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Abstract

Using patent-based indicators, this paper aims at explaining to what extent the produc-
tion of innovation is globalized. Firstly, it provides evidence — over time, across countries
and across industrial sectors — on the patterns in international technological collaboration
and in cross-border ownership of innovation. Secondly, a fractional logit model is estimated
for a unique panel dataset covering patent information of 21 industries in 29 countries from
1980 to 2005. The results show that countries tend to be more globalized in industrial sec-
tors in which they are less technologically specialized. It suggests that globalization of inno-
vation is more driven by home-base augmenting determinants than home-base exploiting
ones. The empirical findings also indicate that the intensity of globalization of innovation
is higher in multidisciplinary country-industry pairs and in those which compete interna-
tionally in trade.
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1 Introduction

At the crossroads of the rising importance of knowledge economy and the increasing inter-
national integration of economic activities, the globalization of innovation is a major concern.
Compared to the globalized markets of goods and services, the technology production has been
often described as “far from globalized” (Patel and Pavitt, 1991) and mainly concentrated in
the home country (Belderbos et al., 2011) of multinational enterprises (MNE). However, inter-
national organizations recognize that research & development (R&D) activities are increasingly
performed across borders (UNCTAD, 2005; OECD, 2008; UNESCO, 2010).

Various evidences illustrate this strong increasing trend in international collaboration in the
innovation production. In a world of science which is becoming multipolar (Veugelers, 2010)
— with the rise of emerging countries such as China and India — the increasing importance of
teams in the production of knowledge is undeniable (Wuchty et al., 2007). In view of the com-
plexity and interdisciplinarity of research, innovative firms collaborate more to access comple-
mentary resources from beyond their boundaries (Miotti and Sachwald, 2003; Cassiman and
Veugelers, 2006). International technological collaborations matter to enhance the diffusion
of relevant knowledge required to innovate in many technological fields but often available
in different locations. These worldwide collaborations are thus a key channel of knowledge
spillovers (Singh, 2005; Montobbio and Sterzi, 2012).

This paper aims at explaining, using patent-based indicators, to what extent the production of
innovation is globalized. Firstly, it provides evidence — over time, across countries and across
industrial sectors — on the patterns in the internationalization of innovation for two patent
count indicators. Rich patent data allow us to distinguish between several types of interna-
tionalization in the production of innovation!, looking into the trends not only in terms of
international technological collaboration, but also concerning the cross-border ownership of
innovation. Secondly, a fractional logit model is estimated — using a unique panel dataset cov-
ering 21 industries in 29 countries over 25 years — to investigate empirically the importance
of two main opposing motives explaining the internationalization of innovation: home-base

augmenting and home-base exploiting strategies (Kuemmerle, 1997).

Many studies have explored those questions within a firm level approach mainly focusing on a
restricted sample of multinational firms (Patel and Pavitt, 1991; Cantwell, 1995; Patel and Vega,
1999; Cantwell and Janne, 1999; Kumar, 2001; von Zedtwitz and Gassmann, 2002; Narula and
Zantfei, 2005; Cantwell and Piscitello, 2005; Fernandez-Ribas and Shapira, 2009; Athukorala and
Kohpaiboon, 2010; Schmiele, 2012). In my study, I opt for a more general approach aggregating
information contained in a large patent database. This kind of approach is more exhaustive, as
all patented inventions are treated, whoever the owner. Although it prevents us to take into
consideration drivers of globalization that are firm-specific, it allows us to give a more complete

picture of internationalization of innovation by covering more countries and more industries.

While most global approach studies were restricted on differences across countries (Guellec

1 As suggested by Archibugi and Tammarino (2002), I consider that internationalization of innovation represents
a “wide-range of forces” which concern not only the cross-border ownership or diffusion of technology but also the
global generation of knowledge.



and van Pottelsberghe de la Potterie, 2001, 2004; Ma and Lee, 2008; Picci, 2010; Thomson, 2013),
this paper is — to the best of my knowledge — the first study to take also into account a system-
atic industry perspective. The relevance of industry-level analyses has been shown by several
results in the literature indicating that — in addition to the differences in the so-called propensity
to patent across industries? — the globalization of innovation is industry-specific. For instance,
Florida (1997) and Breschi (1999, 2000) have shown that the geographical concentration and
the spatial organization of the innovative processes may differ remarkably across industrial
sectors. In the same vein, Hagedoorn (2002) and Narula and Duysters (2004) have observed
that R&D partnerships are sector-specific. Furthermore, a recent study by Picci and Savorelli
(2012) has indicated that a strong heterogeneity exists in internationalization across technologi-
cal fields. In addition to control for differences across industrial sectors, industry-level data en-
able us to investigate empirically the relationship between revealed technological advantages

of countries across industries and globalization of innovation.

The first part of this paper highlights some stylized facts in the internationalization of inno-
vation. This patent-based analysis confirms a strong growth in the intensity of globalization
of innovation from 1980 to 2005. This worldwide trend is observed not only in terms of cross-
border ownership of innovation, but also in terms of international technological collaborations.
More interestingly, I show heterogeneity of globalization across countries and industries. First,
more innovative countries (or industries) do not have more a globalized innovation footprint.
Second, although the location of innovation is increasingly dispersed across the world, its own-

ership is still strongly concentrated in a few countries.

The estimation results show that the degree of internationalization of innovation is negatively
related to the revealed technological advantage of countries across industries. Countries have a
tendency to be more globalized in industrial sectors in which they are less technologically spe-
cialized. The empirical findings suggest also that countries with multidisciplinary technolog-
ical knowledge are more likely to take part in international co-inventions of new technologies
and to be attractive for foreign innovative firms. This aggregated patent-based analysis pro-
vides additional evidence that globalization of innovation is a means of acquiring competences
abroad that are lacking at home, suggesting that home-base augmenting motives matter in
the globalization of innovation production. By contrast, the internationalization of innovation
does not seem to be purely market-driven since large economies are not the target of foreign
innovative firms and international patenting is more related to international competitiveness

of country-industry pairs than to the direction of trade flows.

The rest of the paper is structured as follows. The next section introduces the theoretical frame-
work, which is based on the dichotomous motives of the globalization of innovation. Section
3 presents the internationalization patent-based indicators used in this paper. The extent to
which innovation production is globalized is illustrated in section 4 — distinguishing the trends
over time, across countries and industries. The empirical approach is described in section 5
and the results are presented in section 6. Last section concludes and puts forward ideas for
further research.

2Gee for instance Cohen et al. (2000) and Danguy et al. (2013).



2 Theoretical framework

A large body of literature exists on this topic® and usually highlights several motives behind the
internationalization of R&D. In particular, two main opposing strategies are often compared
(Kuemmerle, 1997, 1999; Patel and Vega, 1999; Le Bas and Sierra, 2002; Narula and Zanfei,
2005).

First, firms set up R&D laboratories abroad in order to exploit their already developed assets.
Their foreign R&D activities mainly support the entry in new markets overseas by adapting
the products or the processes to the local conditions. These demand-oriented innovative ac-
tivities aim at modifying products to make them more appropriate to the local market and to
support manufacturing activities of local subsidiaries. In this context, the main objective of the
globalization of innovation is to exploit their technological advantage created within the home
country. It thus consists mainly in an extension of R&D work already undertaken at home. This
first kind of internationalization strategy was referred to as ‘asset-exploiting” by Dunning and

Narula (1995) or as ‘home-base exploiting” by Kuemmerle (1997).

Second, beyond the exploitation of domestic strengths, other motives can explain the global-
ization of innovation. Innovative firms can be motivated to cross borders to track or access
overseas new technology development, to improve existing assets or alleviate technological
weaknesses at home and to tap into knowledge around the world. This second strategy is re-
flected in “asset-augmenting’ (Dunning and Narula, 1995) or ‘home-base augmenting” (Kuem-
merle, 1997) international R&D activities. According to this strategy, the main objective of firms
is to augment their knowledge base combining their own abilities with new foreign technolog-
ical capabilities. They internationalize their innovation production to obtain abroad strategic
assets that are complementary with those already available at home. Their international inno-
vative activities aim to serve their global value chain in order to generate entirely new products
from a global network of dispersed locations. As a result, they strengthen their technological

competences and their global innovative performance.

While the home-base exploiting strategy has been initially recognized as dominating (Lall,
1979; Mansfield et al., 1979), the home-base augmenting strategy has received more empiri-
cal confirmation (Florida, 1997; Kuemmerle, 1999; Ambos, 2005)%.

However, empirical papers investigating this set of dichotomous motives were often restricted
to firm-level data. For instance, Kuemmerle (1999) studied the foreign direct investment in
R&D laboratories of 32 MNE in pharmaceutical and electronics industries and confirmed the
key role played by home-base augmenting motives. Patel and Vega (1999) focused on US
patenting activities of a subset of 220 firms. Analyzing the technological profile of countries,
they suggested that adapting products to local market and supporting overseas manufacturing

3See for instance the survey performed by Narula and Zanfei (2005) or Hall (2011).

4In addition to these strategies of internationalization for innovative activities, Lewin et al. (2009) have argued
that the recent R&D offshoring strategies are increasingly ‘home-base replacing’. In particular, this practice concerns
companies that tend to locate innovative activities in lower labor-cost countries. However, the aggregate empirical
approach of this paper enables to test if countries are more globalized in sectors in which they are strong or weak,
which does not inform on the replacement of domestic innovative capabilities by foreign ones. Therefore, this paper
does not aim to test empirically the home-base replacing strategy.



are major determinants of the internationalization of technology. Le Bas and Sierra (2002) con-
firmed the main findings of the previous study by considering the patenting activity in Europe
of 245 MNE. Cantwell and Piscitello (2005) examined patents granted in the US to large in-
dustrial firms for inventions performed at the regional level of four European countries. Their
results showed that the location of foreign-owned research is driven by the potential to cap-
ture various sources of spillovers, such as intra-industry, inter-industry or science-technology
spillovers.

