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Abstract

This paper discusses the extent and the determsir@nthe internationalization of
European inventive activity, between 1990 and 2@8%g an innovative method to treat the
information contained in the European Patent Offi¢tatstat database. We introduce a new
set of indicators measuring internationalized pasgplications that are fully coherent with
the principle of fractional counting. The obserdedel of internationalization of inventive
activities, while being rather low, has steadilgremsed over time.

The amount of collaboration between actors residingjfferent countries is assessed
by means of a gravity model. The amount of bildtecdlaboration is positively affected by
the presence of a common language, a common bamkrby more similar cultural
characteristics. International collaboration is ategly affected by distance, with estimated

elasticities that are significantly smaller thaa tines that characterize international trade.
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1. Introduction

Almost all contemporary products are the resultsome form of international
collaboration and trade. A cell phone is a bundisany components that, almost invariably,
are produced in different countries. Raw materastraded to such an extent that anything
containing plastic or metal components is also J#dsly to be the result of international
trade. As for services, the current lore on inteomal outsourcing of back-office routines
indicates that internationalization, while not lgepreponderant, is increasing.

Innovative activities, on the other hand, are Iprdghe result of efforts which take
place in single countries. AlImost twenty years agmsidering the patenting activities of a
sample of big US firms, Patel and Pavitt (1991)epbsd that "in most cases, the(ir)
technological activities [...] are concentrated irithhome country”, and concluded that
"despite being a critical resource in the globampetition and performance of both
companies and countries [...] the production of mebbgy remains far from globalised.”
Since then, globalization has certainly made insoado this domain, thanks to robust
increases in international collaboration of varibyses, to the off-shoring of many R&D labs,
and to advances in the protection and trade ofl@steal property rights. However, as we
will demonstrate, it is still true that innovatiaetivities are predominantly national in scope.

This paper aims to identify the determinants of fhénsity of international
collaboration in inventive activities, and what yhéell us about why the degree of
internationalization of innovative activities iglistelatively low. To address this issue, several
researchers have exploited in various ways thernmdtion contained in patent data (see,
among others, Patel and Pavitt, 1991; Patel and VEZP9, and Le Bas and Serra, 2002). The
research presented here also uses patents datie. Mdst previous studies have considered
the patent portfolios of (multinational) firms, lkekve attribute patents to countries, by
exploiting the fact that patents data provide sajgamformation on the nationality of the
inventors and of the applicants. If a given patenblves only people and organizations
residing in the same country, we define it as oral". If, on the other hand, at least one
inventor or one applicant resides in a countryedéht from that of the others, then we call the
patent "international”. Moreover, the presencerofmaportant functional distinction between
inventors and applicants allows us to define andilyae different measures of
internationalization.

We use a methodology to compute patent statistcsising on all applications

claiming the right to priority that are filed atyanne of the European Union national patent



offices, the European Patent Office (EPO), theté¢hBStates Patent and Trade Mark Office
(USPTO), or the Japanese patent office. Applicatidaiming the right to priority are those
that are filed at a particular patent office foe thrst time. Focusing on them only is a
possibility only recently made available, thanksthe Patstat database (European Patent
Office, 2009a and 2009b), which is the source afdata. The methodology used allows to
control for the presence of the “home bias efféttté tendency of residents of a country to
file patent applications in their country's pataifice), and is fully documented in De
Rassenfosse et al. (2010).

We adopt a gravity model to study the determinantdhe intensity of collaboration
between pairs of countries. The gravity model ("ohéhe more successful empirical models
in economics”, Frankel and Rose, 2002) has hadrkabi success in explaining bilateral
trade flows. It describes trade between two coestas increasing in their economic size, and
as decreasing in their distance (hence the resecwlaith Newton's gravity law). This model
has been given several theoretical rationalizatitims first proposed by Anderson (1979).
Disdier and Head (2008) performed a meta-analysis03 papers applying the gravity model
and report a mean elasticity of bilateral tradenwéspect to distance of 0.9, "indicating that,
on average, bilateral trade is nearly inverselypproonate to distance". They also show that
distance effects "decreased slightly between 18d01850 and then began to rise". Besides
the negative effect of distance, other variablesehgenerally been found to positively
determine bilateral trade, such as the presen@eamimmon border, a common language, a
common market, a common currency area (for therladee Rose, 2000, and Baldwin, 2006),
and a higher level of mutual trust (Guiso et a0p2 The gravity model has been also
applied to describe relations other than tradedadg. In particular, distance effects have
been found in the trade of services (Ceglowski,62Ghd Kimura and Lee, 2006), trade
through the Internet (Blum and Goldfarb, 2006), Wwlemige flows through patent citations
(Peri, 2005), immigration flows (Lewer and Van d@arg, 2008), and also in fields outside
economics.

Our approach appears to have only one publishesteaént, the paper of Guellec and
van Pottelsberghe de la Potterie (2001), who usasuores of R&D internationalization
similar to ours, which we introduce in the nexttemt One dimension in which this paper is
innovative is in its treatment of patent informati®e dedicate Section 3 to a description of
the data. In Section 4, we illustrate the empiriceddel and the main results, which we

discuss in Section 5.



2. Measures of internationalization

To present our measures of internationalizationfivee briefly review the familiar
concept of fractional counting of patents (seeeixample Dernis et al., 2001). To help make
the discussion as easy to follow as possible, veeausimple fictitious example. We consider
three countries, United Stated (US), France (FRY, @ermany (DE), that in a given year
produce a total of P=3 patents. Column | in Tabladicates the nationality of the inventors

and applicants that contributed to these threenitiwes.
Table 1 about here

In order to assign patents to countries, two adive criteria may be chosen: either
according to the nationality of the applicant(s),06the inventor(s). The former defines the
"applicant criterion" and the latter the "inventoiterion". Whenever an application has more
than one inventor or applicant, some of them comimgn different countries, patent
assignment is carried out by resorting to fractimoaints. So, for example, patent n. 1 counts
as ¥ German and % American according to the applicaterion, and ¥2 American, Y4

German and % French according to the inventorrmite
Let us call "V, the fraction of patenp attributed to country according to the

inventor criterion, ancAPP., the analogous measure according to the appliatetion.
Column Il and Il of Table 1 report these measdogshe three patents. For each patent, the
sum of all the country's contribution accordingfte inventor criterion has to be equal to 1:
for each patent'™use + ™o, + Ve, = 1 where the first subscript indicates the courdryd
the second the patent (for clarity we use the mméersymbol of the relevant country, instead
of i, and we omit a time subscript that should be mt@sdhese sums are indicated in
Column IV of Table 1.

