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ABSTRACT

This paper evduates the extent to which firm effects and location effects impact
the adoption of organizationd practice in pharmaceutical research laboratories.
Examining smultaneoudy the rddive <dience of firm versus location effects
endbles the peper to assess quantitatively how multiple environments shape
organizationad characteristics. Using a nove dataset, the results suggest that both
firmgpecific and locationspecific effects have a dgnificant and quantitatively
important impact on the extent to which laboratories engage in science-driven
drug discovery, a practice associated with enhanced research productivity in the
1980s and 1990s. The magnitude of firm effects exceeds that of location effects
in the worldwide sample, dthough this finding is reversed for laboratories in the
United States. Overdl, the results imply that both firm-specific and location+
gpecific characteristics drive organizational practice in pharmaceutical  research
laboratories and that the reative strength of each depends on context. More
generdly, the paper demondrates that while organizations may be broadly
homogeneous  within  environments, organizational heterogeneity may rexult if
organizations are subject to multiple environments.



INTRODUCTION

Why do some firms look and behave in smilar ways while others are different? Severd
theoretica perspectives address this by proposing that organi zations subject to common
influences will be broadly homogeneous, induding indtitutiondization theory (DiMaggio and
Powell, 1983), population ecology (Hannan and Freeman, 1977), resource dependency theory
(Pfeffer and Sdancik, 1978), and the “strategic fit” perspective (Learned, et. a, 1969).
Consigtent with this conjecture, abroad range of empirica studies document that organizations
in amilar environments indeed exhibit smilar structures, processes, and behaviors. A
fundamenta ingght arising from this research is that variation among organizations
environmentsis an important source of variation among organizations characterigics and
behaviors. However, while numerous studies examine populations of organizations within a
single environment, subgtantidly less research evauates organi zations exposed to multiple
environments (Scott, 1983; Westney, 1993; Rosenzweig and Singh, 1991). Asthese features
characterize a subgtantia fraction of actud organizations, unpacking the relative importance of
potentialy dissonant environmental pressures congtitutes an important issue for the sudy of
organizetions.

This paper invedtigates the rdative salience of multiple environmenta influences on
organizationd practice, consdering research laboratories in the globa pharmaceutica industry.
A key idea driving the research is that the network of |aboratories within afirm and the set of
organizations within a geographicaly locd region conditute separate environments to which a
focd laboratory isexposed. In drawing thisdistinction, | address a centrd concernin
internationa management that emphasi zes the competing tensons that multinationa enterprises

(MNEsS) face between maintaining congstency across their distributed establishments and



adapting features of their subsdiariesto “fit” with those prevailing in the locations in which they
operate (Perlmutter, 1969; Brooke and Remmers, 1970; Hedlund, 1986). For example, when
choosing how to organize, Bristol-Myers Squibb’s Tokyo research |aboratory faces pressures
both to emulate other |aboratories within its firm as well asto conform to the norms and
perceived “best practices’ common among laboratoriesin itsloca geographic area.

The relative srength of these firm-specific and location specific influences is a subject of
debate in srategy and international management. The existence of Saigticaly Sgnificant firm
effects on productivity and profitability (Griliches, 1986; Rumdt, 1991; McGahan and Porter,
1997) and the demondtration that firms differ sysematicaly in their adoption of organizationd
practices (MacDuffie, 1995; Ichniowski, et. d., 1997) suggest a sgnificant firm-specific
component affecting how firms organize. At the same time, research emphasizing country
capabilities (Kogut, 1991), regiond organizing patterns (Whitley, 1991), nationd inditutions
(Soskice, 1991), network and information structures (Saxenian, 1995), and industrid clusters
(Porter, 1990, 1998) implies that |ocationspecific factors have a strong influence on
organizationd structures, practices, and performance. By evauating the impact of these
potentialy dissonant environments on the ditributed facilities of multinationa enterprises, this
paper both responds to organi zation theorists who acknowledge the promise of the MNE as
forum for empirica research and addresses the empirical questions in strategy and internationa
management regarding the importance of firm-specific and location-specific effects.

The case of drug discovery research, the earliest phase of pharmaceutical R&D, provides
an interesting setting in which to eva uate these effects on organizationd practice (Milgrom and
Roberts, 1990). | focus on the organizationa practice of “science-driven” drug discovery. This

practice is characterized by a set of interrelated organizationa decisons that support in-house



research exploring basic science as well as the more applied research that is more closdy linked
to the identification of nove drugs (Henderson and Cockburn, 1994, 1995; Gambardella, 1995).
Important for the research question in this paper, the extent of science-driven drug discovery
varies across firms and over time. Quditative evidence suggests that geographic regions may
aso differ in thair average levels of science-driven drug discovery (Cockburn, Henderson, Stern,
2000). Further, the importance of this practice is underscored by its positive association with
research productivity in the 1980s and 1990s.

Mogt large pharmaceutica firms maintain severa drug discovery research centers, many
of which co-located in geographic “clusters’ of pharmaceutica research activity. Whereas
related prior research area considers the firm as the unit of andysis, | take advantage of the fact
that firms operate multiple research centers and focus on the laboratory asthe unit of andyss.
Consequently, | can observe variation in environmental conditions both within and across firms
aswell aswithin and across geographic regions. The paper’s empirica andysis can therefore
diginguish the separate impact of both firm and location effects on organizationd practice.

Using anove dataset describing laboratory-leve publication and patenting activity for a
set of thirty-four multinational pharmaceutical companies from 1984-1994,1 | compute an
output-oriented, objective measure of organizationd practice. The andyss demondtrates a
ggnificant and quantitatively important impact of both firm effects and location effects on the
extent to which laboratories pursue science-driven drug discovery. These findings are robust to a
number of aternative specifications of functiona form and to arange of modifications to the

explanatory variables. Firm effects generally exceed geographic effects in magnitude; however,

! Thisrepresentsthetally of firmsthat were independent at one point in the dataset. | treat merged firms, e.g.,
Bristol-Myers Squibb, as the continuation of the “senior” member of the merger.



this result varies in interesting ways across sample subgroups. Overdl, the results suggest that
tendencies for homogeneity in drug discovery research laboratories operate both within the firm
as well aswithin the geographic region. More generdly, the paper demongtrates that while
organizations may be broadly homogeneous within environments, organizetiona heterogeneity
may result when organizations are subject to multiple environments.

Although this paper’ s andytic srategy differ in important ways, its empiricad exercise
shares commonalities with those undertaken by Rosenzweig and Nohria (1994) and Robinson
(1995). Based on ANOVA andysis of detailed, cross-sectiona surveys, these authors evauate
the extent to which human resource management (HRM) practicesin multinationa subsidiaries
in aparticular country more closely resemble HRM practices of either local firms or those of
their own firm's headquarters. While this survey-based approach generates rich, detailed
information about organizationd characterigtics, the methodology pursued in this paper yields
more andytic power a the leve of the organizationd practice by facilitating comparisons across
each of afirm’sfacilities, across awide range of geographic regions, and over multiple years.

