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Abstract.

The paper deals with the determinants of worldwide IP coverage of patented inventions in
large pharmaceutical firms. We support the core idea that the internationalisation of firm
R&D and an economic presence in a foreign country are positive key factors which explains
global IP coverage. For the global pharmaceutical industry, we estimate probit models on the
probability that a patent will be expanded worldwide. We retain two categories of worldwide
patent: the well-known triadic patent and the new triadic one (triadic + China + Korea). The
data set encompasses the 17,633 priority patents applied for by 76 enterprises from several
countries over the period 2003-2005. One important finding is that patenting in Japan sets up
an important barrier, giving Japanese firms an advantage when triadic patenting is
considered. For European and US firms, our estimation results confirm the idea that the level
of firm R&D internationalisation is a significant explanatory factor in international IP
coverage, together with control variables. We highlight an inverted U-shaped relationship
between these two variables. The hypothesis related to a firm economic presence is also
verified.
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1. Introduction and motivation: Scale and determinants of worldwide IP coverage and
technology internationalisation

One particular important advantage of the patent system is to authorise the possible
worldwide extension of the protection of an invention patented in the country of origin.
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Thanks to the Paris Convention (1883) this process is becoming legal. The decision to extend
protection abroad is now well documented (Baudry et al., 2006; Maskus, 2000; Park, 2008).
The scale and the motives of worldwide patent coverage have been a significant topic that has
long been investigated (among others: Lanjouw et al., 1998). Extending patents to different
countries after obtaining a priority patent is an important phenomenon from a firm economic
performance perspective. In the globalised economic world firms, often, but not only, large,
have to sell their products on several foreign markets in order to amortise the costs of tangible
and intangible investments. When new products are at stake it appears crucial to patent in
foreign countries in order to be sure innovative firms keep their capacity to take and maintain
durable advantages over their competitors. As a consequence, worldwide IP coverage of
inventions is an important element of firm growth and sets up a strategic challenge for firms
(presumably large) to protect their rents stemming from innovations.

The internationalisation of technology and innovation activity matches an important trend
that is potentially important for the extension of worldwide patenting. This takes many
pictures. Twenty years ago, Archibugi and Michie (1997) suggested dealing with the global
generation of technology separately from the global exploitation of technology. The first is
mainly related to the level of internationalised firm R&D activity (see the framework
constructed by Dunning, 1997; Kuemmerle, 1997; Lall, 1979, Rugman, 1981). Its scale
depends on countries, sectors, and firm size (see the evidence gathered by Patel and Vega,
1999; Le Bas and Sierra, 2002).

The international exploitation of technology has two important features: a) international
transactions on the market for technology (licensing) and b) the sales of new products (or old
products manufactured by the new production process) on foreign markets. The latter are
much more well-known and are largely driven by the forces of international trade.
Nevertheless, an important point that should be emphasised strongly here is that the firms
have to protect their inventions legally, through patenting on foreign markets, in order to
increase value from their technologies (Archibugi and Michie, 1997). As a consequence, the
internationalisation of patenting activity is related to technology internationalisation. In our
study we focus on the process of the global generation of technology and consider one of its
main aspects: the process of R&D internationalisation. This topic has been extensively
investigated in the literature (see among others: Dunning and Lundan, 2009, Moncado-
Paterno-Castello, 2011; Narula and Zanfei, 2005; OECD, 2005; Patel and Pavitt, 1991;
UNCTAD, 2005). The drivers and consequences of the internationalisation of corporate
invention have attracted particular attention (Frost, 2001; Ambos, 2005; Abramosvsky et al.
2008; Sachwald, 2008). One important issue is to know if R&D activity is increasingly
internationalised (Cantwel, 1995; Moncada-Paterno-Castello et al., 2011). At the turn of the
century, studies concluded that there was an increasing internationalisation movement but
underlined the rather limited levels of internationalisation (Patel & Vega 1999, Roberts 2001,
Le Bas & Sierra 2002, UNCTAD 2005, Doz et al., 2006). By contrast the recent papers by
Laurens et al. (2015a, 2015b) clearly envisage a possible R&D deglobalisation for European
MNCs between 1994 and 2005. The interpretation is that managerial focus is shifting towards
the organisational consolidation of the existing complex international R&D structures, in line
with Gammeltoft’s (2006) analysis. These provide relevance for works which note the
importance of factors in favour of home country centralisation (Almeida, 1996; Bjorvatn and
Eckel, 2006; Branstetter, 2006). The increasing significance of transaction costs when R&D