The total fractional assignment of the three patémteach country is simply equal

to the sum of the individual assignments:
P
Inv, = ) Inv,
(1) 2, Inv,
and:

P
(1) App =;Appip



They are reported in the last two rows of Tabl&dr. example, Germany produced a
total of 0.75 patents according to the inventotecion, and of 0.5 patents according to the
applicant criterion.

Having defined the concept of fractional countimge proceed to develop useful
measures to express the degree of collaboratigeraducing patents between (the agents
residing in) two countries. Again, we discuss thesing the fictitious example of Table 1.
We define three concepts of internationalizatioa given patent:

Inventor-Applicant internationalization (InvApp): Whenever a patent has (at
least) one inventor and one applicant that comen fiddferent countries. All three patents of
the example belong to this type.

Inventor internationalization (in short, Invinv): Whenever a patent has at |éast
inventors resident in different countries. All tarpatents in our example display this type of
internationalization.

Applicant internationalization (AppApp): Whenever a patent has at least two
applicants resident in different countries. Pafeand 2, but not patent 3, display this type of
internationalization.

InvApp is the more general type of internationdl@ma In fact, the presence of
Invinv implies InvApp — if there are two inventofi®m different countries, then it is also
necessarily true that one inventor and one apgliaean from different countries. Similarly,
AppApp implies InvApp. All international patentseanecessarily of the InvApp type, and
possibly also of the Invinv and/or of the AppAppéey

There are some forms of international inventiverfthat our measures may fail to
detect. Consider a multinational corporation (froountry A) acquiring a firm abroad (in
country B) with a long record of patenting its inmations at country B's patent office. Our
measures would not define this activity as “intéioreal”, unless at least one inventor is from
outside country B, possibly from the headquartarsauntry A. However, it may in fact be
appropriate not to consider the case as an examhphernationalization ofnventive activity
(possibly, as opposed to a case of internatiortediz@f productive activity), considering that
these inventions are not necessarily shared wikidearters.

A further case of interest applies when a firm o&riR&D unit in a foreign country,
producing an invention with the help of inventdrattare all resident in that same location. If,

moreover, the applicant of the filing is the foreigubsidiary (instead of the firm’s

2 | thank an anonymous referee for suggesting thésipility.



headquarters), then all the applicants and theniove would be from the same country and
therefore the patent application, according to taxonomy, would fall into the "national”
category. However, multinational corporations téadile through their headquarters (a fact
that is also supported by evidence that we presemable 3 below). Moreover, even when
they file through a foreign subsidiary, given tidernational scope of the firm, it would be
likely that at least one inventor is from anotheumtry, and also the filing could be done
jointly with another subsidiary in a different cann so that the patent would be classified as
international. Another case of internationalizatibat would go undetected is when two firms
from different countries constitute a joint R&D @ff in one of the two countries, or in a third
country, and produce an invention where all theemors are residents of the country where
the jointly-owned firm is registered. Arguably, theshould not be very many of these cases.

Having discussed the general concepts of Invenfgplicant, and Inventor-
Applicant internationalization, we now proceed &fide the related measures, starting with
the first one. For each patent, the strength ofé¢hation between inventors in countrgnd]

is expressed as the product of the attributiomaf patent to the two countries:

2) Invinv,, = Inv, [Inv,

This measure attributes a greater weight to cotktimns where the two countries
have more similar weights. So, for example, théabalration between the US and France is
equal to ¥ - ¥4 Hg in patent n. 1 (where there are 1 French and 2risareinventors) and to
% - Y in patent 3 (where the total number of inment2, is equally divided between the US
and France. In fact, ifis different fromj, 0= !mvinvy, <1/4 \yhere the upper bound is reached
when the total number of inventors is equally deddetween two countries, and the lower
limit applies when a patent is national. In thiss® the measures here presented not only
allow to distinguish between different type of mmationalization, but also measure the
degree of internationalization of each patent aafitbn, unlike other measures that have been
in the literature.

The aggregate strength of the relation betweenirthentors of two countries is

defined as the sum of the above, over all patents:

P
3) Inviny, = Invinv;,
=



Below, we report the values for all the combinasiar the three patents in Table 1,
where for clarity, instead of the indexesndj, the acronyms of the countries are employed.
Invinv,g,s = 05[05+0[0+05[05= 05

INVINVys o = 050 025+0105+0[05=0.125

INVINVys r, = 05[025+0[0+ 05[05=0.375

The top part of Table 2 shows the values of thes&actions for all three cases. Note

that I"Vi =1V, (the order of the countries is irrelevant). Us{hy it is easy to see that:
N N
(4) 2 Ivinv; =1nv; gnd > Inviny; =Iny,
i=1 j=1

For example, as predicted by (4):

INVINVy s + INMVINVyg pe + INVINVg iz = 05+ 0.125+ 0.375=1= Inv,,
These sums are reported for all three countrigharniast column and in the last rows of the
top part of Table 2, and correspond to the valeg®nted in Table 1. They show that the
country patent portfolio, assigned according toithentor criterion, may be expressed as a
sum of pairwise measures of country inventive ¢altation (Inviny).

The measure of applicant internationalization isstaucted along the same lines, and

the following formulae hold:

(2') AppAppijp = Appip [Appjp

(3)  APPADD; =2 APPADD;,
p=1

N N
(4) 2. APPADD; = A, and X APPAPP; = App,
i=1 j=1

All computations for this case are shown in the dfedpart of Table 2. Note that

APP; = APP;i (again, the order of the countries is irrelevaBtjuation (4') allows us to express
a country patent portfolio, according to the apgotiic criterion, as a sum of interactions
between applicants in different countries. The galteported in the last column and row of

the middle part of Table 2 correspond to thoseaidld 1.



We construct a measure of Inventor-Applicant iraéionalization similarly. The
strength of the collaboration between inventorsaantryi and applicants in countjy for a

single patenp, is defined as:

(5) InvApp,, = Inv,, LApp,,

Summing over patents provides a measure of thengitre of the overall

collaboration between countrynventors and countiyapplicants:

(6) InvADD; =" InvApp;,
p=1

These measures aggregate to the patent attributedduntry either according to the
inventor, or to the applicant criterion, dependarmgwhether the summation is oveor over

J:

N
InvApp =Inv,
(7) Z'maee

N
(7 Zl:InVApp“ = App,
i= ij

The bottom part of Table 2 indicates all computaidor our fictitious example.