The main empirical contribution of this paper is to test the home-base augmenting and ex-
ploiting motives with aggregate patent-based indicators. It aims to deepen previous firm-level
evidence with a unique panel dataset covering 21 industrial sectors in 29 countries. More im-
portantly, industry-level data are at the core of the identification of these two strategies. In-
deed, I test the relationship between technological specialization of countries across industries
and their intensity of globalization of innovation. In other words, it is expected that countries
are relatively more globalized in industrial sectors in which they are technologically strong if
home-base exploiting strategy dominates. By contrast, countries which tend to augment their
home knowledge base are expected to be relatively more globalized in industrial sectors in

which they are technologically weak.

Two additional industry-level variables also enable the identification of home-base augmenting
and exploiting strategies. First, a positive relationship between cross-border innovative activi-
ties and international trade would indicate the predominance of home-base exploiting motives
(Picci and Savorelli, 2012). Indeed, if the internationalization of innovation is mainly driven by
the desire to adapt the product to the local market, the intensity of globalization of innovation
is more likely to be correlated with foreign sales. Second, the home-base augmenting strategy
reflects a diversification of the home country into new technological areas. In this context, inter-
industry spillovers, diversity externalities and multidisciplinary competences are key drivers
of the internationalization of technology development (Cantwell and Piscitello, 2005; Narula
and Zanfei, 2005; Fernandez-Ribas and Shapira, 2009). A positive relationship between the
intensity of globalization of innovation and the multidisciplinarity of country-industry pair —
due to patenting activities in a large number of different technologies — would therefore reflect

more the home-base augmenting strategy.

Finally, the large panel dataset used in this paper distinguishes between several types of glob-
alization. Beyond the foreign location of R&D activities (at the core of most papers in the liter-
ature, e.g. Kuemmerle, 1999; Cantwell and Piscitello, 2005; Picci and Savorelli, 2012; Thomson,
2013), this paper contributes also to the literature by analyzing both the international techno-
logical collaborations (e.g. co-inventions) and the cross-border ownership of innovation for a

large panal dataset of country-industry pairs.

Before investigating this question in an empirical model, the next two sections present the in-
ternationalization patent-based indicators and provide new descriptive evidence on the glob-

alization of innovation over time, across countries and across industries.



3 Data: internationalization patent-based indicators

3.1 Patent as indicator of innovation

Patent data are widely used as indicator of innovation (for a discussion, see Griliches, 1990)
because they are easily available and contain rich information. In particular, despite some
well-known limitations®, patents are extensively used as an indicator of the location of for-
eign inventive activities because they offer the most accessible and internationally comparable
information for innovative activities across countries and technological fields. Moreover, sys-
temic and detailed data on the location of R&D expenditures are neither collected for similar
aggregates nor comparable for a large set of countries and industrial sectors (as pointed out by
Hall, 2011).

In order to measure the globalization of innovation production, I have developed patent-based
indicators. These indicators are computed using the EPO worldwide patent statistical database
(PATSTAT, April 2009) which covers records on patent applications filed at more than 70 patent
offices around the world. Among the rich information contained in a patent, I use mainly two
of them. Firstly, the country of inventors and applicants provides geographical information
on inventorship and ownership. Even though the PATSTAT database contains a large num-
ber of information, it should be noticed that the coverage of information remains not perfect.
Therefore, I use an algorithm similar to the one described by de Rassenfosse et al. (2013)° re-
covering missing country information in order to obtain more accurate patent information for
a larger sample of countries. Secondly, I express patent indicators not only by country — of
inventor and applicant — but also by industry. Indeed, counts per industrial sector are derived
by matching technological information contained in patents, International Patent Classification
(IPC) codes, and industry, International Standard Industry Classification (ISIC, Rev 3), using
the concordance table provided by Schmoch et al. (2003)”.

This study relies also on two types of patent count indicators. The first indicator is a cor-
rected count of priority filings® (PF, a worldwide inventiveness indicator recently introduced
by de Rassenfosse et al., 2013). It captures all the patents filed by the inventors (or applicants)
based in a country, regardless of the patent office of application. This methodology assures
the best match between R&D expenditures and patent applications at the country level. For
instance, the count for Austria as country of inventor (and similarly for applicant) is thus equal
to the number of priority filings with inventors (applicants) based in Austria and filed at the
Austrian patent office plus the priority filings with inventors (applicants) based in Austria but
directly filed at other patent offices. The inclusion of these priority filings filed abroad allows

5For instance, the so-called patent propensity varies across countries and industries since all inventions cannot
be patented and all patentable inventions are not patented.

6T thank Gaétan de Rassenfosse for helping me on this issue.

"The same methodology is used by the OECD to build the patent segment of their STAN database (for more
details, see OECD, 2009). In this paper, the counts per industry are not fractional. A patent related to multiple
industries is thus taken into account equally for each industry. Note that the coverage of industries offered by the
concordance table of Schmoch et al. (2003) is nearly completed. Only 4% of EPO applications (less than 3% in terms
of priority filings) contained in PATSTAT have a IPC technological class which is not taken into consideration by
this concordance table.

8 A prioirty filing is the first patent application protecting an invention.



reducing for the bias against small countries which file a high share of their patents abroad.
Moreover, PF does not suffer from geographical bias’ related to single-office-based indicators
(i.e. the home-country bias due to the fact that inventors have a tendency to file relatively more
in their own country), since it is based on all patent offices information. The second indicator
is the number of patent applications filed at the European Patent Office (EPO). More precisely,
this EPO patent count indicator encompasses first and subsequent patent applications which
have been filed directly at EPO and those which have reached EPO during the regional phase
of a PCT application.

Combining these two indicators provides a more global overview on the globalization of inno-
vation. It also helps to test the robustness of the results since each patent metric has its own
interpretation and drawbacks (see among others, Dernis et al., 2001; OECD, 2009). Priority fil-
ings are first filings of patents made usually at national patent offices and potentially extended
to regional offices. In particular, they are known to present a skewed distribution with a large
number of low value patents; compared to regional patents which have a larger geographi-
cal scope and are more expensive for applicants (due to higher fees and intermediary costs in

terms of translation or attorneys for instance).

3.2 Internationalization patent-based indicators

Using patent data, one can gauge the globalization of innovation production!?. First of all, I de-
fine an international patent for country i as being a patent with a least one resident of country
i and at least one resident of any other country. Based on the measures of internationalization
presented by Guellec and van Pottelsberghe de la Potterie (2001) and on the country informa-

tion contained in patents, I now define four types of internationalization in Table 1.

Table 1: Four types of internationalization of innovation

(1) co-invention (I):
patent with inventors from different countries

(2) co-ownership (AA):
patent with applicants from different countries

(3) foreign ownership of domestic innovation (IA):
patent with domestic inventors and foreign applicants

(4) domestic ownership of foreign innovation (AI):
patent with domestic applicants and foreign inventors

9See de Rassenfosse et al. (2013) or van Zeebroeck et al. (2006) for discussion on this issue.
19Globalization of innovation production means that the analysis focuses on the globalization of the innovation
process itself without looking at determinants of globalization of patent protection (such as the decision to protect
a same invention in several countries). The patent filing strategy, across countries, is out of the scope of this paper.



I measure co-invention when a patent has several inventors residing in different countries, il-
lustrating that those researchers based in different countries co-operate on the same project and
jointly invent. This kind of international collaboration between researchers can take place ei-
ther within a multinational enterprise (research facilities of a same company located in several
countries), or through a research joint program between several institutions. The co-ownership
measure is similarly defined by considering applicants located in different countries. The two
other types are identified when at least one inventor and at least one applicant reside in differ-
ent countries. For most patents, the applicant is an institution (a firm, a university or a public
institute of research) and the inventor is an individual. For instance, the patent can protect an
invention performed in a research facility abroad of a multinational firm. These two measures
reflect thus the extent to which foreign (domestic) firms control domestic (foreign) innovation.
Within these four types of internationalization, the first two dimensions concern more the glob-
alization of innovation in terms of international technological collaboration, whereas the last

two are more closely related to the cross-border ownership of innovation.

The total count of patents corresponding to each type could be computed to measure the extent
to which and how innovation production is globalized. However, what matters more is to con-
sider not only the absolute counts, but also the relative measures in order to better understand
the intensity of internationalization. This kind of measures in terms of globalization intensity
was proposed by Guellec and van Pottelsberghe de la Potterie (2001). In this paper, I extend
their analysis, which was limited to a cross section of countries, with a more general framework

across industrial sectors and over time.

Four patent-based internationalization indicators are computed to evaluate the intensity of
globalization across industries, countries and over time. For each industry k in a country i
at priority year t, these variables of interest are expressed as the share of international patents
in the total number of patents (see equations (1) to (4)):

e SHII is the share of patents with a foreign resident as co-inventor in the population of
patents with a domestic inventor:
_ patent I,

Hlljjp = — 7" 1
SHIT;x s patent I; i ; "’

e SHAA is the share of patents with a foreign resident as co-applicant in the population of
patents with a domestic applicant:

tent AA;
SHAA, = P20kt

= 2
’ patent A; i @



e SHIA is the share of patents with a domestic inventor and a foreign applicant in the total

domestic inventions:
patent IA;

SHIA;; =
ikt patent I; i ;

©)
e SHAI is the share of patents with a domestic applicant and a foreign inventor in the total

domestic applications:
_ patent ALy,

SHAL = patent A; @)
In addition to have a simple interpretation, those relative measures have one main advantage.
They allow us to focus on the globalization per se — being relatively independent of the deter-
minants of patenting decision which are out of the scope of this paper. In particular, it means
that these measures are robust to the strong differences in the propensity to patent observed
across countries and industries. This reasoning is based on the assumption that there is no dif-
ference in the propensity to patent within a same industry-country pair between all patent and

international ones.

