; Hamel et al., 1989; MacDonald, 1995; Porter, 1990; Porter

et al., 1990; Reich and Mankin, 1986). Particularly, most of these au-

thors have argued that high-tech companies should not rely on others for

skills, capabilities, and technologies that are important to their position

as strong, independent innovators. In these literatures, managers are typ-

ically cautioned about the use of inter-firm R&D partnerships, which may

seriously weaken their firm’s independent competitive position vis-à-vis its

research partners. By contrast, researchers in the network-oriented per-

spective claim that interdependence between high-tech companies forms
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the basis of all network relationships between these companies. In these

centrally coordinated R&D networks, each of the participating companies

play specialized, complementary roles in the innovation process, leading to

a high level of mutual dependence between all research partners. The no-

tion that high-tech companies can thus tap into many sources of specialized,

state-of-the-art research in various technologies has led many researchers to

conclude that participation in R&D networks gives these companies a sig-

nificant edge over competitors that are not involved in cooperative research

(Barley et al., 1992; Chung et al., 2000; Ciborra, 1991; Gomes-Casseres,

1996; Hagedoorn, 1995; Jarillo, 1993; Lorenzoni and Baden-Fuller, 1995;

Powell and Brantley, 1992; Powell et al., 1996).

Besides the evolution of inter-firm R&D networks, chapter 4 also studies

the changing roles of large pharmaceutical companies and small biotech-

nology firms in these cooperative networks. As found in this chapter, the

majority of inter-firm R&D partnerships in the pharmaceutical biotechnol-

ogy industry are actually formed between these two groups of cooperating

companies. More specifically, large-small coalitions take up a steady share

of more than 40 percent in all pharmaceutical biotechnology R&D partner-

ships during the entire period of analysis (see Hagedoorn, 1993; Kenney,

1986; Powell et al., 1996). This share is significantly higher than the share

found for R&D partnerships between large companies or those between

small firms. In line with the network-oriented perspective of inter-firm col-

laboration, we argued that the basis for these dense network relationships

between large pharmaceutical companies and small biotechnology firms is

to be found in the variety of resources, specialized capabilities, and comple-

mentary innovative expertise that are possessed by these different types of

companies. In their numerous partnerships, large pharmaceutical compa-

nies typically provide their many, smaller partners with financial support

and regulatory know-how, in return for which large companies acquire ac-

cess to the research skills of these small biotechnology firms (see also Arora
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and Gambardella, 1990; Barley et al., 1992; Laamanen and Autio, 1996;

Pisano, 1991; Powell, 1996; Shan et al., 1994; Slowinski et al., 1996).

Notwithstanding the complementary, specialized roles of both large

pharmaceutical companies and small biotechnology firms in inter-firm R&D

networks, these obvious complementarities in innovation do not appear

to have led to a high level of interdependence between these two groups

of cooperating companies. In chapter 5, we explained the lack of inter-

organizational trust between large and small companies by pointing out

that mutual dependence does not have to develop in a situation where

R&D partners are so different in terms of their sheer size and market

power (see also Rousseau et al., 1998). In the pharmaceutical biotechnol-

ogy industry, large companies are only partly dependent on small biotech-

nology firms as a group, but they are quite independent from individual

small firms. By contrast, the bargaining power of individual small firms

in their partnerships with large companies is relatively low. Indeed, many

small R&D firms concentrate on the same or somewhat similar technolo-

gies, so switching costs for large companies are rather low. In accordance

with these theoretical arguments, one of our major findings in chapter 4 is

the observation that large pharmaceutical companies have come to play a

significantly more important role in inter-firm R&D networks than small

biotechnology firms. Particularly, our results show a strong increase in the

R&D alliance-intensity for large companies that far exceeds the intensity

found for small firms in the 1990s. This changing role of large companies

indicates a relatively low dependence of these companies on small firms

where large companies have obviously been able to retain their dominant

position as independent players in pharmaceutical innovation. In line with

the theoretical premises underlying the firm-based view, mutual depen-

dence does not seem to be a major force in pharmaceutical biotechnology

R&D partnerships where large companies have typically used their arm’s

length, contractual partnerships with small firms to serve their own com-

petitive interests.
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7.3.4 Drivers of alliance formation

As a final important characteristic of inter-firm R&D partnerships, we will

examine some of the motivating forces behind the formation of these part-

nerships (see table 7.1). In the firm-based view, it is argued that R&D

partnership formation is primarily driven by the competitive, opportunis-

tic behaviour of the companies that are participating in these research

agreements. Due to the ultimately competitive nature of all types of

relationships between high-tech companies, inter-firm R&D partnerships

are subject to the hazard of opportunism where all research partners will

use their unique, firm-specific capabilities and market power to strengthen

their competitive position in relation to other companies (see Dyer, 1996;

Dyer and Ouchi, 1993; Hamel, 1991; Harrigan, 1988; Kanter, 1994; Lewis,

1990; Ohmae, 1989; Parkhe, 1991; Prahalad and Hamel, 1990). In this

respect, researchers in this view have also stressed the crucial role of for-

mal, detailed contracts in inter-firm R&D collaboration where cooperating

companies need to minimize the risk of leaking competitive, technological

knowledge to their partners (see e.g., Kawasaki and MacMillan, 1986). Re-

searchers in the network-oriented perspective, however, generally agree that

inter-organizational trust rather than opportunism is the most important

determinant of R&D partnership formation in most high-tech industries

(Hakansson and Johansson, 1993; Herrigel, 1993; Lazerson, 1993; Ring

and van de Ven, 1992; Saxton, 1997; Staber, 1998; Zaheer et al., 1998).

Specifically, these authors have argued that a number of positive outcomes

of inter-firm R&D partnerships, such as inter-organizational learning and

innovation, are largely dependent on the development of trust in pairs or

groups of cooperating companies that are highly similar in terms of their

size and market power (Lyles, 1994; Mowery et al., 1998; Mytelka, 1991).

