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ABSTRACT. – While there is widespread agreement among economists
and management scholars that knowledge spillovers exist and have
important economic consequences, researchers know substantially less
about the “micro mechanisms” of spillovers – about the degree to which
they are geographically localized, for example, or about the degree to
which spillovers from public institutions are qualitatively different from
those from privately owned firms (JAFFE, 1986; KRUGMAN, 1991; JAFFE et
al., 1993; PORTER, 1990). In this paper we make use of the geographic
distribution of the research activities of major global pharmaceutical
firms to explore the extent to which knowledge spills over from proximate
private and public institutions. Our data and empirical approach allow us
to make advances on two dimensions. First, by focusing on spillovers
in research productivity (as opposed to manufacturing productivity), we
build closely on the theoretical literature on spillovers that suggests that
knowledge externalities are likely to have the most immediate impact on
the production of ideas (ROMER, 1986; AGHION & HOWITT, 1997). Second,
our data allow us to distinguish spillovers from public research from
spillovers from private, or competitively funded research, and to more
deeply explore the role that institutions and geographic proximity play in
driving knowledge spillovers.
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Externalités de connaissance, centralisation géographique
et productivité de la recherche pharmaceutique
RÉSUMÉ. – Bien qu’il y ait un accord très répandu parmi les économistes
et les gestionnaires sur le fait que les externalités de connaissance existent
et ont des conséquences économiques importantes, les chercheurs savent
peu de choses sur les « mécanismes microéconomiques » des externalités
– par exemple, dans quelle mesure elles sont géographiquement localisées,
ou bien dans quelle mesure les externalités liées aux organismes publics
sont qualitativement différentes de celles provenant d’entreprises privées
(JAFFE, 1986; KRUGMAN, 1991; JAFFE et al., 1993; PORTER, 1990). Dans cet article,
nous utilisons la répartition géographique des activités de recherche de
firmes pharmaceutiques multinationales pour explorer dans quelle mesure
les externalités de connaissance se diffusent à partir des entreprises
privées et des organismes publics. Nos données et l’approche empirique
suivie permettent de progresser dans deux directions. Tout d’abord, en
se concentrant sur les externalités dans la productivité de la recherche
(par opposition à la productivité manufacturière) nous nous appuyons
étroitement sur la littérature théorique sur les spillovers qui indique que
les externalités de connaissances ont plus de chances d’avoir l’impact
le plus immédiat sur la production d’idées (ROMER, 1986; AGHION & HOWITT,
1997). Ensuite nos données nous permettent de distinguer les externalités
de la recherche publique de celles de la recherche privée ou de la
recherche mixte et d’explorer plus profondément le rôle que jouent les
institutions et la proximité géographique dans la production d’externalités
de connaissance.
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1 Introduction
Knowledge spillovers and their relation to the economics of research and development are central to much of the work of Zvi Griliches. In a sequence of papers,
most notably «Issues in Assessing the Contribution of Research and Development
to Productivity Growth» (GRILICHES, 1979) and “The Search for R&D Spillovers”
(GRILICHES, 1992), Zvi outlined both the importance of understanding the nature
and magnitude of spillovers for economic growth, and the formidable problems
that complicate empirical work in the area. The importance of spillovers is well
established. Their existence is fundamental to the theory of endogenous growth
(ROMER, 1986; AGHION and HOWITT, 1997). Moreover, the assumption that publicly
funded knowledge “spills over” from publicly funded universities and laboratories
LVDQLQWHJUDOSDUWRIWKHHFRQRPLFMXVWL¿FDWLRQIRUWKHLUH[LVWHQFH7KHmeasurementRIVSLOORYHUVKRZHYHULVDFRPSOH[DQGGLI¿FXOWXQGHUWDNLQJ
=YLLGHQWL¿HGWKUHHFULWLFDOSUREOHPVDVVRFLDWHGZLWKPHDVXULQJVSLOORYHUV7KH
¿UVWLVWKDWRI³GLVWDQFH´=YLVXJJHVWHGWKDWVSLOORYHUVGHFOLQHZLWKWKHGLVWDQFH
IURPWKHVRXUFHWRWKHSRWHQWLDOUHFLSLHQWDQGLGHQWL¿HGWKUHHVRXUFHVRIGLVWDQFH
market distance or relative position in the value chain; technological distance; and
geographic distance. The second problem Zvi noted is that of lag structure, since
there is little reason to believe that the spillover of knowledge is either instantaQHRXVRUXQLIRUP)LQDOO\WKHH[LVWHQFHRIVSLOORYHUVDIIHFWVWKHLQFHQWLYHVRI¿UPV
to do R&D. While spillovers toD¿UPDUHOLNHO\WRPDNH5 'LQYHVWPHQWVPRUH
productive, and thus raise the incentives to invest in it, spillovers fromWKH¿UPDUH
OLNHO\WREHQH¿WFRPSHWLWRUVDQGWKXVORZHUWKHLQFHQWLYHVWRLQYHVWLQUHVHDUFKLQ
WKH¿UVWSODFH7KXVVSLOORYHUVDQG5 'DUHHQGRJHQRXVYDULDEOHVDSUREOHPWKDW
PDNHVLGHQWL¿FDWLRQVLJQL¿FDQWO\PRUHFKDOOHQJLQJ
A stream of scholarly work, much of it by Zvi’s students, collaborators and
friends, built on this agenda to establish a consensus that, in Zvi’s words “spillovers
H[LVW DQG DUH VLJQL¿FDQW´ )RU H[DPSOH XVLQJ D QRYHO PHDVXUH RI WHFKQRORJLFDO
distance, JAFFE  IRXQGWKDW¿UPOHYHO5 'SURGXFWLYLW\ZDVSRVLWLYHO\
associated with the R&D investment of “technological neighbors” and that local
(within state) university research increased rates of corporate patenting. BERNSTEIN
and NADIRI (1989) expanded on Jaffe’s results by incorporating a more elaborate
model of investment behavior, while WARD and DRANOVE (1995) and ADAMS (1990)
experimented with the use of very long lag structures.
More recent work has attempted to expand Zvi’s research agenda along two
GLPHQVLRQV 7KH ¿UVW LV WKURXJK WKH H[SOLFLW UHFRJQLWLRQ WKDW WKH HIIHFWLYHQHVV
of spillovers may be mediated — both by the types of investment made by the
UHFLSLHQW¿UP COHEN and LEVINTHAL, 1989) and by the nature of the contractual
relationships between the source and the potential recipient of knowledge. For
example, ZUCKER, DARBY and ARMSTRONG (1998) argue that the positive correlation
between the presence of “star scientists” in a location and the success of small bioWHFKQRORJ\¿UPVLVGULYHQQRWE\VLPSOHJHRJUDSKLFSUR[LPLW\EXWUDWKHUE\WKH
H[LVWHQFHRIFRQWUDFWXDOUHODWLRQVKLSV VSHFL¿FDOO\FRDXWKRULQJ EHWZHHQ³VWDUV´
DQGSDUWLFXODU¿UPV6LPLODUO\CASSIMAN and VEUGELERS  ¿QGWKDWLI¿UPV
believe incoming spillovers are probably important, they are more likely to engage
in cooperative R&D agreements.
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The second line of work has attempted to link our understanding of spillovers to
the geographic structure of multinational R&D. Research in international business
KDVORQJEHHQFRQFHUQHGZLWKWKHWUDGHRIIVWKDWPXOWLQDWLRQDO¿UPVIDFHEHWZHHQ
being “home based” or “distributed” (FROST, 2001). In the context of the pharmaceutical industry, CHACAR and LIEBERMAN (2003) and FURMAN (2003) argue that this
WUDGHRII LV SDUWLFXODUO\ VDOLHQW  JOREDO SKDUPDFHXWLFDO ¿UPV FDQ RUJDQL]H WKHLU
UHVHDUFK HIIRUWV LQ D VLQJOH VLWH LQ RUGHU WR PD[LPL]H WKH DGYDQWDJHV RI LQWHUQDO
VFRSH DQG VFDOH RU WKH\ FDQ GHFHQWUDOL]H WKHLU UHVHDUFK HIIRUWV ZLWK WKH DLP RI
accessing knowledge spillovers that are only available across the globe.
In this paper, we explore the relationship between R&D productivity and the
potential for spillovers provided by research local to distributed research laboratoULHVGUDZLQJRQDVDPSOHRIPXOWLQDWLRQDOSKDUPDFHXWLFDO¿UPVLQWKHV7R
do this empirically, we match more than 8 million records of worldwide publications by public and private institutions at the level of the therapeutic class (market
OHYHO DQGHPSOR\D¿UPWKHUDSHXWLFFODVVOHYHOSDQHOGDWDEDVHRIGUXJGLVFRYHU\
expenditures.
Our work differs from existing studies in a number of important respects. To our
knowledge, with a single exception (HENDERSON and COCKBURN, 1996), prior work
LQ WKLV DUHD KDV DQDO\]HG VSLOORYHUV DW WKH OHYHO RI WKH ¿UP RU RI WKH ODERUDWRU\
rather than at the level of the individual market, or product class. We also test for
the presence of spillovers across the world, rather than in a single region such as the
US or Europe, matching worldwide productivity to both locally and globally derived spillovers. Finally, we explicitly distinguish between publicly and privately
generated spillovers. While several authors have explored the impact of privately
generated knowledge on productivity (e.g., JAFFE, 1986; CASSIMAN and VEUGELERS,
2003), with the important exception of ADAMS (2002), efforts to compare the relative effect of the two are scant.
&RQVLVWHQW ZLWK H[SHFWDWLRQV ZH ¿QG WKDW VSLOORYHUV H[LVW DQG DUH VLJQL¿FDQW
3DWHQW RXWSXW DW WKH WKHUDSHXWLF FODVV OHYHO LV SRVLWLYHO\ FRUUHODWHG ZLWK D ¿UP¶V
“exposure” to papers related to that therapeutic class authored by scientists within
WKLUW\¿YHPLOHVRIZKHUHWKH¿UPFRQGXFWVUHVHDUFK'LVWLQJXLVKLQJEHWZHHQSULYDWHO\DQGSXEOLFO\DXWKRUHGSDSHUV\LHOGVDVWULNLQJUHVXOWSDWHQWRXWSXWLVSRVLWLYHO\DQGVLJQL¿FDQWO\FRUUHODWHGZLWKSXEOLFO\DXWKRUHGZRUNEXWQHJDWLYHO\DQG
VLJQL¿FDQWO\FRUUHODWHGZLWKSULYDWHVHFWRUZRUN2XUUHVXOWVKROGIRUERWKORFDOO\
and globally generated work, with the effects being strongest for locally authored
ZRUNEXWVLJQL¿FDQWDWERWKOHYHOVDQGWKH\DUHUREXVWWRDOWHUQDWLYHHFRQRPHWULF
VSHFL¿FDWLRQVDVZHOODVWRWKHLQFOXVLRQRIFRQWUROVIRULQLWLDOFRQGLWLRQVLQORFDWLRQDQGWKHJHRJUDSKLFRUJDQL]DWLRQRIWKH¿UP¶VUHVHDUFKHIIRUW
Our results suggest that, as many authors have suggested, public spillovers may
SOD\ D PDMRU UROH LQ GULYLQJ SULYDWH VHFWRU SURGXFWLYLW\ 7KLV ¿QGLQJ EXLOGV RQ
BRANSTETTER’S  HYLGHQFHRIVLJQL¿FDQWVSLOORYHUVIURPDFDGHPLFVFLHQFHWR
LQGXVWULDOSDWHQWLQJ:HDOVRREWDLQDUHVXOWQRWHYLGHQWLQSULRUHPSLULFDOZRUN
private sector work may “crowd out” work by rivals or negatively affect their productivity, as some theories predict. This may be either because competitive sucFHVVGLVFRXUDJHVULYDOU\RUEHFDXVHFRPSHWLWLYHVXFFHVVPD\OLWHUDOO\³¿VKRXWWKH
pool,” making it harder and harder for rivals to discover new therapeutic entities
RUDSSURDFKHV7DNHQWRJHWKHURXU¿QGLQJVVXJJHVWWKDWWKHSUREOHPRIWKHRSWLPDO
location of research and development for a multinational company is a multidimensional problem of considerable complexity, and that the relationship between
spillovers and economic growth may be more nuanced than is sometimes assumed.
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:HEHJLQE\EULHÀ\UHYLHZLQJWKHUHOHYDQWOLWHUDWXUH6HFWLRQ,,,VXPPDUL]HVRXU
data and gives some descriptive statistics. In Section IV, we outline our estimation
approach and describe the results. Section V concludes and offers suggestions for
future research in this area.