Note thai!"VAPP; generally differs fron!NVAPP;

The quantities defined in (3), (3) and (6) are thkeree measures of
internationalization of innovative activities that will assess in Section 4 using a gravity
model. In the next section, in order to provide iestfdescription of the degree of
internationalization, we will use measures of in&ionalization that aredlative to the total
number of patent applications. Starting from (34 48’), the necessary computations are
straightforward:

(8) Invinv,, = Iny; /1ny,

and

(8") APPAPD,; = App; / App,

N N
where Z;'”V'”Vmi =1 and Z;,AIOIOAPIOW =1
j= =



In the case of (6), we can compute two relativesuess, depending on whether the
normalization is carried out with respect to theeintors of country, or to the applicants of

countryj:

(9) InvApp;; = InvApp; /Inv,

(9" InvAppi”j = InvApp, / App,

N N
WhereZInvApp =1 and > InvApp =1
j=l i=1

iji 1= ijj

Our metrics of relative internationalization hawmitarities with those of Guellec
and van Pottelsberghe de la Potterie (2001), wloptaithree measures that they call SHAI,
SHIA, and SHII. The first one is similar to our (3e second to (9'), and the third to (8).
Measure (8') has no analogue in their paper. Owsaores have three main advantages on
others that have been employed in the literatue2 @so OECD, 2008). First, we use
fractional counting so as to count as "more inteonal" those patents where international
collaboration is more pronounced. Secondly, the@ppate use of fractional counting allows
to decompose a patent portfolio as a sum of pagrwiternationalization linkages, plus a fully
national component (equations 4, 4’, 7 and 7°).rdllygi contemplating all possible types of
internationalization, as they may be detected upatgnt data, allows to compute alternative

measures whose contrast may be informative.
3. Thedata

We consider patent applications, not granted psutéftiis choice, besides being a
common practice in the literature, has the advant#gallowing an analysis of more recent
data, considering that several years typically s#apetween the filing and the granting of a
patent. The source of the data is the Patstat as¢abbased on the EPO's "master
bibliographic database DocDB" (European Patentc®ff2009a and 2009b), and covers data
from more than 80 patent offices. An important amtbvative characteristic of Patstat is that
it allows the identification of patent applicatiotigat claim the right to priority (that is, it

permits us to distinguish between multiple appiars for the same inventions in several



patent offices). We take full advantage of thisralkeeristic and we only consider "priority"
applications.

Most studies on patents only use information frosingle patent office. Given our
focus on the internationalization of patents, #ygroach would not be viable, because the
presence of the "home bias effect” would vitiatg eesearch based on a single, even if very
important, national patent office. For this reasea,consider applications filed in any one of
the patent offices of a member state of the Eunopué@on (in its current configuration of 27
States, EU27), at the EPO, the USPTO and the JspdPatent Office. Guellec and van
Pottelsberghe de la Potterie (2001) and OECD (2f2@8is their attention on the filings to the
EPO only, a strategy that rests on its continestalpe. However, such a choice also is
questionable, for two reasons. First, many Europedants never reach the EPO as priority
filings, or as successive applications. Secondilg, decision to file to the EPO is influenced
by factors that are country-dependent. In particudgents from smaller countries, which
have been members of the EPO for longer and whasenal patent offices have higher
filing fees, have a higher propensity to use thadtiiution (De Rassenfosse and van
Pottelsberghe de la Potterie, 2007). The two reasmyether imply that only focusing on the
EPO may induce biased estimates. Using data fra@nEfRO only (or from one or few
national patent offices, as in the triadic approackee Dernis and Khan, 2004) was also a
matter of convenience. With the availability of tRatstat database, better alternatives have
become available.

The Patstat database, however, while being vergviative, is still in its infancy,
and the data of each patent office require cawmafalysis and often ad-hoc treatment in order
to be included. The choice of the patent officebadncluded was made considering a trade-
off between considering more offices, and the higinemental costs to be incurred to check
the quality of the data and to make any correctibas may be necessary. The methodology
employed is fully documented in de Rassenfossé @04.0). Out of all applications filed at
the selected patent offices between 1990 and 2@0fotal of 8,260,081), 224,911 are

international according to our classification.

Table 3 about here

Table 3 documents some relevant characteristihedet international patents. We
consider first its last line, that reports the fregcy of the types of internationalization. About

56% of the international patents do not display ather type of internationalization besides
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the InvApp (only) type. The other international guets also manifest some other type of
internationalization. The most frequent occurreiscef patents that are both of the InvApp
and of the Invinv type (about 31% of the total). eTttases involving AppApp
internationalization are relatively infrequent {lago columns).

Next, we ask ourselves about the nature of theiapypk. Unfortunately, besides
reporting their names, patent statistics tell uking about their nature — be them national or
multinational firms, universities, etc. The only w# find out is to carry out individual
searches, a task that would obviously be too demgndl it were to be conducted on the
whole group of about 225 thousand internationaémiatpplications. As a compromise, |
selected a stratified random sample of 1,000 umitd) proportional allocation in the year
variable. For each one of them, | determined (usiigrnet searches and, in a few cases of
doubt, the Amadeus business registry) the typepepfi@nt(s), according to the following
classification.

"Multinational Enterprises” (MNESs) are firms thatrdrol at least one production
unit in a country different from where they are dws| do not distinguish between
headquarters and those subsidiaries that may Iseniren the same country as headquarters
(both are indicated as HQ). “Subsidiaries” (SUB) &rms controlled by MNEs and located
in a country different from that of the headquartéFirms" are all firms that are not (part of)
a MNE. "Universities" include all universities, atidublic research institutes" are research
institutions that are primarily financed by puldidministrations (in all cases considered, they
are also publicly owned, and clearly public in maju

The rest of Table 3 refers to results computedhensample of 1000 patents. The
last but one row reports the type of internatiaradlon of the patent applications contained in
the sample, with differences with respect to thpypation total that are due to sampling error.
Each column reports the relative frequencies oftype of applicant conditional on the type
of internationalization (note that the sum of thergentages by columns is always equal to
100%). Around 84% of the patents that are onlyhef invApp type (and not of the Invinv
and/or AppApp type) are the result of the actiwfyMNE. In most cases, MNE file through
their headquarters, the only exception being foemia of the InvApp and AppApp type, that,
implying collaboration of firms in distinct coungs, not surprisingly involve a higher number
of MNE foreign subsidiaries. In general, relativédyv of the applications are carried out by

firms (or other entities) that are not (part of) ENApplications from MNE headquarters are

of decreasing importance as we move in the tabla feft to right. A PearsoX ? testshows
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that the relative importance of each type of agpiicis not independent of the type of
internationalization, implying that the differendbsit we have commented upon, as a whole,
are statistically significant.

To assess the overall degree of internationalimatioinventive activity, | compute
the relative measures of internationalization defirby Equations 8, 8', 9 and 9' of the
previous section, for EU27, the United States amghd, on all applications filed between
1990 until 2005. The data for EU27 are obtained ageighted average of the country level
data, with weights equal to the relative size afepaportfolio of each country (computed

according to the inventor criterion). The resules shown in Figure 1.