The paper proceeds asfollows. The next section reviews perspectives on organizationd
homogeneity, focusing on inditutionaization theory. Section 111 examines firm and geographic
influences on organizationd practice in drug discovery. Section 1V describes the study’ s dataset
and methodology. Section V presents empirical results and Section VI concludes, discussing the

andyss and exploring some implications for future research.

. ORGANIZATIONAL HOMOGENEITY IN FIRMS & GEOGRAPHIC REGIONS

This section reviews research on organizationa homogenety. While anumber of views

of organizations propose theories of organizationa Smilarity, this section focuses on



indtitutiondization theory, as empirica research consdering firm versus geographic effects most
often cagts itsdf within this literature.

I ndtitutiondization theory concelves of organizations as socid systems whose
characterigtics reflect those understood as appropriate within their environments (Selznick, 1958;
DiMaggio and Powdll, 1983; Zucker, 1987). The organization’'s environment isalso viewed asa
socid phenomenon and is defined to include the set of entities with which the foca organization
interacts. Within this population of relevant actors, often referred to as an “ organizationd field,”
sets of indtitutiond pressures act upon congtituent members with the effect of establishing and
reinforcing standards for appropriate structures and behaviors (Zucker, 1987). DiMaggio and
Powell (1983) categorize these pressures as either coercive, mimetic, or normative? Asaresult
of cognitive as well as socid reinforcement mechanisms, structures and processes that may have
been adopted initidly for efficiency reasons become “legitimated,” eventualy becoming
pervasve within an organizationd fiedd (Meyer and Rowan, 1977; DiMaggio and Powell, 1983;
Scott, 1983).

Empirical sudies provide evidence congstent with ingtitutionaization in a number of
environments, for example, within individual sectors or industries® within aregiona economy,*
or within corporate functions.® The mgority of this empirica literature treats organizations asif

they were interndly undifferentiated and faced isomorphic pressureswithin asingle

2 Dj Maggio and Powell introduce one of the most prominent typologies of institutionalizing pressures; however, a
number of others exist, including Scott (1987).
3 See, for example, Baron, et al. (1986, 1988), Davis and Greve (1997), Haunschild (1993), Haveman (1993), and
Westphal et al. (1997) for private sector examples and Tolbert and Zucker (1983) and Rowan (1982) and Tolbert
51985) for examplesin the public sector.

Examples include Galaskiewicz and Wasserman (1989), Galaskiewicz and Burt (1991).
° See, eg., Mezias (1990) and Fligstein (1989).



environment.® Shifting attention to the facility, as the unit of andysis, rather than the entire
organization, raises questions about the extent to which an organization’s multiple facilities
resemble each other and facilitates inquiry regarding the extent to which multiple domains may
affect the organization.

This paper proposes that the distributed entities of the multinationa enterprise and the
local geographic regions in which they operate can be consdered as separate fields of influence
(Figurel). Inditutionalizing pressures may arise from a number of sourceswithin afirm,
incdluding, for example, the coercive authority of hierarchical structures or the mimetic effects of
the frequent interaction. Indtitutiondization may aso operate within geographic regions,
resulting from, for example, nationa cultures and cultura indtitutions (Hofstede, 1980; Whitley,
1985) or shared “mental models’ and repeated interaction among local executives (Porac and
Thomas, 1990; Pouder and St. John, 1996; Sull, 1999).” The distinction between firm and
location effects draws upon research that considers the competing effects of separate domains of
influence within the context of the cong stency- adaptation debate in internationa management
(Rosenzweig and Singh, 1991; Rosenzweig and Nohria, 1994; Robinson, 1995).

Thiswork is motivated by the observation that multinationa enterprises are confronted

with atension between the need to maintain consistent operations across its distributed while

® Guillen, Guler, and MacPherson (2000) constitutes an interesting exception, which examines the process of
institutionalization across national boundaries.

" Circumscribing boundaries that appropriately define aregional environment is complex and imprecise and differs
greatly with the context considered. Administrative domains, such national boundaries, may be natural for some
defining some environments (e.g., Meyer et. al.,1997) and are the units considered most often by international
management, are often more convenient for the purposes of obtaining data. Nonetheless, particularly when critical
environmental pressures operate through local networks (e.g., Gal askiewicz and Wassermann, 1989), the regional
cluster may constitute the most natural unit of analysisfor the study of location-specific institutionalization.
Consistent with this, local geographic regions are considered as the baseline unit of geographic analysisin this
paper, although future versions of this paper will evaluate administrative and physical boundaries, such as state and
country designations aswell.



aso adapting facilities to fit the particular characterigtics of their loca environments. Brooke
and Remmers (1970) illudrate the strength of firm-specific isomorphic tendencies, documenting
a“mirror effect,” according to which multinationd enterprises establish subsidiaries whose
qudlities, whether by design or unintended outcome, reflect those of the headquarters office.
Perlmutter (1969) proposes a more varied outcome, characterizing multinationa firms as one of
three types. MNES are ethnocentric, polycentric, or global, depending on whether foreign
subsidiaries structures and processes match those of home country, those of their host country, or
those of a common worldwide standard, respectively.2 Some recent authors propose that the
MNE may be interndly differentiated with respect to the consstency of its practices across
facilities (Doz, Bartlett, and Prahalad, 1981; Hedlund, 1986; Prahalad and Doz, 1987; Bartlett
and Ghoshal, 1989; Ghoshal and Nohria, 1989).

Addressing the need to “incorporate an internationa perspective into organizationa
theory,” Rosenzweig and Singh (1991, p. 340) specificaly address the relationship between the
extent of “pressures for consgstency” within the MNE versus “pressures for local isomorphism.”
Focusing on environmenta differences across nationa boundaries, they articulate a broad set of
hypotheses regarding the factors thet influence the smilarity of MNE subsidiaries to other firms
in the host country. In related empirical research, Rosenzweig and Nohria (1994) and Robinson
(1995) conduct detailed surveys of multinationa enterprises’ subsidiaries in order to assess the
extent to which subsdiaries report smilaritiesin their human resource management (HRM)

practices with those of their parent corporations. In genera, the studies find evidence of strong

8 Although focusing principally on the relationship between an MNE's competitive position in different countries,
Porter (1986) argues that the importance of local adaptation may vary across industry, with some industries
requiring country-specific tailoring (multi-domestic industries) while others can be served by an organization that is
consistent across countries (global industries).



local influence on subsidiaries HRM practices, both for internationa subsidiaries in the United
States (Rosenzweig and Nohrig, 1994) aswell as U.S. subsidiaries in Japan (Robinson, 1995).

