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Abstract

Over the final two decades of the 20th century, a number of formerly industrializing economies and historical imitator countries
achieved levels of innovative capacity commensurate with or greater than those of some economies that were historically more
innovative. We investigate the factors that enabled suchemerging innovatoreconomies to achieve successful catch-up while
some historically more innovative countries experienced relative declines in innovative productivity. We focus our analysis on
the estimation of a production function for innovations at the world’s technical frontier. Based on the results of this analysis,
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we classify countries into categories reflecting their historical levels of innovative capacities and develop counterfactu
that identify the factors that correspond to long-run improvements in innovative roductivity. These exercises sugges
development of innovation-enhancing policies and infrastructures are necessary for achieving innovative leadershi
these are insufficient unless coupled with ever-increasing financial and human capital investments in innovation.
© 2004 Published by Elsevier B.V.
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1. Introduction

Examining the state of British industrial perfor-
mance in 1980, Keith Pavitt cautioned that unless the
nation made substantial improvements in its innovative
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capacity, both through additional industrial R&D a
improved linkages between R&D and product de
opment, its prospects for long-run economic gro
would dim (Pavitt, 1980). This sentiment resonat
with those of economists and policymakers, who h
focused increasing attention in the years since W
War II on the centrality of scientific and technolo
ical advance in driving economic progress and w
have argued that increasing national investmen
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innovation are essential to ensure countries’ economic
growth (Schumpeter, 1942; Bush, 1945; Solow, 1956;
Abramovitz, 1956; Romer, 1990; Jones, 1995).

In the near quarter-century since Pavitt’s initial
appeal, Great Britain has made investments in its inno-
vative capacity; its level of R&D expenditures and its
realized level of USPTO patenting have increased by
approximately 30% each. At the same time, neighbor-
ing Ireland, whose standard of living in the early 1980s
was substantially lower than Britain’s, has vastly in-
creased its economic and policy commitments to inno-
vation, boosting its count of R&D personnel nearly ten-
fold and achieving a 350% increase in USPTO patents,
thus achieving a rate of per capita patenting comparable
with that of a number of the more innovative countries
in the world. The experience of these countries is
illustrative of two striking facts about country-level
innovative output over the last few decades.

First, among the set of countries that have histori-
cally generated significant numbers of innovations at
the world’s technological frontier, the difference in the
relative innovative productivity of the most innovative
countries and other innovative countries has declined.
While the world’s leading innovator economies, includ-
ing the United States, Switzerland, and Japan, have
continued to increase investments in innovative capac-
ity, other members of the group of innovator countries
have increased their commitments to innovation at an
even greater rate. Thus, although the absolute gap in
innovative productivity between the world’s most in-
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The fact that some countries have increased their in-
novative capacities so substantially while others have
not presents a puzzle for the study of national systems
of innovation (Freeman, 1987; Dosi, 1988; Lundvall,
1992; Nelson, 1993), a literature which does not issue
strong predictions about the emergence of innovative
leaders among former follower countries. In this paper,
we investigate developments in national innovative ca-
pacities, focusing on the country-level investments, in-
stitutional configurations, and national policy decisions
that shape the success of follower nations in catching
up to the world’s leading innovator countries in terms
of per capita innovative output. By studying the emer-
gence of innovative capacity in former industrializing
and imitator countries and examining the relative lev-
eling of investments in innovation in some historical
innovator countries, we build directly on set of issues
central to Keith Pavitt’s work (Pavitt, 1979, 1980; Patel
and Pavitt, 1987, 1989; Bell and Pavitt, 1992, 1993).
Further, in adopting an approach that focuses on statis-
tical analysis, we contribute to research that addresses
Patel and Pavitt’s (1994)appeal for quantitative analy-
sis clarifying the properties of national innovation sys-
tems.

We base our analysis on the conceptual framework
for understanding national innovative capacity outlined
in Furman et al. (2002), which builds in particular on
literature in macroeconomic growth (Romer, 1990), na-
tional industrial competitive advantage (Porter, 1990)
and national innovation systems (Nelson, 1993).1 The
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ovative economies and other innovator countrie
ains, this gap is relatively smaller at the end of
0th century than it was 20 years before.

Second, the set of countries that generate nume
ew-to-the-world innovations has expanded over
ast quarter-century, as a number of formerly indu
lizing countries have sufficiently increased their le
f innovative productivity to begin introducing new-

he-world innovations with regularity. These count
nclude a number of late industrializing countries t
ad been primarily imitators (and consumers) of in
ations at the world’s technological frontier. Irela
srael, Singapore, South Korea, Taiwan are amon
ations that have achieved remarkable increases
ovative output per capita, suggesting that their inn

ive capacities have overtaken those of some coun
hose economic conditions were more favorable a
ently as the 1980s.
ore of our empirical analysis involves the estima
f a production function for economically significa

echnological innovations. The framework on wh
e based our estimation suggests that an econo

nnovative productivity depends on (a) investment

1 We employ the term “innovative capacity” to describe a co
ry’s potential – as both an economic and political entity – to prod
stream of commercially relevant innovations. The term “innov
apacity” has been used by a broad range of researchers in lite

n economics, geography and innovation policy. For example,Pavitt
1980), employed the term in a manner similar to that in this
er in his broad-based research in innovation policy and econo
uarez-Villa (1990, 1993)applies the concept within the geograp

iterature, emphasizing the linkage between invention and inn
ion. Neely and Hii (1998)provide a detailed discussion of the o
ins and definition of innovative capacity in the academic litera
he framework presented here builds directly on research repor
orter and Stern (1999)andFurman et al. (2002)and the reference
ited therein.
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broadly available resources for innovation, which we
refer to as the common innovation infrastructure, (b)
the environment for innovation in its industrial clus-
ters, and (c) linkages between these components.

To evaluate this empirically, we employ a panel
dataset of 23 countries between 1978 and 1999. Consis-
tent with prior research, these regressions show a tight
fit between predictors of national innovative capacity
and economically significant innovations. These mod-
els also bear out the striking result that a number of for-
mer follower countries are becoming increasingly pro-
ductive in their innovative output. To more fully explore
the factors driving this phenomenon, we categorize
countries into four groups based on historical patterns
in their levels of innovative capacity: (1) leading inno-
vator countries; (2) middle tier innovator countries; (3)
third tier innovator countries; and (4) emerging innova-
tor countries. Over the course of the sample, the leading
innovator countries have the highest levels of innova-
tive capacity, followed by the middle tier countries, and
the third tier countries. Average innovative capacity in
emerging innovator grows substantially over the course
of the sample, from levels slightly higher than those
of third tier innovators to levels that exceed those of
the average middle tier economies. Although not quite
catching up to the world’s most innovative countries,
emerging innovator countries as a group do surpass a
number of countries whose historical levels of wealth
and innovation had vastly exceeded their own.

The improvements in national innovative capacity
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novative capacity into components associated with (a)
its policies and infrastructure and (b) its investments
in innovation. This descriptive counterfactual exercise
exposes critical differences between groups of inno-
vator countries. It demonstrates that leading innovator
countries, middle tier innovator countries, and emerg-
ing innovator countries have committed in relatively
similar ways to innovation-enhancing policies. Middle
tier innovator countries and emerging innovators are,
however, distinguished by the extent to which each has
increased investments in R&D and human capital. By
contrast, third tier innovator countries have neither sub-
stantially increased their investments in R&D expendi-
tures and human capital nor have they increased their
commitments to innovation-enhancing policies. We ex-
plore both the public policy and theoretical implica-
tions of these results in greater detail in our discussion.

The remainder of the paper is structured as follows:
Section2 reviews the historical background for this
study and discusses prior research on catch-up and
the determinants of national innovative productivity.
Section3 introduces the conceptual framework that
drives our analysis. Section4 outlines our empirical
approach. Our empirical results appear in Section5.
Section6 concludes, discussing the findings of the pa-
per in greater generality.