Nevertheless, one can argue that those patent-based internationalization indicators have limi-
tations and do not reflect all types of international innovation experience which presents strong
variations across firms. For instance, the case of a MNE that prefers to register, as applicant,
the name and the location of its local subsidiary where the invention was developed — rather
than those of its headquarters — would not be counted as international innovation experience
according to previous definitions. We can thus expect that results would be under-estimates of
the true globalization intensity. This underestimation is mainly due to the fact that the country
of residence of a firm is not always its nationality.!' As shown by Cincera et al. (2006) for the
case of Belgium, we can indeed compare the direct foreign ownership of innovation (as mea-
sured by SHIA) and the indirect foreign ownership when we have the information about the
foreign control of applicant (when it is a subsidiary of a foreign firm). The empirical evidence
illustrated by the authors seems to confirm that patent information under-estimates the real
level of globalization of innovation production. However, they have also indicated that the
global trend over time is more explained by the patents that are “directly owned by foreign
applicants” (p 501). Even though all firm level ownership information — consolidated for the
headquarter and its various subsidiaries (which is available only for a restricted number of
cases) — would provide the complete picture, patent information is satisfactory enough to have
a larger view on the globalization of innovation phenomenon.

"1n the same vein, OECD (2009) has highlighted that the attribution of a country to a company is a problem for
all indicators of internationalization and is thus not limited to the patent-based indicators used in this research.



4 Patterns in the globalization of innovation production

The first part of this research aims at providing global evidence on internationalization of
innovation production; focusing first on the worldwide trends over time and then on cross-
countries and cross-industries variations. It is based on an unique panel dataset that is com-
posed of 21 manufacturing industries (2-digit ISIC classification from 15 to 36, see Appendix
Table A.1) in 29 countries (OECD economies)!? covering the period (defined by the priority
date of the patent filing) from 1980 to 2005.

4.1 Over time

To introduce the topics, it is interesting to examine globally the evolution over time of the
internationalization of innovation. Since making averages across countries or industries would
lead to some bias, this worldwide representation is computed with all information contained
in PATSTAT considering distinct applications — preventing from multiple counting of the same
patent. The international shares indicators are thus equal to the ratio of distinct international
patent applications of each type of internationalization divided by the total number of distinct
patent applications per priority year.

Figures 1 and 2 represent, respectively for PF and EPO, first on the black curve the annual
patent count (see the left axis) and second on the bars the share of international patents (see the
right axis). The white ones are the cross-border ownership, the gray the co-invention and the

black the co-ownership.

Over those 25 years, the number of patents has strongly increased. The increase was even
stronger for international patents since we observe a strong increase in the internationalization
intensity, especially from the beginning of the 90’s. However, the share of internationalization —
compared to all patenting activity — remains quite limited. In 2005, only 2% of PF (8% for EPO)
were subject to international co-invention; less than 5% represented cross-border ownership of
innovation (18% for EPO); and only 1% of PF (2% for EPO) were subject to international co-
ownership. Note that SHIA is larger than SHII because, by construction, II is a sub-sample of
IA.13 As soon as you have two inventors coming from two different countries, at least one of
those will come from a different country than the applicant’s one.

12The sample is mainly restricted to OECD countries to guarantee enough availability of explanatory variables
at the industry level. Own calculation illustrates that this sample of countries represents on average, over our time
period of analysis, about 90% of the worldwide patenting activities. Note that our sample focuses on 29 countries
but considers international collaboration with all the countries in the PATSTAT database.

13This characteristic is valid for the worldwide and industry representations. Note also that SHIA is equal to
SHALI for these two representations.

10
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Comparing Figure 1 with Figure 2, we observe that only a restricted fraction of priority fil-
ings are subject to a protection in a regional patent office. In 2005, about 15% of worldwide
priority filings were also applied at EPO. Within this smaller number of patent applications,
however, the share of international patents is largely higher, illustrating that regional filings
are more likely to be subject to international technological collaboration and to cross-border
ownership.!* These first figures seem thus to confirm a strong growth in the intensity of glob-
alization in innovation (OECD, 2008). This worldwide trend is observed not only in terms of
cross-border ownership of innovation but also in terms of international technological collabo-
rations. Obviously, a world level analysis is not enough to understand the determinants of this
internationalization of innovation. Yet, it requires looking at the country-level and industry-
level differences.

4.2 Country-level

Table 2 exhibits the four indicators of internationalization intensity per country in average over
our 25 year time period of analysis. They are expressed in percentage points since they are
simply computed — as expressed in equations (1) to (4) — by dividing the count of international
applications by the total number of applications for each country.

Beyond the absolute counts of patent applications (see Appendix Table A.2), the relative in-
ternationalization indicators presented in Table 2 show three insightful results. First, the in-
creasing worldwide trend of the globalization of innovation seems to be balanced by a strong
heterogeneity across countries. In particular, it shows that country-size in patenting does not
reflect the degree of internationalization since the largest innovative countries (such as US and
Germany in Appendix Table A.2) are not the most globalized ones (about 5% of their priority
filings are subject to co-invention while less than 8% of their innovation portfolio reflects cross-
border ownership). Indeed, smaller countries such as Belgium or Netherlands have the highest
degree of globalization of their innovations (their shares of international patents are more than
the double of those of largest innovative countries).

14One can also argue that EPO applications correspond to high-value inventions since the total cost of patent
application at EPO is high. The links between the globalization of technology and the value of inventions is an
interesting question to tackle in further research, but this is out of the scope of the current thesis.

12



Table 2: Internationalization intensity per country (1980-2005) [%]

Country PE EPO
SHII SHIA SHAI SHAA SHII SHIA SHAI SHAA

Australia* 22 3.8 1.8 1.5 16.0 233 10.8 3.9
Austria 132 257 11.5 5.0 203 331 21.6 13.8
Belgium 195 304 14.7 6.6 30.0 419 27.7 9.4
Canada 9.6 14.5 9.8 3.1 263 343 26.0 53
Czech Republic 9.8 11.4 6.4 3.8 399 500 27.7 10.0
Denmark* 9.3 12.2 9.3 4.2 175 209 18.2 52
Finland 44 4.5 9.2 2.3 11.8  10.5 21.1 1.7
France 59 8.7 6.0 2.0 119 189 14.6 6.0
Germany 5.0 6.3 5.6 1.5 9.6 13.2 10.7 4.0
Greece 2.5 3.3 0.9 0.8 295 359 9.6 6.8
Hungary 24 3.5 14 1.1 21.8 310 8.1 4.1
Iceland 21.5 285 15.0 6.9 39.3 516 37.4 8.0
Ireland* 6.8 10.2 8.4 2.6 31.1 386 47.3 8.3
Italy 3.1 6.0 2.0 1.2 8.1 16.3 54 2.5
Japan 0.2 0.3 0.3 0.1 2.7 3.8 3.4 1.2
Luxembourg 295 339 58.6 8.1 465 523 79.6 6.3
Mexico 7.7 12.2 3.8 2.0 447  60.8 16.0 13.2
Netherlands 122 20.1 249 8.1 132 195 343 16.9
New Zealand 49 7.1 3.9 32 205 266 12.6 5.5
Norway 6.5 8.5 6.7 29 194 236 20.4 3.9
Poland 1.5 14 1.0 0.5 384 479 14.5 12.4
Portugal 9.2 12.6 8.7 3.0 31.1 427 315 7.3
Rep. of Korea 0.8 0.4 1.2 0.3 55 52 6.3 1.7
Slovakia 124 119 8.6 5.0 542 618 31.0 12.3
Spain 6.9 9.6 42 1.7 187 292 8.0 4.2
Sweden 5.5 7.4 10.7 2.7 13.0 171 23.6 4.0
Switzerland 173 183 30.0 59 258 215 43.8 8.2
United Kingdom 5.0 10.3 4.5 2.8 16.6  33.0 18.2 12.4
United States 4.0 4.2 7.5 1.5 9.2 10.7 15.1 2.3

Source: own calculations based on PATSTAT database (April 2009)

Notes: See Appendix Table A.2 for the absolute counts of patents per inventor/applicant country and
for the absolute counts of international patents according to the different types of internationalizaiton
of innovation. * indicates countries that suffer from a coverage problem, concerning the PF indicators,
identified by de Rassenfosse et al. (2013, p 734). Those countries were not taken into account in the
empirical model for PE.

Second, the share of international co-invention (SHII) is always lower than the share of foreign
ownership of domestic innovation (SHIA). Although it can be partly explained by the construc-
tion of the indicators (see above), note that this difference is sometimes significantly high. This
underlines that countries may have a stronger tendency to participate in cross-border owner-
ship of innovation than to take part in pure technological collaborations. Third, a comparison
across countries and across both types of cross-border ownership of innovation highlights that
SHIA is higher — for most countries — than SHAI It means that the percentage of patents in-
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vented in those countries and assigned abroad is higher than the percentage of patents owned
by those countries and invented abroad. It confirms that most countries are net exporter of
innovation (indicated by negative net R&D offshoring ratio in Thomson, 2013). Only few coun-
tries (such as US, Switzerland or Netherlands) seem to have an “applicant surplus” (as shown
by Picci and Savorelli, 2012), presenting higher number of domestic applicants with foreign in-
ventors than domestic inventions owned by foreigners. Those countries control relatively more
inventions abroad than their own ones are controlled by foreigners. They are also known to be
the headquarters of strong multinational firms.

Even though the production of innovation is increasingly globalized (its location is more dis-
persed across the world), its ownership is still strongly concentrated. It thus confirms the
worldwide concentration of ownership of international patents, already pointed out by Guellec
and van Pottelsberghe de la Potterie (2001). Note also that all countries have a more interna-
tional footprint in their regional patent application (EPO) than in their priority filings.

4.3 Industry-level

Similar indicators were computed per industrial sectors. In addition to present strong dif-
ferences in their patenting activities (see Appendix Table A.3), Table 3 shows that industries

exhibit differences in the average intensity of globalization of their innovation.