2 Literature review
Knowledge spillovers and Marshallian externalities of all kinds are fundamental to theories in economic geography and to theories of endogenous growth.
Marshallian externalities reduce production costs. They include the availability of
VSHFLDOL]HGODERUWKHDFFXPXODWLRQRIKXPDQFDSLWDOWKHDYDLODELOLW\RIVSHFLDOL]HGLQSXWVHUYLFHVDQGRWKHUVSHFLDOL]HGLQIUDVWUXFWXUHDQGNQRZOHGJHVSLOORYHUV
of all kinds, including face-to-face communication. The theoretical literature has
generally not differentiated between the effects of privately and publicly generated
VSLOORYHUV DOWKRXJK -DFREV IDPRXVO\ GLVWLQJXLVKHG EHWZHHQ ORFDOL]DWLRQ HIIHFWV
ÀRZLQJIURPWKHSUR[LPLW\RIGLUHFWFRPSHWLWRUVDQGXUEDQL]DWLRQHIIHFWVÀRZLQJ
from the volume of overall activity in the area (JACOBS 1969, 1984).
Factor mobility therefore plays a key role in all models of agglomeration exterQDOLWLHV$V D EURDG JHQHUDOL]DWLRQ RI D ODUJH DQG FRPSOH[ OLWHUDWXUH ZLWK KLJK
factor mobility and/or easily transported products, the theoretical models predict
strong clustering as a results of small differences in initial conditions. The endogenous growth models that incorporate location effects (see, for example, AGHION
and HOWITT, 1997 and FUJITA and THISSE, 2003) combine core-periphery models
of industrial location with Grossman-Helpman-Romer endogenous growth models
ZLWK KRUL]RQWDOO\ GLIIHUHQWLDWHG SURGXFWV 7KH 5 ' VHFWRU LV PRGHOHG DV XVLQJ
skilled labor to produce new varieties. In these models, externalities tend to be
PXWXDOO\UHLQIRUFLQJPRUHDJJORPHUDWLRQOHDGVWRPRUHSURGXFWLYH5 'ZKLFK
leads to more varieties, which leads to more demand, more concentration, more
externalities and so on.
Broadly construed, the key result of these models is that the growth rate of the
economy is driven by the spatial distribution of the innovation sector. With costless
WUDQVIHU RI ©SDWHQWVª DFURVV UHJLRQV H[WHUQDOLWLHVDQG UHJLRQVSHFL¿F NQRZOHGJH
capital tend to pull all R&D labor into one location. Production may or may not
follow depending on transportation costs. These theoretical models thus suggest
WKDWWKHH[LVWHQFHDQGQDWXUHRIVSLOORYHUVKDYHYHU\VLJQL¿FDQWLPSOLFDWLRQVIRUWKH
nature of economic growth.
7KH¿QGLQJWKDWWKHVSLOORYHURINQRZOHGJHLVJHRJUDSKLFDOO\ORFDOL]HGLVZHOO
established (AUTANT-BERNARD, 2003; AUDRETSCH and FELDMAN, 1996; FELDMAN,
1994; JAFFE, 1989; JAFFE et al, 1993; EVENSON and KISLEV   DV LV WKH ¿QGLQJWKDWXQLYHUVLW\UHVHDUFKKDVDSRVLWLYHHIIHFWRQWKHSURGXFWLYLW\RIORFDO¿UPV
(JAFFE, 1989; ZUCKER and DARBY, 1997). These results raise the question of the
optimal location of large research efforts – since the choice to locate near a single
FOXVWHUQHFHVVDULO\PDNHVLWPRUHGLI¿FXOWWREHQH¿WIURPWKHUHVHDUFKFRQGXFWHG
DW DQRWKHU /DUJH ¿UPV ZLVKLQJ WR EHQH¿W IURP SXEOLFO\ IXQGHG UHVHDUFK FRXOG
respond by distributing their research efforts, but such a distribution is likely to
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be costly, since, as CHACAR and LIEBERMAN  SRLQWRXWDVLJQL¿FDQWERG\RI
RUJDQL]DWLRQDOWKHRU\SUHGLFWVWKDWWKHUHDUHYHU\VLJQL¿FDQWSURGXFWLYLW\EHQH¿WV
to the co-location of research. ALLEN (1977), for example, suggests that communication between researchers falls with the square of the distance between them, and
although modern communications have made the creation of “virtual” teams feasible, managing them still creates formidable problems (CUMMINGS, 2003a, 2003b).1
0RUHRYHUZRUNLQLQGXVWULDORUJDQL]DWLRQSDUWLFXODUO\LQWKH³UDFLQJ´WUDGLWLRQ
VXJJHVWVWKDWDQ\VLQJOH¿UP¶VFKRLFHRIUHVHDUFKORFDWLRQZLOODOVREHVKDSHGLQ
complex ways by its rivals’ choices. While the theoretical work in economic geography and in endogenous growth assumes that rivals generate positive externalities,
LQGXVWULDORUJDQL]DWLRQWKHRU\KLJKOLJKWVWKHIDFWWKDWLQFUHDVLQJFRPSHWLWLRQPD\
trigger decreases in research investment or in competitive output (see COCKBURN
and HENDERSON, 1994, for a review of this complex and often contradictory literature and AGHION et al, 2003 for recent work exploring the relationship between
market structure and investment in research).
7KHJHRJUDSKLFRUJDQL]DWLRQRIUHVHDUFKLQWKHJOREDO¿UPWKXVSUHVHQWVDXQLTXH
setting in which to explore the consequences of geographically constrained spilloYHUVIRUWKHRUJDQL]DWLRQRIHFRQRPLFDFWLYLW\DQGWRH[SORUHWKHGLIIHUHQFHLQUROHV
(if any) between publicly and privately funded research in determining research
productivity. The pharmaceutical industry is a particularly interesting context in
which to explore this problem. As a number of researchers have noted, the industry
LVFULWLFDOO\GHSHQGHQWRQWKHRXWFRPHVRIVXFFHVVIXOUHVHDUFKWRGULYH¿UPJURZWK
DQGSUR¿WDELOLW\FRQVHTXHQWO\LWVSHQGVPRUHRQUHVHDUFKPHDVXUHGDVDSHUFHQtage of sales, than any other major industry (GAMBARDELLA, 1995). In addition,
publicly funded research plays a major role in driving industry investment and
productivity (WARD and DRANOVE, 1995; COCKBURN and HENDERSON, 1998; ZUCKER
and DARBY, 1997). As a result, the tradeoff between the desire to locate all research
in a single location and the drive to disperse it across the world to take advantage of
ORFDOVSLOORYHUVLVSDUWLFXODUO\DFXWHIRUPXOWLQDWLRQDOSKDUPDFHXWLFDO¿UPV
7KHLPSOLFDWLRQVRIWKLVWUDGHRIIIRUWKHJHRJUDSKLFDOERXQGDULHVRIWKH¿UPDUH
of particular interest for emerging research on the strategic management of multinational corporations.2 Chacar and Lieberman explore this tradeoff using data
DJJUHJDWHGWRWKH¿UPOHYHOIURP86EDVHGSKDUPDFHXWLFDOFRPSDQLHV7KH\
regress the number of NCEs (New Chemical Entities, a measure of research output) and patents against a number of measures of geographic structure, including
ZKHWKHUWKH¿UPRSHUDWHVRQO\DVLQJOHODEDQGWKHQXPEHURIIRUHLJQODEVRSHUDWHG
E\WKH¿UPDQG¿QGWKDW¿UPVZLWKPRUHIRUHLJQODEVDSSHDUWREHPRUHSURGXFWLYH
than those with fewer. They interpret this result as suggesting that locally captuUHGVSLOORYHUVPD\SOD\DQLPSRUWDQWUROHLQGULYLQJ¿UPSURGXFWLYLW\6LPLODUO\
PENNER-HAHN and SHAVER   ¿QG WKDW -DSDQHVH SKDUPDFHXWLFDO ¿UPV ZLWK

