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A. Introduction

In the past decade, both academic scholars and policymakers have focused increasing attention
on the centrd role that technologica innovation playsin economic growth. There are at least two distinct
reasons for thisincreased interest. Firdt, though economists have long recognized the centrdity of
technologica innovation in microeconomic and macroeconomic processes (Schumpeter, 1950; Solow,
1956; Ambramovitz, 1956), leading models and frameworks for understanding economic growth and
national competitiveness did not directly incorporate the economic drivers of the innovation process until
the late 1980s and early 1990s (Romer, 1990; Porter, 1990; Nelson, 1993). At the sametime, the
dramatic political changes wrought by the end of the Cold War and the globdization of economic activity
have increased the sdience of productivity growth as a principa goa of policymakers across the OECD.
In turning their attention to the sources and consequences of technologica innovation, both the academic
and policy communities confront a riking empirical puzzle while R&D activity isrdaively dispersed
around the world, “new-to-the-world” innovation tends to be concentrated in afew countries a a given
point intime. For example, during the 1970s and the early 1980s, only Switzerland, ardatively smal but
very technology-intensive country, achieved a per capita“international” patenting rate comparable to the
rate achieved by U.S. inventors. Motivated by the geographicaly concentrated nature of “new-to-the-
world” innovation, researchersin the economics of technologica change (as well as policymakers
throughout the advanced economies) have attempted to understand what drives the differences among
countries in terms of their R& D productivity.*

! Indeed, the past decade has seen a dramatic rise in the number of comparative international studies of innovation and
relative productivity From apolicy perspective, there have been several influential “benchmarking” studies which
have attempted to provide a more thorough account of international differencesin industrial and R& D productivity
(Dertouzos, et al (1989); Porter and Stern (1999b)). At the same time, scholarsin the economics of technological
change became interested in documenting the existence and characteristics of national innovation “systems”
(Nelson, 1993)., mostly drawing upon rich, qualitative and institutional evidence. Finally, there has been an
upsurge in the use of quantitative methods, particularly those relying on the use of patent data (Evenson (1984),
Dosi, Pavitt, and Soete (1990); Eaton and Kortum (1996; 1999); Porter and Stern (1999a); Stern, Porter, and Furman
(1999)).
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In this short paper, we first review our own prior research examining the sources of nationd R&D
productivity differences’ and then extend these prior analyses to consider the historical experience and
contemporary challenges for Centrd Europe. We organize our andysis around a novel framework based
on the concept of national innovative capacity. Naiond innovative capacity isthe ability of a country
—asboth a palitica and economic entity — to produce and commercidize aflow of innovative technology
over the long term. Innovative capacity depends on an interrelated set of investments, policies, and
resource commitments which underpin the production of new-to-the-world technologies. Nationd
innovative capacity is not Smply the redized level of innovative output; rether, it isreflected in the
presence of fundamenta conditions, investments, and policies that determine the extent and success of
innovative effort in a country (e.g., high levels of science and technology resources, policies which
encourage innovative invesment and activity, and innovation-oriented domestic industrid clusters).

In the next three sections of this paper, we review the nationd innovative capacity framework,
summarize our empirical methodology for measuring the key concepts associated with this framework,
and present the results of an empirica andlysis of the determinants of nationa innovative capacity across
the OECD over the past twenty-five years. Section V uses these results to offer some remarks about the
chalenges facing Central Europe with respect to the development and sustainability of nationa innovative
capacity. Specificdly, while the Centra European countries of Germany and Switzerland have historicaly
invested in factors that have contributed to ardatively high level of innovative capacity, Austria has been
among the middle tier of OECD countries. Through the first half of the 1990s, however, each of these
three countries has dowed the pace of the investment in innovative activities, particularly when compared
with the investments of other OECD countries such as Japan and a cluster Northern European

€conomies.

2Qur prior work in this area has been conducted with Michael E. Porter of the Harvard Business School. See Stern,
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B. Deter minants of National Innovative Capacity

Nationd innovative capacity is defined as an economy’ s potentid, & a given point in time, for
producing a stream of commercialy rdevant innovations® This capacity dependsin part on the
technologica sophistication and labor force in a given economy, but also reflects the investments and
policies of the government and private sector which affect the incentives for and the productivity of a
country’ s research and development activities. Aswaell, nationa innovative cagpacity is distinct from both
the purely scientific or technica achievements of an economy (in the spirit of Bush (1945)), which do not
necessarily involve the economic gpplication of new technology, and nationd industrial competitive
advantage, which results from amyriad of factorsin addition to the development and application of
innovative technologies (Porter, 1990).