In chapters 5 and 6 of this thesis, we examined a large number of po-

tential determinants of pharmaceutical biotechnology R&D partnerships
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and the possible effects of these different factors on subsequent partner-

ship formation in this high-tech industry. In chapter 5, we found that

inter-organizational trust, as an important, partner-oriented driver of al-

liance formation, does not seem to play its expected role in inter-firm R&D

partnerships between companies of different sizes. Specifically, our results

show that one of the most widely used indicators of trust, i.e., repeated

ties between cooperating companies (see Ahuja, 2000; Chung et al., 2000;

Gulati, 1999; Nooteboom et al., 1997; Saxton, 1997), has a significant, neg-

ative effect on subsequent R&D partnerships between large pharmaceutical

companies and small biotechnology firms. These findings strongly support

our main argument regarding the clearly competitive, opportunistic nature

of inter-firm R&D partnerships in this industry where large pharmaceutical

companies typically use their arm’s length agreements with small firms to

further their own, firm-specific interests. If the partnership has served its

purpose, or the smaller partner cannot live up to the agreement, large com-

panies can terminate their research contracts relatively easy and move on

to the next source of technology. At this point, it is important to note that

the large number of contractual agreements also signals the crucial role of

opportunism in pharmaceutical biotechnology R&D partnering (see chap-

ter 3). Indeed, the important finding that pharmaceutical biotechnology

companies predominantly cooperate through this particular type of agree-

ment indicates the importance of tightly regulated interaction between

groups of cooperating companies that are bound to exhibit opportunistic

behaviour.

Besides this partner- or network-oriented driver of alliance formation,

in chapter 6, we studied a number of important firm-based determinants

of pharmaceutical biotechnology R&D partnerships. These factors include

the set of unique, firm-specific partnering capabilities and technological

competences that cooperating companies possess internally. Our findings

clearly show that these different capabilities of pharmaceutical biotech-
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nology companies, including their ability to effectively manage inter-firm

R&D partnerships, position themselves for access to multiple sources of

technology, and their ability to optimally select partners in terms of their

knowledge contribution, are highly important driving forces behind the

formation of partnerships in this industry. These results similarly suggest

that inter-firm R&D collaboration is mostly of a competitive nature in

this particular high-tech industry where timely access to new technologies

and state-of-the-art scientific knowledge is crucial to the competitive suc-

cess of pharmaceutical biotechnology companies. Indeed, the development

of a unique set of partnering capabilities through experience with a large

number of inter-firm R&D partnerships is clearly oriented towards the max-

imization of firm benefit from these partnerships. In this respect, many

large pharmaceutical companies have typically used their firm-specific part-

nering capabilities, technological resources, and complementary assets (see

chapter 2) to gain access to a wide variety of technological sources and

thus strengthen their competitive position in end markets.

In the pharmaceutical biotechnology industry, we can thus conclude that

having a large number of different R&D partnerships appears to be more

important than building inter-organizational trust with other companies.

Cooperation with a wide variety of research partners enables companies to

simultaneously detect several scientific and technological developments as

well as respond quickly to the most promising new opportunities. Large

pharmaceutical companies that are competing in this high-tech industry

may therefore perceive the risk of loosing out on important technological

advances as potentially more threatening than the risk of leaking com-

petitive, technological knowledge to other companies. Inter-organizational

trust through repeated ties with a small number of partners will not nec-

essarily protect a company from undesired knowledge transfer, but experi-

ence with setting up R&D partnerships with a variety of partners will help

a company develop the necessary partnering capabilities.



Table 7.2: Major theoretical and empirical findings of this thesis.

Theorical premises Firm-based view Network-based view
Competition or Prior to the 1970s: go-it-alone 1970s (discovery of
cooperation? (research) strategy, number of biotechnology) and beyond:

inter-firm (R&D) partnerships is dramatic increase in the number of
negligible (chapters 2 and 3) inter-firm R&D partnerships,

increasingly dense R&D networks
(chapters 2, 3, and 4)

Organization of the Low degree of integration, few Dense networks of R&D
industry equity-based partnerships, few partnerships as the new locus of

tightly connected pairs or groups of innovation (chapter 4)
companies over time (chapters 3
and 4)

Firm-based or network- Major determinants of R&D
oriented? partnerships: firm-specific

capabilities and resources,
developed to optimise and
maximize firm benefit (chapter 6)

Independence or mutual Majority of R&D partnerships are
dependence? formed between large

pharmaceutical companies and
small biotechnology firms: low
degree of interdependence,
unequally distributed bargaining
power (chapters 2, 3, 4, and 5)
High number of contractual
agreements: importance of
independence and flexibility
(chapter 3)

Internalisation or Intensive cooperation in R&D, a
specialization? core activity that forms the basis

of competitive advantage
Large companies and small firms
play complementary roles in the
innovation process indicating a
relatively high degree of
specialization (chapter 4)

Opportunism or inter- Lack of inter-organizational trust
organizational trust? between large companies and small

firms (chapter 5)
Contracts or informal High number of contractual
controls? agreements indicate importance of

tightly regulated interaction
(chapter 3)

Self-interest or mutual Short-term R&D partnerships are
gain? oriented toward fulfilling

immediate company needs: gain
access to new knowledge base,
share costs, access to
complementary assets,
maintenance of competitive
position (chapters 2, 3, and 4)
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7.4 Final remarks

The purpose of this concluding chapter was to discuss some of the main

theoretical and empirical findings of this thesis within the context of two

broad-based, diametrically opposed, approaches to the study of inter-firm

partnerships and inter-organizational networks: the firm-based view and

the partner- or network-oriented perspective. Specifically, in this chapter,

we have made an attempt to provide an answer to the question whether

companies in the high-tech pharmaceutical biotechnology industry are fol-

lowing firm- or network-oriented partnering strategies to deal with the

specifics of their rapidly changing technological environment. It has be-

come obvious from our discussion throughout this chapter that the answer

to this question is rather straightforward. While we have been able to

explain some of our findings in light of the network-oriented perspective,

the more traditional firm-based view appears to provide us with a far more

adequate context within which we can interpret most of our results (see

table 7.2).

As shown in table 7.2, some of our most important findings appear

to fit very well within the broad-based theoretical context of the network-

oriented perspective. However, most of the socially based, network-oriented

concepts, such as interdependence, inter-organizational trust, and mutual

gain, apparently do not apply to the pharmaceutical biotechnology indus-

try where the vast majority of companies use their R&D partnerships as a

strategic tool to maintain or improve their competitive position. In other

words, we can explain the extensive use of inter-firm R&D partnerships, the

increasingly dense R&D networks, and the clearly complementary, special-

ized roles of both large and small companies in these networks, within the

context of the network-oriented perspective. However, the more traditional

firm-based view is clearly more helpful in explaining the competitive nature

of inter-firm R&D collaboration in this high-tech industry where the forma-

tion of large numbers of non-equity, contractual R&D partnerships between
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highly independent companies are largely motivated by firm-specific needs,

interests, and capabilities (see also table 7.2).