Three findings can be drawn from this table. First, the manufacturing of coke, petroleum pro-
ducs and nuclear fuel (PETR'®), and the manufacturing of chemicals products (CHEM) are the
industries which are globally the more international ones across the four types of international-
ization and for both patent count indicators. About 2% of PF (10% of EPO) are co-invented and
4% (17%) are subject to cross-order ownership in both industries. Second, like for the country
case, it confirms that size in patenting is not reflected in the degree of internationalization. In-
dustries with a large number of patent applications (see machinery and equipement, MACH;
radio, television and communication equipement, COMM in Appendix Table A.3) present a
relatively small share of international patents. By contrast, industries with a low number of ap-
plications (food products and beverages, FOOD; textiles, TEXT) have a relatively higher degree
of internationalization. Third, comparing high-tech with low-tech, we observe that high-tech
industries (in particular the industries related to Information and Communication Technolo-
gies, such as office, accounting and computing machinery, COMP; COMM; and electrical ma-
chinery and apparatus, ELEC) are not, on average, the most globalized ones compared to some
low-tech industries'® (such as FOOD) - particularly in terms of EPO filings.

15See Appendix Table A.1 for the description of the industry abbreviations used in the main text and in the tables.
16Similar evidence has been observed by Dunning (1994) in terms of US registered patents of foreign affiliates of
MNEs.
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Table 3: Internationalization intensity per industry (1980-2005) [%]

Industry PF EPO
Tech* SHII SHIA/AI SHAA SHII SHIA/AI SHAA

FOOD LOTE 1.17 2.61 0.44 10.11 21.89 5.43
TOBA LOTE 1.28 2.63 0.60 4.38 12.24 0.66
TEXT LOTE 1.34 3.03 0.42 7.81 16.75 2.19
WEAR LOTE 0.57 1.63 0.21 3.93 10.45 0.66
LEAT LOTE 1.03 3.49 0.40 3.92 15.17 0.98
WOOD LOTE 0.35 0.95 0.15 2.69 7.77 0.68
PAP LOTE 0.74 1.74 0.26 5.30 12.13 1.38
PETR  MLTE 2.10 411 0.72 7.82 17.44 417
CHEM MHTE 1.92 3.61 0.64 9.23 17.65 297
RUBB  MLTE 0.81 2.39 0.35 441 13.67 2.00
MINE MLTE 0.77 1.75 0.30 5.05 12.49 1.90
META  MLTE 0.83 1.58 0.31 5.57 11.63 2.06
FABM  MLTE 0.65 1.94 0.22 3.21 10.24 1.01
MACH MHTE 0.71 1.91 0.27 3.86 11.07 1.45
COMP HTE 0.76 2.23 0.28 3.87 12.84 1.80
ELEC MHTE 0.69 1.99 0.21 3.43 11.18 1.41
COMM HTE 0.85 2.45 0.36 4.49 14.81 2.11
INST HTE 0.98 2.36 0.36 5.28 13.35 2.07
AUTO MHTE 0.72 2.02 0.23 3.34 10.13 1.52
TRAN MHTE 0.81 1.77 0.28 3.01 6.88 0.91
MISC LOTE 0.45 1.39 0.24 2.64 8.83 1.18

Source: own calculations based on PATSTAT database (April 2009)

Notes: see Appendix Table A.1 for the description of the industries. See also Appendix Table A.3 for the
absolute counts of patents per industry and for the absolute counts of international patents according to
the different types of internationalizaiton of innovation. * Based on the OECD technological classifica-
tion. LOTE, MLTE, MHTE, and HTE stand for low technology, medium-low technology, medium-high
technology, and high technology, respectively.

In addition to analyze the differences in the average intensity of globalization across countries
and industries, the trends over time provide interesting insights. Table 4 exhibits the com-
pound annual growth rates (CAGR) per country and per industry. It shows that the worldwide
increasing trends in international patenting activities (observed in Figures 1 and 2) are shared
among most of the countries and all industries. This growth in globalization of innovation
was undeniable with worldwide annual growth rates that were equal, for PF, to 7% in interna-
tional co-invention and 5% in cross-border of innovation. Concerning the industries related to
the ICT, while Table 3 reports a relatively low average level of internationalization over the 25
years, Table 4 shows that internationalization has more strongly increased in those particular
industries (such as COMP and COMM) than in low-tech industries (such as FOOD)!”.

17 Additional descriptive evidence (available upon request) illustrates that the international shares in these ICT
industries have especially increased from the beginning of the 90’s; to reach similar degree of internationalization
as CHEM at the end of the time period.
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Table 4: CAGR of internationalization of innovation (PF)

(a) Per country (b) Per industry

Country SHII SHIA SHAI SHAA Industry SHII SHIA/AI SHAA
Australia* 8% 7% 10% 16%  FOOD 5% 2% 6%
Austria 6% 5% 8% 11% TOBA 6% 8% 1%
Belgium 11% 8% 13% 14% TEXT 7% 5% 11%
Canada 8% 6% 8% 11%  WEAR 5% 5% 1%
Czech Republic 2% 0% -6% -7%  LEAT 2% 1% 6%
Denmark* 5% 6% 5% 14%  WOOD 7% 4% 7%
Finland 11% 7% 11% 13% PAP 5% 2% 8%
France 8% 8% 9% 11%  PETR 7% 4% 6%
Germany 7% 6% 6% 10% CHEM 6% 4% 9%
Greece 12%  11% 16% 15%  RUBB 9% 5% 13%
Hungary 18%  19% 17% 15%  MINE 10% 5% 11%
Iceland 2% 2% 4% 2% META 5% 4% 6%
Ireland* 13%  13% 13% 18%  FABM 7% 3% 10%
Italy 9% 7% 8% 14% MACH 7% 4% 9%
Japan 10% 8% 8% 14%  COMP 11% 7% 10%
Luxembourg 7% 8% 3% 8% ELEC 9% 6% 10%
Mexico 4% 3% 1% 9% COMM 9% 7% 10%
Netherlands 7% 2% 5% 9% INST 7% 6% 8%
New Zealand 9% 8% 8% 8% AUTO 8% 6% 9%
Norway 8% 7% 9% 9% TRAN 5% 3% 6%
Poland 21%  19% 26% 24%  MISC 4% 2% 10%
Portugal 10%  10% 12% 9% World 7% 5% 10%
Rep. of Korea 4% 5% 6% 1%

Slovakia 1% 1% -2% -8%

Spain 13% 11% 14% 19%

Sweden 9% 7% 10% 14%

Switzerland 6% 3% 5% 11%

United Kingdom 7% 4% 6% 10%

United States 8% 8% 5% 11%

World 7% 5% 5% 10%

Source: own calculations based on PATSTAT database (April 2009)
Note: The compound annual growth rates were computed over the longest time period available be-
tween 1980 and 2005.

5 Empirical approach

5.1 Fractional logit model

Beyond these stylized facts, the second objective of this paper is to better understand the de-
terminants of the globalization of innovation using an econometric model. To explain the in-
tensity of globalization of innovation production in our panel dataset, estimating a classical
linear model is not convenient since our dependent variables (SHII,SHIA,SHAI, SHAA) are
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shares. These variables of interest vary, by definition, between 0 and 1. As pointed out in the

econometric literature!®

, using a linear model for such fractional data would suffer from the
same weaknesses as using a linear model for binary choice models. In particular, the predicted

values from a classical OLS regression are not necessarily restricted in the unit interval.

I have prefered to use a fractional response model proposed by Papke and Wooldridge (1996)"

and suited to proportions data:

E(y|x) = G(xB) (5)

where G(.) is a known function satisfying 0 < G(z) < 1 for all ze R. It simply consists in
considering a function G(.) in the relation between y and x. This function G(.) is chosen to
satisfy the conditions that guarantee that the predicted y will be restricted to the unit interval

for all values of the regressors. It is typically chosen to be a cumulative distribution function.
exp(z)

1+exp(z)

model. The authors have proposed a particular quasi-maximum likelihood estimator (QMLE)

In this case, I took the logistic function, G(z) = , and I thus estimated a fractional logit

based on the Bernoulli log-likelihood function, given by:
li(B) = yilog[G(xiB)] + (1 = yi)log[1 — G(xip)] (6)

This method takes into account the bounded nature of the dependent variable and the pos-
sibility of observing values at the boundaries. Equation (6) corresponds to the familiar log-
likelihood of the Logit model, except that y; is continuous in the unit interval. Estimates of
are obtained from the maximization problem: maxﬂzf\illi(ﬁ). As pointed out by the authors,
since equation (6) is a member of the linear exponential family, the QMLE estimate is consis-
tent and v/N-asymptotically normal regardless of the distribution of y; conditional on x;. In

particular, y; could be a continuous variable or a discrete variable.

The following fractional logit model is estimated for our panel dataset composed of country-

industry pairs over time:

E(y|x) = G (& + ax + a; + B1RTAc + By TRADE + BsMULTI. + B4R&D Int. + BsSIZE) (7)

The dependent variables —y = {SHII,SHIA,SHAI,SHAA} — are the four types of interna-
tionalization indicators based on the two alternative patent counts — PF and EPO. They vary
between 0 (if the patents of a country-industry pair list only domestic residents) and 1 (if all

patents of a country-industry pair reflect international inventive activities).?

18For a discussion, see among others Kieschnick and McCullough (2003) or Ramalho et al. (2011).

9For examples using this estimation technique in applied economics papers, see for instance Wagner (2001,
2003) and Czarnitzki and Kraft (2004).

205ee Appendix Table A.5 for descriptive statistics.
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5.2 Explanatory variables?!

To deepen our understanding of the globalization of innovation, five explanatory variables are
taken into account in the main econometric specifications. First, an indicator of the revealed

technological advantage of countries across industrial sectors is defined as in equation (8).

rtajry—1 Patentirs/y, Patent;y,
— W e [—1,1] where rta;;; = =
rtag; + 1 " Y Pﬂt@"ti,k,t/zi/k Patent;

(8)

RTACZ',k,t =

where Patent; ; is the fractional count of patents of country i in industry k at priorirty year ¢.