Our framework for organizing the determinants of nationa innovetive capacity conssts of
elements from two broad categories: (1) acommon pool of ingtitutions, resource commitments, and
policies that support innovation and (2) the particular innovation orientation of groups of interconnected
industrial dusters” Figure A illustrates our framework. The left-hand side represents the cross-cutting
factors that support innovation throughout many if not al industries, referred to as the common
innovation infrastructure. Theseinclude such dements asthe current leve of technologicd
sophigtication in the economy, the supply of technically oriented workers, the extent of invesmentsin
basic research and education, and policies thet affect the incentives for innovation in any industry. The

Porter, and Furman (1999), Stern and Porter (1999a) and Stern and Porter (1999b).

3 We develop the national innovative capacity framework by drawing on three distinct areas of prior research: ideas-
driven endogenous growth theory (Romer, 1990), cluster-based theory of national industrial competitive advantage
(Porter, 1990), and the literature on national innovation systems (Nelson, 1993). Each of these perspectives
identifies specific factors which may determine the aggregate flow of innovation produced in agiven national
environment. See Stern, Porter and Furman (1999) for a more complete exposition of this framework and its
relationship to prior research in this area.

4We focus our attention at the country level; however, one could also conduct such an analysis at the regional level,
particularly for countries with substantial institutional and economic heterogeneity across geographic regions (e.g.,
Italy).
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diamonds on the right side signify the innovative environment in individua nationd industria dusters®
Driven by the forces highlighted by Porter in his sudies of nationd industrial competitive advantage
(Porter (1990)), individud indudtrid clusters must compete and evolve on the basis of sustained
innovation in order to contribute to a nation’ sinnovative capacity. Findly, linkages between the common
innovation infrastructure and the individua industrid dusters contribute to an economy’ s ability to mobilize
resources associated with the infrastructure towards innovation opportunitiesin specific industria sectors.

Common Innovation Infrastructure. Although the innovative performance of an economy
ultimately rests with the behavior of individud firms and indudtrid clusters, some of the most critical
investments that support innovative activity operate across dl innovation-oriented sectors in an economy.
We describe such éements as an economy’s common innovation infrastructure. Fgure B illudrates
three specific categories associated with the common innovetion infrastructure. - First, as a country
becomes more technologically sophisticated, the average cost of generating a specific amount of
innovation may decline, asinnovators are able to draw on amore varied set of gpproaches and potential
solutions when pursuing R&D activities. As such, consstent with models of increasing returnsin
knowledge production (Rosenberg, 1976; Romer, 1990), our framework suggests that a country’s R& D
productivity will depend upon the stock of knowledge it may draw upon in the context of the innovation
process (denoted A; in Figure B). Second, the level of innovetive activity redized by an economy will
ultimately depend on the extent of available scientific and technica talent who may be dedicated to the
production of new technologies (denoted Ha  in Figure B).° In addition to the Size of acountry’s
knowledge stock and talent pool, R&D productivity will so depend on nationd investments and policy
choices, such as spending on higher education, intellectua property protection, and openness to

5 We focus on clusters (e.g., information technology) rather than individual industries (e.g., printers) because there are
powerful spillovers and externalities that connect the competitiveness and rate of innovation of clusters as awhole
(Porter, 1990). Aswell, previous research has suggested that the scope of industrial clustersis often quite local in
nature, operating at the regional or even city level (see, e.g. Porter, 1998).

5This notation follows the seminal model of Romer (1990), which derives equilibrium growth based on the endogenous
allocation of labor to the “ideas” sector of the economy (see Jones (1995; 1998) for a useful introduction and review
and Porter and Stern (1999a) for further discussion of the empirical properties of the national “ideas” production
function).
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international competition, which will have a cross-cutting impact on innovativeness across economic
sectors. (These factors are denoted together as X' in Figure B).”