Figure 1 about here

All measures indicate a degree of internationabrathat is still rather modest, even
though it has increased steadily since the earl9049 The European country average
indicates the highest level of internationalizatiaround 8% for InvApp internationalization
at the end of the period. The United States shauwedrked increase in internationalization in
the 1990s, with levels roughly constant in the fast years. Japan has a very low share of
international patents, reflecting both a reducedree of internationalization of Japanese
R&D, and a very high propensity to patent of Jagarentities.

We also observe important differences among the &ternative metrics, with the
two relative measures of inventor-applicant intéomalization being well above the others.
The first of the two (indicated in the Figure avApp | Inv) refers to patents that have
national inventors and extra-national applicantel lvApp | App the opposite. Let's focus
on the case of Europe. The typical case accouotebyfthe InvApp | Inv measure is the one
of a foreign MNE owning an R&D lab in a Europeamctry and filing the patents produced
there through its headquarters in the home couiitng. fact that the first measure is higher
than the second indicates the relatively high irtgpare of foreign applicants in European
inventive activity. The opposite happens for thdtéth States, indicating a pre-eminence of
US applicants abroad.

Overall, these data allow us to declare that thgrese of "globalization” in the
production of technology, to refer again to the kvof Patel and Pavitt (1991), has increased

since the time when they wrote, but is still ratlosv in relative terms.
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4. A gravity model of international inventive activity

The basic model that we estimate is the following:

IN(INT,) = B, + BIN(A) + B, In(A,) + B,In(dist, ) + AL, + B,D, + BD, +&,

whereln is the natural log!NT is one of the three bilateral measures of inteomatization of
inventive activity (equations 3, 3' or 3,is the "inventive mass" of countryor j, that we
proxy with the total country patent portfolio (egoas 1 and 1')Dist is the distance between
the capital cities of pairs of countries (computeith the great circle formula) and is a
vector of other conditioning variables. It includBerder, a dummy for the presence of
common borders, dummies for the inclusion in theopean Union Eu Union) and in the
European Monetary UniorkE(ro Zone), andCom lang, a variable representing the presence
of a common language (see the Appendix for a dasmn, and data sources, of this variable
and of the following ones). Ih we also includelech, an indicator of pairwise "inventive
proximity", computed as the correlation between wectors, one for each country, formed
by the number of patent priority applications icleaf the eight technology classes according
to the International Patent Classification.

It is quite likely that the costs of travel alone anot able to explain any effect that
physical distance may have on international inwentiollaboration — just as they do not fully
explain the negative effect of distance on inteoma trade. It could well be that what really
matters is a broad concept of cultural distance Jiccess of R&D activities rests upon the
smooth functioning of many tasks that are not kahito research activities proper, but also
include, for example, the building of the necessafyastructure and the protection of the
intellectual assets that are eventually producedceSthe necessary mutual understanding
among all parties involved may be guaranteed anlyart through contractual arrangements,
tacit agreements end up playing an important ratguably, the further away two cultures
are, the more difficult it is for tacit agreememdsbe honored, and the more problematic is
collaboratior® In order to assess the role of cultural differencgs include among the

regressors some variables that should capture #ffeszs.

3 A survey of senior executives representing a watege of industries, carried out by The

Economist Intelligence Unit (2007), indicated “cultl differences” as the third most important itisk
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We consider first a survey-based quantificationnautual trust between countries,
Trugt, that originates from one of the questions containetthe Eurobarometer survey. The
variableLang sim describes language similarity, and takes highemesfor languages that
share more common “branches”. Note thahg sim is correlated withCom lang, but it
conveys different informationCom lang is meant to capture ease of communication
(commonality of the language spoken in a coupleamtries), whileLang ssim is meant to
proxy cultural proximity, imagining that persons ege languages share common roots also
have cultural traits in commomReligion sim is computed as the probability that two persons
in different countries share the same broad relgjigroup.Somatic dist is based on the
weighted average of four distinct somatic charasties. These last two variables are
available only for a group of 14 countries (altleém current member of the European Union,
plus Norway — See the Appendix).

We expect the degree of protection of Intellecm@perty RightsIPR;) (the index of
patent rights of Park, 2008)o influence choices of internationalization. O tone hand,
better IPR protection favors international collaimn, since it limits the possibility that
ideas, by travelling the distance, get stolen. Haxefacing a deficient IPR protection at
home may induce important firms to locate their R&&ivities in countries affording better
protection. Also, inventors in a country affordipgor IPR protection may have a further
stimulus to look for employment in the R&D labsroiiltinational corporation, that can shield
themselves better by patenting their invention®ubh their headquarters. Adding to the
subtlety of the issue, we should consider that riflation between IPR protection and
inventive activities is endogenous, because muitinal corporations are likely to lobby for
stronger IPR, both at home and, depending on tlegjree of internationalization, abroad.

We also consider measures of Foreign Direct Investr(FDI). We use a set of eight
variables, expressing, for each country in a péorys or stock, inward or outward. The
source of the data, expressed at current US Ddlrsurrent prices and exchange rates, is
UNCTAD (2009). These measures represent FDI regssdbf its motives, and we should

developing global innovation networks (the firstdatihhe second one being, respectively, theft of
intellectual property, and loss of control overdmation processes).

4 Park’s measure is only available at five yeagrvels, so that some arbitrary assumptions had
to be made in order to use it (see Appendix B).l@Mmost of the variation of this variable occurs in
its cross-sectional dimension, this simplificatgrould be kept in mind when considering the results
> The nature of the dummy variables included —ls&glew — makes unnecessary expressing

these quantities at constant prices.
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expect that only a fraction is dedicated to R&Dhaités abroad. Moreover, the measures are
aggregate also in the sense that no distincticth@mecipient or source country is made. Last,
we include a series of country-specific fixed effeone for each country and year — the two
D variables. This specification is quite flexiblaciuding all possible fixed effects, short of
estimating a Fixed-Effects panel model. The presesfca year dummy interacted with the
country dummies is coherent with the discussioBafdwin and Taglioni (2006).

We estimate the basic model using data on paireediaboration between countries
that are directly computed from our set of aboub 22ousand international patents. We
compute all bilateral ties for a total of 42 couggr(see the Appendix), and we also consider a
subgroup of 14 countries, all of them European, idrich the Trust and Somatic dist

variables are available. The maximum number ofiyisé linkages isN [(N =D [T whereN

is the number of countries (either 42 or 14), antthe number of years under consideration
(16, from 1990 until 2005). The actual number o$@tvations used will in fact be sensibly
smaller, due to the presence of many zero pairWiskages, that the logarithmic
transformation transforms into missing values. phesence of a limited number of further

missing values is due to the incomplete coveragheofDI data.