A

The MERIT-CATI databank

The MERIT-CATI databank (see Hagedoorn, 1993) contains informa-

tion on nearly 10,000 cooperative agreements in various sectors, ranging

from high-tech sectors such as information technology and pharmaceutical

biotechnology to less technology-intensive sectors such as chemicals and

heavy electrical equipment. Systematic collection of inter-firm partner-

ships started in 1987. If available, many sources from earlier years were

consulted to establish a retrospective overview. In order to collect detailed

information about inter-firm partnerships, various sources are consulted:

newspaper and journal articles, books dealing with the subject, and in

particular specialized journals, which report on business events.

This method of information gathering has some drawbacks and limita-

tions due to the lack of publicity for certain arrangements, low profile of

certain groups of companies, and fields of technology. Despite these short-

comings, which are difficult to circumvent even by extensive and large-scale

data collection, we have been able to obtain a clear overview of the joint

efforts of many companies. This enables us to perform empirical research,

which goes beyond single-firm case studies.

The databank contains information on each cooperative agreement and

some information on companies participating in these agreements. Coop-

erative agreements are defined as mutual interests between independent

industrial partners that are not linked through majority ownership. In the

CATI databank, only those agreements are being recorded that involve

either a technology transfer or some form of jointly undertaken R&D. In-

formation is also collected on joint ventures in which new technology is

received from at least one of the partners or on joint ventures having some

R&D program. Other types of agreements such as production and mar-

keting alliances are not included. In other words, this material is primar-
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ily related to R&D collaboration and technology cooperation, i.e., those

agreements for which a combined innovative activity or an exchange of

technology is at least part of the agreement.

We regard as relevant information for each partnership: the number of

companies involved; names of companies; year of establishment; modes of

cooperation. Important information on participating companies includes

their location and the names of parent companies.
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Network participants appearing in the MDS graphs

Label Company name Size Label Company name Size
3M Minnesota Mining and Large INNOGEN Innogenetics Small

Manufacturing
ABBOTT Abbott Laboratories Large INSULINM Insulin Mimetics Small
ACADE DS Acade Diagnostic Small INT-CL International Clinical Medium

Systems Labs
ADV-TS Advanced Tissue Small INT-M&C International Mineral Large

Sciences and Chemical Company
ADVBIOTC Advanced Biotherapy Small INTERL-2 Interleukin-2 Small

Concepts
ADVMAGN Advanced Magnetics Small INTERNEU Interneuron Small

Pharmaceuticals
AFFYMAX Affymax Small INTORGEN Introgen Therapeutics Small
AGOURON Agouron Small ISIS-PH Isis Pharmaceuticals Small

Pharmaceuticals
AKZO Akzo Nobel Large IXSYS Ixsys Small
ALBANY-M Albany Molecular Small J&J Johnson and Johnson Large

Research
ALEXIONP Alexion Pharmaceuticals Small JAGOTEC Jagotec Small
ALKERMES Alkermes Small JOHNSHOP Johns Hopkins Health Large

System
ALLANEX Alanex Small JOUVEINA Jouveinal Medium
ALLELIX Allelix Medium JPN-TOB Japan Tobacco Large

Biopharmaceuticals
ALLEN&CO Allen and Company Small KABI Kabi Pharmacia Small
ALUSUISS Swiss Aluminium Large KANEGAFU Kanegafuchi Chemical Medium

Industry
AMBI Applied Microbiology Small KARO-BIO Karo Bio Small
AMCYAN American Cyanamid Large KODAK Eastman Kodak Large
AMERSHAM Amersham Medium KYOWA-HK Kyowa Hakko Kogyo Large
AMGEN Amgen Medium KYOWA-MC Kyowa Medex Small
AMHOMEPR American Home Large L’OREAL L’Oreal Large

Products
AMYLIN Amylin Pharmaceuticals Small LABLAFON Laboratoire L Lafon Small
ANERGEN Anergen Small LAJOLLA La Jolla Pharmaceutical Small
ANESTA Anesta Small LASURE Lasure and Crawford Small
ANTICAN Anticancer Small LEOFONDE Leo Fondet Medium
APIMSCI Applied Immune Small LIGAND Ligand Pharmaceuticals Small

Sciences
APOLLO-G Apollo Genetics Small LIMAGR Limagrain Large
APOLLON Apollon Small LIPOTECH Liposome Technology Small
APOTEX Apotex Small LRC London Rubber Large
APV APV Large LYNX-TH Lynx Therapeutics Small
ARES-SER Ares Serono Medium MARKET-B Martek Biosciences Small
ARQULE Arqule Small MDS-HG MDS Health Medium
ARRIS-P Arris Pharmaceutical Small MED-RI Medical Research Small

International
ASAHI-CH Asahi Chemical Industry Large MEDEVA Medeva Medium
ASTRA Astra Large MEDIMMUN Medimmune Small
ASTRA-M Astra Merck Medium MEDTRON Medtronic Large
ATHENA Athena Neurosciences Small MEGABIOS Megabios Small
AUTOIMMU Autoimmune Small MEIJI-SK Meiji Seika Kaisha Large
AVIRON Aviron Small MENARINI Menarini Industrie Large

Farmaceutiche
BAKER-CU Baker Cummins Small MERCK Merck Large
BALANCEP Balance Pharmaceuticals Small METRA Metra Biosystems Small
BASF BASF Large MI-KASEI Mitsubishi Kasei Large
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BATELLE Battelle Memorial Large MICROCID Microcide Small
Institute Pharmaceuticals

BAUSCH&L Bausch and Lomb Large MICROGEN Microgen Small
BAXTER-T Baxter Travenol Labs Large MICROM Micromet Small
BAYER Bayer Large MILLENPH Millenium Small