This kind of index was initially built for trade literature to compute the so-called revealed
comparative advantage. Based on patent counts??, it is computed for each country-industry
pair as being the ratio between the share of industry k in the country i patents and the share
of the same industry in all worldwide patents. We thus point out a revealed technological
advantage of country i in a particular industry if the share of this industry is higher in country
i compared to the average in other countries. We point out a revealed disadvantage for the
opposite case. This ratio (rta) is normalized? to obtain a symmetric measure (RTAc) between
-1 and 1, with positive values representing a revealed technological advantage and negative
values a revealed technological disadvantage. In other words, positive values of RTAc indicate

a technological specialization of a country in a particular industry.

This first variable is the key factor which helps us to distinguish between the home-base aug-
menting and home-base exploiting motives in internationalization of innovation (see discus-
sion in section 2). Indeed, it allows us to evaluate if countries are relatively more globalized
in industries in which they are technologically either strong or weak. Positive or negative ef-
fects can be expected according to the prevalence of each strategy. The home-base augmenting
strategy suggests a negative relationship between RTAc and internationalization intensity. By
contrast, if firms primarly go abroad to exploit the technological strenghts of their home coun-
try, a positive relationship between RTAc and internationalization intensity is more likely. This
last interpretation was highlighted by Patel and Vega (1999) and Le Bas and Sierra (2002) in
their descriptive analysis of patenting activities of samples of MNE’s in US for the former and
in Europe for the latter. They indeed concluded that in a large manjority of cases, firms tend to
locate their technoloigy abroad in their core areas in which they are strong at home.

A second set of variables is taken into account to investigate the relationship between interna-
tional trade in goods and international patenting activities across industrial sectors. A strong
relationship with the absolute series of trade flows would indicate that internationalization of
R&D is demand driven (Lall, 1979; Mansfield et al., 1979). In the same vein, Picci and Savorelli

21See Appendix Table A.4 for more details on the variables, see Appendix Table A.5 for the descriptive statistics
and see Appendix Table A.6 for correlation matrix.

22 A similar measure has been introduced by Soete (1987) and then has been largely used (see for instance, Dun-
ning, 1994; Cantwell, 1995; Patel and Vega, 1999; Le Bas and Sierra, 2002; Frietsch and Jung, 2009; Frietsch and
Schmoch, 2010). Note also that this revealed comparative advantage is evaluated for both patent counts indicators
(PF or EPO) based either on the country of inventor (RTAc inv) or the country of applicant (RTAc app).

23This kind of normalization has been proposed by Laursen (1998) and then has been applied by Dalum et al.
(1999), Begg et al. (1999), Brusoni and Geuna (2003), Schubert and Grupp (2011) or D’Agostino et al. (2013).
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(2012) interpreted the strong relationship between bilateral trade and international collabora-
tions in inventive acitvities as evidence that home-base exploiting motives are relevant. In
addition to the impact of import and export, I also analyze the relationship between the in-
ternationalization of innovation and two relative measures of international competitiveness:
the revealed comparative advantage based on exports series (RCAc) and the net trade ratio
of countries across industries (Net trade). A positive impact is expected since international
competitive innovative countries are more likely to be more effective in performing research
abroad and to be more attractive for international technological collaboration (Kumar, 2001).
Moreover, openness to international trade (Furman et al., 2002) and international competitive-
ness in trade (Danguy et al., 2013) have been recognized as closely related to international

patenting experience.

Third, I estimate the effect of the multidisciplinarity of innovation performed by country-
industry pair. This is evaluated with a new patent-based indicator, which corresponds to the
number of distinct 4-digit IPC classes — outside the scope of the industry defined by the con-
cordance table of Schmoch et al. (2003) — listed on patents. For instance, consider a country
with two patents: Patent; listing {IPCa, IPCp, IPCc} and Patent; listing {IPC4, IPCp, IPCp}.
For industry k defined by IPC,4 in the concordance table, the multidisciplinarity indicator is
based on 3 distinct IPC classes — {IPCg, IPC¢, IPCp} — for this country-industry pair. Mul-
tidisciplinary innovation is evaluated for each country-industry pair considering either the
country of inventor (Multi. inv) or the country of applicant (Multi. app). Its expected im-
pact is positive, particularly if home-base augmenting strategy dominates. Multidisciplinary
country-industries pairs present strong inter-industry spillovers and can thus be more attrac-
tive for foreign innovative firms that desire to augment and diversify their home knowledge
base (Cantwell and Piscitello, 2005; Fernandez-Ribas and Shapira, 2009).

While the previous variables were expressed for each country-industry pair, I also include vari-
ables that vary only across countries. Indeed, I control for differences, across countries, in terms
of the intensity of R&D expenditures (R&D Int.) and in terms of the economic size measured by
the GDP (Size). For both variables, positive or negative impact can be expected. Technological
intensity contributes to the absorptive capacity of countries such that they can benefit more
from the sourcing of knowledge abroad but strong technological capabilities may also mean
less incentives to cross borders to find additional knowledge assets (Song and Shin, 2008). Con-
cerning the size of country, R&D collaboration literature (Guellec and van Pottelsberghe de la
Potterie, 2001; Narula and Duysters, 2004) suggests that smaller countries collaborate more to
compensate for the lack of home capabilities; whereas papers on international R&D location
(Kumar, 1996; Cantwell and Piscitello, 2005) demonstrate that larger countries are more attrac-
tive for the location of foreign R&D facilities, especially if internationalization of innovation
is market-oriented (Kuemmerle, 1999). Finally, I control for unobserved heterogeneity in our

panel dataset by including country (&;), industry («) and time (a;) dummies.
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6 Results and discussion

The main estimation results of the fractional logit model** of equation (7) are presented in Table
5 for EPO patent applications?; distinguishing between the four types of internationalization
(see Table 1 and equations (1)—(4) for more details).

Table 5: Main fractional logit estimation results for EPO patent applications

) &) ®) @) ©) (6) ) ®)
Dep. var. SHII SHII SHIA SHIA SHAI 2 SHAI SHAA SHAA
RTAc inv -1.111* 0 -1.119%% -0.770%*  -0.767***
0.0791)  (0.0793)  (0.0738)  (0.0737)
RTAc app -0.181*  -0.191*  -0.750***  -0.761***
(0.0875)  (0.0886)  (0.139) (0.137)
Net trade 0.257%** 0.195%** 0.172* 0.299**
(0.0676) (0.0657) (0.0695) (0.138)
RCAc 0.260*** 0.1727%* 0.179** 0.297**
(0.0660) (0.0646) (0.0704) (0.121)
Multi. inv 0.120%*  0.114***  0.0866**  0.0826**
(0.0365)  (0.0363)  (0.0348)  (0.0350)
Multi. app 0.00175 -0.00267  0.137**  0.131*
(0.0401)  (0.0403)  (0.0628)  (0.0632)
R&D Int. -0.592%**  -0.595%*  -0.638*** -0.639**  0.307**  0.309** 0.314 0.310
(0.132) (0.133) (0.136) 0136)  (0.139)  (0.140)  (0.249) (0.250)
Size -0.331 -0.306 -0.643**  -0.629**  -0.00555 0.00821 -0.782 -0.775
(0211)  (0215)  (0.252)  (0.253)  (0.260)  (0.262)  (0.595)  (0.603)
Country FE yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Industry FE yes*** yes*** yes*** yes*** yes*** yes*¥* yes*¥* yes***
Year FE yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Pseudo LL -2955 -2954 -3601 -3602 -2935 -2935 -1566 -1555

Observations 10,043 10,043 10,043 10,043 9,789 9,789 9,789 9,789

Notes: Robust standard errors in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10%
levels, respectively. The rows “country FE”, “industry FE”, and “year FE” report the significance levels
of the joint effect of these fixed effects.

First, RTAc variables have a strongly significant and negative coefficient over the different spec-
ifications. It means that the intensity of globalization of innovative activities is higher in indus-
trial sectors in which countries present a revealed technological disadvantage; i.e. in which they
are relatively weak. By contrast, countries which present a revealed technological advantage
seem to keep it relatively more within their national borders and their innovative firms are less

likely to collaborate with foreigners. This effect is observed not only in terms of international

24The same model was also estimated by OLS and Tobit. Appendix Tables A.7 and A.8 show that these additional
econometric specifications confirm the results of the fractional logit.

2Results for priority filings are in Appendix Table A.9. These results are globally similar although the impact of
multidisciplinarity and size variables are less significant. Note that the samples for PF estimations are smaller since
de Rassenfosse et al. (2013) have noticed a coverage problem for few countries which were not taken into account
in the estimation for PF.
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co-invention and co-ownership of patents (SHII and SHAA) but also in terms of cross-border
ownership of innovation (SHIA and SHAI). The negative relationship between RTAc and the
dependent variables suggests that firms do not extend their R&D internationally to replicate
research in the industrial sectors in which their country is already strong, but rather to acquire
the knowledge which is lacking at home (as suggested by Archibugi and Michie, 1997). It thus
reflects the dominance of the home-base augmenting strategy, in comparison with the home-
base exploiting strategy.

These results for our panel dataset confirm the conclusions of Almeida (1996) for the semi-
conductors case, the illustrative evidence of Cantwell (1995) for American electrical and Ger-
man chemical firms, and the results of the analysis of the German innovation survey performed
by Schmiele (2012). Concerning foreign ownership of domestic innovation (SHIA), Cantwell
and Piscitello (2005) have also suggested that strong domestic specialization?® acts as an entry
barrier against foreign firms. Since foreign and domestic firms compete for a given pool of
resources (e.g. the inventors), foreigners may have more difficulties to access the market where

residents are relatively strong.

Concerning trade variables, the main impact comes from both measures of international com-
petitiveness (Net trade and RCAc, which are illustrated in Table 5; whereas results of abso-
lute series of export and import are in Table 6). Related estimates show positive values, as
expected, and significant. It illustrates that international competitive country-industry pairs
present higher intensity of internationalization of their innovation. Countries that compete in-
ternationally in trade are more involved in international technological collaboration and cross-
border ownership of patents, underlying the close relationship between the openness to trade
and the globalization of innovation.