We obtain our main results using the OLS estim&antos Silva and Tenreyro (2006)
argue that the nature of the estimation problena igravity model may induce a form of
heteroskedasticity of the error term that, duénolog transformation of the data, leads to the
inconsistency of the OLS estimator. They argue éhBbisson estimator is not prone to the
problem (see also Martinez-Zarzoso et al., 2008,afaritical appraisal of the suggested
approach). Estimates obtained using this methad vk report in Table A.1 in the Appendix,
do not differ sensibly from the OLS results. In coenting them, we will indicate the few
instances when the two methods lead to differentlosions.

Table 4 shows the estimates of the gravity modeal tiee three types of
internationalization. In interpreting the result®te that same variables indexedndj will
have estimated coefficients that are numericaklyshme when explaining Invinv or AppApp
internationalization, because the related measamr@symmetric. We report these estimates
only once (columns from 3 to 6). On the other hdndApp; # InvApp; — see the discussion
in Section 2 — so that variables indexeandj will not have the same impact on the more

general measure of internationalization.
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Odd-numbered columns are on the whole group ofodidtries, while even-numbered
columns show the results for the group of 14 Eumapeountried Sharing a common border
and a common language has a significantly posiiffect on all types of international
inventive collaboration. Distance is found to negdy affect international collaboration,
with an elasticity that, for the broader group otintries and for InvApp internationalization,
Is approximately equal to 25%. For all types oérnationalization, we find higher estimates
when we consider the subset of European counBigisg a member of the European Union,
or of the European Monetary Union, also positivatiects the level of internationalization.
The measure of inventive proximityTech, positively influences InvApp and Invinv
internationalization, while for the infrequent casd# AppApp internationalization the sign of
the impact depends on whether we focus on the wketleof countries, or on the smaller

subset.

Table4 about here

The variables expressing cultural distance are rgégesignificant and with the
expected signLanguage sim has a stronger estimated effect on the largerpgobicountries.
Its effect is estimated to be negative in the cds&ppApp internationalization in the subset
of European countries. The effect Réligion sim if for the most estimated to be positive.
Trust and Somatic dist, available only for the group of European coustriare usually
precisely estimated.

The Poisson estimates indicate that, for the Ewomample, better IPR protection
improves internationalization, in most cases. Ok8nmeates are contradictory, indicating in
one case aegative effect of IPR protection. We similarly fail to finsignificant and
unambiguous effects of the FDI variables, agairhwdifferences between the responses
provided by the two alternative estimators — thes$m estimator indicating a positive effect
of the outbound FDI stock and, on Invinv internagibzation, a negative one of the inbound

stock.

6 Estimates have also been carried out on the wdadlef countries that are currently member

of the European Union (without tii@ust and Somatic dist variables), with results that in all cases are
similar to the ones obtained for the subgroup oElopean countries. The results are available from

the author.

16



To appreciate any change in time of the estimafeth® distance elasticity, we
estimate the gravity model separately for each,yasing both estimators, and on both
samples. We exclude from the list of regres$BR; and the eight variables representing FDI
flows and stocks, considering that we found thepi@anatory power to be limited. The full set
of results (available from the author) indicatetthey and large, for most years we find the
same results that emerged when pooling the 16 yéaisservations. In Table 5 we provide a
summary of the results. Focusing on the broadecegairof internationalization, InvAgpthe
yearly estimates of the distance elasticity areniB@ant in between 11 and 14 years,
depending on the sample and on the estimation metbed.

We adopt a simple device aimed at representingctiamges in time of the yearly
estimates of the distance elasticity (Hanushek4)19@sing weighted OLS, we estimate a
bivariate regression where the independent variablehe set of estimated distance
elasticities, a total of 16 of them, and the exatary variable is time (expressed as years,
from 1990 to 2005). The weight of each observattoret equal to each estimated distance
elasticity divided by its standard error, so agit@ more importance to those coefficients that
are estimated with more precision. We carry outs tlixercise for all types of
internationalization, with elasticities obtainedings both types of estimators, and on both
groups of countries. We report the results in Tdahlevhere the p-value is of the estimated
coefficient of the time variable. The fitted lirethen used to compute the predicted distance

elasticities for the first and the last year of ffegiod under consideration.

Table5 about here

When we consider the group of 42 countries, th& @&timates diminish significantly
in time for the broader definition of internationabllaboration, InvApp The Poisson
estimates, on the other hand, do not show anyfgignt systematic change during the period
under considerations. Both OLS and Poisson estsnaie the other hand, concord in
indicating that distance elasticities have incrdasetime for Invinv internationalization, and
decreased for the infrequent cases of AppApp iaternalization. The results of InvApp
internationalization change significantly when wetain the estimated elasticities on the
smaller group of European countries (lower parTalble 5). In these cases, unambiguously,

we observe yearly estimates of the distance eifystiat are smaller in later years.
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5. Discussion

In this paper, we have discussed the extent, arsgarehed the causes of,
internationalization of innovative activities, ugim dataset on priority patent applications
filed at any patent office in the European Unianthe United States and in Japan between
1990 and 2005. We found that the degree of intenmalization of innovative activities,
while increasing over time, is still relatively lited. Such a lasting "lack of globalization”
may come as a surprise, at least if it is obsemedtie light of the amazing intricacy of the
relations that govern today's international divisad labor.

R&D internationalization, however, is now more psanced than it was 20 years ago.
Much evidence, both of anecdotal, and of a moreesyatic nature, indicates that in the more
recent years there was an important increase wshaffing of R&D activities to countries
such as China and India, with rationales shiftirapT the traditional “home-base exploiting”
to “home-base expanding” motives. Our data, upht® year 2005, do not detect these
changes, that possibly will take some time to nemtithemselves in patent statistics. | do not
take position on what exactly are the emerging foohglobal R&D efforts. Types of more
“open innovation”, as described in Chesbrough (206%&y be part of the story. However,
adopting catchphrases to describe complex reaigigssky and, in the case at hand, may
conduce to confusion between the conceptually miistiideas of openness and
internationalization of innovative processés

We discussed the factors that determine the obddexeel of internationalization
using a gravity model. It emerges unambiguousiyt tlistance negatively affects the
internationalization of R&D activities, both as espsed by the presence of a border in
common between couple of countries and, most imptyt, by physical distance, with
estimated elasticities that are however sensiblyetothan the ones usually found in the
literature on international trade. We posited thatphysical distance variable could proxy for
a broadly defined concept of cultural distance, enthct we found that variables meant to

capture cultural distance are in most cases higjglyificant. However, these measures do not

! For example, for some firms, constructing an estmsy conducive to open models of

innovation may be an alternative to more traditimf&shoring of tightly controlled R&D labs. That

is, in some cases we may observe more opennedade@adless internationalization. Evidence on
emerging models of open innovation, mostly seemftioe point of view of internationalization, is in
OECD (2008).
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succeed in explaining the role of physical distaam@y. Just as in the debate on international
trade, we find that physical distance matters teiheining the strength of bilateral ties.