By examining specific practices — such as the number of sick days alowed and the use of
bonuses to compensate managers — for a cross-section of individud subsidiaries, these sudies
provide detailed information regarding self-reported differences and commonalities between
subsidiaries and their headquarters.® Thefine-grained level of detail a which these studies are
conducted does, however, require some sacrifice with respect to analytic power. By posing
exclusvely dyadic comparisons (between the individua subsdiary and the parent headquarters),
it is not possible to observe variation across subsdiaries within the firm or to draw conclusons
with confidence about the strength of “firm effects” Similarly, by observing subsdiariesin only
one geographic environment (Japanese subsidiaries of U.S. firms, in the case of Robinson, 1995,
and U.S. subsidiaries of various internationa firmsin the case of Rosenzweig and Nohria, 1994),
it isnot possible to draw conclusions regarding whether observed effects can be generdized or
remain specific to the geographic environment in which they have been observed. Findly, the
absence of time-series data diminates the possibility of observing changes in organizationa
practices over time, which would aso improve the power of both firm-specific and location
Specific comparisons.

This paper utilizes an dternative gpproach, employing aproxy for akey organizationa
practice a abroad leve of detail and measuring this practice across firms, regions, and time. By
adopting this strategy, the paper provides estimates of the relative importance of different levels

of influence on an output- oriented indicator of organizationa practice.

® While Rosenzweig and Nohria also evaluate a battery of hypotheses regarding the factors that drive isomorphism,
the principal aim of this paper isto quantify the strength of firm and location effects in an econometrically
sophisticated manner.



1. ORGNIZATIONAL PRACTICE IN DRUG DISCOVERY RESEARCH

This section introduces the research setting and reviews firm-specific and location
specific influences on the organization of drug discovery. Drug discovery condtitutes the first
phase of pharmaceutica research, during which firms seek to identify novel compounds that
dleviate the symptoms or causes of disease. This processis highly uncertain, time-consuming,
and resource-intensve. Edimates fromthe U.S. Pharmaceutical Research and Manufacturers
Associaion (PhRMA) suggest that drug discovery research projectsin the 1990s last
goproximately two to three years, during which five thousand to ten thousand molecules will be
screened. Of these, five will eventudly enter dinical testing, only one of which ultimately will
be approved for consumer marketing by the Food and Drug Administration (FDA). 1n 1998,
pharmaceutica firms devoted more than $4.25 hillion to domestic drug discovery effortsin the
United States (PhRMA, 2000).

For nearly a century, mgor pharmaceutica firms have devoted substantia resourcesto
the gpplied research efforts that are closdly linked to the identification of novel, disease-fighting
compounds. Firms have differed quite widely over this period, however, in the extent to which
they support in-house research in basic science (Liebenau, 1985; Henderson and Cockburn,

1994; Gambardella, 1995).1° For the mgjority of the industry’s history, the ability of academic

10 Note that even in the early years of the modern industry, some firms partnered with eminent scientists. Hoechst,
for example, employed Nobel prize winners Paul Ehrlich and Emil von Behring in their search for efficacious
medicines. In afamous example of the use of basic science as a guide for drug discovery research, Ehrlich built
upon emerging insightsin bacterial biochemistry in discovering Salvarsan, a cure of syphilis, while engaged in
Hoechst’ sresearch |aboratory. By contrast, other early firms, such as Sterling (which held the rightsto Bayer
Aspirin for the majority of the 1900s) placed little emphasis on basic research, although many were pioneersin areas
of marketing and advertising.



science to contribute to drug discovery was limited by itsinability to understand mechaniams of
action for disease-fighting agents™ Beginning in the 1970s, sets of scientific advances increased
the usefulness of basic scientific knowledge as a guide in the search for effective new molecules
(Gambardella, 1992; Henderson and Cockburn, 1994). In the 1980s and 1990s, a number of
firms sought to exploit these advances more aggressively, adopting structures to monitor
research projects, organize and reward research teams, recruit and promote individua
researchers, and interact with researchersin university and other laboratories outside of the firm
that differed substantialy from those historically prevaent in drug discovery efforts.

Research on pharmaceutical R& D contends that the interrelated sets of organizationa
structures and processes that characterize this science-driven approach to drug discovery
condtitute a digtinct organizationa practice (Milgrom and Roberts, 1990). Science-driven drug
discovery demondirates positive effects on productivity during the 1980s and early 1990s (see
Gambardella, 1992, Henderson and Cockburn, 1994; 1995). Although adoption increases during
this period, firms nonetheess exhibit sgnificant variaion in the extent to which they pursue
science-driven drug discovery (Cockburn, Henderson, and Stern, 2000). These results suggest
the presence of firm effects in drug discovery practices.

Research examining knowledge spillovers and firm location in the pharmaceutica
industry suggests that location-specific factors aso affect the organization of science-based drug
discovery. Research knowledge, especidly basic scientific knowledge, flows more quickly and
extensvely to geographicaly proximate areas than to distant locations (Jaffe, 1986, 1989; Jaffe,

et. d., 1993). Thisobservation is corroborated in the pharmaceutica industry by findings that

M For example, although aspirin was discovered by Bayer in the late 1800s, its mechanism of action has only been
clarified recently.



newly founded biotechnology firms tend to locate in the area of and work in conjunction with
prominent university faculty (Zucker and Darby, 1994 and Audretsch and Stephan, 1996). With
respect to science-driven drug discovery, this raises the possibility that facilities with better locd
access to |eading-edge scientific knowledge — ether vialoca academic research centers or from
nearby private |aboratories— may be more likely to engage in science-driven drug discovery than
those with lesser access to such knowledge. More generdly, this suggests thet the extent to
which firms engage in science driven drug discovery research differs across location. The
qudlitative evidence presented by Cockburn, Henderson, and Stern (2000) suggests this as well.
Using the firm as the unit of andyss, however, these authors are unable to identify significant
geographic effects.

In order to separately identify firm and location effects on the organization of drug
discovery research, this paper takes advantage of the fact many large pharmaceutica firms
operate laboratories in multiple geographic regions. This enables comparisons across locations
within firms aswell as across firms and locations (and over time). On one hand, firm effects may
predominate in determining the organization of drug discovery laboratories, perhaps as a result
of asmilar corporate culture across al |abs or because headquarters facilities design structures
and processes for al subsidiaries. On the other hand, local regulatory climates, researcher
cultures, or other forces may result in predominant location effects.

At the same time, the importance of firm and location effects may vary with laboratory

characteristics and across samples subgroups. For example, Frost (1997) and Kuemmerle (1999)

note that |aboratories differ in their propensties to generate new knowledge and assmilate

knowledge from the loca environment. This suggests that |aboratory-specific characteristics,
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such asthe laboratory’ sidiosyncretic history, the preferences of its R& D director, or whether has
-post,” may also affect its choice of organizational practices'?
This paper’ s empirical exercise evauates the “horse-race’ between the relative sdience
of firm and location effects on the organization of drug discovery laboratories, while exploring
the relevance of |aboratory- gpecific characteristics and sample subgroups. In future work, | plan

to investigate the firm-specific and location-specific factors that drive these levels of influence.