2. Leadership and catch-up in national
innovative productivity
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n emerging innovator countries do not arise from
ingle factor alone but rather from increased inv
ent and commitment across a number of the dr
f national innovative capacity. Moreover, emerg

nnovator countries differ from each other with resp
o their geographic region of origin and their natio
ystems of innovation. Just as alternative instituti
rrangements can support continuous innovation,
ppears to be no single dictate prescribing the ide
titutional configuration necessary for catch-up in
ovative productivity and output.

Commonality does, however, exist across emer
nnovator countries: They exhibit ever-deepening
estments in the drivers of national innovative capa
oth by committing to innovation-enhancing polic
nd investing in physical and human capital. We ex

ne the drivers of catch-up more precisely by crea
ndices that decompose a country’s commitments t
.1. Historical background

In the years since World War II, the set of co
ries contributing regularly to innovation at the worl
echnological frontier has expanded, raising a num
f questions for conceptual and empirical study.
economic miracles” of post-war Germany and Ja
nvolved vast improvements in physical and hum
apital and culminated in the 1970s and 1980s wit
arkable increases in innovative productivity. It is

ious that, despite the destruction of their economie
he wake of World War II, Germany and Japan acc
lished such leaps in national innovative producti
hile countries such as England and France did
lthough the United States played a critical role in
uilding innovative capabilities in Germany and Ja

n the years after World War II, their most significa
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gains in innovative capacity occurred in the 1970s and
1980s, when national choices rather than US edicts
drove commitments to innovation.

This experience recurs in a different form in the
final two decades of the 20th century, as a set of coun-
tries nearly joins the group of elite innovator countries
although their economic and political circumstances
at the start of the 1980s are similar to or less favor-
able than a set of countries whose innovative produc-
tivity does not increase substantially over this period.
These emerging innovators do not appear to have the
same historical advantages that benefited Germany and
Japan. For example, emerging innovator countries such
as South Korea, Singapore, Ireland, and Finland, were
not rebuilding shattered economies that had historical
legacies of innovative leadership. Instead, these coun-
tries developed imitator economies and transformed
them into innovative leaders by systematically and con-
tinuously increasing their commitments to innovation
over time.

We focus our empirical analysis in this paper on
this most recent time period, from 1979 to 1999, for
which international data availability enables statistical
analysis on the country-level determinants of innova-
tive output. This proves to be an empirically interest-
ing time frame: during this period, the set of countries
listed above, as well as some other Scandinavian and
Asian countries, vastly increased their innovative pro-
ductivity. At the same time, a number of other countries
with similar initial economic conditions and similarly
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2.2. Perspectives on innovation in economic
growth and catch-up

The factors that affect economic progress across
countries have been of primary interest to political
scientists, economic historians, economists, and pol-
icymakers – and the role of technology has been prin-
cipal in the debates.Veblen (1915)was pioneering
in comparing countries’ relative economic standing
and identifying penalties associated with initial in-
dustrial advantages.Gerschenkron’s (1962)view of
catch-up expands on Veblen, suggesting that later-
industrializing countries may be able to accelerate their
growth rates by adopting technology developed by
leader countries and, although considerable obstacles
exist, may be able to leapfrog leader countries by de-
veloping institutions that deal with contemporaneous
challenges more effectively than those developed in
previous periods. These authors identify a fundamental
question regarding whether laggard countries’ wealth
and technological progress increase at a higher rate than
that of leader countries.

Debate about the factors affecting catch-up and
the extent of convergence in economic conditions
across countries has intensified since World War II.
Since Solow (1956)and Abramovitz (1956)identi-
fied the importance of technological progress in eco-
nomic growth, questions about the role of innovation
have been a central feature of this debate.2 A num-
ber of distinct research traditions have emerged around
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ow initial levels of new-to-the-world innovation, i
luding, for example, numerous Latin American a
outhern European countries, did not improve thei
acities for innovation as substantially (Furman et al.
000; Furman and Stern, 2000). For example, betwee
976 and 1980 a sample of emerging Latin Am
an and Asian countries received similar numbe
SPTO patents; by the second half of the 1990s, h
ver, patenting in the Asian economies dwarfs L
merican countries’ output (AppendixTable A.1) (for
ore detailed studies of country-specific innovative

elopment, seeAmsden, 1989; Kim, 1997; O’Sulliva
000; Trajtenberg, 2001). In some cases, innovati
roductivity increases concomitant with economic
elopment. However, the example of Great Britain
reland presented in Section1 demonstrates that initi
conomic wealth alone does not fully explain level
r increases in innovative productivity.
hese issues, each of which conceives of and inco
ates technology in a different way. On one hand, m
ormal models of economic growth conceive of te
ology as a key input (along with labor and capi

n determining economic output and long-run grow
uch modeling efforts often require simplifying
umptions about the nature of technology and do no
orporate its more nuanced characteristics. By con
esearch in more historical, descriptive, or evolut
ry (e.g.,Nelson and Winter, 1982) traditions, reject
trict simplifying assumptions about technology
ocuses on more fine-grained factors that affect the
nd direction of technical change. For example, w
ome formal models make the simplifying assump

2 Similarly, Vannevar Bush’s report,Science: The Endless Fro
ier(1945) identified scientific and technological progress as a
lement of national policy debates, particularly in the United St
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that technology flows freely across place and time, eco-
nomic historians and evolutionary theorists document
the limitations of such assumptions.3

Within the tradition of formal economic models,
this distinction is quite important. In early neoclassical
growth models, technology is viewed as spilling over
freely across countries, leading to certain convergence
in levels of economic progress, leaving only “transi-
tional dynamics” (Fagerberg, 1994, p. 1149) to explain
differences across countries, subject to constraints as-
sociated with capital mobility.4 Follow-on efforts in the
in the 1960s incorporate learning-by-doing into formal
models, but these ideas do not have an immediate im-
pact on mainstream economics. The importance of a
country’s stock of knowledge and the parameters af-
fecting the mobility of knowledge across borders is
more fully incorporated in the early 1990s, in mod-
els of ideas-driven, endogenous growth (Romer, 1990;
Grossman and Helpman, 1991). In these models, the
ability to apply existing technology and generate new
innovations differs systematically across economies
and convergence in economic wealth is not inevitable.

Empirical literature assessing drivers of economic
growth and the extent of convergence across coun-
tries is deep and varied (Barro and Sala-i-Martin, 1992,
1995; Islam, 1995; Sala-i-Martin, 1996; Quah, 1997).
Several authors in a primary strand of this literature
conclude that conditional convergence has occurred
among industrialized economies (Baumol, 1986), but
that this result does not hold if one selects countries
b ather
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economies in Asia experience total factor productiv-
ity and economic growth.Young (1995)documents
this experience in Hong Kong, Singapore, South Ko-
rea, and Taiwan, concluding that vast improvements in
these countries’ levels of per capita income result from
substantial growth in labor and capital over the period.

Complementing formal models and large scale em-
pirical analysis, economic historians and technology
scholars have developed a perspective on the role of
technology in economic advance in which a nuanced
understanding of innovation is central.5 Fagerberg
(1994) describes this perspective as the “technology
gap” approach, and identifies a number of its cen-
tral tenets. Specifically, he notes that authors in this
view (includingAmes and Rosenberg, 1963; Nelson,
1981; Nelson and Winter, 1982; Nelson and Wright,
1992) emphasize that technological innovation does
not flow freely across economic actors or distances
because its creation and use are so closely tied to spe-
cific firms, networks, and economic institutions. In this
view, the ability of economically lagging countries to
catch-up to leader countries depends on the investments
in technology, as incorporating advances made else-
where is essential to the process of catch-up.Ohkawa
and Rosovsky (1973)note this explicitly, and charac-
terize the ability to assimilate external technologies as
“social capability.” Consistent with the argument that
specific investments in innovative capabilities are es-
sential for assimilating new-to-the-country innovation,
Abramovitz (1986)proposes that countries whose eco-
n the
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han selecting from among the economic leader
ore recent periods (DeLong, 1988; Baumol et a
989). Convergence appears to apply to a greate
f countries in the 1990s, as formerly industrializ

3 It is important to note that these literatures are not neces
t odds, and that some authors have made important contrib

o both streams. For example,Romer’s (1990)model of endogenou
echnical change employs a concept of technology that is mor
tract than that of his historical essay examining the causes
nited States’ technical leadership in manufacturing(1996). Like-
ise, Abramovitz’s early growth accounting research (1956)
keystone for early formal models, though his later researc

atch-up (1986) adopts a more phenomenon-driven approach
roposing “technical congruence” as a notion to explain why kn
dge flows imperfectly across countries.