Cluster-Specific I nnovation Orientation. While the common innovation infragtructure
determines the generd pool of innovationsupporting resources available an economy, it is ultimately firms
that introduce and commercidize innovations. In thinking about the overdl innovative performance of an
economy, then, one must examine the extent to which innovation is supported by the competitive
environment in a country’sindustria dusters® To do this, we apply the framework introduced by Porter
(1990), which highlights how four key eements of the microeconomic environment -- the presence of
high-qudity and specidized inputs; a context that encourages investment and intense local rivary; pressure
and ingght gleaned from sophigticated loca demand; and the presence of a cluster of related and
supporting industries -- influence the rate of innovation in a country’ sindugtrial dusters (see Figure C).°
By incorporating cluster-level dynamicsinto our nationd innovetive capacity framework, thismodd is
useful for integrating the results from research a multiple levels of andyss.

The Quality of Linkages. Findly, the rdationship between indudtriad clusters and the common
innovation infragtructure is reciproca: conditiond on the environment for innovation in any particular
clugter, itsinnovative output will increase with the strength of the economy’s common innovation
infragtructure. Aswell, the strength of linkages between these two areas will determine the extent to
which the potentid for innovation supported by the common innovation infrastructure is trandated into
gpecific innovative outputs in anation’sindustrid clugters. 1n the absence of strong linking mechanisms,

7 Across countries, the salience and specific manifestation of these additional factors may vary greatly. For example, in
the United States, the dominant performers of basic research are members of the university system who compete
with each other for federal funding, mostly through peer-reviewed grant processes. In contrast, basic research
German is performed by amore diversified set of organizations, including a substantial share by several non-
university-based research institutes, such as the Helmholtz research centers, the Max Planck institutes, and the
“BlueList” institutes. While this heterogeneity is of independent research interest (see, for example, the careful
comparative studies in Nelson (1993)), our focus here is on the ultimate consequences of such institutionsin terms
of observed R&D productivity.

8 Following Porter (1990, 1998), these industrial clusters are the sources of the geographic and cross-industry spillovers
which serve to shape and reinforce national industrial competitive advantage.



upstream scientific and technicd activity may spill over to other countries more quickly than opportunities
can be exploited by domestic industries.® For example, consider the case of the chemical industry in the
second half of the 19" century. While the underlying technology creating this industry was the result of
the discoveries of the British chemist Perkins, the sector quickly devel oped and became a mgor
exporting industry for Germany, not Britain. At least in part, this migration of the fruits of scientific
discovery to Germany was due to that country’ s stronger university-industry relationships and the greater
availability of capitd for technology-intensive ventures (Murmann, 1998; Arora, Landau, and Rosenberg,
1998).

With this framework in mind, we can now turn to the development of our empirical methodology
for measuring the role played by specific € ements associated with nationd innovative capacity in
explaining observed differencesin country-level R& D productivity.

C. Modeling National I nnovative Capacity

We use the nationa innovative capacity framework to direct our empirical andysis of the
determinants of R& D productivity across the OECD over the past twenty-five years. In effect, we
esimate an production function for economicaly sgnificant technologicd innovations, in amanner Smilar
to the ideas production described by endogenous growth theory (Romer, 1990; Jones, 1995; Jones,
1998; Stern and Porter, 1999). We choose a specification in which innovations are produced as a

function of the factors underlying netiond innovetive capacity:
A.j,'[ :dj,t(xlNF ch,:tLUST’ ZjL,ItNK)HﬁtI Afj,t (1)

it

where A .+ represents the flow of new-to-the-world technologies from country j inyeert, H ft isthe

% The Porter “diamond” is most commonly applied to describe the dynamics of competition in national industrial
clusters. Inour framework, we emphasize the extent to which the environment in a country’sindustrial clusters
encourages innovation as a specific outcome of the competitive process.

10 While there have been some attempts to understand the role played by these linking mechanisms in shaping R& D
productivity , most international comparative studies have confined themselves to carefully identifying and
highlighting the mechanisms associated with institutions that play such rolesin particular countries (e.g., the



total level of capital and labor resources devoted to the ideas sector of the economy, and A |, isthetota

stock of knowledge held by an economy at a given point in time to drive future ideas production. In
addition, X" refersto the level of cross-cutting resource commitments and policy choiceswhich
condtitute the common innovation infrastructure, Y <-Y° refers to the particular environments for innovation
in acountry’sindustriad dusters, and Z-"™ captures the strength of linkages between the common
infrastructure and the nation’ s industria dlusters™ Letting L X be defined as the natura logarithm of X,
our main Specification takes the following form:

L Aj,t :dYEARYt +dCOUNTRYCj + dINFLXIj’:F +dCLUSLYj?_US+dLINK LZJL,ItNK +| LH’jA,t +f LAj,t +%,t 2

We conduct our analysis on a pand dataset of OECD countries from 1973 to 1995 (See Table
1). Implementing (2) requires that we identify observable measures for new-to-the-world innovation and
each of the concepts underlying nationd innovative capacity. While no measure of innovation a the
nationd levd isided, we organize our empirica andyss around the observed number of “internationa
patents’ (PATENTYS), aussful indicator of the country-specific level of redized, visble “new-to-the-
world” innovation at one point intime.> The average number of PATENTS produced by acountry in a
given year is 3986 (with astandard deviation of 8220). As can be seenin Figures D-1 and D-2, “ per
capita’ patenting rates (PATENTS/ MILLION POP) demondtrate substantia differences across
countries. Thereis, however, aconvergence in theredized leve of patenting among the initid top tier

countries (the United States and Switzerland) and countriesin the middle and lower tiers. Mogt striking,

Fraunhofer Institutesin Germany, MITI in Japan, and Cooperative Research and Development Associations
(CRADAS) in the United States).

UNote that this specification assumes that the elements of national innovative capacity are complementary with one
another in the sense that the marginal productivity associated with increasing one factor isincreasing in the levels
of each of the other factors.

2For the purposes of this paper, “international patents’ are defined as those granted by the United States Patent &
Trademark Office as well as by the home country of the inventor. Our use of international patents draws on an
extensive body of prior work (building on the foundations developed in Griliches, 1984) which has established both
the advantages (as well as the limitations) of using patent data relative to other measures of innovation (Evenson,
1984; Trajtenberg, 1990; Henderson and Cockburn, 1994, 1996; Eaton and Kortum, 1996; 1998). A more complete
justification for the use of patents as a measure of national level innovative activity appearsin Stern, Porter, and
Furman (1999).
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Japan and Germany “join” the top group in the 1980s, while a number of Northern European economies
evidence relative increases in observed innovative output over time.

The principa empirica exercise conducted in the context of our prior work isto reate
PATENTSto a st of variables which correspond to various eements of nationa innovative capacity.
The specific measures we use, dong with definitions and sources, are listed in Table 2, summary datistics
are presented in Table 3. Essentidly, we utilize anumber of observed aggregate mesasures (such as FT
S& E and R&D $) aswell asindicators of nationd policies (IP and OPENNESS) to capture the strength
of the common innovetion infrastructure; we attempt to capture the innovation orientation of indudtria
clusters and the strength of linkages by compositional variables which capture the relative sources of
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 sector (UNIV R&D PERFORMANCE).

D. Empirical Findings

Using the framework and methodology described above, we have performed empirica analyses
which alow usto dissect the drivers of nationd innovative capacity. Specificdly, our andyssdlows us
to evauate which factors matter most for driving differencesin observed nationa R& D productivity. We
can then use these reaults to evauate historica trends in nationd innovative performance. The remainder
of this section briefly reviews these empirica findings.

Table 4 reports the principd models that we have used to evaluate trends in nationd innovative
capacity across the OECD. ™ In (4-1), we estimate a specification which is anaogous to the formal
mode of the nationa ideas production function suggested by Romer (1990) and Jones (1995). Inthis, as

18 There are a number of methodological considerations which we do not have space to discuss here (e.g.,
endogeneity), but which are treated more fully in Porter, Stern, and Furman (1999) and Porter and Stern (1999b). In
these papers’ more extensive analytic sections, we demonstrate the robustness of our results to a number of
modifications, including (a) using the cumulative sum of patents as a measure of countries’ knowledge stock; (b)
employing alternative specifications, such as country fixed effects and time trends; and (c) including additional
measures of the determinants of national innovative capacity.
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in each of the specificationswe modd, L PATENTS isincreasing in L GDP PER CAPITA andL FTE
S&E. Equation (4-2) includes our complete set of measures, including dements associated with the
common innovation infrastructure, the environment for innovation in industrid dugters, and the strength of
linkages between these two areas. Equations (4-3) and (4-4) examine the robustness of (4-2) to subsets
of the data after 1984 and to amodd which only includes European countries. In &l models, the
measures reflecting e ements associated with nationd innovative capacity are quantitatively and satisticaly
ggnificant (and indeed explain an extremdy high percentage of the overal variance in innovative output
among OECD countries over the last quarter century). Thisimpliesthat the extent and nature of
investmentsin nationa innovative capacity are associated with observed levels of innovative output and
R&D productivity.**