Year-by-year estimates of the distance elastidiojed us to appreciate its change in
time, although with the obvious caveat that theigoeunder consideration, 16 years, is a
rather narrow window for such an exercise. We gnalence that the impact of distance on
Invinv internationalization increased in time. Agsible explanation of this finding would be
the following. Invinv internationalization repressrtollaboration of inventors from different
countries. Many impediments to international cadiabion of various types have decreased
over the last decades — think of the lower costsasel and of telecommunications, and the
increased ease with which tools such as videocenéang permit the transmission of forms
of tacit knowledge. These changes are reflectatigroverall increase in internationalization
that emerges from our data. However, we may ar@pa¢ during the same period, the
importance of factors related to cultural distan¢dsemselves correlated with physical
distance) have remained roughly constant, so tieatriel ative importance has increased.

As for the other types of internationalization, amést importantly, for the more
general InvApp type, the results depend on the grolcountries that we analyze. The
relevance of distance on InvApp internationalizatmnay have increased when we observe
the whole group of countries (the result in pappeteding on the estimation method that we
use), while we find stronger evidence thateatreased if we analyze the subset of European
countries. Most cases of InvApp internationalizatiare the results of the activities of
multinational firms abroad, as Table 3 shows. Is tBsult, we may see the integrating effect
of the European Union, whose impact is estimateldet@ositive in most specifications. The
European Union is a policy bundle composed of niaggedients, among which we mention
the presence of a common regulatory framework nancon market, and an innovation policy
that, among other things, explicitly encourage®rimational collaboration within the EU
borders. Disentangling these effects, leading tbetier understanding of the interaction
between public policies and the internationalizatad inventive activities, is outside of the
scope of this research. We tend however to findbsitipe impact for a single important
element of the European policy package, namelyngoai member of the Euro Zone. This
result is best seen in the light of the debatefthildwed the contribution of Rose (2000), who
found a significant and economically very strongsipee effect of currency zones on
international trade. Later studies tended to confine presence of such an effect, but they

significantly reduced its estimated size (see Bald2006).
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Regardless of the changes in time that may haveriet; the presence of a significant
effect of distance on the internationalization ar&pe is a robust conclusion of our work.
One of the explicit policy goals of the Europeam@aission is to encourage the formation of
a “European research aréaWe find that innovators in member states “natytallecide to
collaborate sensibly more frequently with like-maadinnovators residing in countries that
are physically and culturally close, that shareoadér and a language. Without proper
incentives that alleviate the negative effect ddtalice, this may lead to a cozy integration
among neighbors, a situation not necessarily cpomding to the type of “European research
area” that policy makers have in mind. For thissoem the role of distance should enter the
policy debate.

In Europe, the overall process of integration reakiced many of the impediments to
international R&D collaboration. However, a procedsintegration may also reduce the
motivations inducing firms to invest resources &org out a process of internationalization.
Market integration may make it less necessary toupeR&D labs abroad for traditional
home-base exploiting motives — for example, theréess need to adapt one's products to
foreign markets, if technical requirements are dsadized. Also, the stronger protection of
IPR that may follow a process of integration, magiuce to locate (part) of the innovative
process outside of the boundaries of the firmsiabying more on market for technologies,
and less on R&D labs abroad.

We fail to find unambiguous evidence of a sigmifit role of IPR protection. The
reasons could be many, but our discussion in thevigus section suggests that the
relationship between the protection of IPR andimtsttypes of internationalization of
inventive activities is not a simple one, so thattfer work should be done to disentangle it —
for example, by developing different measures flfeent aspects of IPR protection, and by
disaggregating measures of internationalizationomiog to some likely important
characteristics, such as, the technological field the type of applicant. We also failed to
find an unambiguous effect of FDI, with resultsttladso in part depended on the type of
estimator chosen. Using bilateral FDI measures, @n@ notoriously scanty, would be an

appropriate step to better understand the naturtheofrelation. The fact that no obvious

8 See for example the home page of European ComumissDG Research (the Directorate

General responsible for Science, Research and okxy), declaring that “European Research, and

more specifically the creation of a European Retedrea, are now high on the policy agenda in

Europe”. fittp://ec.europa.eu/research/index.cfm?pg=why&lg=east accessed on 10 March 2010).
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pattern emerges from our study, however, also hetpdirm the salience of the departure
point that we chose for this paper: The internati@ation of productive activities (of which
FDI mostly talks), and the internationalization iaiventive activities, are still two quite

distinct sides of the globalization coin.
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Tables

Table 1. Fractional counts of threefictitious patents.

| I I v
INVys, InvDE’ D INVerp,  APPUs, APPoep APPerp i Inv iApp‘p
P i=1
=
P=1:Inv: DE, FR, US,US 0.5 0.25 0.25 1
P=1: App: DE, US 0.5 0.5 0 1
P=2:Inv. DE,DE,FR,FR 0 0.5 0.5 1
P=2: App: FR, US 0.5 0 0.5 1
P=3:Inv: FR, US 0.5 0 0.5 1
P=3: App: US, US 1 0 0 1
v, = ZP: v, 1 0.75 1.25
App _i A, 2 0.5 0.5

Table 2. Computation of measures of internationalization of threefictitious patents.

z j=US j=DE j=FR I
Invinv; = > Inv,, : : : > Inviny,; = Inv,
p=1 j=1
i=US 0.5 0.125 0.375 1
i =DE 0.125 0.3125 0.3125 0.75
i=FR 0.375 0.3125 0.5625 1.25
N
> Inviny,; = Inv,
= 0.75 1.25
° j=US j = DE j=FR N
AppApp; =" App, : : : > AppApp; = App,
p=1 j=1
i=US 1.5 0.25 0.25 2
i =DE 0.25 0.25 0 0.5
i=FR 0.25 0 0.25 0.5
N
ADPPADD.. = ADD.
21: PRAOR: = 7P 2 0.5 05
P i = i = i = N
InvApp; = InvApp;, J=US J=DE J=FR > InvApp; = Inv,
p=1 j=1
i=US 0.75 0.25 0 1
i =DE 0.375 0.125 0.25 0.75
i=FR 0.875 0.125 0.25 1.25
N
2. InvApp, = App, 2 05 05
i=1 i )
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Table 3. Typeof applicant vs. type of internationalization.
Sample of 1000 international patents.