1. 1RWHWKDWDQRWKHUNH\FKRLFHYDULDEOHIRUWKH¿UPLVZKHWKHUWRGRUHVHDUFKLQWHUQDOO\ ³PDNH´RU
integrate the research function) or rely on licensing the research efforts of others (“buy” research).
+RZHYHUDOOWKH¿UPVZHH[DPLQHKHUHSHUIRUPHGDJUHDWGHDORIEDVLFUHVHDUFKLQWHUQDOO\SDUWLFXlarly during the time period we consider. We therefore do not deal with this choice explicitly, and take
it as given for our purposes.
2. It is useful to note that additional work on geographic location in international business research
H[DPLQHVTXDOLWDWLYHLVVXHVDVVRFLDWHGZLWKRUJDQL]LQJDQGPDQDJLQJGLVWULEXWHG¿UPV HJGHOSHAL,
 ORFDWLRQVSHFL¿FGLIIHUHQFHVLQWKHRUJDQL]LQJVWUDWHJ\RI5 'IDFLOLWLHV FURMAN, 2003), and
the determinants of R&D directed FDI decisions (e.g., CHUNG and ALCACER, 2004); existing work
does not, however, identify a link between distributed R&D location decisions and productivity.
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LQWHUQDWLRQDO 5 ' IDFLOLWLHV SURGXFH D ODUJHU QXPEHU RI SDWHQWV WKDQ ¿UPV ZLWK
purely domestic research facilities.
:HH[SDQGRQWKHVHDSSURDFKHVLQDQXPEHURIZD\V:HDQDO\]HWKHSURGXFWLYLW\
RID¿UP¶VUHVHDUFKHIIRUWDWWKHOHYHORIWKHWKHUDSHXWLFFODVVUDWKHUWKDQORRNLQJ
DWWKHWRWDORXWSXWRIDOOWKH¿UP¶VUHVHDUFKHIIRUWV7KLVOHYHORIDQDO\VLVSHUPLWV
PRUHSUHFLVHFRPSDULVRQVEHWZHHQ¿UPV¶UHVHDUFKSURJUDPVDVZHOODVZLWKLQ¿UP
productivity differences across therapeutic areas that may be driven by local spillovers. In addition, we test for the importance of local spillovers by constructing local
measures of knowledge generation directly, rather than by inferring their impact
from differences in the geographic construction of R&D. Importantly, we explicitly distinguish between privately and publicly generated spillovers, allowing us
WRDGGUHVVLQGXVWULDORUJDQL]DWLRQWKHRULHVRQFRPSHWLWLYHUDFLQJLQ5 'DVZHOODV
the endogenous growth and economic geography literatures.