V. METHODOLOGY, DATA, AND MEASUREMENT

Empirical Methodology

This paper quantifies the effects of multiple environments on the traits of afocd facility
by, firdt, identifying components of each environment thet influence the focd facility but do not
overlap with each other and, second, measuring the smilarity of those traits across environment
while smultaneoudy contralling for traits in the other environment. For example, the strength of
the firm effect on Glaxo's Greenford, England facility isreflected in its smilarity with
organizationd practices in the remainder of Glaxo's laboratories, including its labsin England,
aswell asthose in Verona, Italy and Durham, North Caroling, controlling for other effects.
Likewise, comparing Glaxo's Greenford laboratory with other firms' laboratories in the London
areq, identifies the strength of homogeneity within the region.

| mode organizationd practice in afocd laboratory as afunction of organizationd

practice in the remainder of its firm aswell as organizationd practices in laboratories

12'|_aboratories’ scientific orientations may also differ systematically according to their primary disciplines of
research, e.g., molecular biology, chemistry, etc.
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geographicdly proximate to the focal Iaboratory (but not affiliated with the foca firm),
controlling for time, and assuming randomly distributed errors. The basic empirica modd takes
the form:

(1) LABSClijrt = bXjjt + gY.jrt + dZijrt + €4t
where LABSCI indicates the scientific orientation of |aboratory i infirmj, region r, and timet,
and X, Y, and Z, represent firm-specific effects, location-specific effects, and time controls,
respectively. (The subscripts— and - indicate al firm laboratories other than lab i and al firms
other than j, respectively.) Congstent with previous research, | assume separability among the
effectsin the primary specification. Inthe empiricd andyss, | then perform numerous
robustness tests examining the sengtivity of the results to functiona form. As specified, (1) dso
assumes that the impact of X and Y on LABSCI are contemporaneous. Moddsin which
conditionsin the influences on LABSCI are lagged are dso examined in the empirica results.

| interpret the relative magnitudes of the coefficientson b and gin (1) asindicators of the
relative strength of firm and location effects. For example, the event that dl firm-laboratories
are perfectly isomorphic with respect to scientific orientation and completely uncorrelated with
location-specific quditiesyiddsb=1 and g=0. Note, aswell, that thisempirica strategy unpacks
the impact of multiple environments by measuring the qudities of those environments that do not
overlap. For example, for firmsthat operate facilitiesin only oneregion, it is not possible to
isolate firm effects from geographic effects. (Single-region firms should be incdluded in the
andyss nonetheless, because they provide information about the qudities of the regiond

environments faced by other firms)
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Measuring science-driven drug discovery

Careful research on organizationda practices requires a detailed understanding of
manageria sysems and individua and group level behaviors. Developing measures to capture
complex and variegated organizationd practices is therefore an inherently difficult and
ultimately imperfect task. Researchers can choose to ether develop multiple, detailed measures
of specific organizationd traits (e.g., Rosenzweig and Nohria, 1994; Robinson, 1995) or develop
summary measures that reflect sets of choices within the organization, and thus proxy for the sets
of behaviors that characterize distinguishable organizationd practices (e.g., MacDuffie, 1995;
Ichniowski et d., 1997; Henderson and Cockburn, 1994). Because the empirical exercise of
separately identifying firm and geographic effects requires an extensive pand dataset, limitations
on time and financia resources preclude the development of measures based on multiple,
detailed lab-level characterigtics™

The structures and processes associated with the organizational practice of science-driven
drug discovery include difficult-to- quantify features, such as qualities of managerid, budgeting
systems, and incentive systems.** Fortunately for this research, an organization’s commitment to
science-driven drug discovery often manifestsitsdf in a concomitant commitment to dlowing
researchers to publish their results in scientific journas. Consequently, messuresindicating a
firm’s commitments to academic publication can provide ingghtful measures of its orientation
towards science-driven drug discovery. Using extensve interviews with R& D managers,

Henderson and Cockburn (1994) develop a Likert scale measure of scientific orientation,

13 Although it is possible to establish point-in-time data from a survey, it would be prohibitively difficult to obtain
accurate historical information. To supplement the quantitative data, | will continue to assemble over the next few
months qualitative evidence from semi -structured interviews with R& D managers and drug discovery research
personnel.



“PROPUB,” that reflects firms propensity to promote researchers based on their standing in the
academic community.™® Extending their research to alarger sample of firms, Cockburn,
Henderson, and Stern (2000) introduce a complementary measure, “

the fraction of afirm’s patenting scientists that aso publish academic articles within two years of
patent gpplication. This measure, which correlates with PROPUB, has the additional advantage
that it can be computed based on observable research outputs. By taking advantage of
geographic information provided in publications and patent data, | adapt PUBFRAC in this paper
for use a the laboratory levd.

Note that researchers who publish but do not patent are omitted in the construction of
PUBFRAC. Operationalized in this way, PUBFRAC assumes that the essence of science-driven
drug discovery isreflected by individua researcher’s Smultaneous participation in the gpplied
efforts of obtaining patents as well as the enterprise of basic science reflected by academic
publication. The meaning of this measure thus differsin a subtle way from PROPUB, which
relies upon researchers: sanding in the academic community but is slent with respect to their
performance of more applied research tasks. PUBFRAC reflects the propensity of afirms
active researchers (i.e., those who patent) to aso engage in the academic enterprise of scientific
publication. One interpretation is that while PROPUB measures intended organizationa

practice, PUBFRAC may be viewed as ameasure of realized organizationa practice.

14 Throughout this paragraph | draw on Gambardella (1995), Henderson and Cockburn (1994; 1995), Cockburn,
Henderson, and Stern (2000), and the papers referenced therein.

15 Alternatively, Gambardella (1992) employs afirm’s number of publications as an indicator of its commitment to
science.



Data sources™®

| assemble for this project a dataset that chronicles research outputs for thirty-two globa
pharmaceutica firms over the time period 1984 to 1994. (A complete list appearsin Appendix
Table 1.) Sample firmswere chosen randomly from the population of the largest multinationd
pharmaceutical concerns. Approximate cal culations suggest that firms in the sample account for
more than 55 percent of totd U.S. pharmaceutical patenting.’

The raw dataset consists of patents granted by the U.S. Patent and Trademark Office
(USPTO) and publications data recorded by the Ingtitute for Scientific Information’s Science
Citation Index (SCI). The SCI catalogues publicationsin nearly five thousand internationd
academic and indugtry journds, identifying, among other rlevant characteridtics, authors names
and addresses, dong with indtitutiona affiliations. Appendix Figures 1 and 2 plot the annud
number of USPTO patents and inventors and SCI publications and authors in the raw dataset,
respectively.'® (Each patent may list multiple inventors and each publication may list multiple
authors. The annua counts of inventors and authors are reflected on the right hand side of the y-
axisin Appendix Figures 1 and 2, respectively.) The sample dataset covers approximately
70,000 patents, 250,000 inventors, and 80,000 scientific publications, with more than 445,000
authors. Firms receive 49.3 patents annually, on average, but this figure varies considerably

acrossfirms. While firms such as Amersham and Organon regularly obtain fewer than 25

16 While the following sub-section describes exclusively quantitative sources, | plan to supplement these numerical
data with semi -structured interviews with researchers, R& D managers, and executives from between four and six of
thefirmsin the sample, aswell as some academic researchers.