4 For additional elaboration, see also,Fagerberg (1987, 1988)and
agerberg and Verspagen (2002).
omic environments more closely match that of
eader country will have better “technological cong
nce” and will, thus, be more successful in incor
ating advances made elsewhere. For related rea
ell and Pavitt (1992, 1993)argue that investments

nnovative capacity are essential for catch-up in de
ping countries, as investments in production eq
ent alone are insufficient for incorporating techn
dvances made elsewhere.

The natural progeny of the technology gap p
pective, the literature on national innovation syst
Freeman, 1987; Dosi et al., 1988; Lundvall, 1992; N
on, 1993; Edquist, 1997),6 focuses on the particul

5 Keller and Gong (2003)also provide a recent review of t
volution of economic growth and the role of technology.

6 This perspective is first articulated fully in the papers by Nel
undvall (1988), andFreeman (1988)in Part V ofDosi et al. (1988).
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configurations of firms, networks, and institutions that
affect innovative outcomes in different countries.7 Un-
like the technology gap or economic growth literatures,
research in the national innovation systems tradition is
not focused explicitly on relative levels of economic or
technological development. Instead, this research has
emphasized rich, descriptive accounts of the constel-
lations of organizations and policies that contribute to
patterns of innovative behavior in particular countries,
highlighting the institutions and actors whose roles in
important industries are particularly decisive and em-
phasizing the diversity in national approaches to inno-
vation. Such actors include private firms, universities,
public and quasi-public research organizations, gov-
ernmental departments and ministries (e.g., military,
aeronautics and health) as well as the institutions, le-
gal authorities, budget-setting agencies, and norms that
influence the nature and extent of innovative efforts in
an economy.8 Consistent with evolutionary theorizing
(Nelson and Winter, 1982), this perspective also em-
phasizes that processes leading to technical advance
involve detailed search efforts, iterative learning, and
complex interactions among the actors described above
(Lundvall, 1992). Understanding the processes operat-
ing in a country’s (or region’s) innovative system re-
quires far-reaching examinations of the relationships
among its actors and technological infrastructure. As a
consequence, research in this tradition has been pre-
dominantly qualitative, promptingPatel and Pavitt’s
(1994)call for follow-on research quantifying the char-
a tion
s
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conomic growth that model the ideas-generating sector
(innovation-generating sector) of the economy as an
endogenous determinant of economic growth (Romer,
1990; Jones, 1995; Porter and Stern, 2000). In investi-
gating the drivers of innovative outputs in the OECD,
Furman et al. (2002)is among a number of recent pa-
pers that build on both of these research streams to
evaluate the determinants of innovation and innovative
productivity at the country level. For example,Hu and
Mathews (2004)investigate developments in innova-
tive capacity in a sample of five East Asian countries,
concluding that public financing played a key role in
fostering the growth of their innovative capacities (see,
alsoGans and Stern, 2003). We design this paper to
contribute to that emerging line of research, focusing
on the factors that have allowed a number of former
follower countries to achieve substantial improve-
ments in their ability to generate new-to-the-world
innovations.

3. Conceptual approach

3.1. Overview and introduction

Informed by the research traditions described in
the previous section, we pursue a conceptual and em-
pirical approach with the aim of acknowledging the
subtleties of the national innovation systems and tech-
nology gap literatures and incorporating its lessons
i vers
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cteristics, inputs, and outputs of national innova
ystems.

Although the national innovation systems tradit
as not yet generated a great deal of large-scale
irical analysis, the nuanced national innovation

ems and technology gap literatures have helped f
esearch efforts on exploring the determinants of
ional innovative output as well as overall econo
utput. This development occurred parallel to and c
lementary with advances in the literature on mac

7 These authors echoGerschenkron (1962)and North (1990),
ho are among the numerous economic historians who have p
ut the importance of national institutions in affecting the struc
nd nature of competition across countries and described how

nstitutions have a long-run impact on national economic fortun
8 It is important to note that important though subtle differen

xist among authors within the national innovation systems litera
cKelvey (1991)reviews some of these perspectives.
n a way that also allows us to assess the dri
f national innovative output. In order to meas
ey constructs in a way that is comparable acro
road range of countries, we trade off some of
ich detail of the national innovation systems lit
ture; at the same time, we are able to incorpo
greater degree of sensitivity for institutional va

tion than is characteristic of more formal econo
pproaches. We interpret our approach as comple

ary to, rather than a substitute for, both case-base
earch in innovation studies and more formal mode
fforts.

Accordingly, the framework we employ for und
tanding the drivers of national innovative productiv
s fairly eclectic. It builds on recent models of ide
riven economic growth (Romer, 1990; Jones, 199),

n which economic growth depends in great mea
n the production of the ideas-generating secto
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the economy. The rate at which new ideas are pro-
duced depends, in turn, on the stock of knowledge
(previously generated ideas) and the extent of efforts
(human and financial capital) devoted to the ideas-
generating portion of the economy. The notion of an
ideas production function forms the core of our empir-
ical approach to understanding catch-up in innovative
productivity.

We build, as well, on ideas developed byRosenberg
(1963)andPorter (1990)regarding the manner in which
microeconomic processes interact with the macroenvi-
ronment and national institutions to affect the overall
level of innovative activity in an economy. We in-
corporate this understanding of the importance of the
microstructure of competition in our view of national
innovative productivity and catch-up.

The final pillar of our approach to understanding
the drivers of innovative output comes from the na-
tional innovation systems literature, which emphasizes
the array of national policies, institutions, and relation-
ships that drive the nature and extent of country-specific
innovative output.

3.2. Determinants of national innovative capacity

To explain the sources of differences among coun-
tries in the production of innovations at the world’s

technical frontier, we employ the framework intro-
duced byFurman et al. (2002). According to this frame-
work, national innovative capacity is understood as an
economy’s potential for producing a stream of com-
mercially relevant innovations. In part, this capacity
depends on the technical sophistication and labor force
in a given economy; however, it also reflects the in-
vestments, policies, and behaviors of the private sector
and the government that affect the incentives to en-
gage in R&D and the productivity of the country’s
R&D enterprise. The framework organizes the de-
terminants of national innovative capacity into three
main elements (seeFig. 1): (1) a common pool of
institutions, resource commitments, and policies that
support innovation, referred to as the common innova-
tion infrastructure; (2) the particular innovation orien-
tation of groups of interconnected national industrial
clusters; and (3) the quality of linkages between the
two.

The innovative performance of a country’s economy
ultimately depends upon the activities of individual
firms and industrial clusters. Some of the most criti-
cal investments that support innovative activity affect
all innovation-oriented sectors in an economy. These
cross-cutting factors comprise thecommon innovation
infrastructure(represented by the left-hand portion of
Fig. 1). Consistent with models of ideas-based growth

al inno
Fig. 1. Nation
 vative capacity.
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(Romer, 1990), the framework suggests that a country’s
R&D productivity depends upon its historical stock
of knowledge (denotedAt) as well as the amount of
scientific and technical talent dedicated to the pro-
duction of new technologies (denotedHA,t). Innova-
tive productivity also depends on national investments
and policy choices (denoted asXINF), including factors
such as expenditures on higher education, intellectual
property protection, and openness to international com-
petition, which will exert an over-arching impact on in-
novativeness across the range of a country’s economic
sectors (Nelson, 1993).