In addition to the factors identified by endogenous growth theory (GDP PER CAPITA and the
employment of technica workers, FTE S& E) our andys's suggests that the level of observed nationd
innovative output is Sgnificantly affected by both (a) more nuanced eements of the common innovation
infrastructure and (b) the composition of investmentsin innovation. In particular, observed internationa
patenting is a function of severd related measures of R&D effort (FT S&E and R&D $), investmentsin
higher education (ED SHARE), and policy variables such as the degree of openness by an economy
(OPENNESS) and the strength of intellectua property protection (IP) from the perspective of the
inventing country. Aswell, the extent to which R&D isfinanced by industry (PRIVATE R&D
FUNDING) and performed by universities (UNIV R&D PERFORMANCE) has a positive and
ggnificant effect on nationd innovative output. Overdl, looking & the various factors which help explain

41t isimportant to properly interpret the coefficients on these measures. For those variables specified in log form,
coefficients reflect elasticities. For example, (4-1) suggests that a 10 percent increase in GDP PER CAPITA is
associated with an approximate increase of 13 percent in PATENTS. The coefficients associated with the Likert
scale measures are equal to the predicted percentage change in PATENTS which would result from a one unit
changein that variable. For example, (4-2) impliesthat a one unit changein IP (e.g., from 7 to 8) is associated with a
25 percent increase in PATENTS. Finally, coefficients on the variable expressed as a share (ED SHARE) can be
interpreted as the percentage increase in PATENTS resulting from a one percentage point increase in that variable.
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the observed level of internationd patenting output, our analys's suggests that no single factor is sufficient
to drive nationd innovative capacity. Thus, our results suggest innovation leadership will tend to result
from concerted strength along a number of digtinct dimensons which contribute to innovative capacity.
Using the results of (4-2), we andyze the innovative capacity of our sample of seventeen OECD
economies since 1973 and eight emerging economies since 1990 (FiguresE-1 and E-2). Essentidly, a
country’ sinnovative capacity is equd to its expected per capitainternationa patenting rate, as calculated
from its observed levels and regression coefficients from (4-2). This counterfactud andysis alow usto
reach severa overarching conclusions about the development of innovative capacity. First, and perhaps
most importantly, innovative capacities are converging across the OECD. Although the United States and
Switzerland appear at the top of the “index” of nationa innovative capacity across three decades, the
relative advantage of the leader countries has declined over time. Over thistime period, there have been
subgtantia differences across countries in the extent to which they have invested in factors contributing to
nationd innovative capacity. In particular, despite an economic dowdown in the 1990s, Japan has
dramatically improved itsinnovative capacity since the early 1970s and evidences little Sgn of weakening
its pace of investment. Further, the Scandinavian economies of Denmark and Finland have made maor
gainsin innovative capacity snce the mid-1980s, joining Sweden in establishing aregion of world class
innovation. By contrast, the estimates associated with several Western European economies, including

the United Kingdom, France, and Itdy, suggest congtant (or dightly declining) levels of innovative
capacity.”

® Related analysisin Porter and Stern (1999) suggests that new centers of innovative activity are emerging outside of
the OECD. Singapore, Taiwan, South Korea, and Israel have made substantial investments and upgraded their
innovative capacity over the past decade. Ireland has also established the infrastructure and industrial clusters
consistent with strong innovative activity. In contrast, several countries that have drawn much attention as
potential economic powers—India, China, and Malaysia—are not yet generating a meaningful level of innovative
output on an absolute or relative basis. None of these countriesisinvesting rapidly enough to be considered to
possess high per capitalevels of national innovative capacity.
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E. National Innovative Capacity in Central Europe