Pharmaceuticals
BBG British Biotechnology Small MITOTIX Mitotix Small
BECTON-D Becton Dickinson Large MITSUBIS Mitsubishi Large
BIO-RESP Bio Response Small MITSUI Mitsui Large
BIOCHEM Biochem Pharma Small MOCHIDA Mochida Pharmaceutical Medium
BIOCOMPA Biocompatibles Small MOLBI Molecular Biosystems Small
BIOCON Biocon Small MONSANTO Monsanto Large
BIOCURE Biocure Small MORPHO Morphosys Small
BIOGEN Biogen Small MYCO-PH Myco Pharmaceuticals Small
BIOGENCO Biosource Genetics Small MYRIAD-G Myriad Genetics Small
BIOINVST Bioinvest Small NEUREX Neurex Small
BIOMATRI Biomatrix Small NEUROCRI Neurocrine Biosciences Small
BIOMET Biomet Medium NEUROGEN Neurogen Small
BIONICHE Bioniche Small NEUROSEA Neurosearch Small
BIOPHARM R Biopharm Small NEXAGEN Nexagen Small
BIORAD Bio Rad Laboratories Medium NIP-KAYA Nippon Kayaku Medium
BIORES Biores Small NITTA Nitta Gelatin Medium
BIOS Bios Corporation Small NORSK-HY Norsk Hydro Large
BIOTECIN Biotechnology Small NOVAPHAR Nova Pharmaceutical Small

Investments
BIOTECRL Biotech Research Labs Small NOVO-NOR Novo Nordisk Large
BIOTHERA Biotherapeutics Small NPI Newport Small

Pharmaceuticals
BIOTRANS Biotransplant Small NPM Nederlandse Participatie Small

Maatschappij
BIOVEST Biovest Partners Small NPS-PHAR NPS Pharmaceuticals Small
BOEHRI-S Boehringer Sohn Large NYU State University of New Ac./gov.

York inst.
BOHR-ING Boehringer Ingelheim Large OGS Oxford Glycosystems Small
BOSTON-L Boston Life Sciences Small OMEGA Omega Biologicals Small
BRIST-MS Bristol Myers Squibb Large ONCOGEN Oncogen Small
BRIST-MY Bristol Myers Large ONCOGENE Oncogene Science Small
BTG BTG Small ONO Ono Pharmaceutical Medium
CADUS Cadus Pharmaceutical Small ONYX Onyx Pharmaceuticals Small
CALBIO California Small ORTHO-D Ortho Clinical Medium

Biotechnology Diagnostics
CAMBIOSC Cambridge Bioscience Small OSMONICS Osmonics Medium
CAMR Centre Applied Ac./gov. OSTBIO Osteometer Biotech Small

Microbiology and inst.
Research

CANJI Canji Small OTSUKA Otsuka Pharmaceutical Large
CANTAB Cantab Pharmaceuticals Small P-FABREP Pierre Fabre Large

Participations
CARDICAN Cardican Small PACLIA Pacific Liaisons Small
CAT Cambridge Antibody Small PARA-BIO Pharmadigm Biosciences Small

Technology
CELGENE Celgene Small PARACEL Paracelsian Small
CELIAS Celias Small PARNIB Parnib Small
CELL-G Cell Genesys Small PAST-MER Pasteur Merieux Medium
CELLCO Cellco Small PAZ PAZ Small
CELLTECH Celltech Small PDC Pharmaceutical Small

Discovery Corporation
CELTRIX Celtrix Pharmaceuticals Small PEP-THER Peptide Therapeutics Small
CENTAUR Centaur Pharmaceuticals Small PEPTIDE Peptide Technology Small
CENTOCOR Centocor Small PEPTOR Peptor Small
CEPHALON Cephalon Small PFIZER Pfizer Large
CHIRON Chiron Medium PHAR-RES Pharmaceutical Small

Resources
CHIROSCI Chiroscience Small PHARM-UP Pharmacia and Upjohn Large
CHROMAX Chromaxome Small PHARMA-P Pharma Patch Small
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CHUGAI Chugai Pharmaceutical Medium PHARMACI Pharmacia Large
CIBA-G Ciba Geigy Large PHARMAGE Pharmagenics Small
CIBACORN Ciba Corning Small PHARMAV Pharmavene Small

Diagnostics
CLAL-PH Clal Israel Large PHARMECO Pharm Eco Laboratories Small
CLINIC-S Clinical Sciences Small PHARMOS Pharmos Small
CLONETIC Clonetics Small PHYTERA Phytera Small
COCENSYS Cocensys Small PHYTON Phyton Catalytic Small
COLLAGEN Collaborative Genetics Small PHYTON-B Phyton Small
COLLARES Collaborative Research Small PHYTOPHA Phytopharmaceuticals Small
COOPER-I The Cooper Companies Medium POWERCO Power Corporation of Large

Canada
COR-THER Cor Therapeutics Small PPL-THER PPL Therapeutics Small
CORANGE Corange Large PROCEPT Procept Small
CORIXA Corixa Small PROCOR-N Procordia Nova Large
CORNING Corning Glass Works Large PROCT&GA Procter and Gamble Large
CORTECH Cortech Small PROGEN Progenics Small

Pharmaceuticals
CORVAS-I Corvas Small PROMEGAB Promega Small
COURTAUL Courtaulds Large QLT QLT Phototherapeutics Small
CREATBIO Creative Biomolecules Small QUIDEL Quidel Small
CSL CSL Medium R&C Reckitt and Colman Large
CULTOR Cultor Oy Medium RABO-BVF Rabobank Biotech Small

Venture Fund
CV-THER CV Therapeutics Small REGENER Regeneron Small

Pharmaceuticals
CYGNUS Cygnus Therapeutic Small RENT-ARZ Dr Rentschler Small

Systems Arzneimittel
CYTEL Cytel Small REPLIGEN Repligen Small
CYTO Cytotherapeutics Small RESSI Ressi Small
CYTOGEN Cytogen Small RETROP-S Retroperfusion Systems Small
CYTOMED Cytomed Small RHONE-P Rhone Poulenc Large
DADE Dade Large RIBOGENE Ribogene Small
DAINIPPH Dainippon Medium RIBOZYME Ribozyme Small

Pharmaceutical Pharmaceuticals
DARWIN-M Darwin Molecular Small ROCHE Roche Large
DEGUSSA Degussa Large S-OIL-IN Amoco Large
DELTA-W Delta West Small SANDOZ Sandoz Large
DEPOTECH Depotech Small SANG-A Sang A Pharma Small
DEXTRA-L Dextra Laboratories Small SANKYO Sankyo Large
DIAGNON Diagnon Small SANWA Sanwa Large
DIAGPROD Diagnostic Products Medium SBMP Snow Brand Milk Large