While the common innovation infrastructure pro-
vides resources for innovation throughout an economy,
it is the firms in specific industrial clusters that intro-
duce and commercialize those innovations. The inno-
vative capacity of an economy, then, depends upon the
extent to which a county’s industrial clusters support
and compete on the basis of technological innovation.
Drawing on the “diamond” framework developed in
Porter (1990), we emphasize four key elements of the
microeconomic environment – the presence of high-
quality and specialized inputs; a context that encour-
ages investment and intense local rivalry; pressure and
insight gleaned from sophisticated local demand; and
the presence of a cluster of related and supporting in-
dustries – that have a central influence on the rate of
innovation in a given national industrial cluster (these
are the diamonds on the right-hand side ofFig. 1). The
potential also exists for productivity-enhancing knowl-
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try’s stronger university–industry relationships and the
greater availability of capital for technology-intensive
ventures (Arora et al., 1998; Murmann, 2003).

4. Empirical approach and data

4.1. Empirical approach – estimating national
innovative productivity

We base our approach to assessing national inno-
vative productivity on the ideas production function
articulated byRomer (1990), Jones (1995), Porter and
Stern (2000). We use the national innovative capacity
framework described above as a guide to direct our
model and analysis. Specifically, we describe a pro-
duction function for economically significant techno-
logical innovations, choosing a specification in which
innovations are produced as a function of the factors
underlying national innovative productivity:

Ȧj,t = δ(XINF
j,t , YCLUS

j,t , ZLINK
j,t )HAλ

j,t A
φ
j,t (1)

where for each countryj in yeart, Ȧj,t represents the
flow of new-to-the-world innovations,HA

j,t reflects the
total level of capital and labor resources devoted to
the ideas sector of the economy, andAj,t symbolizes
the stock of useful knowledge available to drive fu-
ture ideas production. In addition,XINF refers to the
level of cross-cutting resource commitments and pol-
i tion
i n-
m rs,
a een
t trial
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ical
m t
a g
t atest
p tifi-
c riod
o van-
t on in
e cog-
n ach
i m-
p ce of
dge to spill over across industrial clusters (this is
esented by the lines connecting the diamonds o
ight-hand side ofFig. 1).

Finally, the extent to which the potential for innov
ion supported by the common innovation infrastr
ure is translated into specific innovative outputs
ation’s industrial clusters will be determined by
uality of linkages between these two areas. In
bsence of strong linking mechanisms, upstream
ntific and technical activity may spill over to oth
ountries more quickly than opportunities can be
loited by domestic industries. For example, while
nderlying technology for creating the chemical

ndustry was the result of the discoveries of the Bri
hemist Perkin, the sector quickly developed and
ame a major exporting industry for Germany,
ritain. At least in part, this migration of the fruits
cientific discovery to Germany was due to that co
cy choices which constitute the common innova
nfrastructure,YCLUS refers to the particular enviro

ents for innovation in a country’s industrial cluste
ndZLINK captures the strength of linkages betw

he common infrastructure and the nation’s indus
lusters.

The reasoning we apply to arrive at an empir
odel to estimate (1) follows the logic ofFurman e
l. (2002)and reflects our principal aim of allowin

he data to illustrate the phenomenon to the gre
ossible extent. As the source of statistical iden
ation, we employ a panel dataset over a time pe
f more than 20 years. We can, therefore, take ad

age of both cross-sectional and time series variati
stimating the parameters associated with (1). Re
izing the benefits (and pitfalls) associated with e

dentification strategy, our analysis explicitly co
ares how estimates vary depending on the sour
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identification.9 We are careful in our analysis to include
year dummies to account for the evolving differences
across time in the overall level of innovative output. We
also include either country dummies or other measures
to control for aggregate differences in technological so-
phistication (e.g., as reflected in GDP per capita). By
controlling for year and country effects in most of our
analysis, we address some of the principal endogeneity
and autocorrelation concerns.10

We base our specification of the innovation produc-
tion function on the assumption that each of the terms
of (1) are complementary with one another, in the sense
that the marginal productivity associated with increas-
ing one factor is increasing in the levels of each of
the other factors. (More precisely, this simplification is
based on the assumption that the factorsXINF, YCLUS,
andZLINK enter (1) exponentially. Thus (1) becomes
Ȧj,t = δX

δINF
j,t , Y

δCLUS
j,t , Z

δLINK
j,t HAλ

j,t A
φ
j,t and simplifies

to (2) after logarithmic transformation.) Denoting the
natural logarithm ofX asLX, our main specification
reduces to the following form:

LȦj,t = δ + δINFLXINF
j,t + δCLUSLYCLUS

j,t

+ δLINK LZLINK
j,t + λLHA

j,t + φLAj,t + εj,t

(2)

The log–log form of this specification allows many
of the variables to be interpreted in a straightforward
way in terms of elasticities, is less sensitive to outliers,
a ,
1
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world innovation and the concepts underlying national
innovative capacity and develop a dataset that tracks
these measures across countries and over time. Con-
structing a measure of commercializable innovations
that is comparable and available across countries over
the course of our dataset and is indicative of national
innovative output is a difficult task. Consistent with
Furman et al. (2002), we focus our analysis of vis-
ible commercializable innovations on “international
patents” (PATENTS), which we define as the number of
patents granted by the U.S. Patent & Trademark Office
to inventors from foreign countries.11

We recognize that no measure is perfect in charac-
terizing the precise extent of innovation in an economy
and readily acknowledge the well-understood hazards
of using patenting as an indicator of innovative ac-
tivity (Schmookler, 1966; Pavitt, 1982, 1985, 1988;
Griliches, 1984, 1990; Trajtenberg, 1990). As Griliches
notes succinctly, “not all inventions are patentable, not
all inventions are patented, and the inventions that are
patented differ greatly in ‘quality’, in the magnitude of
inventive output associated with them (1990, p. 1669)”.
Such difficulties are exacerbated when comparing in-
novation across countries because the propensity to
patent also differs across country (Eaton and Kortum,
1996, 1999; Kortum and Lerner, 1999).

At the same time, we focus on international patent-
ing rates as “the only observable manifestation of
inventive activity with a well-grounded claim for uni-
versality” (Trajtenberg, 1990, p. 183) and, thus, the
m ova-
t we
b data
s exer-
c . For
e m-
m ni-
c al

ting
a

First,
o that
i ess
o ional”
p and
e ech-
n hird,
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nd is consistent with prior research in this area (Jones
998).

.2. Measuring innovative output across countries
nd time

To perform our proposed analysis, we must id
ify observable measures that characterize new-to

9 Cross-sectional variation allows inter-country comparisons
an reveal the importance of specific determinants of national
ative capacity, yet it may be subject to unobserved heterogenei
he other hand, time series variation yields insight into how nat
hoices manifest themselves in terms of observed innovative o
ut may be subject to its own sources of endogeneity (e.g., ch

n a country’s fundamental characteristics may reflect idiosync
hanges in its environment).
10 Porter and Stern (2000)have investigated potential proble
ith endogeneity in an innovation production function specifica
imilar to the one used here.
ost useful measure available for comparing inn
ive output across countries and over time. Though
elieve that the advantages of international patent
uggest it as the best measure for our purposes, we
ise caution in our use and interpretation of the data
xample, we construct PATENTS to include only co
ercially significant innovations at the world’s tech

al frontier.12 Moreover, in using realized internation

11 Furman et al. (2002)discusses the use of international paten
s a proxy for national innovative output in greater detail.
12 Focusing on international patents helps satisfy this criteria.
btaining a patent in a foreign country is a costly undertaking

s only worthwhile for organizations anticipating a return in exc
f these substantial costs. Second, USPTO-granted “internat
atenting (PATENTS) constitutes a measure of technologically
conomically significant innovations at the world’s commercial t
ology frontier that should be consistent across countries. T
e are careful to accommodate the potential for differences i
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Table 1
Variables and definitions