However, the internationalization of innovation does not seem to be strongly correlated to
overseas trade. Indeed, results in terms of export and import (see Table 6) show less significant
coefficients, suggesting that international patenting does not follow totally the flows of inter-
national trade of goods. If the internationalization of innovation was strongly demand-driven
or market-oriented, one would expect that foreign ownership of domestic innovation (SHIA) -
domestic ownership of foreign innovation (SHAI) — to be particularly more related to import
than export — export than import, respectively. This distinction between the two types of cross-
border ownership of innovation does not take place significantly, which suggests that interna-
tional innovative activities are poorly driven by home-base exploiting motives. This provides
also evidence that the international competitiveness of the country-industry pair matters more

than the direction of the trade flows in explaining the internationalization of innovation.

26In addition to measure this specialization in terms of inventors (see columns concerning SHIA in Table 5), I
tested the same model controlling for specialization in terms of applicants (RTAc app). These robustness results are
the same, see Appendix Table A.10. Unlike Cantwell and Piscitello (2005), our database does not allow us to focus
precisely on domestic owned firms.
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Table 6: Estimation results for EPO patent applications with trade flows variables

(1) () €) (4) ) (6) ) (8)

Dep. var. SHII SHII SHIA SHIA SHAI SHAI SHAA SHAA
RTAc inv -1.085***  -1.035***  -0.751***  -0.709***
(0.0803) (0.0783) (0.0748) (0.0738)
RTAc app -0.190**  -0.128  -0.729***  -0.659***
(0.0874)  (0.0793)  (0.136) (0.126)
Export 0.0629** 0.0511* 0.0724*** 0.0864*
(0.0289) (0.0266) (0.0267) (0.0481)
Import -0.00883 0.00955 0.0654 -0.00286
(0.0606) (0.0528) (0.0564) (0.0957)
Multi. inv 0.120**  0.130***  0.0852**  0.0922***
(0.0364)  (0.0368)  (0.0352)  (0.0354)
Multi. app -0.00276  0.00470  0.136**  0.148**
(0.0403)  (0.0408)  (0.0633)  (0.0643)
R&D Int. -0.609***  -0.583*** -0.654*** -0.632***  0.288**  0.308**  0.290 0.322
(0.135) (0.132) (0.136) (0.135) (0.141) (0.140)  (0.250) (0.253)
Size -0.380* -0.328  -0.682***  -0.646**  -0.0557 -0.0606  -0.859 -0.788
(0.216) (0.215) (0.255) (0.256) 0.264)  (0267)  (0.601) (0.603)
Country FE yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Industry FE yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Year FE yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Pseudo LL -2957 -2958 -3603 -3604 -2935 -2936 -1566 -1567

Observations 10,043 10,043 10,043 10,043 9,789 9,789 9,789 9,789

Notes: Robust standard errors in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10%
levels, respectively. The rows “country FE”, “industry FE”, and “year FE” report the significance levels
of the joint effect of these fixed effects.

The opposite effect of RTAc and RCAc (see Table 5) could be considered as confusing. Never-
theless, these results indicate that specialization in technological innovation is not necessarily
related to export performance. These two set of variables may reflect different phenomena, par-
ticularly as determinants of the globalization of innovation. While RTAc measures the perfor-
mance in the development of patentable inventions, exports based indicators are more related
to the business exploitation of patented technologies. The results show in fact that country-
industries which present better performance on the former dimension collaborate less than
those which better perform in the latter one.

The third variable of interest, the multidisciplinarity (Multi. inv and Multi. app), has a positive
and significant coefficient (except for SHAI), confirming the importance of home-base aug-
menting strategy. On the one hand, it indicates that multidisciplinary country-industry pairs
are more likely to be involved in international collaboration (SHII and SHAA). On the other
hand, it shows that country-industry pairs with more diverse patenting activities — across a
larger number of different technologies — are more attractive for foreign applicants (SHIA).
It confirms the positive impact of diversity externalities, observed by Cantwell and Piscitello

(2005) (for a sample of MNE across European regions). These multidisciplinary country-industry
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pairs reflect a higher potential for inter-industry spillovers. As shown by Ferndndez-Ribas and
Shapira (2009) in the case of nanotechnology, it also suggests that the inter-disciplinary and
diversified knowledge in the host country matters for the location of R&D facilities abroad.
Nevertheless, this positive impact is not observed for SHAI, suggesting that multidisciplinary

country-industry pairs do not seem to own more foreign inventions.

The results of the last two variables (R&D Int. and Size), varying only across countries and
over time, confirm mainly the findings of Guellec and van Pottelsberghe de la Potterie (2001,
2004) based on a cross-section of countries for EPO, USPTO and triadic patent527.

Concerning the technological intensity of countries, we can distinguish between the different
types of internationalization. First, the R&D intensity has a negative and significant impact
on SHII and SHIA. The more a country is intensive in research and development, the less its
inventors take part in international co-invention. In other words, inventors in countries with
higher technological capacities —i.e. a larger home knowledge base — do not need as much as
others collaboration with foreign researchers. It thus reinforces the results of RTAc and reflects
that researchers cooperate with abroad to fulfill their weak innovative environment. Moreover,
the higher the technological intensity of a country, the lower foreign applicants control its in-
ventions. Indeed, Guellec and van Pottelsberghe de la Potterie (2001) concluded that leading
innovative countries are not being “techno-sourced, at least not through foreign ownership of
their inventions.” Second, the impact of technological intensity on SHAI is positive and sig-
nificant. It illustrates that companies in countries with higher R&D intensity have a higher
tendency to own foreign innovation; it can be explained by a higher absorptive capacity of the
knowledge flows related to these foreign locations of R&D (Cohen and Levinthal, 1989; Song
and Shin, 2008).

Finally, the size variable has globally a negative impact, although poorly significant. It seems
to reflect that firms in smaller countries do not only collaborate relatively more in patenting
with foreigners but they also “participate relatively more in global sourcing of innovation” (as
suggested by Thomson, 2013 for home and host country of R&D offshoring). In the same vein,
these empirical findings indicate that internationalization of innovation is not purely market
driven since large economies are not the target of foreign applicants in international patenting
experiences (see columns (3)-(4) for SHIA).

?’Patent families applied in Europe, the US and Japan.
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7 Conclusions

In a world in which geographical borders are less and less relevant for production, trade and
research, this paper aims at better understanding the globalization of innovation production.
Using patent-based indicators, I firstly provide evidence on the extent to which the production
of innovation takes place internationally. While most studies in the literature were carried out
on a limited number of firms (mainly MNESs) or at cross-country level only, I prefer to use a
more aggregated approach based on a unique panel dataset composed of 21 industries in 29
countries over 25 years. It allows us not only to better control for differences across industries,
across countries and over time, but also to evaluate the relationship between the specialization
of countries across industrial sectors and their internationalization of technology. Secondly,
a fractional logit model is estimated to highlight main determinants behind the intensity of
four types of globalization of innovation production: (1) co-invention (patent with inventors
from different countries) (2) co-ownership (patent with applicants from different countries); (3)
foreign ownership of domestic innovation (patent with domestic inventors and foreign appli-
cants) and (4) domestic ownership of foreign innovation (patent with domestic applicants and

foreign inventors).

Although the amplitude of globalization remains quite limited in the production of innovation,
the patterns described in the first part of this paper confirm a strong growth in the intensity of
internationalization of innovation — in addition to the so-called patent explosion. For instance,
between 1980 and 2005, the intensity of co-invention in PF has been multiplied by 5 while the
intensity of cross-border ownership of patents has known a growth rate superior to 200%. More
importantly, the descriptive evidence shows still strong differences across countries and indus-
tries. First, the size of innovative effort of countries (or industries) is not necessarily reflected
in the degree of internationalization of their patents. Second, the ownership of innovation re-
mains still strongly geographically concentrated whereas the location of innovation is spread
across borders.

The empirical findings of this paper indicate that globalization of innovation production is
driven by home-base augmenting motives. Indeed, taking an industry perspective shows that
the degree of internationalization of innovation is negatively related to the revealed technolog-
ical advantage of countries across industries. Countries have a tendency to be more globalized
in industrial sectors in which they are less technologically specialized. Additional results also
provide evidence suggesting that international patenting is a way to compensate for technolog-
ical weaknesses at home, rather than to exploit home technological strenghts in large foreign
markets. In fact, the intensity of globalization of innovation is higher for small economies and
for countries with low intensity of R&D expenditures, both indicating a smaller technologi-
cal knowledge base. Strong innovative performance reduces the incentives to collaborate with
foreigners in order to co-invent new technology. Countries with stronger research and devel-
opment acitvities and large economies have also a lower risk that their domestic inventions are
controlled by foreigners. By contrast, higher R&D intensity seems to stimulate the cross-border

ownership of foreign innovation.

Concerning the relationship with international trade of goods, the impact is more ambiguous.
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On the one hand, the impact of export and import — particularly concerning the cross-border
ownership of innovation (SHIA and SHAI) — does not seem to confirm that globalization of
R&D is largely market oriented. On the other hand, the international competitiveness (in terms

of trade) of country-industry pairs positively affects the degree of globalization of innovation.

Finally, I show that the multidisciplinarity of research matters to explain internationalization
of innovation. Again, it reinforces the argument saying that globalization is a mean to find
complementary assets abroad. The more complex and interdisciplinary the technological de-
velopment, the more likely you would need to collaborate on an international basis to find the
necessary competences. Moreover, this positive impact suggests that country-industry pairs
presenting more diverse patenting efforts — across a larger number of different technologies —

are more attractive for foreign applicants.