Products
DIGENE Digene Small SCHEIN-P Schein Pharmaceutical Medium
DKB Dai Ichi Kangyo Bank Large SCHER-PL Schering Plough Large
DOW Dow Chemical Large SCHERER RP Sherer Medium
DRUG-RC Drug Royalty Small SCHERERH Scherer Healthcare Small

Corporation
DSM DSM Large SCHERING Schering Large
DUPONT Dupont E I De Nemours Large SCHWARZ Schwarz Pharma Medium
DURA-PH Dura Pharmaceuticals Small SCOTIA-H Scotia Small
EDITEK Editek Small SEIKAGAK Seikagaku Kogyo Small
EISAI Eisai Medium SENSUS Sensus Drug Small

Development
ELANCORP Elan Medium SEPRACOR Sepracor Small
ELF-AQUI Elf Aquitaine Large SEQUA Sequa Large
ELILILLY Eli Lilly Large SEQUANA Sequana Therapeutics Small
ENDOCON Endocon Small SERAGEN Seragen Small
ENDOTRON Endotronics Small SHELL Shell Large
ENGENICS Engenics Small SHIELD Shield Diagnostics Small
ENI Ente Nazionale Large SHIONOGI Shionogi Large

Idrocarburi
ENZON Enzon Small SIBIA Sibia Neurosciences Small
EON-LABS Eon Labs Small SIGMA-T Sigma Tau Medium
EPITOPE Epitope Small SINO-GEN Sino Genetic Small



178 Appendix B

ESCA Escagenetics Small SMITH&N Smith and Nephew Large
ETH-HOLD Ethical Holdings Small SMKBEECH Smithkline Beecham Large
EXOCELL Exocell Small SOLVAY Solvay Large
FERMENTA Fermenta Medium SOMATIX Somatix Therapy Small
FIAT Fiat Large SOMATOGN Somatogen Small
FIMEI Finanziaria Industriale Medium SPECTRAB Spectra Biomedical Small

Mob. Ed Immob.
FOCAL Focal Small SS-PHARM SS Pharmaceutical Medium
FOURNIER Fournier Industrie Et Medium STERITEC Steritech Small

Sante
FRESENIU Fresenius Medium STRESSGE Stressgen Small
FUJI-HI Fuji Heavy Industries Large SUGEN Sugen Small
FUJISAWA Fujisawa Pharmaceutical Large SUMITOMO Sumitomo Large
FUYO Fuyo Large SUNTORY Suntory Large
GALAGEN Galagen Small SUPRAGEN Supragen Small
GEN-THER Genetic Therapy Small SWEDBACL SBL Vaccin Small
GENE-M Genemedicine Small SYMBOLL Symbollon Small
GENE-PE Gene Pharming Small SYMPHAR Symphar Small
GENELABS Genelabs Technologies Small SYNAPTIC Synaptic Small

Pharmaceuticals
GENEX Genex Small SYNBIOT Synbiotics Small
GENOVO Genovo Small SYNERGEN Synergen Small
GENPHARM Genpharm Small SYNTEX Syntex Large
GENSIA Gensia Pharmaceuticals Small SYNTRO Syntro Small
GENTA Genta Small T-CELL-S T Cell Sciences Small
GENZYME Genzyme Medium TAIHO Taiho Pharmaceutical Medium
GERITECH Geritech Small TAKARA Takara Shuzo Medium
GERON Geron Small TAKEDA Takeda Chemical Large

Industries
GILEAD Gilead Sciences Small TANABE Tanabe Seiyaku Large
GIST-BRO Gist Brocades Large TAP TAP Pharmaceuticals Medium
GLAXO Glaxo Holdings Large TBC Texas Biotechnology Small
GLAXO-W Glaxo Wellcome Large TECHNICL Techniclone Small
GLIATECH Gliatech Small TELIOS-P Telios Pharmaceuticals Small
GLYCOMED Glycomed Small TEXACO Texaco Large
GLYCOREX Glycorex Small THERAGEN Theragen Small
GREEN-CR Green Cross Large THERATEC Theratech Small
GREENW-P Greenwich Small THEREXS Therexsys Small

Pharmaceuticals
GRUNENTH Gruenenthal Medium THLIPOCO The Liposome Company Small
GRYPHON Gryphon Ventures Small TKT Transkaryotic Therapies Small
GRYPHONS Gryphon Sciences Small TOWER-PH Towers Phytochemical Small
GUERBET Guerbet Medium TOYOBO Toyo Boseki Large
HAEMONET Haemonetics Medium TOYOSODA Toyo Soda Large

Manufacturing
HAUSER Hauser Chemical Small TRACE Trace Computers Small

Research
HAYASH-B Hayashibira Biochemical Small TRANSCEL Transcell Technologies Small
HELIOSYN Heliosynthese Small TRANSGEN Transgene Small
HEM-RES Hem Research Small TRIPOS Tripos Small
HEMOSOL Hemosol Small TSUMURA Tsumura Juntendo Medium
HERCULES Hercules Large UCB Union Chemique Belge Large
HEXAL Hexal Pharma Small UN-TECHN United Technologies Large
HOECHST Hoechst Large UNC University of North Ac./gov.

Carolina inst.
HOF-ROCH Hoffmann La Roche Large UNIVAX Univax Biologics Small
HOUGHTON Houghton Small US-BIOMA USbiomaterials Small
HUMAN-G Human Genome Small VANGUARD Vanguard Medica Small

Sciences
HYBRIDON Hybridon Small VECTORPH Vectorpharma Small
HYGENICS Hygenics Small VERTEX Vertex Pharmaceuticals Small

Pharmaceuticals
ICF ICF Large VESTAR Vestar Small
ICN-PHAR ICN Pharmaceuticals Medium VIAGENE Viagene Small
ID-VAC ID Vaccine Small VICAL Vical Small
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IDB IDB Small VIROGEN Virogenetics Small
IDEC IDEC Pharmaceuticals Small VIRUS-RI Virus Research Institute Small
IDETEK Idetek Small VOLVO Volvo Large
IDUN-P Idun Pharamceuticals Small WARNER-L Warner Lambert Large
IGENE Igene Biotechnology Small WELLCOME Wellcome Group Large
IMCERA Imcera Large WHIT-ASS Whitehead Associates Small
IMCLONE Imclone Systems Small WR.GRACE WR Grace Large
IMMULOGI Immulogic Small XECHEM Xechem Small

Pharmaceutical
IMMUNIC Immunicon Small XENOVA Xenova Small
IMMUNO-T Immunotech Small XOMA Xoma Small
IMMUNSYS Immunsystem Small YAMANOUC Yamanouchi Medium

Pharmaceutical
IMMUSOL Immusol Small ZELTIA Zeltia Small
IMTC IMTC Small ZENECA Zeneca Large
INCELL Incell Small ZTB ZTB Small
INCENTIV Incentive Large ZYMOGEN Zymogenetics Small
INCYTE-P Incyte Pharmaceuticals Small ZYNAXIS Zynaxis Small
INHALETS Inhale Therapeutic Small

Systems





C

Examples of the measurement of inter-organizational

trust in terms of repeated ties in contributions to leading

journals

Authors Empirical setting Journals
1. Ahuja (2000) Longitudinal analysis of the partnerships formed by 97 leading com-

panies in the global chemicals industry during the period 1979-1991.
Positive role of trust in future partnerships.