Variable Full variable name Definition Source

Innovative output
Patentsjt+2 International patents granted

in yeart+ 2
For non-US countries, patents
granted by the USPTO. For
the US, patents granted by the
USPTO to corporations or
governments. To ensure this
asymmetry does not affect the
results we include a US
dummy variable in the
regressions

USPTO patent database

Quality of the common innovation infrastructure
A GDP PER CAPITAj,t GDP Per Capita Gross Domestic Product per

capita, constant price, chain
series, US$

Penn World Tables, OECD
Science & Technology
Indicators

A GDP78j,t GDP 1978 1978 Gross Domestic Product
constant price, chain series,
billions of 2000 US$

Penn World Tables

HA FTE R&D PERSj,t Aggregate Personnel
Employed in R&D

Full time equivalent R&D
personnel in all sectors

OECD Science &
Technology Indicators

HA R&D$j,t Aggregate Expenditure on
R&D

Total R&D expenditures in
Year 2000 millions of US$

OECD Science &
Technology Indicators

XINF OPENNESSj,t Openness to international
trade and investment

Exports plus imports, in
constant dollar prices, divided
by GDP, expressed as a
percent

Penn World Tables

XINF IPj,t Strength of protection for
intellectual property

Average survey response by
executives on a 1–10 scale
regarding relative strength of
IP (available beginning in
1989)

IMD World
Competitiveness Report

XINF ED SHAREj,t Share of GDP spent on
secondary and tertiary
education

Public spending on secondary
and tertiary education divided
by GDP

World Bank, OECD
Education at a Glance

Quality of the cluster-specific innovation environment
YCLUS PRIVATE R&D FUNDINGj,t Percentage of R&D funded

by private industry
R&D expenditures funded by
industry divided by total
R&D expenditures

OECD Science and
Technology Indicators

Quality of linkages
ZLINK UNIV R&D PERFj,t Percentage of R&D

performed by universities
R&D expenditures performed
by universities divided by
total R&D expenditures

OECD Science and
Technology Indicators

patents as an indicator of national innovative activity,
we draw on a wide-range of research in economics
and innovation studies, includingSoete and Wyatt
(1983), Evenson (1984), Patel and Pavitt (1987, 1989),
Dosi et al. (1990), Eaton and Kortum (1996, 1999),

propensity to apply for patent protection across countries and over
time (as highlighted byScherer, 1983) by evaluating robustness of
our results to year and country-specific fixed effects.

Kortum (1997), Vertova (1999)and Furman et al.
(2002).13

While we acknowledge that the “true” rate of
technological innovation is unobservable and that
PATENTS is an imperfect proxy, our decision to use

13 For example,Patel and Pavitt (1987, 1989)compare the rela-
tive innovativeness of European countries using USPTO-approved
patents as a benchmark.
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Table 2
Sample countries

Australia Finland Ireland Norway Sweden
Austria France Italy Polanda Switzerland
Belgium Germanyb Japan Portugala Turkeya

Canada Greecea Mexico Slovak Republica United Kingdom
Czech Republica Hungary Netherlands South Korea United States
Denmark Iceland New Zealand Spain

a These countries are included in supplemental analyses, but are omitted from the core regression analyses because of data limitations.
b Prior to 1990, data are for West Germany only; after 1990, results include all German Federal states.

Table 3
Means and standard deviations

Variable N Mean Standard deviation

Innovation output
Patents 473 3550.20 9193.53

Quality of the common innovation infrastructure
A GDP PER CAPITA 473 18324.53 4582.88
A GDP78 473 578.57 1000.85
HA FTE R&D PERS 473 199797.80 383363.60
HA R&D $ 473 15941.54 35650.40
XINF OPENNESS 473 63.57 28.63
XINF IP 245 6.72 1.09
XINF ED SHARE 473 3.23 1.01

Cluster-specific innovation environment
YCLUS Private R&D funding 473 50.64 14.31

Quality of linkages
ZLINK UNIV R&D PERF 473 22.25 6.55

this variable rests on the belief that PATENTS is posi-
tively correlated with the true level of new-to-the-world
innovative output in our panel dataset and that it repre-
sents the best available indicator that allow us to com-
pare national innovative output across a broad set of
countries over time. We remain aware of the limita-
tions of this measure, test it carefully for robustness,
and bear these limitations in mind when interpreting
our results.14

A list of our variables, definitions, and sources ap-
pears inTable 1; the set of countries included in our
analysis is listed inTable 2; and summary statistics
appear inTable 3. For all countries except the United
States, we define PATENTS as the number of patents

14 In previous work (Furman et al., 2002), we explored several
alternative measures to PATENTS, including the rate of publication
in scientific journals (JOURNALS), the realized market share of a
country in “high-technology” industries (MARKET SHARE), and
total factor productivity (TFP) and discuss the relative advantages
and disadvantages of using these measures.

granted in yeart+ 2 in the United States. This accounts
for the average lag between patent application and ap-
proval. For the United States, we use the number of
patents granted to government and corporations (non-
individuals), in the United States in yeart+ 2.15

Across all years, the average country in our sam-
ple obtains approximately 3550 PATENTS. Reflecting
the skewness in the data, the standard deviation in in-
ternational patenting is substantially higher than the
mean (nearly 9200). At the country level, these data
evidence an increase in PATENTS in countries such as
Japan, Finland, and South Korea, a solid increase in
PATENTS in many western European countries, and
only modest increases in PATENTS in countries such
as Italy, Spain, and New Zealand.

15 To ensure that this asymmetry between US and non-US patents
does not affect our results we include a US dummy variable in all
regressions that include US data. Note that the key results are also
robust to the use of PATENTS based on date of application, and are
also robust to the use of alternative lag structures.
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4.3. Measuring the drivers of innovative output

Limitations in the quality and extent of available
data constitute the principal challenge in developing
a dataset that allows us to measure the drivers of in-
novative productivity in emerging innovator countries.
We obtain the majority of our data from series pub-
lished by the OECD Science and Technology Indica-
tors, the World Bank, the USPTO and the Penn World
Tables. Prior to the 1990s, few countries outside of the
OECD kept regular, reliable records on science and en-
gineering or R&D-related activities. Thus, our ability to
compile a comprehensive historical dataset for a large
sample of countries remains limited.16 As economists
and policy-makers have focused increasing attention on
innovation as a source of economic growth, national
statistical agencies and international bodies have un-
dertaken more concerted efforts at gathering these data.
As a consequence, we are able to expand on previous
data collection efforts to develop a dataset that reflects
investments in the drivers of national innovative pro-
ductivity for 29 countries between 1978 and 1999. Our
core dataset, on which we run our regressions, includes
23 countries for which consistent data series are avail-
able over the course of the sample period. In additional
analyses, we are able to include six additional countries
for which consistent data are available for a subset of
years.17

We measure the strength of the common innova-
tion infrastructure using variables that reflect the ex-
t (
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reflecting the extent to which ideas are embodied in
goods and services. GDP78 equals the gross domestic
product in 1978, the initial year of our sample. GDP78
is a fixed measure, which reflects the initial stock of
knowledge in the economy, while GDP PER CAPITA
constitutes a variable measure. Measured in year 2000
US$, GDP78 averages nearly 580 billion dollars across
countries. GDP PER CAPITA averages US$ 18,324
over the sample.