However, these conclusions require further research. In particular, similar patent-based indi-
cators can be used not only to measure the globalization of innovation of country with the
rest of the world but also to study more precisely who collaborates with whom in the glob-
alized production of innovation. Focusing on the bilateral relationships (with a same global
approach, across countries, industries and over time) would allow us to control more precisely
about home and host characteristics and especially to investigate the effects of distance factors
(such as geographical distance, institutional differences or technological proximity) on interna-
tional patenting experience. This kind of methodology would help to better understand where

country-industry pairs are going to compensate for their weak technological environment.
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Appendix Tables

Table A.1: Industry definition

ISIC Rev 3. Industry description

FOOD 15 Manuf. of food products and beverages
TOBA 16 Manuf. of tobacco products
TEXT 17 Manuf. of textiles
WEAR 18 Manuf. of wearing apparel; dressing and dyeing of fur
LEAT 19 Tanning and dressing of leather; Manuf. of luggage, handbags, saddlery, harness
and footwear
WOOD 20 Manuf. of wood and of products of wood and cork, except furniture; Manuf. of
articles of straw and plaiting materials
PAP 21 Manuf. of paper and paper products
PETR 23 Manuf. of coke, refined petroleum products and nuclear fuel
CHEM 24 Manuf. of chemicals and chemical products
RUBB 25 Manuf. of rubber and plastics products
MINE 26 Manuf. of other non-metallic mineral products
META 27 Manuf. of basic metals
FABM 28 Manuf. of fabricated metal products, except machinery and equipment
MACH 29 Manuf. of machinery and equipment n.e.c.
COMP 30 Manuf. of office, accounting and computing machinery
ELEC 31 Manuf. of electrical machinery and apparatus n.e.c.
COMM 32 Manuf. of radio, television and communication equipment and apparatus
INST 33 Manuf. of medical, precision and optical instruments, watches and clocks
AUTO 34 Manuf. of motor vehicles, trailers and semi-trailers
TRAN 35 Manuf. of other transport equipment
MISC 36 Manuf. of furniture; manufacturing n.e.c.
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Table A.2: Total count of patent applications per country (1980-2005)

Country PFINV! PFAPP? PFII PFAA PFIA PFAI EPO INV! EPO APP? EPOII EPOAA EPOIA EPO Al
Australia* 163978 160764 3648 2446 6295 2815 15931 13246 2541 522 3714 1436
Austria 49709 40978 6543 2029 12799 4711 23273 19157 4723 2643 7703 4130
Belgium 44002 34869 8563 2307 13363 5137 28096 20702 8419 1937 11781 5744
Canada 113941 105713 10896 3254 16492 10378 27413 21931 7218 1166 9405 5702
Czech Republic 8820 8220 867 309 1002 525 1089 711 434 71 545 197
Denmark* 32967 31168 3072 1308 4034 2898 14564 13157 2542 686 3044 2395
Finland 59310 61129 2632 1392 2689 5609 18511 19368 2192 320 1942 4088
France 327671 314903 19353 6428 28461 19035 148540 139089 17688 8315 28067 20314
Germany 912523 887729 45368 13666 57236 49671 390360 368160 37465 14573 51459 39537
Greece 17770 17354 440 146 579 151 1177 825 347 56 422 79
Hungary 40182 39306 968 419 1417 566 2788 2059 609 85 864 167
Iceland 808 662 174 46 230 99 440 286 173 23 227 107
Ireland* 21808 21183 1476 553 2214 1784 3574 3682 1112 306 1380 1741
Italy 212617 203466 6539 2368 12714 3984 70301 61652 5687 1531 11433 3348
Japan 7908626 7903434 15958 10623 25274 22336 318504 315324 8527 3749 12076 10810
Luxembourg 2940 4105 866 331 998 2404 1594 2720 742 170 833 2165
Mexico 8339 7609 644 150 1016 287 852 394 381 52 518 63
Netherlands 87467 91368 10654 7362 17573 22716 74898 90510 9866 15333 14586 31051
New Zealand 15691 15160 765 488 1111 590 2350 1894 482 104 626 238
Norway 27566 26687 1805 766 2348 1787 6363 5709 1232 223 1500 1166
Poland 87376 86697 1274 463 1252 839 1258 759 483 94 603 110
Portugal 3133 2973 287 89 395 259 721 578 224 42 308 182
Rep. of Korea 774179 776358 5912 2121 3169 9002 22318 22202 1229 387 1155 1393
Slovakia 3504 3288 433 164 417 282 306 155 166 19 189 48
Spain 51323 47772 3553 836 4930 1989 13248 10031 2472 417 3874 806
Sweden 109928 111852 6095 3070 8124 11924 38656 39614 5010 1581 6594 9336
Switzerland 99513 106050 17215 6239 18192 31822 61511 72105 15900 5895 13227 31556
United Kingdom 478639 448436 23833 12496 49520 20316 115950 95246 19204 11793 38309 17322
United States 1666469 1695302 66181 25849 70129 126878 527881 528581 48697 12054 56627 79783

Source: own calculations based on PATSTAT database (April 2009)
Notes: * indicates countries that suffer from a coverage problem, concerning the PF indicators, identified by de Rassenfosse et al. (2013, p 734). Those countries were not taken

into account in the empirical model for PF. ! Total count of patent applications based on inventor criterion. > Total count of patent applications based on applicant criterion.



Table A.3: Total count of patent applications per industry (1980-2005)

Industry PF EPO

COUNT II AA TA/AI COUNT II AA TA/AI
FOOD 196275 2295 872 5120 27581 2788 1498 6037
TOBA 9389 120 56 247 1805 79 12 221
TEXT 66233 887 280 2006 15317 1196 336 2566
WEAR 27718 159 57 453 3664 144 24 383
LEAT 19084 196 76 666 3876 152 38 588
WOOD 61622 213 92 586 4838 130 33 376
PAP 141871 1056 365 2470 22169 1174 306 2690
PETR 61213 1288 442 2514 14354 1123 598 2504
CHEM 1649839 31624 10536 59601 465107 42929 13820 82073
RUBB 604055 4871 2084 14411 99997 4414 1999 13674
MINE 531458 4070 1606 9308 69969 3532 1329 8739
META 445355 3715 1371 7036 49652 2766 1023 5776
FABM 502937 3266 1113 9775 73015 2344 734 7477
MACH 3149820 22429 8348 60084 422627 16320 6131 46804
CcCOMP 2086155 15845 5909 46480 218321 8449 3930 28036
ELEC 808823 5573 1728 16066 105438 3615 1483 11789
COMM 2683105 22706 9574 65620 324360 14560 6852 48024
INST 1870777 18394 6720 44074 329007 17367 6799 43933
AUTO 905974 6561 2099 18336 134038 4475 2033 13572
TRAN 180800 1465 511 3202 29745 895 272 2045
MISC 393262 1787 926 5451 39636 1046 466 3498

Source: own calculations based on PATSTAT database (April 2009)
Note: see Appendix Table A.1 for the description of the industries.
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Table A.4: Description of variables

Variable

Description

Dependent Variables [i,k,t]

Egg gg?A Share of international patents in the total number of patents, see equations (1)

EPO SHAI to (4) considering counts of patent applications at the European Patent Office
(EPO)

EPO SHAA

PF SHII

PF SHIA Share of international patents in the total number of patents, see equations (1)

PF SHAI to (4) considering counts of priority filings (PF)

PF SHAA

Explanatory variables

RTAc EPO inv [i kt]

RTAc EPO app [i k,t] Indicator of Revealed Technological Advantage described in equation (8)

RTAc PF inv [i k,t] counting either EPO or PF based on inventor (inv) or applicant (app).

RTAc PF app [ikt]

Export [i,k,t] export of goods (in log)

Import [i,k,t] import of goods (in log)

RCAc [ikt] Same formula as equation (8) replacing patent counts by export of goods

Net trade [i,k,t] Exportj—Importi

Export;  ;+Import; ;.

Multi. EPO inv [i,k t]
Multi. EPO app [ik,t]
Multi. PF inv [i k t]
Multi. PF app [i k,t]

Number of distinct 4-digit IPC classes (in log) — outside the scope of the
industry k defined by the concordance table of Schmoch et al. (2003) — listed
on patents (EPO or PF) of industry k in country i (inv or app) at priority year ¢

R&D Int. [i,t]
Size [i,t]

log of the ratio of R&D expenditures divided by the GDP of country i at year ¢
log of the GDP of country i at year ¢

Sources: own calculation based on PATSTAT April 2009 database for patent-based variables; OECD
STAN Database for Structural Analysis for Trade series; OECD Main Science and Technology Indicators
2011 for R&D. Int.; and OECD National Accounts data files for Size.
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Table A.5: Descriptive statistics

Variable Obs. Mean SE Min  Max
Dependent Variables [i,k,t]

EPO SHII 10043 0.165 0.202 0 1
EPO SHIA 10043 0.232 0.238 0 1
EPO SHAI 9789  0.167 0.201 0 1
EPO SHAA 9789  0.057 0.118 0 1
PF SHII 9481 0.082 0.120 0 1
PF SHIA 9481 0.123 0.159 0 1
PF SHAI 9402  0.086 0.134 0 1
PF SHAA 9402  0.027 0.060 0 1

Explanatory variables
RTAcEPOinv [ikt] 10043 -0.014 0.321 -0.991 0.984
RTAc EPO app [i,kt] 9789 -0.012 0.332 -0.986 0.985

RTAc PF inv [i k,t] 9481 0.018 0.322 -0.928 0.977
RTAc PF app [ik,t] 9402 0.020 0329 -0949 0977
Export [i,k,t] 10043 21.410 1756 7.467 25.651
Import [i,k,t] 10043 21.720 1.327 15970 25.949
RCAc [i,k,t] 10043 -0.118 0.370 -1.000 0.981
Net trade [i,k,t] 10043 -0.118 0.390 -1.000 0.967

Multi. EPOinv [i,k,t] 10043 3.360 1.454 0 6.207
Multi. EPO app [i,k,t] 9789  3.355 1.449 0 6.209
Multi. PF inv [i k,t] 9481  3.285 1.566 0 6.207
Multi. PF app [ik,t] 9402 3250 1.574 0 6.209
R&D Int. [i,t] 10043 0.458 0.533 -1.874 1.418
Size [i,t] 10043 26.593 1.405 22.406 30.042