Strategic Management
Journal

2. Chung et al.
(2000)

Analysis of 98 leading companies in the US investment banking
industry during the period 1980-1989. Positive effect of inter-
organizational trust on subsequent partnership formation.

Strategic Management
Journal

3. Dyer and Chu
(2000)

Analysis of 453 supplier-automaker relationships formed by 8 large
companies and their suppliers in the US, Japan, and Korea during
the period 1992-1994.

Journal of International
Business Studies

4. Gulati (1995a) Multi-industry analysis of 2400 R&D partnerships formed by US,
European, and Japanese companies during the period 1970-1989.

Academy of
Management Journal

5. Gulati (1995b) Multi-industry study of the 166 largest companies within three
global industries during the period 1970-1989. Positive role of inter-
organizational trust in future partnerships.

Administrative Science
Quarterly

6. Gulati (1999) Longitudinal analysis of the 50-60 largest companies in new mate-
rials, industrial automation, and automotive products in the US,
Europe, and Japan. Positive effect of trust on future partnerships.

Strategic Management
Journal

7. Gulati and
Singh (1998)

Multi-industry analysis of 1570 partnerships formed by US, Euro-
pean, and Japanese companies during the period 1970-1989.

Administrative Science
Quarterly

8. Kale, Singh,
and Perlmutter
(2000)

Cross-sectional study of 212 of the largest US-based companies in
pharmaceuticals, chemicals, computers, electronics, telecommuni-
cations, and services.

Strategic Management
Journal

9. Larson (1992) In-depth study of 7 US-based companies in telephone equipment,
clothing, computer hardware, and environmental support systems
during the period 1986-1987.

Administrative Science
Quarterly

10. Nooteboom et
al. (1997)

Study of 97 buyer-supplier relations in the Dutch micro electronics
assembly industry in 1994.

Academy of
Management Journal

11. Parkhe (1993) Analysis of the partnerships formed by 111 US companies in chem-
icals, machinery, electrical and electronic equipment, and transport
equipment during the period 1983-1988.

Academy of
Management Journal

12. Sako and
Helper (1998)

Analysis of 1000 suppliers in the US and Japanese automotive in-
dustry in 1993.

Journal of Economic
Behaviour and
Organization

13. Saxton (1997) Longitudinal analysis of various sorts of inter-firm partnerships, in-
volving 98 chemical companies, in eight countries during the period
1994-1995.

Academy of
Management Journal

14. Young-Ybarra
and Wiersema
(1999)

Longitudinal study of 132 partnerships, involving 241 companies,
in the international IT industry during the period 1987-1994.

Organization Science
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Nederlandse samenvatting

R&D allianties in de farmaceutische biotechnologie industrie

Introductie

Dit proefschrift bestudeert de specifieke aard van samenwerkingsverbanden

tussen hoogtechnologische bedrijven op het gebied van onderzoek en ont-

wikkeling. In het bijzonder handelt dit proefschrift over de onderliggende

motieven van deze zogenaamde R&D allianties, hun organisatorische ken-

merken, de betrokken bedrijven, alsmede de belangrijkste factoren die het

aangaan van deze allianties bepalen. De industriële context, waarbinnen

deze verschillende aspecten van R&D allianties bestudeerd worden, is

de internationale hoogtechnologische farmaceutische biotechnologie indus-

trie. De algemene onderzoeksvraag, die aan dit proefschrift ten grondslag

ligt, luidt: kunnen R&D allianties tussen hoogtechnologische farmaceuti-

sche biotechnologie bedrijven het beste worden omschreven als bedrijfsge-

oriënteerde relaties of als netwerkgeoriënteerde relaties?

Teneinde antwoorden op deze vraag te verkrijgen, is dit proefschrift

hoofdzakelijk gebaseerd op longitudinale empirische analyses van het

MERIT-CATI informatiesysteem. Deze uitgebreide database bevat infor-

matie over hoogtechnologische farmaceutische biotechnologie bedrijven en

de R&D allianties die deze bedrijven gedurende de periode 1975-1998 zijn

aangegaan. Als theoretisch kader voor de interpretatie van de verkregen

onderzoeksresultaten is gebruik gemaakt van een aantal theorieën die

handelen over de functie van hoogtechnologische bedrijven, de organisatie

van hoogtechnologische industrieën en de belangrijkste kenmerken van

R&D allianties. Elk van deze theorieën benadert deze verschillende

onderwerpen ofwel vanuit een bedrijfsgeoriënteerd perspectief ofwel met

een netwerkgeoriënteerde insteek.
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Verschillende theoretische benaderingen van samenwerking

In de bedrijfsgeoriënteerde onderzoekstraditie worden zowel de functie van

hoogtechnologische bedrijven als de onderlinge relaties tussen deze bedrij-

ven belicht vanuit de neoklassieke economische verhandelingen over con-

currentiestrijd. Vanuit dit traditionele perspectief wordt de specifieke or-

ganisatie van hoogtechnologische industrieën veelal bepaald door de hevige

concurrentiestrijd tussen een groot aantal onafhankelijke bedrijven, die er-

naar streven een zo voordelig mogelijke concurrentiepositie te verwerven.