Measures of R&D human capital and country-level
investments in R&D (FTE R&D PERS and R&D$)
reflect the extent of R&D effort in the economy. Coun-
tries in the dataset employ an average of nearly 200,000
full-time equivalent R&D workers and invest nearly
16 billion dollars annually on R&D over the sample
period. Fig. 2A depicts the substantial dispersion in
per capita R&D investment in 1999 andFig. 2B the
growth of R&D expenditures over the sample period.
While leading innovator countries like Japan, Sweden,
and Switzerland invest more than US$ 900 in R&D
per capita, countries with lower levels of innovative
capacity, such as Mexico, Poland, and Portugal report
fewer than US$ 100 in per capita R&D expenditures in
1999. Consistent with the observation that countries’
levels of visible innovative output become more sim-
ilar over time, many of the countries with the lowest
levels of R&D investment are among those with the
greatest relative increases in R&D investment over the
period. For example, although South Korea invests less
than the median amount of R&D per capita in 1999,
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HA), and national policies (XINF). GDP78 and GD
ER CAPITA measure the knowledge stock indirec

16 Some additional data are available from country-specific p
ations and offices. These are often available only in local langu
nd for recent year and questions exist about their compara
cross countries and over time.Hu and Mathews (2004)addres

hese issues in compiling innovation statistics for their samp
ast Asian economics. The ability to analyze a complete set o

orical data for a wider array of countries – including both those
ave achieved apparent innovative success (e.g., Israel, Sing
aiwan) as well as currently industrializing countries – would gre
nhance research in this area.
17 For the countries in the core dataset, we interpolated data
xisting years to obtain occasional missing values. For example
ral countries only report educational expenditure data every s
ear. For these we used an average of the immediately precedi
ollowing years.
ts level of investment represents a staggering incr
f 5570% relative to its expenditures in 1978. Li
ise, Portugal, whose per capita R&D expenditures
mong the lowest in the sample, had increased its R

nvestment by more than 1600% between 1978
999.

We measure the final component of the comm
nnovation infrastructureXINF, using indicators of na
ional policies regarding openness to international t
OPENNESS), the strength of intellectual property p
ection (IP), and the share of GDP allocated to
enditures for secondary and tertiary education
HARE). In this paper, we employ a direct meas
f the OPENNESS.18 Specifically, we use data fro

he Penn World Tables to compute total trade (e

18 Note that this differs fromFurman et al. (2002), in which OPEN
ESS is based on data from the World Competitiveness Repo
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Fig. 2.

to exports plus imports) as a proportion of GDP. This
measure correlates with the ability of firms in an econ-
omy to target larger international markets and with the
ability of foreign firms to exploit their innovations in
the local economy. Across the sample, the mean level
of trade openness is 63.6%; not surprisingly, this figure

annual survey in which leading executives ranked their perceptions
of their country’s openness to trade. Although the measure we use
here differs, the results are qualitatively similar.

is higher in EU countries. IP is measured using execu-
tives’ responses in the World Competitiveness Report.
On a Likert scale between 1 and 10 (where 10 represent
the strongest degree of protection), sample countries
earn an IP average of 6.7. The average country in the
sample devotes 3.2% of GDP to secondary and tertiary
education.

To gauge the innovation orientation of industrial
clusters and the strength of linkages, we employ com-
positional variables that reflect the relative sources of
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R&D funding between the public and private sector
(PRIVATE R&D FUNDING) and the degree to which
R&D performance takes place in the university sec-
tor (UNIV R&D PERFORMANCE).19 For our sam-
ple countries, industry sources fund slightly more than
50% of all R&D expenditures. As demonstrated in
Fig. 3A, this measure varies substantially across coun-
tries. In 1999, private sources contribute less than 30%
of R&D funds in countries such as Portugal, Mexico,
and Greece, although they account for approximately
70% of funding in South Korea and Japan. There is
also substantial variation in changes in PRIVATE R&D
FUNDING over the sample period (Fig. 3B). While
private sources in Iceland and Ireland increased their
fraction of R&D funding by more than 30%, PRI-
VATE R&D FUNDING declined in Austria, Portugal,
and Switzerland. Note that declines in PRIVATE R&D
FUNDING in Austria and Portugal are, in a sense,
more meaningful than those in Switzerland, as pri-
vate sources fund a substantially higher fraction of na-
tional R&D in Switzerland. UNIV R&D PERF aver-
ages 22.2% across the sample and evidences similar
variation across countries.

5. Empirical results

5.1. Econometric analysis

Our econometric analysis applies the specification
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the leverage of outliers on the results. In all models,R-
squared is greater than 0.94; for models including year
dummy variables, it is greater than 0.997.

Table 4reports the primary national innovative ca-
pacity results. Eqs. (4-1) estimates a specification that
reproduces the Romer–Jones ideas production func-
tion model. The results show that GDP PER CAPITA
and FTE R&D PERS have a significant and econom-
ically important impact on PATENTS. The coefficient
on FTE R&D PERS implies that a 10% increase in sci-
ence and engineering employment is associated with
an 11.6% increase in PATENTS. Eqs. (4-2) and (4-
3) incorporate the elements of the common innovation
infrastructure and the complete national innovative ca-
pacity model, respectively. Consistent with prior work,
the key measures of the common innovation infrastruc-
ture, the environment for innovation in national clus-
ters, and the extent of linkages between the two enter in
a statistically and economically significant manner. Co-
efficients on variables expressed as a share (including
as ED SHARE and OPENNESS) can be interpreted as
the percentage increase in PATENTS resulting from a
1% point increase in those variables. Eq. (4-4) presents
the preferred national innovative capacity regression.
In this model, elements of the common innovation in-
frastructure, the environment for innovation in indus-
trial clusters, and the linkages between the two enter in
a statistically and economically significant manner.

Table 5explores the robustness of the model to a
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ave a natural interpretation as elasticities. Varia
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o also use an elasticity interpretation for their co
cients. Second, the log–log specification minimi

19 We have also examined alternative drivers in our backgr
nalysis, including policy variables such as ANTITRUST and m
ures of the extent to which venture funding is available (VC). T
ariables do not enter our models in a consistently statistically
ificant manner, and thus do not appear in the preferred model

n prior work, we have also modeled SPECIALIZATION as a fa
eflecting the cluster-specific environment for innovation. The
esults in this paper are also robust to the inclusion of SPECIAL
ION.
o which the results are driven by time-series rather
ross-sectional variation, we add country fixed eff
o the model in (5-1), with all country fixed effects e
ering significantly. (We omit GDP78 from this mod
ince its value is fixed over time, it is effectively inc
orated into the country fixed effect.) Key measure

he extent of ideas in the economy and the commitm
o R&D financial and human capital remain signific
nd of the expected valence in this equation; man

he more nuanced measures of national innovativ
acity become insignificant, however. The positive
ignificant coefficient on PRIVATE R&D FUNDING

s robust to this modification, although ED SHARE a
NIV R&D PERFORMANCE lose their significanc
uggesting that cross-sectional variation is what d
ignificance in these variables. OPENNESS beco
egative and significant in this formulation, sugg

ng that countries that have, over time, increased
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Fig. 3.

openness to international trade have generated fewer
PATENTS. This may be an artifact of EU integration.
The magnitude of the coefficient on GDP PER CAPITA
changes substantially when country fixed effects are
added, suggesting that the impact of within-country

changes in GDP PER CAPITA over time is different
from their impact across the cross-section.