7" In amore complete version of this paper, | will replace this statistic with a precise cal cul ation and supplement it
with a comparison between total industry R& D expenditures and sample R& D expenditures.

18 For firmsthat are engaged in multiple industries, | include only patents corresponding to either USPTO patent
classes 424 or 514 or the international patent classes under A61K. | include the complete set of patentsfor firms
speciaizing in ethical pharmaceuticals. Theresults are robustness to censoring the patents for specialized
pharmaceutical firms. Interestingly, however, they are substantially weakened by including non-pharmaceutical
patents for diversified firms.
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patents per year, Merck receives more than six times as many.*® Firms publish more than they
patent, afact that may reflect, among other things, the relaively higher costs associated with the
patenting process.?® On average, at least one firm author appears on more than 220 SCI
publications annualy and the sandard deviation in annua firm publications, 244, exceeds the
mean.

| have identified firm laboratories via reviews of company documents (including web
pages), semi-gructured interviews with industry experts, and with a careful review of the address
fields of the patenting and publicationsdata Figure 2 displays a map indicating identifiable drug
discovery research laboratoriesin the United States and Europe for dl firmsin the sample
Over the course of the sample period, 107 laboratories are included in the analyss. These
operate in 14 different countries in North America, Europe, and Japan. Forty are located in 14
different sates in the United States (of which 13 are in the Pennsylvania-New Jersey corridor).
Nineteen laboratories are in the UK and seven are in Japan.

| use geographic information in the USPTO and SCI data in order to attribute patents and
publications to the laboratories of their origin. Unfortunately, neither data source directly
identifies source laboratories and a number of features of these data complicate the smple
attribution of papers and patents to drug discovery laboratories. First, the SCI dataset is
imprecise in matching authors names to their ingtitutional addresses.?> Second, patent data

identify inventors home addresses rather than their inditutiond addresses. Indtitutiona

19 attribute patents to the year of application rather than the year of approval. Asapproval may take a number of
%/ears, | censor the patent data to include those applied for by 1995.

% A range of research examines firms motivations for and behaviors with respect to patenting and publishing,
including, Schmookler (1966), Griliches (1984, 1990), Pavitt (1988); Hicks (1995), Lim (2000), and Gittelman and
Kogut (2000).
2L A map including laboratoriesin Japan will beincluded in future versions of this paper.

22 Asarule, SCI datalist the names of each paper author; however, they do not match authors to addresses where
publications contain multiple authors and address.
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addresses are provided for patent assignees (the companiesin which inventors work), but these
often refer to company headquarters rather than the particular [aboratory in which the rlevant
research occurred. Asaresult, it isnecessary to infer researchers laboratory addressesviaa
complex matching dgorithm. A precise description for the matching agorithm is available from
the author (and will be added as an Appendix in future versons of this paper). In brief, the
agorithm uses mapping software to match researchers to the nearest firm-laboratory within a 50

mile radius of the inventor's home®®

Measures

A description of key empirical measures gppearsin Table 1. Table 2 reports means and
gstandard deviations for the laboratory, firm, and regiona levels. Laboratory scientific
orientation, LAB PUBFRAC, is computed as the fraction of individuas associated with
laboratory i who are listed as inventors on a USPTO patent and who are o listed as authors on
apaper in the SCI within two years of the patent application.®*

Mean LAB PUBFRAC is0.437. Figure 3 depicts variance in PUBFRAC across
laboratories. Figure 3'stop panel, which includes the complete data sample, demonstrates a
mass of observations for which LAB PUBFRAC equds either zero or one. LAB PUBFRAC
increases generdly, though not universaly, as afunction of time (see Figure 4). Note, however,
that both the trend and the level of LAB PUBFRAC differ across geographical regions (see

Figure5).

2 Notethat this calculation corrects for the curvature of the earth and that the matching al gorithm addresses issues
associated with the spelling of inventor and city names.
24 For the firmHlevel equivalent see Cockburn, Henderson, and Stern (1999, 2000).
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Firm-specific influences are captured primarily by FIRM PUBFRAC and firm dummy
variables. Computed as LAB PUBFRAC.jjt, where— indicates “not laboratory i,” FIRM
PUBFRAC isthe PUBFRAC for firm j, excluding dl researchers ffiliated with foca Iaboratory
i. In(2)itisused to reflect the extent to which afoca laboratory’ s scientific orientation is
driven by the orientation towards science in the other [aboratories of its firm network.

Indicators of the orientation towards science-driven drug discovery in a geographica
region are condructed in asmilar fashion. A location-specific variant of LAB PUBFRAC,
REGION PUBFRAC, is computed as the fraction of al patent recipients in the dataset whose
address lies within a one hundred mile radius of the foca |aboratory (excluding those from the
focd laboratory) who are listed asinventors on USPTO patents and who aso appear as authors
of SCI publications within two years of patent gpplication.?® Under this definition, the relevant
geographic region of influence is unique to each laboratory, conssting of the areawithin a50
mileradius of thefocd lab. This definition has the advantage that it is more precise, on average,
than a definition based on administrative boundaries, such as US states or countries.

A variant of the regional messure, AREA PUBFRAC, is computed using more broadly-
defined geographical areas, some of which are sub-nationa, while others are super-nationd.
The=regionsinclude US-North, US-New England, US-PA/NJDE, US-South, US-Midwest,
US-West, Canada, the United Kingdom, Northern Europe, Eastern Europe, Central Europe,
Southern Europe, Japan, and Other. Note that this regiond classification scheme was chosen on

the basis of programming ease for the first version of this paper. (Numerous dternative versons

25 A 100 mile radius was chosen based on conversations with US-American researchers who suggest that their
network of research associatesis strongest within atwo hour driving radius. The principal results, however,
demonstrate robustness to the use of a’50 or 150 mileradius. Additional regional definitions, including perhaps
BEA regions, MSAs, and other administrative boundaries, will be explored in future versions.



will be explored as the research progresses,) This variable is used to help gauge the appropriate

breadth at which to define the geographic region.

V. EMPIRICAL RESULTS

Tables 3 through 7 present the paper’ s empirical results. Table 3 reviews the pairwise
correlations among the paper’ skey variables. LAB PUBFRAC is postively and significantly
correlated with both FIRM PUBFRAC and REGION PUBFRAC, the principd variables
summarizing firm and geographic effects. The pairwise correlation between FIRM PUBFRAC
and REGION PUBFRAC is dso positive and sgnificant. These unconditiond correlations are
conggtent with the proposition that high PUBFRAC laboratories are affiliated with high
PUBFRAC firms and are located in high PUBFRAC regions.