Type of internationalization

InvApp and:
Type of applicant Only InvApp  Only Invinv ~ Only Appd  Invinv & AppApp
MNE HQ 71.0% 60.0% 48.8% 39.3%
MNE SUB 12.8% 12.6% 43.9% 10.7%
Firm 13.3% 18.3% 4.9% 17.9%
Universities - 3.0% 2.4% -
Public Res Inst 0.4% 3.5% - 7.1%
Government 0.6% 0.3% - -
Person 1.7% 2.2% - 25.0%
Sums by column 100% 100,00% 100% 100%
% in sample (n=1000) 53.1% 34.8% 6.5% 5.5%
% in pop. (N=224911) 55.6% 31.2% 6.9% 6.2%

PearsorX” test on the independence of the two characterdéf@Bees of freedom) = 145.9.
P-value = 0.000

Notes:

Type of applicant: A "Firm" is any firm, which it a multinational corporation, or does not belong
to one. MNC HQ: a Headquarter (HQ) of a multinationorporation (MNC), or a subsidiary, or a

controlled firm, established in the same countrythes headquarter. MNC SUB: A subsidiary of a
MNE which is registered in a country different fréfiQ. Person: A physical person. Public Res Inst:
Research institute that are financed mostly by ipudiministrations. University: Universities and

other types of higher education institutions.

Type of internationalization: see Section 2.
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Table4. OL SRegression results: The gravity model

1) (2) 3) (4) (5) (6)
VARIABLES In(invApp) In(InvApp) Ln(Invinv) In(Invinv) In(AppApp) In(AppApp)
In(Inv;) 0.550%** 0.235
(0.171) (0.147) 0.332**  0.0536
In(Inv;) (0.161)  (0.133)
In(App;)
0.564** -0.111
In(App;) -0.250 0.145 (0.283) (0.375)
(0.346) (0.173)
In(dist) -0.247**  -0.518** -0.241** -0.321** -0.129*** -0.589***
(0.0288) (0.0729) (0.0232) (0.0588) (0.0367) (0298
Border 0.639**  0.393**  0.682** (0.678** (0.739**  (.339***
(0.0575)  (0.0884) (0.0466) (0.0722) (0.0717) (0)121
Comlang 0.297**  0.781**  0.682*** (.985*** 0.120 1.895%**
(0.0892) (0.191) (0.0712)  (0.158) (0.119) (0.274)
EU Union 0.0500 0.612**  0.207** 0.561*** 0.131 -0.284
(0.0679) (0.241) (0.0539)  (0.194) (0.0902) (0.443)
Euro Zone -0.102 0.325** 0.00556 0.143 -0.238*  (0.834***
(0.0902) (0.155) (0.0724)  (0.124) (0.118) (0.209)
Tech 0.719** 0.274 0.757** 0.443** 0.396***  -0.808***
(0.0840) (0.196) (0.0637)  (0.156) (0.121) (0.305)
Langsm 1.228*** 0.328 0.931**  0.0902 0.741**  -0.936***
(0.0972) (0.228) (0.0807)  (0.187) (0.133) (0.325)
Religion sim 0.421**  0.849***  -0.0971  0.235** 0.236 0.629***
(0.108) (0.133) (0.0860)  (0.106) (0.163) (0.234)
Trust 0.487** 0.866*** 1.056***
(0.240) (0.195) (0.360)
Somatic dist -0.0720*** -0.0200 -0.0461
(0.0273) (0.0224) (0.0418)
IPR -1.318 -0.731
(0.976) (0.942) -0.465 0.856 -2.725%* -1.141
IPR; 0.301 1.077 (0.600)  (0.591) (2.130) (1.683)
(1.263) (0.716)
In(FDI flow out); 0.247* 0.312
(0.147) (0.241) 0.109 0.315 0.279 -0.563
In(FDI flow out); -0.260**  -0.688**  (0.115)  (0.235) (0.221) (0.543)
(0.133) (0.325)
In(FDI flow in); 0.315 0.387*
(0.236) (0.197) 0.130 -0.0799 0.203 0.621
In(FDI flow in); 0.315 0.485*  (0.146) (0.135) (0.329) (0.396)
(0.236) (0.194)
In(FDI stock out); 0.375 -0.0356
(0.288) (0.394)  0.0208 -0.373 0.198 -0.303
In(FDI stock out); ~ 0.388 0.539 (0.184)  (0.285) (0.540) (0.734)
(0.246) (0.332)
In(FDI stock in); -0.0953 -0.151
(0.138) (0.362)  0.0527 0.518* -0.259 2.254%**
In(FDI stockin);  -0.435** 0.234 (0.109)  (0.286) (0.298) (0.722)
(0.179) (0.413)
Observations 6314 1854 6916 1890 3986 1244
R-squared 0.749 0.791 0.768 0.832 0.644 0.745

Notes:

Columns: 1, 3 & 5: All (42) countries; 2, 4 & 6:I8et of EU countries, plus Norway (14 countries).

Robust standard errors in parenthesgsp-value < 0.01, ** p-value <0.05, * p-value <D.

Time-varying fixed country effects included in ttegression. Years considered: 1990-2005
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Table 5. Regression results: Changesin time of the distance elasticity. Weighted OL S

oLS POISSON
Type of InvApp Invinv AppApp InvApp Invinv  AppApp
internationalization

42 countries
p-value 0.000 0.000 0.005 0.451 0.000 0.000
Significant estimates 11 13 7 14 16 10
R 0.476 0.611 0.306 0.014 0.510 0.783
Implied elasticity, 1990 -0.157 -0.071 -0.364 -@28 -0.196 -0.880
Implied elasticity, 2005 -0.329 -0.437 0.324 -0.261 -0.370 +0.052
14 countries
p-value 0.000 0.000 0.009 0.003 0.378 0.000
Significant estimates 14 9 5 14 11 12
R 0.504 0.491 0.309 0.165 0.018 0.728
Implied elasticity, 1990 -0.879 0.154 -1.392 -0.721 -0.360 -1.339
Implied elasticity, 2005 -0.481 -0.709 -0.365 -@49 -0.416 -0.213
Notes:

n=16. p-value of the estimated slope of a regressith the estimates of the distance elasticiti®s (
year) as the dependent variable, and time (andstaat) as the explanatory variable.

The weights are equal to the estimated coefficeérin(dist_km), divided by its estimated standard
error. The implied elasticities are computed asftinecasts of the distance elasticities for thst #nd

the last years of the period under consideration.
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9% of international patents

Figures

Figure 1. International patent, EU27, national averages.
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APPENDIX

A. The countries considered for the analysis.

Measures of the internationalization of inventiwthaties have been computed for a total of
42 countries. These are:

All OECD countries: Australia, Austria, Belgiuma@ada, Czech Republic, Denmark,
Finland, France, Germany, Greece, Hungary, Icelamdland, Italy, Japan, Korea,
Luxembourg, Mexico, Netherlands, New Zealand, Norw&oland, Portugal, Slovak
Republic, Spain, Sweden, Switzerland, Turkey, WhKengdom, United States);

Countries invited to open discussions for membprst the OECD: Brazil, China,
India, Indonesia and South Africa;

Countries included into the “roadmaps” marking 8tart of accession talk to the
OECD: Chile, Israel and Russia
on 10 March 2010); Estonia and Slovenia also belibmg group, but they have not be
considered because of lack of data.