Eqs. (5-2) and (5-3) reproduce key results from
Table 4, substituting PATENT STOCK for GDP PER
CAPITA as a measure of the stock of knowledge in
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Table 4
Determinants of the production of new-to-the-world technologies

Dependent Variable = ln(PATENTS)j,t+2

(4-1) Baseline
ideas
production
function

(4-2) Common
innovation
infrastructure

(4-3) National
innovative
capacity:
including all
variables

(4-4) National
innovative
capacity:
preferred
model

Quality of the common innovation infrastructure
A L GDP PER CAPITA 1.584(0.069) 0.697 (0.130) 0.870 (0.138) 0.836 (0.134)
HA L FT R&D PERS 1.161(0.013) 0.737 (0.101) 0.865 (0.097) 0.850 (0.099)
A L GDP78 −0.355 (0.055) −0.299 (0.062) −0.289 0.063
HA L R&D $ 0.757 (0.076) 0.556 (0.077) 0.556 (0.078)
XINF ED SHARE 0.069 (0.018) 0.091 (0.018) 0.089 (0.018)
XINF IP 0.027 (0.042) 0.018 (0.040)
XINF OPENNESS 0.004 (0.001) 0.0023 (0.0008) 0.0018 (0.0008)
XINF ANTI-TRUST −0.044 (0.033) 0.002 (0.031)

Cluster-specific innovation environment
YCLUS PRIVATE R&D FUNDING 0.011 (0.002) 0.012 (0.002)

Quality of the linkages
ZLINK UNIV R&D PERFORMANCE 0.011 (0.004) 0.011 (0.004)
ZLINK VENTURE CAPITAL −0.047 (0.018)

Controls
Year fixed effects Significant Significant Significant
US dummy 0.136 (0.086) 0.246 (0.085) 0.185 (0.076)
Constant −21.931 (0.687)

R-squared 0.9470 0.9971 0.9974 0.9973
Observations 473 473 473 473

the economy. The results of these equations echo those
of the core national innovative capacity equations pre-
sented inTable 4.

In addition to the robustness of the results, station-
arity is a potential concern given the way we model
international patenting. To test for stationarity in our
ln(PATENTS) data series, we followed the panel data
unit root tests ofLevin et al. (2002)andIm et al. (2003),
which rely on pooled Augmented Dickey Fuller testing
for unit roots. In the case of ln(PATENTS), each test
rejected the null hypothesis of nonstationarity, demon-
strating that the series is notI(1).

5.2. Categorizing innovator countries

To more deeply understand differences and changes
in the level of innovative productivity across countries,
we undertake a counterfactual analysis in which we
predict per capita international patenting as a function
of countries’ realized levels of investments in innova-

tion and their policies towards innovation. Essentially,
this exercise consists of predicting a country’s expected
international patenting rate by applying its observed
levels of the drivers of national innovative capacity to
the regression coefficients obtained in (4-4) and then
normalizing by national population. InFig. 4A, we plot
the results of this exercise for all of the countries in our
core and expanded samples.

Several notable results emerge from this counter-
factual analysis. The first is consistent with a catch-up
phenomenon. While the United States and Switzerland
have the highest levels of predicted per capita inter-
national patenting across the period, the relative dif-
ference in predicted per capita international patenting
between these countries and others has declined over
time as other countries have begun to invest more sub-
stantially in the drivers of national innovative capacity.
For example, Japan dramatically improved its predicted
international patenting between the early 1970s and
the present and a number of Scandinavian economies,
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Table 5
Exploring robustness

Dependent variable = ln(PATENTS)j,t+2

(5-1) Core
NIC model,
with country
fixed effects

(5-2) Baseline ideas
production function
(w/PAT STOCK)

(5-3) National
innovative capacity
model (w/PAT
STOCK)

Quality of the common innovation infrastructure
A L GDP PER CAPITA 2.121 (0.307)
A L PATENT STOCK 0.807(0.049) 0.557 (0.034)
HA L FT R&D PERS 0.954 (0.129) 0.616(0.118) 0.422 (0.040)
HA L R&D$ 0.218 (0.093) 0.289 (0.057)
XINF ED SHARE 0.024 (0.023) 0.047 (0.018)
XINF OPENNESS −0.006 (0.002) 0.0003 (0.0007)

Cluster-specific innovation environment
YCLUS PRIVATE R&D FUNDING 0.006 (0.003) 0.006 (0.002)

Quality of the linkages
ZLINK UNIV R&D PERFORMANCE 0.002 (0.003) 0.001 (0.003)

Controls
Country fixed effects Significant Significant
Year fixed effects Significant Significant
YEAR −0.045 (0.003)
L GDP 1978 −0.255 (0.045)
US dummy 0.213 (0.071)

R-squared 0.9991 0.9994 0.9979
Observations 473 473 473

including Denmark and Finland, have made invest-
ments that led to increased expected international
patenting since the mid-1980s. This catch-up phe-
nomenon has not, however, occurred uniformly across
all countries. For example, the estimates associated
with several western European economies, including
the UK, France, and Italy do not evidence marked in-
creases in relative levels of innovative capacity.

While initial levels of innovative productivity are, at
least in part, the legacies of historical conditions, differ-
ential rates of catch-up constitute a separate empirical
puzzle. As a descriptive exercise that helps us to under-
stand the factors driving differential rates of catch-up
in innovative productivity, we classify the countries in
our dataset into categories based on the historical evo-
lution of their innovative capacity (Table 6). We des-
ignate four categories: leading innovators, middle tier
innovators, third tier innovator, and emerging innovator
countries.

Leading innovatorcountries, including the United
States, Switzerland, Germany, Japan, and Sweden,

maintain high levels of innovative capacity through-
out the sample period, with Germany, Japan, and
Sweden experiencing particular growth in their in-
novative capacities in the early 1980s. Average ex-
pected per capita patenting rates for this group range
from a minimum of 80 PATENTS per million per-
sons to a maximum of over 170 over the sample
period.

Middle tier innovator countries, which include a
number of the western European countries, as well as
Australia, Canada, and Norway, maintain relatively sta-
ble levels or slowly increasing level of innovative ca-
pacity for much of the sample period. From 1978 to
1995, middle tier innovator countries average patent-
ing rates increase from approximately 38 to slightly
more than 50 PATENTS per million persons. Predicted
patenting rates rose somewhat more rapidly starting in
1995, and reached nearly 80 PATENTS per million by
1999. Even by 1999, however, middle tier countries
have not reached an average level of innovative capac-
ity equal to that of the leading innovators in 1978.
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Fig. 4.

Third tier innovator countries, which include
Italy, New Zealand and Spain, experience rela-
tively low levels of innovative capacity through-
out the sample period, although their investments
in innovation drivers also increase in the final few
years of the 1990s. Expected international patenting
rates in these countries are generally less than 30
PATENTS per million persons throughout the sample
period.

Emerging innovatorcountries, Denmark, Finland,
Iceland, Ireland, and South Korea, evidence a dra-
matically different pattern. Beginning with compar-
atively low expected patenting rates, these countries
have increased their commitments to innovation by a
relatively greater fraction than other countries in the
sample. As a consequence, by 1999, their average ex-
pected patenting rates have exceeded those of the mid-
dle tier countries. Denmark and South Korea constitute
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Table 6
Categorizing innovator countries

Leading
innovator

Middle tier Third tier Emerging
innovator

Germany Australia Hungary Denmark
Japan Austria Italy Finland
Sweden Belgium Mexico Iceland
Switzerland Canada New Zealand Ireland
USA France Spain South Korea

Netherlands
Norway
United Kingdom

striking examples. In 1978, the predicted international
patenting rate was approximately 26 for Denmark and
less than 1 for South Korea. Over the subsequent two
decades, these countries invested substantially their fi-
nancial and human capital in innovation and raised their
commitments to innovation-supporting policies. By the
end of the 1990s, Denmark and South Korea had sur-
passed many countries whose historical levels of inno-
vative capacity had exceeded their own.

Fig. 4B traces the historical average innovative ca-
pacity levels of these groups.20 The figure also reports
averages for countries in theexpanded dataset.21 Data
for these countries are not sufficiently complete to en-
able including these countries in our historical regres-
sions, but do enables us to compute predicted patenting
rates in the late 1990s. Levels of innovative capacity in
these countries are less than half those of third tier in-
novators over the course of the few years for which
reliable data are available.