3 Database construction
To accurately measure drug discovery productivity, we require measures of outputs and inputs at the level of the therapeutic class-year. If it were possible to obtain
ideal data, we would want to conduct this analysis at the laboratory-therapeutic
class-year level. Although it is possible to attribute outputs to individual laboratoULHVDQGWRPHDVXUHNQRZOHGJHEDVHGLQSXWVLQWKHUHJLRQORFDOWRVSHFL¿FODERUDWRries, accurate measures of drug discovery expenditures are not available at the level
RIWKHLQGLYLGXDOIDFLOLW\$VDFRQVHTXHQFHZHDQDO\]HGUXJGLVFRYHU\SURGXFWLYLW\DWWKH¿UPWKHUDSHXWLFFODVV\HDUOHYHOZHGRKRZHYHULQFRUSRUDWHIDFLOLW\
VSHFL¿FGDWDRQNQRZOHGJHLQSXWVLQWRWKHSURGXFWLRQIXQFWLRQZHHVWLPDWH
We measure drug discovery output with PATENTS, a count of the number of
³LPSRUWDQW SDWHQWV´ JUDQWHG LQ HDFK ¿UP  WKHUDSHXWLF FODVV  \HDU3 Patents are
considered important if they have been granted in any two of the three major markets in the world (the European Union, Japan, or the U.S.). We assign patents to the
year of application. In focusing on patents-based measures of drug discovery output we build squarely on prior work in this area (GAMBARDELLA, 1995; HENDERSON
and COCKBURN, 1996; PENNER-HAHN and SHAVER :HUHFRJQL]HWKDWSDWHQWV
are one of many potential measures of outputs from the drug discovery process,
including new chemical entities (NCEs), investigational new drug applications
(INDs), and new products introduced and note that prior work has demonstrated
DVLJQL¿FDQWFRUUHODWLRQEHWZHHQ3$7(176DQG,1'VDQGRWKHUPHDVXUHVRIGUXJ
discovery output.
Part of the novelty of our paper derives from the level of detail with which we
PHDVXUHLQSXWVLQWRWKHGUXJGLVFRYHU\SURFHVV2XUPHWKRGRORJ\UHÀHFWVERWKWKH
extent of capital devoted to drug discovery research at the therapeutic class level as
ZHOODVWKHH[WHQWRINQRZOHGJHLQSXWVH[WHUQDOWRWKH¿UPEXWSUHVHQWLQWKHUHJLRQV
geographically proximate to its research facility. Our measure of drug discovery
3. We rely on DERWENT’SFDWHJRUL]DWLRQRISDWHQWVLQWRWKHUDSHXWLFFODVVHV6HHHENDERSON and COCKBURN (1996), p.57, for additional information on patent data from DERWENT.
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research spending, DISC_IJ, represents millions of constant 1986 dollars of expenGLWXUHRQGUXJGLVFRYHU\HIIRUWVLQHDFK¿UPWKHUDSHXWLFFODVV\HDU7KLVYDULDEOH
is designed in order to measure the amount of expenditures devoted to identifying
compounds with promising medicinal effects. It excludes expenditures directed at
GHYHORSPHQWRURWKHU5 'DFWLYLWLHV7KHFRQVWUXFWLRQRI',6&B,-DQGLWVFODVVL¿cation into therapeutic classes follows the descriptions of HENDERSON AND COCKBURN
DQG )RUHDFKWKHUDSHXWLFFODVVZHFRQVLGHUERWKDVWRFNDQGDÀRZRI
DISC_IJ. Stocks are computed based on the assumption that knowledge depreciates
at an annual rate of 15% (GRILICHES :HLQFOXGHWKHÀRZRIH[SHQGLWXUHVWR
capture currentGLIIHUHQFHVLQWKHUHVHDUFKHIIRUWVRI¿UPVWKDWDUHQRWSLFNHGXSE\
differences in stocks. For example, we might expect the research productivity of a
¿UPWKDWLVEHJLQQLQJWRUDPSXSDUHVHDUFKSURJUDPWREHKLJKHUWKDQWKDWRID¿UP
that is gradually ending a program that is 20 years old.
To capture knowledge inputs into the drug discovery process at the level of the
therapeutic class, we develop novel and detailed bibliometric measures of the
extent and distribution of publicly-available knowledge in the life sciences. We
draw on the National Library of Medicine’s PUBMED database and the Institute
IRU6FLHQWL¿F,QIRUPDWLRQ¶V6FLHQFH&LWDWLRQ,QGH[ 6&, WRFRQVWUXFWWKHVHLQVWUXments. The National Library of Medicine’s PUBMED database includes bibliograSKLFLQIRUPDWLRQIURPPRUHWKDQMRXUQDOVLQ¿HOGVRIELRPHGLFLQHDQGWKHOLIH
sciences. The database covers journals from more than seventy countries. It reports
detailed information on each publication, including paper titles, author names and
DI¿OLDWLRQVDQGLQIRUPDWLRQRQWKHFLWDWLRQVPDGHDQGFLWDWLRQVUHFHLYHG
To classify publications by therapeutic class, we exploit another feature of
WKH GDWD IURP WKH 38%0(' GDWDEDVH 7KLV GDWDEDVH FODVVL¿HV HDFK SXEOLFDWLRQ
XVLQJ WHUPV VLPLODU WR -RXUQDO RI (FRQRPLF /LWHUDWXUH WHUPV  WKDW FKDUDFWHUL]H
the themes and content of each article. These descriptors, called Medical Subject
+HDGLQJV 0H6+ DUHRUJDQL]HGKLHUDUFKLFDOO\DQGFDWHJRULFDOO\DQGHDFKSDSHU
is associated with multiple MeSH categories. For example, a paper that examines
the effect of interfering with the renin angiotensin cascade in rats will be associated
with MeSH headings for research on (a) rats, (b) hyptertension, and (c) the renin
DQJLRWHQVLQFDVFDGHDVZHOODVDQXPEHURIRWKHUKHDGLQJVWKDWFKDUDFWHUL]HRWKHU
elements of the research design and physiological and anatomical systems being
studied. We focus on those MeSH headings that refer to the therapeutic classes
of research addressed by particular papers.4 Thus, using the PUBMED database
allows us to create a useful indicator of the extent of research conducted in various
therapeutic classes.
The PUBMED data do not, however, provide extensive information about the
location in which the research is done. Until recently, PUBMED has only listed
WKHDI¿OLDWLRQDQGDGGUHVVIRUHDFKSDSHU¶V¿UVWDXWKRU,QPDQ\FDVHVWKHOHDGLQJ
researcher on life sciences papers is listed as the last author on the paper rather than
WKHOHDGDXWKRU$VDUHVXOWZHXQGHUWDNHDVLJQL¿FDQWGDWDHIIRUWWRJHQHUDWHPRUH
complete information on the geographic location of life sciences research. In particular, we draw on the set of publications chronicled by the Science Citation Index
(SCI). The SCI catalogues publications in nearly 5,000 international academic
and industry journals, identifying, among other relevant characteristics, authors’
QDPHVDGGUHVVHVDQGLQVWLWXWLRQDODI¿OLDWLRQV0RUHRYHU6&,GDWDOLVWHDFKXQL4. These include branches “C” and “D” of the MeSH hierarchy; details can be found on the PUBMED
ZHEVLWHDWKWWSZZZQOPQLKJRYPHVKPHVKKRPHKWPO
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TXHDGGUHVVDQGLQVWLWXWLRQDODI¿OLDWLRQDVVRFLDWHGZLWKHDFKSDSHU8QIRUWXQDWHO\
addresses are not matched to authors and each address appears only once per paper,
even if more than one of the paper’s authors are associated with that address. In
this paper, we consider each address as a separate observation. Note that by using
WKHDGGUHVV¿HOGLQDGGLWLRQWRWKHDI¿OLDWLRQZHDUHDEOHWRPDWFKSDSHUVWRWKH
VSHFL¿F5 'ODERUDWRU\ZLWKLQD¿UPQRWPHUHO\WRWKH¿UP¶VKHDGTXDUWHUV
,QRUGHUWRWDNHDGYDQWDJHRIWKHDGGUHVVDI¿OLDWLRQV LHJHRJUDSKLFLQIRUPDWLRQ 
in the SCI and the therapeutic class information available in PUBMED, we create
a dataset that consists of the set of papers that appear in both sources.5 Because the
RYHUODSEHWZHHQWKHVHWVRIMRXUQDOVLVQRWSHUIHFWZHORVHDVLJQL¿FDQWQXPEHURI
journals in the matching process. However, we believe that a dataset that consists
of only journals in both datasets has conceptual as well as practical advantages.
7KH6FLHQFH&LWDWLRQ,QGH[LQFOXGHVDQXPEHURIVFLHQWL¿FMRXUQDOVRXWVLGHWKHOLIH
VFLHQFHVZKLOH38%0('FRQWDLQVDQXPEHURIMRXUQDOVLQWKHPHGLFDO¿HOGWKDW
DUHQRWVFLHQWL¿F6 The intersection of the two databases is, therefore, more precise in identifying journals whose articles may be considered as useful knowledge
inputs into the drug discovery research process.
We begin with the list of journals that appear in both the SCI and PUBMED datasets. Using this list, we identify 4.0 million papers in the SCI that could also appear
in PUBMED between 1981 and 1990. Matching based on journal name, paper title,
and authors’ names, we are able to identify 2.3 million papers that appear in both
data sources. We lose potential matches (a) because journals do not always appear
in both data sources at the same time and (b) because, despite our best efforts,
differences in spelling and word use persist across data sources. For example, SCI
and PUBMED differ on occasion in their use of British vs. American English, their
use of text numerals vs. numbers, and their use of Greek and other foreign language
characters.
,QRUGHUWRFODVVLI\DUWLFOHVE\WKHUDSHXWLFFODVVZHGUDZRQWKH0H6+FODVVL¿FDtion scheme maintained by the NLM. Approximately 35 percent of all articles fall
into MeSH headings that suggest relevance to a particular therapeutic class of drug
GLVFRYHU\ UHVHDUFK$UWLFOHV WKDW DUH QRW FODVVL¿HG LQWR WKHUDSHXWLF FODVV LQFOXGH
WKRVHZULWWHQIRUDPRUHEURDGRUEDVLFVFLHQWL¿FDXGLHQFHDVZHOODVWKRVHWKDWDUH
not directly related to drug discovery research.
Using the address information available from the SCI, we also classify each artiFOHDGGUHVVLQRXUGDWDVHWJHRJUDSKLFDOO\$UWLFOHDGGUHVVHVDVVRFLDWHGZLWK¿UPV
LQRXUGDWDVHWDUHDVVLJQHGWRWKHSDUWLFXODU¿UPODERUDWRU\IURPZKLFKWKH\RULJLQDWHG7KXVZHNQRZWKHJHRJUDSKLFGLVWULEXWLRQRIDUWLFOHVZLWKLQHDFK¿UPDV
ZHOODVDFURVV¿UPV:HWUHDWHDFKDGGUHVVDVD³NQRZOHGJHREVHUYDWLRQ´DQGDUH
able to identify approximately 2.9 million paper-addresses in our data. In cases
ZLWKDODUJHQXPEHURIFRDXWKRUVKLSVZLWKLQWKHVDPHRUJDQL]DWLRQ RUDGGUHVV 
this method will undercount the number of author-publications because the SCI
DGGUHVV¿HOGLQFOXGHVRQO\µXQLTXHDGGUHVVHV¶ LHLWOLVWVDOORIWKHXQLTXHDGGUHVV
DI¿OLDWLRQV RI WKH DXWKRUV EXW GRHV QRW OLVW WKH VDPH DGGUHVVDI¿OLDWLRQ PXOWLSOH
times if there are multiple authors from that address). If the tendency to co-author
with “insiders” differs substantially and systematically across regions, our measure
could introduce a bias. For example, our measure would assign more “knowledge
5. We merge these based on journal names and paper titles (where both are purged of all non-text characters).
6. An example is a journal called Ontario Nurse, which is unlikely to publish cutting-edge research in
biology.
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REVHUYDWLRQV´WRDUHJLRQZLWKDWRWDORIELRORJLVWVVSOLWEHWZHHQWZRRUJDQL]Dtions than to another region with a total of 50 biologists all at the same institution.
However, we do not have prior information that suggests that such a bias is likely
to affect our results in a serious way.
The SCI address information enables us to assign each article-address to a “life
VFLHQFHV UHJLRQ´ %HFDXVH WKH GH¿QLWLRQV IRU DGPLQLVWUDWLYH ERXQGDULHV VXFK DV
states, provinces, MSAs, or EU-NUTS regions) differ greatly across countries, we
FUHDWHUHJLRQVZKRVHGH¿QLWLRQVDUHEDVHGRQWKHORFDWLRQVWKDWJHQHUDWHWKHJUHDWHVWQXPEHURIOLIHVFLHQFHVSXEOLFDWLRQV6SHFL¿FDOO\HDFKFLW\WKDWSURGXFHVPRUH
than 5,000 life sciences articles (equivalent to approximately 0.15% of the world’s
total) is considered to be a regional “centroid.” For each region, we count the numEHURIDUWLFOHVSXEOLVKHGE\DXWKRUVZKRVHDI¿OLDWLRQVLQGLFDWHDQDGGUHVVZLWKLQ
the 35-mile radius around the regional centroids.7 (We accomplish this by using
databases provided by the U.S. National Imagery and Mapping Agency that list
latitudes and longitudes for world cities and towns.) Where high publication cities
DUHJHRJUDSKLFDOO\SUR[LPDWHZHGH¿QHWKHUHJLRQEDVHGRQWKHFLW\ZLWKWKHODUJHU
number of publications – e.g., Leverkusen and Cologne, Germany both produce
more than 5,000 publications, but since Leverkusen produces more publications, it
is considered as the center of its region with Cologne as one of its local cities.
7RIXUWKHUFDWHJRUL]HSDSHUDGGUHVVHVDVHLWKHU³SXEOLF´RU³SULYDWH´VFLHQFHZH
XVHWKHDI¿OLDWLRQ¿HOG$OODFDGHPLFJRYHUQPHQWDQGQRQSUR¿WDI¿OLDWLRQVDUH
considered “public” science. These account for 90% of the total. Of these, approximately two-third of public articles come from universities, while the remaining
RQHWKLUGFRPHIURPPHGLFDOVFKRROVDQGJRYHUQPHQWVRXUFHV:HGH¿QH³SULYDWH´
VFLHQFHDVDOORWKHUDI¿OLDWLRQV