The remainder of the tables present the results of estimations based on (1). Table 4
presents exploratory models as well as the paper’s core results. Equation (4-1) estimates the
conditiona correlation between LAB PUBFRAC and FIRM PUBFRAC, controlling for YEAR.
FIRM PUBFRAC isdatidicdly sgnificant in thismodd. Its coefficient suggests that dightly
nearly 26 percent of differencesin FIRM PUBFRAC are reflected in LAB PUBFRAC. For
example, alaboratory whose FIRM PUBFRAC is one standard deviation above the mean (0.303)
is expected to obtain LAB PUBFRAC 0.078 (0.259 * 0.303 = 0.078) above that achieved by a
laboratory with FIRM PUBFRAC &t its mean. (4-2) estimates LAB PUBFRAC as afunction of
REGION PUBFRAC and YEAR. REGION PUBFRAC aso enters significantly, athough its
coefficient is smdler than that of FIRM PUBFRAC in (4-1) and R-squared in thismode isaso

gmadller than that of (4-1).
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These results suggest that both firm and geographic effects are present in the data;
however, evauating this proposition more definitively requires jointly estimating the importance
of each. Equation (4-3) presents the specification in which both FIRM PUBFRAC and REGION
PUBFRAC enter the modd, controlling for YEAR. Both firm and geographic effects are
positive and significant in thismodel. This result demondtrates that afocd laboratory’s
scientific orientation is pogitively and significantly related to both the scientific orientation of
other laboratories within its firm and well as the scientific orientation of other Iaboratories within
itsregion. Congstent with the individually estimated models, firm effects are larger than
geographic effectsin thejoint modd. Thisistrue both with respect to the magnitude of the
coefficientsin (4-3) aswell astheir dadticities, evauating FIRM PUBFRAC and REGION
PUBFRAC at the mean. Interestingly, including both FIRM PUBFRAC and REGION
PUBFRAC in the model changes neither the magnitude of ether effect nor the precison with
which they are estimated. This suggests that, in the particular case examined here, firm effects
and geographic effects operate independently.

Consgtent with Figure 5, the coefficient on Y EAR is pogitive throughout the estimations
(though not conggtently significant) and the coefficients on year fixed effects generdly increase
over time. Equation (4-4) replaces the time trend with year fixed effects. Similar results obtain,
dthough the coefficient of REGION PUBFRAC is dightly lowered when an intercept is
estimated for each year.

Table 5 explores the robustness of the core results to dternative characterizations of firm
and geographic effects. (5-1) indudesfirm fixed effectswith REGION PUBFRAC in the
andysis. ldentifying based on within firm variance aone (as opposed to between-firm variation)

reduces the magnitude of the coefficient on REGION PUBFRAC such that it remains sgnificant
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a the 10% leved but not the 5% level. This isnot surprisng: whereas FIRM PUBFRAC
contains information only for |aboratories outside of the focal |aboratory's locd region, firm
dummiesincorporate information about the entire firm, including the region proximeate to the
focal laboratory. This nuance judtifies FIRM PUBFRAC as amore appropriate measure of firm
effects. Note that because regions are defined based upon the area proximate to afoca
laboratory, region fixed effects cannot be digtinguished from lab fixed effects. An dterndive
approach to ducidate fixed as well astime-variant properties of firms and regionsisto control
for initid conditions on each dimension. (5-3) addsthe level of FIRM PUBFRAC and REGION
PUBFRAC in 1984 to the core modd. At the firm level, each variable demonsirates
dggnificance. The effect of separating out initid conditions from REGION PUBFRAC, however,
yiddsinggnificant coefficients for each variable, athough the sum of the coefficients resembles
the magnitude of REGION PUBFRAC when included individudly.

Equation (5-4) examines the sengtivity of regiona effects to the precison with which
regions are measured. Specificaly, AREA PUBFRAC, which is based on a more geographicaly
broad definition of regions, replaces REGION PUBFRAC. That the coefficient on AREA
PUBFRAC isinggnificant in the modd implies that geographic effects operate at aleve less
aggregate than that defined by AREA PUBFRAC.?® Equation (5-5) considers the hypothesis that
the srength of firm and geographic effects is mediated by the sze of the firm or region. Neither
the extent of patent output by the rest of the firm, the number of patentsissued to other inventors
in the region, nor interactions between patenting and FIRM or REGION PUBFRAC evidence

sgnificance.

28 Note that this variableis something of a“placeholder.” Future versions of this paper will explore more
sophisticated definitions of regions, exploring definitions based on country, US-state, and, perhaps, postal codes or
other administrative divisions.
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Table 6 examines the robustness of the core results to specific laboratory characterigtics.
Including lab fixed effects in (6-1) does not reduce the significance of firm effects, but does
reduce the estimated coefficient on REGION PUBFRAC. The fact that geographic effects
become inggnificant when fixed effects are controlled for suggests thet their sgnificance
depends more on cross-sectiond variation than in changes over time. (6-2) demondtrates that the
core results hold — indeed, they appear stronger — for smaller |aboratories. Equation (6-3)
suggests that firm effects remain important for headquarters laboratories, but that these are not
subject to geographic effects. Further exploring the role of headquarters laboratories, (6-4)
subgtitutes HEADQUARTERS PUBFRAC for FIRM PUBFRAC in the core modd. This result
impliesthat lab level scientific orientation is not Smply homogeneous with respect to the
headquarters |aboratory, but covaries with the entire set of firm labs. Taken together, (6-2)
through (6-4) suggest that headquarters and larger laboratories are less subject to location
specific influences than are amdler, subsdiary laboratories. Thisis congstent with the
conjecture thet that R& D facilities more centrd to the firm’s operation will be rdaively more
homogeneous with the rest of the firm than with the environments in which they are located.

Equation (6-5) provides additiona results consstent with thisview. For laboratories not
on the same continent as the headquarters laboratory (6-5), the coefficient on REGION
PUBFRAC exceeds that of FIRM PUBFRAC. This suggests that |abs distant from the
headquarters — less under its control or watchfulness— are more likely to be subject to location
gpecific influences. Equation (6-6) aso demonstrates thet the relative salience of firm and
geographic effects varies across location, as laboratories in the United States are dso

characterized by larger geographic effects than firm effects.
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Thefind st of edimationsin the andys's, reported in Table 7, examines the robustness
of the results to dternative specifications of (1). (7-1) demonstrates that the core results obtain
in the context of aone year lagged relationship between REGION PUBFRAC and LAB
PUBFRAC. Thisreationship, which aso holds for two and three year lags, may smply reflect
cross sectiond differences. (7-2) examines the possibility of interaction effects between the
extent of science-driven drug discovery in firm and geographic effects, but without postive
findings. Equetion (7-3) estimates an dternative to (1) in which the relaionship between LAB
PUBFRAC, FIRM PUBFRAC, and REGION PUBFRAC is exponentid. Firm and geographic
effects are both sgnificant in thismodd. The coefficients, which can be interpreted as
eadicities, indicate a higher sengtivity to geographic effects than firm effects. Note thet this
result may the related to the omission of observations where LAB PUBFRAC = 0, which
become undefined when logarithms are applied.