5.3. Examining the drivers of catch-up

The unpredictable pattern according to which some
countries increased their innovative productivity dra-
matically over the past quarter century while others
lagged behind constitutes an empirical puzzle. Our
counterfactual exercise in the previous section demon-
strates that part of the resolution to this puzzle lies in

d by
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G

the extent to which these countries increased their com-
mitments to the drivers of innovative capacity. In this
section we decompose the factors that drive innovative
capacity, in order to shed more light on the extent to
which investments and policy commitments have con-
tributed to the rapid and substantial increases in innova-
tive capacity in emerging innovator countries and the
more modest increases achieved by middle and third
tier countries. In order to do this, we develop two in-
dices, which incorporate realized levels of the drivers
of innovative capacity along with the weights derived
in model (4-4 in the econometric analysis).

The first index, which we call the Investment In-
dex, reflects the contribution of country-level invest-
ments in R&D and human capital, and growth in the
stock of ideas. Essentially, it is a population-adjusted
measure ofA andHA. Specifically, it is calculated as
the linear combination of the realized levels of FTE
R&D PERS, R&D EXPENDITURES, and GDP PER
CAPITA, multiplied by their matching coefficient es-
timates from (4-4), exponentiated, and normalized by
population. The second, index, which we call the Policy
Index for the purposes of discussion, is based on values
of XINF, YCLUS, ZLINK . It is constructed in the same
manner as the Investment Index, using ED SHARE,
OPENNESS, PRIVATE R&D FUNDING, and UNIV
R&D PERFORMANCE. As these measures are not
subject to scaling, we do not adjust this index for pop-
ulation.

We plot the historical Investment and Policy indices
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21 Expanded datasetcountries include the Czech Repub
reece, Poland, Portugal, the Slovak Republic, and Turkey.
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nd of the sample period. By contrast, the percen
ifference among innovator country categories in
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nnovator countries have Policy Index values that
omparable to (though nonetheless below) those o
eading innovator and middle tier countries over
ample period.

Over the course of the 1980s and 1990s, the a
ge Investment Index for emerging innovator coun

ncreases from an initial level similar to that of th
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Fig. 5.

tier innovator countries to a level that exceeds that of
middle tier countries. This steady increase reflects, in
part, rising levels of per capita GDP in emerging in-
novator countries, but derives as well from increased
commitments to R&D expenditure and human capital.
Fig. 6 plots levels of R&D$ PER CAPITA and FTE
R&D PERS PER CAPITA by innovator category over
time. In each category, emerging innovator countries
increase their investments at a rate greater than that of
other categories of innovator countries. The increase in

FTE R&D PERS PER CAPITA among emerging in-
novator countries is so significant that per capita R&D
employment in these countries is nearly equal to that
of leading innovator countries by the end of the 1990s.

Differences in the timing of catch-up in the Invest-
ment and Policy indices constitute a second observation
of interest inFig. 5. Beginning in the 1980s, leading in-
novator and middle tier innovator countries have nearly
equal policy index values and the differences between
these countries’ index values and those of the third tier
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Fig. 6.

innovators is less than 25%. Again the emerging in-
novator countries have made startling progress, with
policy progress taking them to a comparable level to
the leading innovator countries. It is also interesting
to note that, with the exception of a few years in the
late 1980s and early 1990s, the Policy Index does not
increase significantly in third tier innovator countries
over the sample period.

The coefficient of variation decreases over time
for both the Investment and Policy indices across
the sample of countries. Although both coefficients
of variation decrease over time, the investment in-
dex exhibits greater variation across countries than
the policy index. Similarly, the coefficients of varia-
tion decrease over time for both the predicted and ac-
tual international patenting rates. These results provide
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preliminary evidence of a “narrowing of the gap” in
national innovation rates, driven by decreases in the
variation of both investment levels and policy effects.

Taken together, the elements of this descriptive ex-
ercise suggest that both changes in the policy environ-
ment (i.e., changes inXINF, YCLUS, andZLINK ) and
changes in investment levels (HA) have affected catch-
up dynamics in innovative productivity. The larger
source of variation and catch-up across countries and
innovator categories appears to derive from the invest-
ment index, suggesting that its elements have had the
most impact in affecting relative levels of innovative
capacity.

6. Discussion

In this paper we contribute on a line of research
that investigates the factors affecting national innova-
tive output. We pursue an approach at an intermediate
level of abstraction that combines elements from for-
mal economic modeling and the more qualitative and
appreciative traditions of research in innovation stud-
ies. In this effort, we aim to build on one of the core
areas of Keith Pavitt’s research, and to do so in a manner
consistent with his principled, eclectic approach to un-
derstanding the phenomena associated with innovation.
Specifically, we examine the factors that drive levels of
innovative output in a sample of 29 countries, including
the majority of the world’s most innovative economies
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policies and an appropriate composition of innovation-
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leadership, in the sense these characterize each of the
world’s leading innovator countries. Further, our results
provide evidence that, though necessary, these choices
alone are not sufficient to ensure innovative leadership.
In fact, countries that we classify as middle tier inno-
vators – countries whose levels of innovative capac-
ity have been fairly stable, and consistently less than
those of leading innovators – evidence policy commit-
ments quite similar to the leading countries throughout
the sample period, although their levels of innovative
capacity remain substantially lower than those of the
leading innovators. While no country achieves a rela-
tively high level of innovative capacity without such
innovation-oriented policy commitments, policy com-
mitments appear to be insufficient in the absence of
vastly increased investments in the drivers of innova-
tive capacity.

The data do suggest that continuously increasing
investments in innovation is, ultimately, essential for
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pecifically, we investigate why some countries w
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country level are associated with greater outputs; how-
ever, a simplistic interpretation of this result would be
incomplete. Whereas all countries that achieve substan-
tial increases in innovative capacity increased invest-
ments in key drivers of innovation over the period,
each of these countries also maintained innovation-
enhancing policies. A number of countries achieved
policies supportive of innovation, but did not invest
in R&D to the same degree. By contrast, no country
appears to achieve high levels of investment in inno-
vation without innovation-oriented policies. Together,
these findings suggest to us that a well-functioning in-
novation infrastructure is necessary but not sufficient
to create the environment required to achieve sustained
innovation at the world’s technological frontier.

Moreover, the finding that a number of wealthy
economies with well-functioning science and inno-
vation systems do not increase their investments in
innovation sufficiently to enter the ‘club’ of leading
innovator countries suggests either that national inno-
vative leadership is a strategy that countries choose not
to pursue or that continuously deepening commitments
to innovation are difficult to achieve, even for middle
tier innovator economies. Although it is important to
exercise caution in interpreting the results for policy,
the results suggest that, for such middle tier countries,
the greatest challenge in enhancing innovative produc-
tivity lies in increasing their levels of investment in
innovation rather than in adjusting their national poli-
cies or innovation systems. For third tier innovators, it
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tor countries share the fact that they have managed to
increase their commitments to innovative capacity in a
way not matched by middle tier or third tier innovator
countries, these countries – e.g., Iceland, Ireland, and
South Korea – vary substantially in the institutional
configurations that characterize their national innova-
tion systems. That they are all able to achieve relatively
high levels of innovative capacity underscores the point
that there is no universal recipe that enables follower
countries to catch-up to leading innovator economies.
Understanding both the unique circumstances that have
led these countries to make substantial commitments to
innovative capacity and the common relationships that
allow these countries’ investments to bear fruit requires
the interplay between qualitative and quantitative re-
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Table A.1

Country 1976–1980 1995–1999 Growth rate

Emerging Latin American economies
Argentina 115 228 0.98
Brazil 136 492 2.62
Chile 12 60 4.00
Colombia 28 42 0.50
Costa Rica 22 48 1.18
Mexico 124 431 2.48
Venezuela 50 182 2.64

Emerging Asian economies
China 3 577 191.33
Hong Kong 176 1694 8.63
India 89 485 4.45
Malaysia 13 175 12.46
Singapore 17 725 41.65
South Korea 23 12062 523.43
Taiwan 135 15871 116.56

Source: Porter et al. (2000).
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