Countries that, while not belonging to the grog®ve, are part of the European
Union (with the exclusion of Cyprus and of Maltahage patenting activities are either zero
or negligible): Lithuania, Bulgaria and Romaniajlia also belong to this group, but it has
not be considered for problems of data coverage.

Taiwan.

The gravity model is also estimated on a grougdfcountries, for which th&rust
and Somatic dist variables are available. These are: Austria, BebtgiDenmark, Finland,
France, Greece, lIreland, Italy, Netherlands, NorwBgrtugal, Spain, Sweden, United
Kingdom.

B. Definition of variables and data sources.

Tech. The technological proximity variable is computedhsidering the eight top "sections"
(A through H) of the International Patent Classifion (IPC) taxonomy. See

http://www.wipo.int/classifications/ipc/erfaccessed on 10 March 2010). The correlations are

computed for each year on the same dataset usedl tbhe exercises carried out in the paper.
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Fractional counting is adopted to address all #es when more than one IPC category is
assigned to a patent.

Comlang. It is equal to 1 if two countries share the sanmglege, O otherwise, and it takes
fractional values for multilingual countries. Foxaenple, it is equal to one half between
Belgium and France (the presence of a small Gerammaking minority in Belgium is
ignored), and to one third for the pairs of Swilaed with Germany, France and lItaly.

Trust. From Guiso et al. (2009), based on the Eurobatemsarvey.

Som dist. It is based on the distance between a set of fathr@pometric measures. The
source is Guiso et al (2009).

Lang ssm. The similarity between couple of languages is caeghwising data from the

Ethnologe Projecthitp://www.ethnologue.com/as collected and organized by James Fearon

(see Fearon, 2003). The similarity between two Uaggs is based on the distance between
“tree branches” (“for example [...] ByelorussiarysRian and Ucrainian share their first three
classifications as Indo-European, Slavic, East &naanguages”; Fearon, 2003). Unlike in
Fearon’s work, who obtains his measure by dividing number of branches that are in
common by the maximum number of branches that anguage has (which is equal to 15),
we divide it by the maximum number of branches imitbach couple of language, so as to
take into account that the granularity of the bradefinition may be not the same across
languages.

Religion dist. It is the probability that two persons in diffetecountries belong to the same
broad group of religions. The computation is basaddata from the World Value Survey
(http://www.worldvaluessurvey.org/integrated with data from the CIA World Factbdok

the countries not covered therein.

IPR. The source of the data, available for 1995, 2@005 and an average of 1960-1990, is
Park (2008). For the years 1990, 1991 and 1992]1966-1990 average has been used. The
years 1993, 1994, 1996 and 1997 are set equaktoldbervation for 1995. The observation
for year 2000 is also used for the years 1998, 19091 and 2002. Last, the observation for
year 2005 is also used for the years 2003 and 2004.

30



Table A.1. Poisson estimates

@) @ 3 4) ®) (6)
VARIABLES INnvApp InvApp Invinv Invinv AppApp  AppApp
In(Inv;) 0.418*** (0.337***
(0.0630) (0.111) 0.431*** 0.115
In(Inv;) (0.0590) (0.105)
In(App:)
0.551*** 0.254
In(App) 0.541*** (.383*** (0.128) (0.220)
(0.0884) (0.134)
In(dist) -0.252%*  .0.470** -0.332*** -0.394** -0.342*** -0.670***
(0.0298) (0.0526) (0.0198) (0.0397) (0.0422) (03)85
Border 0.356*** 0.190*** 0.519** 0.498** (.850*** 0.202
(0.0566) (0.0691) (0.0381) (0.0535) (0.0916) (0)135
Comlang 0.252*  1.082** (0.398*** 1.361*** -0.197  2.960***
(0.102) (0.136)  (0.0633) (0.133) (0.162) (0.275)
EU Union 0.210*** 0.304*** 0.198***  -0.169** 0.194 0.155
(0.0600) (0.0853) (0.0448) (0.0726) (0.118) (0.243)
Euro Zone 0.0438 0.242**  0.0246 -0.00351 -0.240*  0.430%**
(0.0681) (0.0711) (0.0352) (0.0440) (0.134) (0.119)
Tech 1.004**  0.497** 1.033*** -0.165 1.199%**  -1.397**
(0.0936) (0.171) (0.0543) (0.152) (0.163) (0.385)
Lang sim 0.586*** 0.243 0.554***  0.231** 0.358  -1.334***
(0.130) (0.162) (0.100) (0.105) (0.230) (0.252)
Religion sim -0.0890 0.537** -0.743*** -0.669*** 0.492** (0.971**
(0.160) (0.196)  (0.0971) (0.133) (0.239) (0.303)
Trust 1.823%** 0.843*** -0.0891
(0.193) (0.151) (0.365)
Somatic dist -0.0582** -0.0697*** -0.458%***
(0.0252) (0.0263) (0.0502)
IPR 0.0918 0.367*
(0.0671) (0.190) 0.120**  0.328* 0.159  1.314%**
IPR, 0.0846  0.584*** (0.0538) (0.162) (0.117)  (0.334)
(0.0370) (0.0436)
In(FDI flow out), 0.00567  -0.0435
(0.0221) (0.0335) -0.0315** -0.00445 -0.0785** -0.132
In(FDI flowout);  -0.0137 -0.0301 (0.0150) (0.0224) (0.0399) (0.0911)
(0.0284) (0.0322)
In(FDI flow in); 0.0109 -0.00270
(0.0230) (0.0262) 0.0268* 0.00718 0.0586  0.0833
In(FDI flow in); 0.00905 -0.0665** (0.0162) (0.0184) (0.0372) (0.0520)
(0.0224) (0.0318)
In(FDI stock out); 0.204***  0.225**
(0.0636) (0.112) 0.164***  0.247** 0.342***  0.0893
In(FDI stock out);  0.0329 0.148 (0.0470) (0.0881) (0.100) (0.254)
(0.0862)  (0.140)
In(FDI stockin);  -0.152**  -0.132
(0.0520) (0.115) -0.148*** -0.253** -0.211** 0.0326
In(FDI stock in); 0.133*  0.304** (0.0357) (0.0972) (0.0848) (0.255)
(0.0807) (0.118)
Observations 16730 2620 16730 2620 16730 2620
R-squared 0.906 0.900 0.665 0.651 0.579 0.354

Notes:

Columns: 1, 3 & 5: All (42) countries; 2, 4 & 6:I8et of EU countries, plus Norway (14 countries).

Robust standard errors in parenthesgsp-value < 0.01, ** p-value < 0.05, * p-value &1

Time-varying fixed country effects included in tfegression. Years considered: 1990-2005

31