We conclude our andysis with a brief discusson of the historical experience and contemporary
chdlenges facing Centrd Europe. The three German-speaking countries of Central Europe — Germany,
Austria, and Switzerland — have had substantidly different experiences with respect to nationd innovetive
output and estimated nationa innovative capacity over the past few decades (see FiguresD & E).
Within this group of three countries, Switzerland, ardatively smdl country with severd internationaly
prominent technology-intensive clusters, has been a consstent leader, not only within the regiona group
but, indeed, across the entire OECD. In contrast, the German experience has been much more varied.
Over the course of the 1980s, Germany emerged among the world' s technologica |eaders, afact
reflected both in terms of internationd patenting per capitaas wel asin terms of estimated nationa
innovative capacity. Re-unification, however, gppears to have dtered nationd priorities and dowed
investment in and policy commitments towards innovative capacity. For example, after having increased
geadily snce 1973, Germany’s number of scientists and engineers per capita has declined somewhat in
themid-1990s. Findly, while Audtria has historicaly enjoyed aleve of per cgpitaincome around the
median of OECD countries, this country has consstently ranked below the OECD median with respect to
measured nationd innovative capecity. Aswaell, while anumber of countries whose levels of nationd
innovative capacity in the 1970s were Smilar to Austria s have subgtantialy increased their underlying
patterns of investment in innovative activities (e.g., Northern European economies, such as Denmark and
Finland), Austrian investment has remained essentidly congtant. Consequently, Austria has experienced a
relaive decline in innovative capacity over the past quarter century.

These results can be understood more fully by considering the Centra European record with
respect to some of theindividua drivers of nationd innovative capacity. For example, Germany and
Switzerland have been consistent leadersin per capita R& D expenditures and the supply of technical and
scientific workers. Despite recent economic dowdowns, these countries have continued to increase

R&D expenditures (both as afraction of GDP and in absolute terms) and remain among the highest tier
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OECD countries with respect to resources dedicated to innovative activities. Austria hasincreased per
capita R& D expenditure since 1975 at arate faster than the OECD average, but nonethel ess remains
relatively among the lower tier OECD countries on this dimengon.

Second, over the course of the past twenty-five years, the Centra European economies have not
subgtantialy increased the leve of ther investments in higher education. For example, ED SHARE in
Switzerland has declined from among the highest in the OECD to aleve beow the median (and neither
Austrianor Germany has increased investment to levels gppreciably above the OECD median).

In contrast, the Central European countries have been more proactive with repect to the
attractiveness of their innovation-oriented policies. For example, by the mid-1990s, each country is
consdered to maintain strong intellectua property ingditutions, and Germany and Audtria are perceived to
mantain ardativey high level of opennessto international competition (though Switzerland' s openness
has been perceived to be declining through the 1990s rel ative to other countries).

F. Concluding Thoughts

Overdl, the nationd innovative capacity profile of the Centra European economies seems mixed.
While Switzerland continues to be among the OECD leaders with repect to its overd| invesmentsin
nationa innovative capacity, it has not increased its investments and policy commitmentsin recent years as
subgtantialy as some emerging innovator countries. Perhgps not surprisingly, given the economic and
political upheava crested by reunification, estimates of German nationd innovative capacity underwent a
relaive decline during the 1990s (after a period of increase during the 1980s). A clear issue for
policymakersin Germany, then, iswhether sufficient time has e apsed since reunification to refocus
investment and policy attention towards further upgradesin factors associated with nationd innovative
cgpecity. Finaly, wheress severa countries whose measured innovative capacity during the 1970s was

quite Smilar to the estimated Audtrian level have focused on increasing their commitments, the Austrian



esimates are essentially constant over the period, suggesting alack of sustained focus on innovation

policy issues.
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TABLE 1
SAMPLE COUNTRIES (1973-1995)

Audrdia France Netherlands United Kingdom
Audria Germany’ Norway United States
Canada Italy Span

Denmark Japan Sweden

Finland New Zedland Switzerland

* Prior to 1990, data for the Federa Republic of Germany include only the federd dates of West
Germany; beginning in 1991, data for Germany incorporate the New Federa States of the former
German Democratic Republic.
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TABLE 2

VARIABLES & DEFINITIONS

VARIABLE

FULL VARIABLE
NAME

DEFINITION

SOURCE

INNOVATIVE OUTPUT

PATENTS .2

International Patents

Patents granted in the US to establishmentsin country
j inyear (t+3); for the United States, the number of
patents granted both domestically and in at |east one
other CHI-documented country