Out of concern for the possibility that the results may be driven by the set of observations
where LAB PUBFRAC equds either one or zero, equation (7-4) estimates a two-sided Tobit.
The results of this estimation are Smilar to those obtained in the preferred specification, (4-3),
reinforcing confidence in these results. Similarly, imposing afunctiond form that modd s the
adoption of LAB PUBFRAC over time as conforming to an S-shaped curve, (7-5) estimates the
core specification usng alog-odds transformation of the dependent variable. The principd

results obtain under this functiond form aswel.

VI.  DISCUSS ON

This paper congders the impact of multiple environmenta influences as potentid drivers

of heterogeneity among a population of organizations. In order to overcome the challenges that
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limit inquiry in thisarea, | argue that afoca drug discovery laboratory’ s network of firm
laboratories and network of laboratoriesin its loca geographic region can be regarded as
Separate environments that act upon the focal laboratory. Further, | propose that a methodology
that employs a pandl dataset of |aboratory-level observations can be used to identify the separate
contributions of firm-specific and location-specific effects on laboratory characteridtics. In the
context of drug discovery in the globa pharmaceutica industry, this approach appears to bear
fruit.

The paper documents significant and systematic correlation between the PUBFRAC
achieved by afocd laboratory inventors and that redized both by the remainder of its firm (firm
effects) aswell as by the set of inventors patenting in the geographic region proximete to the
focal laboratory (geographic effects). Firm effects are generdly larger than geographic effects
throughout the andlysis. The core findings are robugt to aternative assumptions about functiona
form as well asto dternative characterizations of firm and regiond variables. The sdience of
each class of effects does vary somewhat, however, according to the characteristics of the
laboratoriesincluded in the analysis. For example, regiond effects are stronger in US
laboratories and in laboratories located on continents different from the centra research facility.

| interpret these econometric results as evidence of firm-gpecific and locationspecific
influences on organizationd practice in drug discovery. The conclusion that each of these
domains influences organizationd behaviorsis broadly cons stent with the expectations of the
cond stency-adaptation literature in international management and with viewsin srategy
emphasizing firm and regiond conditions. The result that firm effects exceed geographic effects
differs from prior research exploring isomorphism in human resource practices (Rosenzweig and

Nohrig, 1994; Robinson, 1995). This may reflect that practicesin drug discovery are more
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closdly linked to criticd firm strategic decisions than are the HRM practicesin the sets of
industries previoudy studied, and thus require greater coordination across multinationa
enterprises.

More generally, the paper serves as a demondration of an exercise that distinguishes and
quantifies the influence of multiple environments on a st of focd organizations. Such an effort
isimportant both because it islikely empiricaly true that many organizations are subject to
influences from multiple environments and because it is possible that evauating the importance
of agngle domain on a population of organizations influenced by numerous domains may yield
biased results. Interestingly, evauating ether the influence of ether just firm effects or just
geographic effects would, in this case, obtain coefficient estimates for each sat of effects smilar
to those obtained when both are evauated together.

This paper dso addresses a growing literature that attempts to systematically characterize
the sources of organizationa heterogeneity. By demondtrating that observed organizationd
behaviors are correlated both with other behaviorsinternd to the focal firm boundaries aswell as
behaviors externa but geographically proximate to the foca organization, the paper underscores
the usefulness of congdering the firm-facility as the unit of andyds. At the sametime, the paper
raises anumber of questions for future research. The result that both firm and geographic effects
obtain — and, in particular, that the relative salience of firm and geographic effects varies across
contexts — recommends extending the research effort to identify and evaluate the factors that
driving these effects.

Findly, as organizationa practices have been linked with productivity differentias, both
in the context of drug discovery aswdl as with regards to high performance work practices (see

MacDuffie, 1995; Ichniowski et. d., 1997) the findings of this paper raise the intriguing
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possibility that complementarities may exist between organizationd practice and location
specific characterigtics, a propostion hasimplications for both strategy research interested in the
origins of competitive advantage aswell as research in internationa business concerned with
measuring the sources of location pecific advantage. | intend to examine this further in future

research.
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TABLE 1
DEFINITIONSOF KEY VARIABLES

VARIABLE NAME

DEFINITION

PUBFRAC

The fraction of a unit’s inventors (individuals whose names appear on a
USPTO patent in year t) who publish an article cataloged in the Science
Citation Index within two years of patent application.

LAB PUBFRAC,,

The fraction of alaboratory i’ s inventors (individuas whose names appear
on aUSPTO patent in year t) who publish an article cataloged in the Science
Citation Index within two years of patent application.

REST-OF-FIRM
PUBFRAC;;;

The fraction of firm j’ s inventors not affiliated with [aboratory i who publish
an article cataloged in the Science Citation Index within two years of patent
gpplication.

REST-OF-REGION
PUBFRAG;; ;

For laboratory i, the fraction of inventors not affiliated with firm j whose
addresses are within a 100-mile radius of the focal laboratory who publish an
article cataloged in the Science Citation Index within two years of patent
application.

Sourcesfor all datar Science Citation Index and US Patent and Trademark Office, 1984-1994.
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TABLE 2
MEANS & STANDARD DEVIATIONS

VARIABLE N MEAN | STANDARD MIN MAX
DEVIATION
LAB-LEVEL
Y ear 704 89.387 3.191 &4 A
Annual PATENTS 704 22.690 26.300 1 158
Annual INVENTORS 704 56.080 78.252 1 472
LAB PUBFRAC 704 0.437 0.303 0 1
LAB PUBFRAC 1984 558 0.359 0.295 0 1
FIRM PUBFRAC 704 0.428 0.174 0 1
FIRM PUBFRAC 1984 558 0.342 0.187 0 0.707
REGION PUBFRAC 704 0.425 0.221 0 1
REGION PUBFRAC 1984 499 0.306 0.213 0 1
AREA PUBFRAC 704 0.447 0.117 0 0.798
FIRM-LEVEL
Number of Labs per Firm 374 3.147 1.480 1 7
Annua PATENTS 374 61.575 46.257 1 259
Annua INVENTORS 374 228.207 213.256 2 1035
REGION-LEVEL
Annual PATENTS 704 84.516 101.659 1 422
Annual INVENTORS 704 218.756 276.140 1 1231
AREA-LEVEL
Annua PATENTS 14 194.941 131.044 4 466
Annua INVENTORS 154 724.900 579.361 11 1986




TABLE 3

CORRELATION AMONG PRINCIPAL VARIABLES

LAB PUBFRAC FIRM PUBFRAC
FIRM 0.153**
PUBFRAC
REGION PUBFRAC 0.121** 0.140**

** Denotes pairwise corrdations significant at the 5% levd.

35



TABLE 4

FIRM EFFECTSAND LOCATION EFFECTS'

Dependent Variable= LAB PUBFRAC;;

(4-1) (4-2) (4-3) (4-4)
Firm PubFrac and| Region PubFrac | Firm Region (4-3), with Year
Y ear, only and Year, only |PubFracand Year| Fixed Effects
FIRM PUBFRAC 0. 259 0.260 0.220
(0. 065) (0.068) (0.069)
REGION PUBFRAC 0.152 0.145 0.110
(0.054) (0.054) (0.055)
YEAR 0.007 0.009 0.005
(0.069) (0.003) (0.0049)
YEAR FIXED EFFECTS* F( 10, 691)=2.02
Pr>F=0.0291
CONSTANT -0. 343 -0.447 -0.174
(0. 309) (0.329 (0.339)
R-sguared 0.0351 0.0292 0.0491 0.0697
Adjusted R-Squared 0.0326 0.0264 0.0451 0.0691
Observations 704 704 704 704