Hoogtechnologische bedrijven, die in een dergelijke vijandige marktomge-

ving opereren, gaan dan ook voornamelijk R&D allianties aan met het oog

op eigen belang en zij gebruiken deze relaties met anderen om hun indi-

viduele concurrentiepositie te verstevigen. Aangezien een hoge mate van

integratie en wederzijdse afhankelijkheid van alliantiepartners de concur-

rentiepositie van de partners kan verzwakken, baseren hoogtechnologische

bedrijven hun samenwerking met anderen eerder op flexibele contracten

dan op het nemen van een belang (“equity”) in hun partner. Contractuele

allianties, waarbij het gedrag van de alliantiepartners tot in de details wordt

vastgelegd in formele contracten, kunnen de partners bovendien bescher-

men tegen opportunistisch gedrag en het ongewild weglekken van concur-

rentiegevoelige technologische kennis.

In tegenstelling tot de traditionele bedrijfsgeoriënteerde onderzoeks-

traditie, baseren de meeste netwerkgeoriënteerde theorieën zich op het

inzicht dat het gedrag van hoogtechnologische bedrijven en hun onderlinge

relaties niet alleen worden bepaald door concurrentiestrijd maar, in zeer

belangrijke mate, ook door samenwerking. Volgens deze nieuwere theo-

rieën bestaan hoogtechnologische industrieën veelal uit dichte netwerken

van R&D allianties, waarbinnen integratie (d.m.v. “equity”), vertrouwen

en wederzijdse afhankelijkheid van netwerkpartners centraal staan. Hoog-

technologische bedrijven, die hun onderzoeksactiviteiten uitvoeren binnen

het kader van een netwerk, zijn bereid hun eigen belang tijdelijk aan de

kant te schuiven en een deel van hun onafhankelijkheid op te geven, omdat
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zij als netwerkpartner meer kunnen bereiken dan als onafhankelijk ope-

rerend bedrijf. In centraal gecoördineerde kennisnetwerken vervullen alle

netwerkpartners bovendien een gespecialiseerde rol in het innovatieproces.

De complementariteit, die daaruit voortvloeit, geeft in de meeste gevallen

aanleiding tot een hoge mate van vertrouwen en wederzijdse afhankelijk-

heid van netwerkpartners. Kennisnetwerken stellen hoogtechnologische

bedrijven aldus in staat technologische kennis op te doen via een groot

aantal gespecialiseerde onderzoekspartners, hetgeen deze bedrijven in een

voordeligere concurrentiepositie plaatst dan bedrijven die hun krachten

niet op een dergelijke manier bundelen.

Motieven

Hoofdstuk 2 van dit proefschrift bestudeert de belangrijkste technologi-

sche verschuivingen die zich, ten tijde van de vorige eeuw, in de hoog-

technologische farmaceutische biotechnologie industrie hebben voltrokken,

alsmede de, als gevolg hiervan, sterk veranderende relaties tussen bedrijven

in deze industrie. Een belangrijk resultaat van deze historische analyse is

de bevinding dat hoogtechnologische bedrijven in de traditionele, op or-

ganische chemie gebaseerde, farmaceutische industrie van de vijftiger en

zestiger jaren hun onderzoeksactiviteiten vooral intern uitvoerden, en dat

hun relaties met anderen gericht waren op concurrentiestrijd. De relaties

tussen bedrijven in de traditionele farmaceutische industrie kunnen aldus

het beste worden omschreven als bedrijfsgeoriënteerde relaties. Echter, na

de radicale ontdekking van biotechnologie in de zeventiger jaren zagen grote

farmaceutische bedrijven zich genoodzaakt hun onderzoeksstrategieën aan

te passen door naast hun interne onderzoeksactiviteiten ook steeds vaker

samen te werken met nieuwe, kleine biotechnologische bedrijven middels

vele soorten van R&D allianties.

Terwijl de sterke toename van het aantal R&D allianties in de moderne

farmaceutische biotechnologie industrie (zie hoofdstuk 3) alsmede de, als

gevolg hiervan, steeds dichter wordende kennisnetwerken (zie hoofdstuk
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4) passen binnen het theoretisch kader van de netwerkgeoriënteerde

theorieën, kunnen de onderliggende motieven van allianties beter ver-

klaard worden met behulp van de bedrijfsgeoriënteerde theorieën. In

hoofdstuk 3 bleek dat de kortstondige R&D allianties van grote farma-

ceutische bedrijven voornamelijk gericht zijn op het snel vervullen van

bedrijfsspecifieke behoeften, zoals de behoefte om toegang te verkrijgen

tot nieuwe biotechnologische kennis, de behoefte om de stijgende R&D

kosten het hoofd te bieden (zie hoofdstuk 2), en de behoefte om een

sterke concurrentiepositie te handhaven. Ook kleine biotechnologische

bedrijven gaan vaak R&D allianties aan met het oog op eigen belang,

waarbij deze bedrijven hun allianties met grote bedrijven vooral gebruiken

om hun onderzoeksactiviteiten te bekostigen en toegang te verkrijgen tot

de noodzakelijke kennis van marketing en wetgeving.

Organisatorische kenmerken

In tegenstelling tot wat men zou verwachten op basis van de netwerk-

georiënteerde theorieën, toont hoofdstuk 4 van dit proefschrift aan dat

de grote aantallen R&D allianties tussen grote farmaceutische bedrijven

en kleine biotechnologische bedrijven en de steeds dichter wordende ken-

nisnetwerken niet hebben geleid tot een hoge mate van integratie in de

vele allianties tussen netwerkpartners. De verkregen empirische resultaten

in hoofdstuk 3 wijzen eveneens op een zeer geringe mate van integratie

aangezien hoogtechnologische farmaceutische biotechnologie bedrijven hun

R&D allianties vrijwel altijd baseren op flexibele contracten en bijna nooit

op het nemen van een belang in hun alliantiepartner.

De belangrijke rol die contractuele allianties spelen in de hoogtechnolo-

gische farmaceutische biotechnologie industrie kan worden verklaard aan

de hand van de sterke voorkeur voor flexibiliteit en onafhankelijkheid, die

grote farmaceutische bedrijven lijken te hebben. In de meeste gevallen,

gebruiken grote farmaceutische bedrijven hun flexibele contractuele al-

lianties om snel over te stappen van de ene technologie naar de andere,



Nederlandse samenvatting 203

zonder dat hun onafhankelijke concurrentiepositie daarbij in het geding

komt. De industriële context, waarbinnen deze bedrijven opereren,

wordt gekenmerkt door snelle technologische veranderingen en een sterke

stijging van de R&D kosten, waardoor zelfs de grootste farmaceutische

bedrijven niet meer op de hoogte kunnen blijven van alle belangrijke

ontwikkelingen. Door middel van een groot aantal contractuele allianties

zijn deze bedrijven echter wel in staat de vele technologische ontwikke-

lingen op de voet te volgen, terwijl ze hun interne onderzoeksactiviteiten

kunnen beperken tot de meest veelbelovende onderzoeksprojecten. In-

dien een bepaalde technologie minder interessant blijkt te zijn dan

verwacht, kunnen flexibele contracten relatief snel en vrijwel kosteloos

worden ontbonden. In overeenstemming met de bedrijfsgeoriënteerde

theorieën, bieden grote farmaceutische bedrijven het hoofd aan hun snel

veranderende technologische omgeving door hun flexibiliteit en onafhanke-

lijkheid te handhaven en samen te werken op basis van flexibele contracten.