CHI US patent database

PATENTS/MILLION
POP:3

International Patents
per Million Persons

PATENTS divided by million personsin the
population

CHI US patent database

QUALITY OF THE COMMON INNOVATION INFRASTRUCTURE

A GDPPER GDP Per Capita Gross Domestic Product in thousands of PPP-adjusted | World Bank
CAPITA;, 1985 US$
H* FT S&E; Aggregate Employed | Full Time Equivalent scientists and engineersindl OECD Science &
S& T Personnel sectors Technology Indicators
H* R&D $,; Aggregate R&D R& D expendituresin all sectorsin millions of PPP- OECD Science &
Expenditures adjusted 1985 US$ Technology Indicators
X" | OPENNESS; | Opennessto Average survey response by executives on a 1-10 IMD World
International Trade & | scaleregarding relative openness of economy to Competitiveness Report
Investment international trade and investment (Available 1986-
1995)
XN IRy, Strength of Average survey response by executives on a1-10 IMD World
Protection for scale regarding relative strength of IP (Available 1989- | Competitiveness Report
Intellectual Property 1995)
X" | ED SHARE;, Share of GDP Spent | Public spending on secondary & tertiary education World Bank
on Higher Education | divided by GDP
CLUSTER-SPECIFIC INNOVATION ENVIRONMENT
YCLUS | PRIVATE Percentage of R&D R& D expenditures funded by industry divided by total | OECD Science &
R&D Funded by Private R& D expenditures Technology Indicators
FUNDING Industry
QUALITY OF LINKAGES
Z'NK T UNIV R&D Percentage of R&D R& D expenditures performed by universitiesdivided | OECD Science &
PERFOR- Performed by by total R& D expenditures Technology Indicators
MANCE; Universities

" The natural logarithm of avariable, X, isdenoted L X.
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MEANS & STANDARD DEVIATIONS

TABLE 3

N MEAN STANDARD
DEVIATION
INNOVATIVE OUTPUT
PATENTS 378 3986.23 8219.89
PATENTS/ MILLION POP 378 373 1.02
QUALITY OF THE COMMON INNOVATION INFRASTRUCTURE
A GDP/ POP 357 18.66 5.10
HA FT RE 353 226344.60 407124.50
HA R&D $ 355 12859.86 27930.46
x'NF ED SHARE 351 3.08 1.20
X!NF P 162 6.87 0.97
x'NF OPENNESS 216 7.00 1.10
CLUSTER-SPECIFIC INNOVATION ENVIRONMENT
YCLUS | PRIVATE R&D 355 48.60 12.88
FUNDING

THE QUALITY OF LINKAGES
Z-'NK T UNIV R&D 355 21.50 6.20

PERFORMANCE
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TABLE 4
DETERMINANTS OF THE PRODUCTION OF
NEW-TO-THE-WORLD TECHNOLOGIES
(GDP/POP ASKNOWLEDGE STOCK)

Dependent Variable = IN(PATENTS); 143

(4-1) (4-2) (4-3) (4-4)
Basdine National (4-2), usng (4-2), usng
Ideas Production|  Innovative only post-1984 | only European
Function Capacity: observations countries
Complete Model
QUALITY OF THE COMMON INNOVATION INFRASTRUCTURE
A L GDP PER CAPITA 1.384 0.783 0.538 0.641
(0.086) (0.096) (0.133) (0.102)
Hy |LFTS&E 1.160 0.883 0.890 0.857
(0.016) (0.045) (0.073) (0.049)
HA |LR&D$ 0.272 0.309 0.331
(0.044) (0.070) (0.048)
x'"NF |ED SHARE 0.152 0.153 0.244
(0.016) (0.025) (0.025)
x'NF P 0.221 0.229 0.239
(0.045) (0.044) (0.051)
X'NF |OPENNESS 0.061 0.066 0.040
(0.030) (0.028) (0.037)
CLUSTER-SPECIFIC INNOVATION ENVIRONMENT
YCLUSIPRIVATE R&D 0.016 0.019 0.013
FUNDING (0.002) (0.003) (0.002)
QUALITY OF THE LINKAGES
Z-'NKTUNIV R&D 0.009 0.015 0.015
PERFORMANCE (0.003) (0.005) (0.004)
CONTROLS
Y ear fixed effects Significant Significant Significant
US dummy 0.001 0.042
(0.088) (0.123)
Constant -10.327
(0.307)
R-Squared 0.9378 0.9983 0.9986 0.9979
Adjusted R-Squared 0.9375 0.9981 0.9984 0.9976
Obsarvations 353 347 153 267