4 Data description
7KH QDPHV GH¿QLWLRQV DQG GHVFULSWLYH VWDWLVWLFV IRU RXU NH\ YDULDEOHV DSSHDU
in Table 1. We draw these data for thirteen therapeutic classes from nine of the
ODUJHVW HWKLFDO SKDUPDFHXWLFDO ¿UPV EHWZHHQ  DQG $V QRW HYHU\ ¿UP
conducts research in all therapeutic classes in each year, we have an unbalanced
panel totaling 704 observations.8 Our principal measure of drug discovery output
LV3$7(1762QDYHUDJHD¿UPLVJUDQWHGQHDUO\WKUHH3$7(176SHU\HDULQWKH
therapeutic classes in which it is active. This measure is quite skewed, with many
FODVVHVUHFHLYLQJ]HURSDWHQWVLQDQ\RQH\HDU'ULYLQJVXFKSDWHQWLQJWKHDYHUDJH
¿UPH[SHQGLWXUHSHUWKHUDSHXWLFFODVV±\HDULVPLOOLRQ GROODUV  1RWH
7. Increasing the radius to 50 and 100 miles had no major effect on the results we report here.
8. As has been noted in prior work using these data, the research program – rather than the therapeutic
class – is the ideal level at which to measure drug discovery productivity (HENDERSON and COCKBURN
 :KLOH RXU GDWD FODVVL¿FDWLRQ VFKHPH LV VXI¿FLHQWO\ VRSKLVWLFDWHG WR FODVVLI\ SXEOLFDWLRQV
data at the therapeutic class level, we cannot data at the level of the research program. The theraSHXWLFFODVVFRGL¿FDWLRQVFKHPHLVVXI¿FLHQWO\EURDGWKDWHDFKFODVVPD\LQFOXGHPXOWLSOHUHVHDUFK
programs that are not directly related to one another. Combining research programs in this way adds
noise to the measurement of inputs and outputs at the therapeutic class level; we do not believe,
however, that it induces biased productivity estimates.
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TABLE 1
9DULDEOH'H¿QLWLRQVDQG'HVFULSWLYH6WDWLVWLFV
Std.
Min. Max.
Dev.
)LUP&ODVV<HDUYDULDEOHV UHSUHVHQWLQJGDWDIRU¿UPi, in therapeutic class j,
in time t)
PATENTS
“Important” patents
2.96
4.56
0.00
34.00
KPATS
Beginning of year stock of
16.22 18.66
0.00 127.21
PATENTS*
DISC_IJ
',6&29(5<)/2:0 4.14
5.66
0.00
48.67
DISC_IJ_S
Beginning of year stock of
11.70 15.56
0.00 105.51
DISC_IJ*
LOG DISC_IJ
Log of DISCOVERY FLOW
0.56
1.78
-8.16
3.89
0
LOG DISC_IJ_S Log of Beginning of year
1.15
2.48 -12.60 4.66
stock of DISCOVERY*
KPUBS_OWN
Stock of own papers in class* 38.24 53.41
0.00 373.59
1.28
0.00
8.00
N_CENTROIDS Number of centroids in which a 1.90
¿UPODERUDWRU\GRLQJUHVHDUFK
in t-class j is located
0.07
0.20
0.00
2.23
EXPOSURE_
Flow of PRIVATE papers a
FLOW_PRIV
¿UPLVH[SRVHGWRLQWKHDUHDV
around its labs
3.16
3.26
0.00
18.67
EXPOSURE_
Flow of PUBLIC papers a
FLOW_PUB
¿UPLVH[SRVHGWRLQWKHDUHDV
around its labs
1.29
1.47
0.00
9.74
EXPOSURE_
Stock of PRIVATE papers a
STOCK_PRIV
¿UPLVH[SRVHGWRLQWKHDUHDV
around its labs*
9.32
10.06
0.00
56.87
EXPOSURE_
Stock of PUBLIC papers a
STOCK_PUB
¿UPLVH[SRVHGWRLQWKHDUHDV
around its labs*
0.41
0.55
0.00
2.72
LOCAL_START_ Stock of PRIVATE papers
PRIV
D¿UPLVH[SRVHGWRLQWKH
areas around its labs at start of
period*
2.86
3.50
0.00
16.62
LOCAL_START_ Stock of PUBLIC papers a
PUB
¿UPLVH[SRVHGWRLQWKHDUHDV
around its labs at start of
period*
GLOBAL_PRIV_ Flow of PRIVATE papers in a 1.82
1.62
0.24
9.60
FLOW
therapeutic class
GLOBAL_PRIV_ Stock of PRIVATE papers in a 4.96
4.64
0.53
31.76
STOCK
therapeutic class*
GLOBAL_PUB_ Flow of PUBLIC papers in a
16.36 11.95
1.08
69.30
FLOW
therapeutic class
GLOBAL_PUB_ Stock of PUBLIC papers in a 48.62 38.84
2.37 250.99
STOCK
therapeutic class*
Variable

Definition

* All stocks are depreciated at a rate of 15% per year.