" Throughout the tables, bol dface type indicates coefficients Significant at least the 5% leve.
Bolded and italicized text denotes coefficients sgnificant a least the 10% levd.
* Reports results of Wad test of joint restrictions.
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TABLES

EXPLORING ROBUSTNESS OF FIRM & REGIONAL EFFECTS

Dependent Variable =(LAB PUBFRAC);;;

(51 (5-2) (5-3) (5-4) (5-5)
Frm Fixed (4-3) with (4-3) with (4-3) using (4-3) with
Effectsand Firm Fixed initid dternaive Arm &
Region Effects PubFrac definitionof | Region Size
PubFrac conditions region Effects
FIRM EFFECTS
FIRM PUBFRAC 0.160 0.152 0.241 0.246
(0.070) (0.084) (0.067) (0.068)
FIRM FIXED EFFECTS* | F(34,667)=2.99| F(34,666)=2.70
Pr>F=0.000 | Pr>F=0.000
FIRM 0.129
PUBFRAC 1984 (0.074)
FIRM PATENTS 0.000
(0.000)
REGION EFFECTS
REGION PUBFRAC 0.104 0.100 0.109 0.136
(0.054) (0.054) (0.072) (0.056)
REGION 0.014
PUBFRAC 1984 (0.062)
REGION PATENTS 0.000
(0.000)
AREA PUBFRAC 0.131
(0.107)
INTERACTIONS
(FIRM PUBFRAC) * 0.002
(FIRM PATYS) (0.002)
(REGION PUBFRAC) * 0.000
(REGION PATS) (0.001)
CONTROLS
YEAR 0.009 0.006 0.011 0.005 0.006
(0.004) (0.004) (0.004) (0.004) (0.004)
CONSTANT -0.493 -0.322 -0. 752 -0.218 -0.206
(0.336) (0.343) (0. 374) (0.325) (0.342)
R-sguared 0.1576 0.1642 0.0561 0.0370 0.0551
Adjusted R-Squared 0.1122 0.1177 0.0464 0.0332 0.0456
Observations 704 704 490 704 704

* Reportsresults of Wald test of joint restrictions.
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TABLE 6
EXPLORING ROBUSTNESSTO LABORATORY CHARACTERISTICS

Dependent Variable = (LAB PUBFRAC);;;

(6-1) (6-2) (6-3) (6-4) (6-5) (6-6)
(4-3) with (4-3) for (4-3) for |Headquarters| (4-3)for | (4-3) for US
L aboratory Smal Headquarters| PubFrac, Distant Laboratories
Fixed Effects| Laboratories | Labsonly Firm Laboratories only
<10
ng\tches)
Only
FIRM EFFECTS
FIRM PUBFRAC 0.195 0.304 0.232 0.273 0.231
(0.068) (0.108) (0.082) (0.155) (0.105)
REGION EFFECTS
REGION PUBFRAC 0.085 0.204 0.052 0.139 0.315 0.242
(0.056) (0.087) (0.077) (0.064) (0.171) (0.105)
LABORATORY CHARATERISTICS
LABORATORY F(97,603)=2.35 0.000
FIXED EFFECTS Pr>F=0.000 (0.002)
HEADQUARTERS 0.019
PUBFRAC (0.039)
CONTROLS
YEAR 0.006 -0.004 0.009 0.077 0.006 0.012
(0.004) (0.007) (0.005) (0.004) (0.009) (0.006)
CONSTANT -0.261 -0.569 -0.499 -0.328 -0.395 -0.912
(0.341) (0.597) (0.454) (0.342) (0.734) (0.508)
R-squared 0.3103 0.0381 0.0599 0.0318 0.0868 0.1057
Adjusted R-Squared 0.1959 0.0301 0.0493 0.0274 0.0723 0.0960
Observations 704 368 269 669 193 280

* Reportsresults of Wald test of joint restrictions.
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TABLE 7

EXPLORING ROBUSTNESSTO FUNCTIONAL FORM

Dependent Variable*

LAB PUBFRAC In(LAB [Log-odds(LAB
PUBFRAC)| PUBFRAC),
(7-1) (7-2) (7-3) (7-4) (7-5)
(4-3)usng | (4-3)with | (4-3)usng | (4-3)usng | (4-3)onlog
lagged Firmand 2-sided logged oddsLab
Region Region Tobit variables PubFrac
PubFrac | interaction
FIRM EFFECTS
FIRM PUBFRAC 0.148 0.449 0.361 0.577
(0.076) (0.144) (0.095) (0.251)
In(FIRM PUBFRAC) 0.133
(0.045)
REGION EFFECTS
REGION PUBFRAC 0.324 0.189 0.451
(0.131) (0.074) (0.189)
In(REGION PUBFRAC) 0.185
(0.060)
REGION PUBFRAC 0.113
inYear t-1 (0.055)
INTERACTION EFFECTS
(FIRM PUBFRAC) * (REGION -0.425
PUBFRAC) (0.286)
CONTROLS
YEAR 0.007 0.005 0.004 0.017 0.046
(0.004) (0.004) (0.005) (0.008) 0.130
CONSTANT -0.306 -0.277 -0.191 -2.057 -4.752
(0.391) (0.341) (0.457) (0.746) (1.109)
R-sguared 0.0275 0.0521 0.0723 0.0830
Adjusted R-Squared 0.0227 0.0467 0.0671 0.0775
Pseudo R-square 0.0319
Observations 604 704 704 535 507

* Note: Log-odds (LAB PUBFRAC) = In[(LAB PUBFRAC)/(1 — LABPUBFRAC)]
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FIGURE 2
DISTRIBUTION OF DRUG DISCOVERY LABORATORIES
IN THE UNITED STATES AND EUROPE

Note: Maps are not drawn to the same scale. Note that laboratorieslocated in Japan are not identified on these maps.
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FIGURE 3
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Average LAB PUBFRAC
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FIGURE 4
TREND IN LAB PUBFRAC OVER TIME
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FIGURE 5
TRENDSIN LAB PUBFRAC OVER TIME, SELECTED AREAS
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APPENDIX TABLE 1

FIRMSINCLUDED IN THE STUDY

Abbott Ciba-Gagy Nycomed Searle
Amersham Glaxo Organon SnithKline
Adtra Hoechst Pfizer Solvay
Bayer Lilly Pharmacia Squibb
Beecham Merck Rhone Takeda
Boehringer Ingdheim Miles Sanofi Upjohn
Boehringer Mannheim Nordisk Schering Y amanouchi
Brigtol-Myers Novo Schering-Plough Zeneca.
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APPENDIX FIGURE 1
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