Note: The number of observations per variable corresponds to the one of the largest sample used in the
empirical approach.
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Table A.6: Correlation matrix

(] [2] (31 [4 [51 [6] [71 [8] [91 [10] [11] [12] [13] [14] [15] [l6] [17] [18] [19] [20] [21] [22]

1e

EPO SHII 1

EPO SHIA 073 1

EPO SHAI 062 042 1

EPO SHAA 037 047 047 1

PF SHII 059 048 051 022 1

PF SHIA 045 060 040 023 078 1

PF SHAI 041 029 067 021 074 056 1

PF SHAA 033 035 036 037 057 059 055 1

RTAc EPO inv 2010 -010 -010 -0.04 -006 -007 -004 -0.03 1

RTAcEPOapp 013 -025 -002 -007 -009 -016 -001 -005 093 1

RTAc PF inv 010 -013 -007 -004 -017 -018 -012 -009 066 0.66 1

RTAc PF app 010 017 003 -004 -017 026 007 -011 065 068 097 1

Export 006 002 000 003 002 005 002 003 007 005 0.06 0.05 1

Import 006 -001 -004 003 -001 003 -003 001 012 -012 -010  -0.11 0.81 1

RCAc 001 -001 005 004 001 001 003 003 041 0.40 036 035 055 0.11 1

Net trade 2003 -005 004 001 003 003 006 004 028 026 024 023 0.61 0.05 0.80 1

Multi. EPOinv 019 -016 -013 006 -016 -013 -012 -011 -007 -0.09  -0.04  -0.05 0.63 0.67 0.06 0.19 1

Multi. EPOapp 021 -020 -011 006 -019 019 010 -011 -007 -007 -003  -0.03 0.61 0.65 0.05 0.18 0.99 1

Multi. PF inv 019 -016 -013 -006 -016 -013 012 -011 -0.07 009  -004  -0.05 0.63 0.67 0.06 0.19 1.00 0.99 1
Multi. PF app 021 -020 -011 006 -019 -019 -010 011 -007 007  -003  -0.03 0.61 0.65 0.05 0.18 0.99 1.00 0.99 1
R&D Int. 022 -026 005 009 -001 -005 015 -003 016 -017 011  -0.11 031 026 0.03 0.20 045 046 045 046 1

Size -0.29 -0.26 -0.23 -0.09 -0.25 -0.23 -0.23 -0.14 -0.09 -0.09 -0.03 -0.03 0.61 0.71 0.05 0.10 0.62 0.62 0.62 0.62 0.39 1




Table A.7: Main OLS estimation results for EPO patent applications

1) (2) 3) (4) &) (6) ) (8)
Dep. var. SHII SHII SHIA SHIA SHAI SHAI SHAA SHAA
RTAc inv -0.152%**  -0.1562**  -0.139***  -0.138***
(0.0120) (0.0121) (0.0127) (0.0127)
RTAc app -0.0198*  -0.0200*  -0.0384***  -0.0396***
0.0112)  (0.0115)  (0.00829)  (0.00828)
Net trade 0.0474*** 0.0402%** 0.0258*** 0.0157**
(0.00785) (0.00942) (0.00813) (0.00615)
RCAc 0.0465*** 0.0373*** 0.0257*** 0.0178***
(0.00887) (0.0105) (0.00929) (0.00649)
Multi. inv 0.0159**  0.0142***  0.0168***  0.0154***
(0.00496)  (0.00497)  (0.00586)  (0.00588)
Multi. app -0.00233 -0.00321 0.00800** 0.00736**
(0.00526)  (0.00526)  (0.00320)  (0.00318)
R&D Int. -0.0531***  -0.0525***  -0.0968*** -0.0961***  0.0334*  0.0338* 0.0148 0.0148
(0.0168) (0.0168) (0.0226) (0.0226) 0.0173)  (0.0174) (0.0131) (0.0132)
Size -0.0154 -0.0137  -0.0892**  -0.0879**  0.0380 0.0388 -0.0413* -0.0407*
(0.0332) (0.0340) (0.0433) (0.0435)  (0.0463)  (0.0467) (0.0242) (0.0244)
Country FE yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Industry FE ~ yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Year FE yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
R-squared 0.398 0.398 0.399 0.399 0.403 0.403 0.163 0.163
Obs. 10,043 10,043 10,043 10,043 9,789 9,789 9,789 9,789

Notes: Robust standard errors in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10%

levels, respectively. The rows “country FE”, “industry FE”, and “year FE” report the significance levels
of the joint effect of these fixed effects.
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Table A.8: Main Tobit estimation results for EPO patent applications

1) (2) ) 4) (5) (6) ) (8)
Dep. var. SHII SHII SHIA SHIA SHAI SHAI SHAA SHAA
RTAc inv -0.164***  -0.164***  -0.137***  -0.134***
(0.0150) (0.0153) (0.0154) (0.0155)
RTAc app -0.00304 -0.00305 -0.0383*** -0.0404***
(0.0150) (0.0155) (0.0137) (0.0138)
Net trade 0.0613*** 0.0487*** 0.0295*** 0.0302***
(0.0106) (0.0117) (0.0105) (0.0111)
RCAc 0.0564*** 0.0405*** 0.0273** 0.0327***
(0.0119) (0.0127) (0.0120) (0.0113)
Multi. inv ~ 0.0318***  0.0297***  0.0273***  0.0258***
(0.00676)  (0.00678)  (0.00737)  (0.00741)
Multi. app 0.0106 0.00965  0.0316%**  0.0305***
(0.00722)  (0.00721)  (0.00672)  (0.00666)
R&D Int. -0.0346  -0.0333  -0.0872*** -0.0859*** 0.0876** 0.0886***  0.0583***  0.0588***
0.0211)  (0.0212) (0.0260) (0.0260) 0.0226)  (0.0227) (0.0222) (0.0222)
Size 0.00869 0.0109 -0.0867*  -0.0852* 0.0708 0.0716 -0.0202 -0.0206
(0.0385) (0.0395) (0.0492) (0.0493) (0.0518) (0.0521) (0.0453) (0.0457)
Country FE yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Industry FE ~ yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Year FE yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Pseudo LL 97.06 88.53 -556.8 -564.8 -174.5 -176.4 54.36 55.26
Obs. 10,043 10,043 10,043 10,043 9,789 9,789 9,789 9,789

Notes: Robust standard errors in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10%

levels, respectively. The rows “country FE”, “industry FE”, and “year FE” report the significance levels
of the joint effect of these fixed effects.
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Table A.9: Main fractional logit estimation results for Priority Filings (PF)

(1) () €) (4) (5) (6) ) (8)

Dep. var. SHII SHII SHIA SHIA SHAI SHAI SHAA SHAA
RTAc inv -0.786***  -0.794**  -0.640***  -0.638***
(0.104) (0.104) (0.105) (0.105)
RTAc app -0.00155 -0.0159 -0.616*** -0.603***
(0.111)  (0.112)  (0.146) (0.147)
Net trade 0.266*** 0.318*** 0.125 0.348***
(0.0847) (0.0848) (0.0783) (0.111)
RCAc 0.254*** 0.275%* 0.133* 0.250%**
(0.0764) (0.0807) (0.0752) (0.0955)
Multi. inv 0.0336 0.0304 0.0425 0.0399
(0.0424)  (0.0421)  (0.0446)  (0.0446)
Multi. app 0.0618  0.0603  0.0733 0.0736
(0.0457)  (0.0458)  (0.0672)  (0.0670)
R&D Int. -0.428*  -0.429**  -0.514** -0.518** 0.389**  0.391**  (.435* 0.440*
(0.174) (0.174) (0.157) (0.157) 0.191)  (0.191)  (0.263) (0.262)
Size 0.215 0.143 0.315 0.228 -0.233 -0.270 -0.985 -1.054
(0.392) (0.395) (0.430) (0.433) 0.345)  (0.347)  (0.642) (0.643)
Country FE yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Industry FE yes*** yes*** yes*** yes*** yes*™*  yes™*  yes™* yes***
Year FE yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes***
Pseudo LL -1762 -1762 -2268 -2268 -1733 -1733 -835.8 -836.2

Observations 9,481 9,481 9,481 9,481 9,402 9,402 9,402 9,402

Notes: Robust standard errors in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10%
levels, respectively. The rows “country FE”, “industry FE”, and “year FE” report the significance levels
of the joint effect of these fixed effects. The additional estimation results (presented for EPO applications

in Table 6 and Appendix Tables A.7, A.8 and A.10) are also confirmed for PF and are available upon
request.
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Table A.10: Robustness results on SHIA for EPO patent applications

1) (2) 3) 4)

Dep. var. SHIA SHIA SHIA SHIA
RTAc app -1.273%*  -1.173***  -1.271%% -1.279***
0.0671)  (0.0668)  (0.0674)  (0.0666)
Export 0.123***
(0.0248)
Import 0.0467
(0.0508)
Net trade 0.321**
(0.0658)
RCACc 0.314***
(0.0638)
Multi. inv 0.169**  0.186***  0.177***  0.168***
(0.0320)  (0.0328)  (0.0319)  (0.0319)
R&D Int. -0.472%*  0.431%*  -0.440*** -0.441**
(0.114) (0.111) (0.113) (0.113)
Size -0.360 -0.305 -0.261 -0.238
(0.233) (0.237) (0.229) (0.231)
Country FE yes*** yes*** yes*** yes***
Industry FE yes*** yes*** yes*** yes***
Year FE yes*** yes*** yes*** yes***
Pseudo LL -3282 -3289 -3283 -3283

Observations 9,772 9,772 9,772 9,772

Notes: Robust standard errors in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10%
levels, respectively. The rows “country FE”, “industry FE”, and “year FE” report the significance levels
of the joint effect of these fixed effects.
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