Mean
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WKDWWKLVLVVLJQL¿FDQWO\JUHDWHUWKDQWKHDYHUDJHOHYHOUHSRUWHGLQHENDERSON and
COCKBURN  EHFDXVHZHGH¿QHWKHUDSHXWLFFODVVDWDKLJKHUOHYHORIDJJUHJDtion.) Depreciating expenditures and patents at a rate of 15% per year, the average
stock of PATENTS is 16.2 and the average stock of discovery expenditures (LAG
',6&B,-B6 LVPLOOLRQ$FURVVDOOWKHUDSHXWLFFODVVHVWKH¿UPVLQRXUVDPSOH
VSHQW PLOOLRQ RQ GLVFRYHU\ UHVHDUFK DQQXDOO\ DQG SXEOLVKHG SDSHUV SHU
therapeutic class per year.9
2XUVDPSOH¿UPVGLIIHUPDUNHGO\LQWKHH[WHQWWRZKLFKWKH\LQYHVWLQHDFKSDUticular therapeutic class, as well as in the number of publications and patents they
UHFHLYH 7DEOH$ :KLOH VRPH ¿UPV PDLQWDLQ RQO\ RQH ODERUDWRU\ PDQ\ ¿UPV
in the sample maintain laboratories in multiple regions (and countries). For these
¿UPVWKHUHDUHVXEVWDQWLDOGLIIHUHQFHVDFURVVODERUDWRULHVLQH[WHQWWRZKLFKWKH\
perform research in various therapeutic classes (Table 2B).
Likewise, there is considerable variation across countries and regions within
country in the extent to which they publish life sciences research. The majority
of research emanates from North America, Western Europe, Japan, and Australia.
While this correlates with the extent of industrial development, it is striking in light
of the distribution of world population, which has much greater concentration in
South America, Africa, India, and Southeast Asia. The distribution of research by
therapeutic class varies across location. For example, Cardiovascular research is
concentrated in the United States and Western Europe, while Parisitology research
is performed in a wider set of countries, including many in tropical areas. (Figures 1
and 2 depict the world distribution of Cardiovascular and Parisitology research,
respectively.)
Geographic concentration in research is also evident within-country in our sample. For example, life sciences research in the United States is most extensive in
California, Massachusetts, and in the area between Washington, DC and Baltimore.
It is also important to note that the the geographic distribution of PRIVATE life
sciences research differs somewhat from that of PUBLIC research. For example,
relatively more PRIVATE research is performed in New Jersey and Washington
during the sample period, while relatively more PUBLIC research takes place in
Ohio, North Carolina, and Georgia.
7RHYDOXDWHWKHLQÀXHQFHRIH[WHUQDOUHVHDUFKRQLQWHUQDOSURGXFWLYLW\ZHFRPpute EXPOSURE, which measures the number of publications within a 35-mile
UDGLXVRIHDFKODERUDWRU\LQZKLFKWKH¿UPFRQGXFWVLWVUHVHDUFK7KLVYDULDEOHLV
designed to capture the magnitude of potential spillovers from life scientists outVLGHWKHIRFDO¿UPLQHDFKSHULRG)LUPVFDQLQFUHDVHWKHLU(;32685(WRDYDLODble research by locating in areas in which there are many other private or public
LQVWLWXWLRQVHQJDJHGLQOLIHVFLHQFHV%\PHDVXULQJ(;32685(DWWKH¿UPWKHrapeutic class level, we account for a particular location’s proximity to valuable
science in one research area, but distant from science in other areas. On average,
HDFKWKHUDSHXWLFFODVVLVSUR[LPDWHWRSDSHUVDXWKRUHGE\LQGLYLGXDOVDI¿liated with PUBLIC institutions (universities, government agencies, or other notIRUSUR¿WHQWLWLHV DQGIHZHUWKDQSDSHUVDXWKRUHGE\LQGLYLGXDOVDW35,9$7(
VHFWRU¿UPV

9. Because data on publications are not available prior to the start of the sample period (in 1981),
we compute stocks as they accumulate in the sample. To correct for initial conditions in the local
NQRZOHGJHVWRFNZHH[DPLQHVSHFL¿FDWLRQVWKDWLQFOXGHDYDULDEOHWKDWUHÀHFWVWKHLQLWLDOFRXQWRI
public and private publications in each region.
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TABLE 2A
'LVWULEXWLRQRI3$7(176E\VHOHFWHG7KHUDSHXWLF&ODVVDQG6HOHFWHG)LUPV
Fraction of PATENTS in Therapeutic Class

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Abbott
Cardiovascular

Bristol Myers

Anti-Infective

Oncology

Roche
Musculoskeletal

Searle
Central Nervous System

1RWHWKDWWKHVH¿UPVDUHVHOHFWHGDVLOOXVWUDWLYHRIWKHSKDUPDFHXWLFDOLQGXVWU\RYHUDOODQGKDYHQRW
been chosen at randomly from our sample.

TABLE 2B
'LVWULEXWLRQRI3$7(176E\7KHUDSHXWLF&ODVV /RFDWLRQ0HUFN/DERUDWRULHV
Laboratory

Anti-psychotics

Antibiotics

Arrhythmia

Rahway, NJ

14%

27%

22%

West Point, PA

19%

4%

28%

Harlow, UK

64%

0%

14%

Dorval, CAN

14%

1%

48%

$VHFRQGHOHPHQWRIFORVHQHVVWRH[WHUQDONQRZOHGJHLVZKHWKHUD¿UP¶VJHRgraphic allocation of research in each therapeutic class matches the external geographic distribution of research in that class. Developing measures that adequaWHO\ FRPSDUH WKH JHRJUDSKLF GLVWULEXWLRQ RI ¿UP±WKHUDSHXWLF FODVV UHVHDUFK ZLWK
WKHJHRJUDSKLFGLVWULEXWLRQRIWKHUDSHXWLFFODVVOHYHOUHVHDUFKRXWVLGHWKH¿UPLV
extremely complex methodologically. As a preliminary way of exploring this issue,
ZHH[SHULPHQWHGZLWKDVWUDLJKWIRUZDUGPHDVXUHRIWKHPDWFKEHWZHHQWKH¿UP
DQGZRUOGZLGHGLVWULEXWLRQRIFODVVVSHFL¿FUHVHDUFKDOWKRXJKZHGLGQRWREWDLQ
conclusive results.10
10. We experimented with the variable GINI, which we computed as the mean squared difference over
ORFDWLRQVEHWZHHQ¿UPL¶VVKDUHRILWVWRWDODFWLYLW\LQHDFKORFDWLRQDQGWKHZRUOGVKDUHRIDFWLYLW\LQ
each location (KRUGMAN, 1991; AUDRETSCH and FELDMAN, 1996). More formally, GINIijt = 6(sijt-xjt)2,
where Xjt is the 1 x K vector of shares of each location k in the world total of activity in therapeutic class
j and SijtLVWKH[.YHFWRURIWKHVKDUHRIHDFKORFDWLRQNLQ¿UPi’s total activity in therapeutic class
j (each in time t $VVPDOOHU*,1,YDOXHVFRUUHVSRQGWRDFORVHUPDWFKEHWZHHQWKH¿UP¶VJHRJUDSKLF
DOORFDWLRQRIVFLHQFHZHZRXOGH[SHFWDQHJDWLYHFRHI¿FLHQWRQ*,1,LQWKHSURGXFWLYLW\UHJUHVVLRQV
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FIGURE 1
World Distribution of Cardiovascular Research, 1981-1990

FIGURE 2
World Distribution of Parisitology Research, 1981-1990

PUBLIC & PRIVATE SPILLOVERS, LOCATION AND THE PRODUCTIVITY
OF PHARMACEUTICAL RESEARCH

179

5 Empirical results
We draw on the “production function” approach to the measurement of productivity, in which patents are generated as a function of the research investment of the
¿UPDQGRILWVNQRZOHGJHFDSLWDOLQWKHPDQQHURI*ULOLFKHV  
:HHVWLPDWHDIXQFWLRQRIWKHIRUP
(1)