Samenwerkende bedrijven

Naast een uitgebreide analyse van de structurele evolutie van kennis-

netwerken over de tijd, besteedt hoofdstuk 4 van dit proefschrift even-

eens aandacht aan de veranderende rollen van zowel grote farmaceutische

bedrijven als kleine biotechnologische bedrijven in deze netwerken. In

overeenstemming met de inzichten die ten grondslag liggen aan de meeste

netwerkgeoriënteerde theorieën, toont dit hoofdstuk overduidelijk aan dat

de intensieve samenwerking tussen deze twee groepen van samenwerkende

bedrijven grotendeels wordt bepaald door hun gespecialiseerde technologi-

sche capaciteiten en hun complementaire kennis van het innovatieproces.

Ondanks de hoge mate van specialisatie en complementariteit in de

R&D allianties tussen grote farmaceutische bedrijven en kleine biotechno-

logische bedrijven, heeft de intensieve samenwerking tussen grote en kleine

bedrijven niet geleid tot wederzijdse afhankelijkheid van deze bedrijven.

In hoofdstuk 5 werd het gebrek aan vertrouwen en wederzijdse afhanke-
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lijkheid van grote en kleine bedrijven verklaard door te wijzen op de grote

verschillen tussen deze bedrijven, die vanwege hun verschillende grootte en

machtspositie niet van elkaar afhankelijk hoeven te zijn. Alhoewel grote

bedrijven in meer of mindere mate afhankelijk zijn van kleine bedrijven

als groep, zijn zij in het geheel niet afhankelijk van individuele kleine

bedrijven. Echter, in hun relaties met grote bedrijven, bekleden de meeste

kleine bedrijven wel een zwakke afhankelijkheidspositie. Deze theoretische

argumenten worden nog eens versterkt door de empirische bevindingen

in hoofdstuk 4 die blijk geven van het feit dat grote bedrijven een steeds

belangrijkere rol zijn gaan spelen in kennisnetwerken. Deze veranderende

rol van grote bedrijven wijst erop dat deze bedrijven erin geslaagd zijn

hun onafhankelijke concurrentiepositie te handhaven, en dat zij slechts in

geringe mate afhankelijk zijn van kleine bedrijven. Binnen het kader van

de bedrijfsgeoriënteerde onderzoekstraditie, speelt wederzijdse afhankelijk-

heid aldus geen belangrijke rol in de hoogtechnologische farmaceutische

biotechnologie industrie waar grote bedrijven hun “arm’s length” con-

tractuele allianties gebruiken om hun onafhankelijke concurrentiepositie te

verstevigen.

Bepalende factoren in het tot stand komen van R&D allianties

In hoofdstuk 5 en 6 van dit proefschrift worden de specifieke effecten van

een groot aantal mogelijke bepalende factoren van R&D allianties tussen

grote farmaceutische bedrijven en kleine biotechnologische bedrijven on-

derzocht. Uit de empirische analyses in hoofdstuk 5 is gebleken dat er

geen sprake is van een vertrouwensrelatie tussen grote en kleine bedrijven,

en dat deze belangrijke netwerkgeoriënteerde determinant van alliantie-

vorming geen significante rol speelt in de samenwerkingsverbanden tussen

deze bedrijven. Deze empirische bevindingen alsmede de observatie dat het

merendeel van de R&D allianties in de hoogtechnologische farmaceutische

biotechnologie industrie gebaseerd is op formele gedetailleerde contracten

(zie hoofdstuk 3), wijzen op de belangrijke rol van opportunisme in de veelal
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bedrijfsgeoriënteerde relaties tussen farmaceutische biotechnologie bedrij-

ven, die hun contractuele allianties met anderen voornamelijk gebruiken

om hun bedrijfsspecifieke behoeften te vervullen.

Hoofdstuk 6 analyseert een groot aantal mogelijke bedrijfsgeoriënteerde

determinanten van alliantievorming in de hoogtechnologische farma-

ceutische biotechnologie industrie, te weten de unieke bedrijfsspecifieke

alliantievaardigheden van de partners alsmede hun technologische ca-

paciteiten. Zoals verwacht op basis van de bedrijfsgeoriënteerde theorieën,

wijzen de verkregen resultaten duidelijk uit dat de bedrijfsspecifieke

technologische kennisbasis van hoogtechnologische farmaceutische biotech-

nologie bedrijven en hun unieke alliantievaardigheden, die deze bedrijven

in staat stellen optimaal te profiteren van elke nieuwe R&D alliantie,

belangrijke bepalende factoren zijn in het tot stand komen van allianties.

Vooral grote farmaceutische bedrijven gebruiken hun bedrijfsspecifieke

capaciteiten om toegang te verkrijgen tot nieuwe biotechnologische kennis

en aldus hun sterke concurrentiepositie in een snel veranderende technolo-

gische omgeving zeker te stellen.

Slotopmerkingen

Een aantal theoretische bevindingen en empirische resultaten van dit proef-

schrift, zoals de sterke toename van het aantal R&D allianties in de hoog-

technologische farmaceutische biotechnologie industrie, de steeds dichter

wordende kennisnetwerken, en de hoge mate van specialisatie en com-

plementariteit in deze netwerken, kunnen verklaard worden binnen het

theoretisch kader van de netwerkgeoriënteerde onderzoekstraditie. Echter,

de traditionele bedrijfsgeoriënteerde theorieën verschaffen duidelijk meer

inzicht in de specifieke aard van relaties tussen hoogtechnologische be-

drijven in deze interessante industrie, waar onafhankelijke bedrijven grote

aantallen contractuele allianties aangaan op basis van hun bedrijfsspecifieke

behoeften, belangen en capaciteiten.
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