Log Yi,j,t Į(log Xi,j,t)ȕ(log Ki,j,t) + Ai,j,t (t) + ui,j,t

ZKHUH<LVDPHDVXUHRIRXWSXWDWWKH¿UP KHUHSDWHQWVDWWKHWKHUDSHXWLFFODVV
level), X is a vector of inputs (here, current research spending), and K is a measure
of cumulated research effort and i, j, and tLQGH[¿UPWKHUDSHXWLFFODVVDQG\HDU
respectively. A(t) represents other factors which affect output and change systemDWLFDOO\RYHUWLPH,QFOXGHGLQWKLVLVIRUH[DPSOHH[SRVXUHWRORFDOVFLHQWL¿FDQG
WHFKQLFDO NQRZOHGJH DQG PHDVXUHV RI ¿UP RUJDQL]DWLRQ VXFK DV WKH JHRJUDSKLF
GLVSHUVLRQRIWKH¿UP/DVWO\XUHÀHFWVDOORWKHUUDQGRPXQV\VWHPDWLFÀXFWXDWLRQV
in output.11
7KLV LV D UHGXFHGIRUP VSHFL¿FDWLRQ DQG WKXV WKH LQWHUSUHWDWLRQ RI SDUDPHWHU
HVWLPDWHVLVVXEMHFWWRPDQ\FDYHDWV)RUH[DPSOHD¿UP¶VSDWHQWLQJEHKDYLRUPD\
ZHOOEHLQÀXHQFHGE\WKH5 'VSHQGLQJRILWVULYDOV&HUWDLQO\WKHVHOHFWLRQRIWKHUDSHXWLFFODVVHVLQZKLFKD¿UPIRFXVHVUHVHDUFKHIIRUWVLVDVRXUFHRIHQGRJHQHLW\
and one we make no pretense of correcting for. Here, we think the greater concern
in the context of our research question is the endogeneity of location choice. A
¿UP¶VFKRLFHRIUHVHDUFKORFDWLRQDQGWKHUHIRUHH[SRVXUHWRORFDOVSLOORYHUVFRXOG
DOVREHDIXQFWLRQRILWVGHVLUHWRDYRLGVSLOOLQJRYHUWRFRPSHWLWRUV:KLOHD¿UP¶V
research in a locality may affect the efforts of its competitors in the same geographic area, we think it is reasonable to assume that public research in a locality is
exogenous. Most universities are older than the labs in our sample, and the location
RIJRYHUQPHQWODERUDWRULHVZDVDOVR¿[HGGXULQJWKLVSHULRG,IDYHU\SURGXFWLYH
¿UPEHJDQRSHQLQJODEVLQDGGLWLRQDOORFDWLRQV RUDVVXPHGFRQWURORIDGGLWLRQODEV
through a merger), then its exposure to local science would increase and we might
erroneously attribute high productivity to spillovers from local science. During
RXUVDPSOHSHULRGORFDWLRQVDUHODUJHO\¿[HG¿UPVGLGQRWRSHQQHZODEVRUFORVH
H[LVWLQJODEV2QO\RQHODUJHPHUJHURFFXUUHGEHWZHHQ¿UPVLQRXUVDPSOHFORVHWR
the end of the sample period, which we believe would have only a small effect.
Another potential problem we have in identifying spillovers is that both publications and patenting in a therapeutic class could be affected by exogenous shocks
to technological opportunities for that class. This affects our interpretation only if
research in therapeutic classes is geographically concentrated, as our discussion
DERYHLQGLFDWHV7RDGGUHVVWKLVZHLQFOXGHWKHUDSHXWLFFODVV¿[HGHIIHFWVLQRQH
VSHFL¿FDWLRQ ZKLFK HVVHQWLDOO\ FRQWURO IRU WKH LQLWLDO JHRJUDSKLF GLVWULEXWLRQ RI
UHVHDUFKLQDFODVV7KHFRHI¿FLHQWVRQWKHRWKHUSDUDPHWHUVRILQWHUHVWWKHQUHÀHFW
within-class productivity differences across locations, netting out any technological
11. 7KHIXQFWLRQDOIRUPRIWKLVHTXDWLRQVKRXOGEHLQWHUSUHWHGDVD¿UVWDSSUR[LPDWLRQWRDPXFKPRUH
complex relationship. Most studies that use this technique explore the degree to which the results
are sensitive to functional form. They are usually not.
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shock to the class. However, this does not control for correlated temporary shocks,
which may still be of concern for the analysis and interpretation of the results.
Tables (3) and (4) present our results. Since our dependent variable is often
WUXQFDWHGDW]HURLQ7DEOH  ZHPRGHOHTXDWLRQ  XVLQJD3RLVVRQVSHFL¿FDWLRQ
As this has the well-known problem that it imposes the condition that the mean
of the distribution is equal to the variance, we replicate the analyses in Table (4)
XVLQJ1HJDWLYH%LQRPLDOUHJUHVVLRQV2XUNH\UHVXOWVDUHUREXVWWRHLWKHUVSHFL¿FDWLRQ:HLQFOXGH\HDU¿[HGHIIHFWVLQHYHU\VSHFL¿FDWLRQWRFRQWUROIRUÀXFWXDWLRQV
in overall rates of patenting and for any general common trend in “propensity to
patent” across the industry.
0RGHO  SUHVHQWVWKH³EDVHFDVH´LQFOXGLQJRQO\RXUÀRZDQGVWRFNPHDVXUHRI
UHVHDUFK GLVFRYHU\ VSHQGLQJ7KHFRHI¿FLHQWVDUHSRVLWLYHDQGKLJKO\VLJQL¿FDQW
with magnitudes reassuring close to those that have been observed in prior work.
7KH GLIIHUHQFHV LQ WKH PDJQLWXGHV RI WKH FRHI¿FLHQWV QRWH WKDW KLVWRULFDO LQYHVWments in research programs have continued effects on the productivity of current
efforts.
Model (2) includes our measure of local spillovers, EXPOSURE_FLOW. Recall
WKDWWKLVYDULDEOHLVGH¿QHGDVWKHWRWDOQXPEHURISDSHUV IURPERWKSXEOLFDQG
SULYDWHLQVWLWXWLRQV SXEOLVKHGZLWKLQDPLOHUDGLXVRIWKH¿UP¶VUHVHDUFKDFWLYLW\LQDSDUWLFXODUWKHUDSHXWLFDUHD&RQVLVWHQWZLWKSULRUUHVHDUFKWKLVFRHI¿FLHQW
LVSRVLWLYHDQGVLJQL¿FDQWVXJJHVWLQJDSRVLWLYHDVVRFLDWLRQEHWZHHQWKHH[WHQWRI
local knowledge and research productivity.12
Model (3) breaks this measure of local spillovers in two, as a function of the insWLWXWLRQDODI¿OLDWLRQRIWKHDXWKRU(;32685(B)/2:B38%DQG(;32685(B
)/2:B35,9(;32685(B)/2:B38%UHWDLQVLWVSRVLWLYHDQGVLJQL¿FDQWFRHI¿FLHQWEXW(;32685(B)/2:B35,9LVQHJDWLYHDQGVLJQL¿FDQW7KLVLVRXUFRUH
UHVXOWDQGKROGVDFURVVDOOPRGHOVDQGERWKHFRQRPHWULFVSHFL¿FDWLRQV
This is a striking result. The positive impact of academic research on productivity is expected, and entirely (and reassuringly) consistent with prior research. The
negative effect of privately generated knowledge on productivity is more surprising.
ADAMS (2002) found that laboratory productivity was correlated with both publicly
and privately generated knowledge, and the majority of the theoretical literature
DVVXPHV WKDW VSLOORYHUV DFURVV SULYDWH ¿UPV KDYH SRVLWLYH HIIHFWV +RZHYHU RXU
result is consistent with JAFFE (1986)’s analysis that controlled for technological
but not for geographical distance, which found that private sector research spenGLQJZDVSRVLWLYHO\FRUUHODWHGDFURVV¿UPVEXWSUR¿WVZHUHQHJDWLYHO\FRUUHODWHG
with rival’s R&D spending.
7KLVLVDUHGXFHGIRUPUHVXOWVRLWSUREDEO\VXPPDUL]HVDFRPSOH[PL[RIIDFtors. It may be that extensive rival publication in a particular area reduces the
RSSRUWXQLW\IRUDQ\VLQJOH¿UPWRPDNHWKHQRYHOGLVFRYHULHVWKDWDUHDSUHUHTXLVLWH
WRSDWHQWJHQHUDWLRQ$OWHUQDWLYHO\H[WHQVLYHULYDOSXEOLFDWLRQPD\VLJQDOVLJQL¿cant future competition in a particular market, thus reducing the attractiveness of
effort in the area and the incentive to generate patents after research efforts have
already been expended. Indeed, there are likely numerous credible explanations
12. In additional, unreported models, we also experimented with including GINI, our measure of the
GHJUHHWRZKLFKWKH¿UP¶VGLVWULEXWLRQRIUHVHDUFKDFWLYLW\LQDSDUWLFXODUFODVVPLUURUVWKDWRIWKH
JHQHUDOGLVWULEXWLRQDVDQDGGLWLRQDOLQGLFDWRURID¿UP¶VFORVHQHVVWROLIHVFLHQFHUHVHDUFK*,1,
ZDVQRWVWDWLVWLFDOO\VLJQL¿FDQWO\LQDQ\RIWKHVHPRGHOV7KLVPD\VXJJHVWWKDWPDWFKLQJWKHZRUOG
wide research distribution is not correlated with research productivity; however, this result may also
DULVHEHFDXVHWKLVPHDVXUHLVQRWVXI¿FLHQWLQFDSWXULQJWKHSKHQRPHQRQRILQWHUHVW
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IRUWKLV¿QGLQJDQGZHEHOLHYHWKDWFODULI\LQJWKLVUHVXOWLVDXVHIXOJRDOIRUIXWXUH
research.
Model (4) introduces N_CENTROIDS, or the number of centroids in which the
¿UP LQWKLVSDUWLFXODUWKHUDSHXWLFFODVV KDVORFDWHGUHVHDUFKDFWLYLW\DQRWKHUPHDVXUHRIWKHGHJUHHWRZKLFKWKH¿UPLVDWWHPSWLQJWRWDNHDGYDQWDJHRIUHVHDUFK
DFURVV WKH ZRUOG ,W LV VLJQL¿FDQW DQG QHJDWLYH LQ WKH 3RLVVRQ UHVXOWV DOWKRXJK
LQVLJQL¿FDQW LQ WKH QHJDWLYH ELQRPLDO VSHFL¿FDWLRQ 1B&28175,(6 DQRWKHU
measure of geographic dispersion with which we experimented, is also negative
DQGVLJQL¿FDQWLQERWKVSHFL¿FDWLRQVZKHQLQFOXGHGLQWKHPRGHO :HLQWHUSUHWWKLV
UHVXOWDVFRQVLVWHQWZLWKWKHK\SRWKHVLVWKDW¿UPVWKDWDUH³VWUHWFKHGWRRWKLQ´IDLOWR
take advantage of local economies of scope and suffer a reduction in productivity
in consequence.
In model (5), GLOBAL_PUB_STOCK, the stock of globally generated acaGHPLFSDSHUVLVSRVLWLYHDQGVLJQL¿FDQWLQERWKVSHFL¿FDWLRQVZKLOH*/2%$/B
PRIV_STOCK, the stock of globally generated private papers is negative and
VLJQL¿FDQW LQ ERWK VSHFL¿FDWLRQV 7KLV UHVXOW LV FRQVLVWHQW ZLWK RXU ORFDO UHVXOW
DQGVXJJHVWVWKDW¿UPVEHQH¿W RUVXIIHU IURPJOREDOVSLOORYHUVDVZHOODVIURP
local. The results from this model suggest that the marginal impact of an additional
1000 local publications is 0.19 PATENTS, while the addition of 1000 publications
to the global stock of relevant science yields .11 additional PATENTS. Thus, the
implied elasticities associated with these measures are consistent with research in
economic geography and endogenous growth that suggest that local knowledge is
more likely to spill over than distant knowledge.
Model (6) introduces LOCAL_START_PUB and LOCAL_START_PRIV.
These controls attempt to address the endogeneity of research location by controlling for “initial conditions” in each location. Their signs are consistent with
RXUÀRZUHVXOWVZKLFKDUHUREXVWWRWKHLULQFOXVLRQ,WLVLPSRUWDQWWRQRWHKRZever, that the inclusion of these variables does not control for the possibility of
temporary shocks that may also affect location decisions. Model (7) presents the
IXOO PRGHO DQG PRGHO   LQWURGXFHV WKHUDSHXWLF FODVV ¿[HG HIIHFWV ,QWURGXFLQJ
WKHUDSHXWLF FODVV ¿[HG HIIHFWV DOWHUV WKH LQWHUSUHWDWLRQ VLJQ DQG VLJQL¿FDQFH RI
the initial conditions variables, although it does not affect the paper’s core results.
0RGHOVZLWKRXWWKHUDSHXWLFFODVV¿[HGHIIHFWVH[SORLWVGLIIHUHQFHVDFURVVORFDWLRQV
LQSXEOLFVFLHQFH0XFKRIWKRVHGLIIHUHQFHVDUHGULYHQE\VSHFLDOL]DWLRQLQWKHUDSHXWLFDUHDV5HPRYLQJWKRVHGLIIHUHQFHVLQVSHFLDOL]DWLRQE\LQFOXGLQJWKHUDSHXWLF
class FEs appears to leave too little variation over time or across locations to get a
VWDWLVWLFDOO\VLJQL¿FDQW RUHFRQRPLFDOO\PHDQLQJIXO HVWLPDWHH[FHSWLQWKHFDVH
of LOCAL_START_PUB in the POISSON model, which is negative and statistiFDOO\VLJQL¿FDQW7KLVXQH[SHFWHG¿QGLQJPD\VXJJHVWWKDWSDWHQWLQJSURGXFWLYLW\
was highest in those therapeutic classes about which the least was known at the
beginning of the period.
In addition to the models presented here, we also experimented with a number
RIDOWHUQDWLYHVSHFL¿FDWLRQVLQFOXGLQJWKRVHWKDWH[SORUHGWKHHIIHFWVRIFOXVWHULQJ
HUURUVE\WKHUDSHXWLFFODVVDQGE\¿UPDQGZLWKUDQGRPDQG¿UP¿[HGHIIHFWVPRGels. While our results are robust to error clustering (the standard errors increase, but
PRVWFRHI¿FLHQWUHPDLQVLJQL¿FDQWDWWKHOHYHO WKH\DUHQRWUREXVWWRWKHXVHRI
UDQGRPRU¿UP¿[HGHIIHFWV*LYHQWKHYHU\OLPLWHGH[WHQWWRZKLFKWKHJHRJUDSKLF
GLVWULEXWLRQRIUHVHDUFKFKDQJHVZLWKLQWKH¿UPGXULQJWKHSHULRGFRYHUHGE\RXU
study, this is not, perhaps, a surprising result. In this period, the geographic location
RIUHVHDUFKLVWKH¿UP¿[HGHIIHFW
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6 Discussion
7RRXUNQRZOHGJHRXUVLVWKH¿UVWSDSHUWRH[SORUHWKHLPSDFWRIORFDOO\JHQHUDted spillovers across the entire world on the research productivity of the multinaWLRQDO¿UPDQGDPRQJDVPDOOVHWRISDSHUVWKDWGLVWLQJXLVKHVH[SOLFLWO\EHWZHHQ
WKH HIIHFWV RI SXEOLFO\ DQG SULYDWHO\ JHQHUDWHG NQRZOHGJH :H ¿QG WKDW ORFDOO\
generated knowledge is strongly correlated with research productivity, but that this
positive correlation is driven overwhelmingly by the impact of publicly generated knowledge. Privately generated knowledge appears to be negatively correlated
with productivity, a result consistent both with a “crowding out” hypothesis and
with the hypothesis that the anticipation of future rivalry reduces the incentive to
patent in any given area.
Our results have intriguing implications both for our understanding of economic
JHRJUDSK\DQGIRURXUXQGHUVWDQGLQJRIWKHJOREDORUJDQL]DWLRQRIUHVHDUFKLQWKH
PXOWLQDWLRQDO¿UP7KH\VXJJHVWWKDWWKHUHPD\EHDFRPSOH[WUDGHRIIEHWZHHQWKH
desire to locate close to sources of academic knowledge on the one hand and the
desire to avoid competing too closely with rivals on the other and that it is possible
that over-dispersing research activities may have a negative effect on productivity.
They also imply that models that fail to distinguish between the nature of private
DQGSXEOLFVSLOORYHUVPD\EHPLVVSHFL¿HG
Further work in this area could move in a number of directions. One is the attempt
to model the endogeneity of research location more explicitly, perhaps through
the use of suitable instruments and the more sophisticated structural modeling of
investment choices. Such an effort will be a challenging undertaking, given the dif¿FXOW\RI¿QGLQJDSSURSULDWHLQVWUXPHQWVDQGWKHIUDJLOLW\DQGFRPSOH[LW\RIWKHRretical models of the problem. The use of data from more recent periods that feature
much greater variation in the geographic location of research may help to address
these issues. It is also surprising that, if local spillovers from public science are so
VWURQJSKDUPDFHXWLFDO¿UPVKDGFKRVHQWRORFDWHLQ1HZ-HUVH\IRUH[DPSOHWRD
greater extent than Massachusetts or the Washington, DC area. However, changes
since the end of our sample period in the 1990s and early 2000s, such as the growth
of the biotech industry around Boston and the decision by Novartis to locate its
UHVHDUFKKHDGTXDUWHUVLQ&DPEULGJHVXJJHVWWKDW¿UPVPD\KDYHLQGHHGEHJXQWR
respond to opportunity to appropriate local spillovers from public institutions.
Another possibility is to explore whether local spillovers are mediated in their
effects, as Zucker and Darby and their collaborators and Cassiman and Veugelers
suggest. Public research in the medical sciences is very widely disseminated, and
LQ VRPH UHVSHFWV LW LV VXUSULVLQJ WR ¿QG WKDW LW KDV D VWURQJ ORFDO LPSDFW ,V WKH
SRVLWLYHHIIHFWRIORFDOUHVHDUFKDIXQFWLRQRILQVWLWXWLRQDOWLHVEHWZHHQ¿UPVDQG
local institutions? Using our data to identify co-authoring relationships between
LQVWLWXWLRQVPD\VKHGVRPHOLJKWRQWKLVTXHVWLRQDQGDGGWRWKHUHFHQW¿QGLQJV
of SINGH (2003) and BRESCHI and LISSONI (2003). Similarly, the negative effect of
competitive work, if it exists, should have global impact – why does the local effect
appear to be so strong? Additional work could explore the micro-mechanisms that
lie behind this result, further illuminating our understanding of the dynamics of the
JHRJUDSKLF RUJDQL]DWLRQ RI UHVHDUFK DQG WKH UHODWLRQVKLS EHWZHHQ VSLOORYHUV DQG
economic growth.
N
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