internationalisation is intensified was also recently pointed out by lammarino and McCann
(2013). Many arguments have been put forward regarding the motives for investing in R&D
activity abroad (see among others Barlett and Ghoshal, 1989; Piscitello, 2011). An important
framework relating to the motivations for locating R&D abroad is based on the important
contributions by Dunning (1997), Kuemmerle (1997), Ronstadt (1978) and Rugman (1981).
In summary, the two main reasons why firms internationalise their technological activities
are: 1) the necessary adaptation of products and processes to foreign conditions, a
compulsory rule for penetrating markets abroad; and 2) the acquisition of knowledge and
expertise from foreign R&D centres and universities. An important summarised picture was
provided by Kummerle (1997), noting that a firm goes abroad to augment the firm’s
capabilities, and not only to exploit further existing capabilities. This perspective has been
developed in empirical studies that have all convincingly shown that the dominant strategy as
far as location abroad is concerned was of the Home Base Augmenting (HBA) type and not
the Home Base Exploiting (HBE) type (Patel & Vega 1999, Le Bas & Sierra 2002). In these
two dominant options MNCs have relative advantages at home: HBA strategies characterise
locations that have complementary strengths to those created at home, HBE strategies consist
in exploiting abroad the advantage created at home.

In this article we analyse IP internationalisation (IPI in short) as related to technology
internationalisation (TI) and firm strategy. We consider the sector of the pharmaceutical
industry where IP rights are of particular importance as the provider of the empirical material
for this study. The ideas are developed as follows. The next section presents a literature
survey, the research question and our main hypotheses. Section 3 portrays the global
pharmaceutical sector as the context of the study, the data set and the firm sample. Section 4
is related to the modelling, the variables we have built up, and the econometric strategy.
Section 5 provides information on our estimations and results.

2. Literature survey, research question and main hypotheses

The factors explaining why firms and, more specifically, MNCs, protect their patented
inventions abroad and for the most part in large economies have received little attention in
the literature. The intrinsic economic value of patented invention crucially affects the
decision to patent internationally (Chan, 2010). Moreover, in the last few decades the so-
called TRIPs agreement has pushed countries wishing to access global markets to strengthen
their IP regimes to reach a level similar to the standard implemented in developed countries
(Bosworth, 2006). As a consequence, the dynamic underlying TRIPs sets up an important
institutional driver of the growth of IP. Despite the harmonisation of patenting laws across
countries the strength of the IPR regime establishes an important element. A firm will be
reluctant to extend its patents in foreign countries where it cannot defend its rights in court
(Allred and Park, 2007). The importance of patent enforcement is noted by Chan (2010) for
agricultural biotechnology inventions. Differences in filing costs play a significant role as
well because this influences earnings from an international patenting (Chan, 2010). As
regards international IP coverage, product competition matters (Huang and Jacob, 2014). In
effect it has recently been noted that patenting is strongly correlated to the firm’s capacity to
maintain a certain market power (Fisher I11 and Oberholzer-Gee, 2013). We must also bear in
mind that strategic motives (for example blocking competitors) may also play a role.



Nevertheless, the process of IPI cannot be explained by the sole wish to maintain the firm’s
freedom to operate its products or its market power on international product markets. As this
process is costly, a firm also expects to compensate such costs by licensing its new
technology and/or by increasing its market share abroad, thanks to its innovative products and
its market power. Surprisingly no study envisages the decision to patent the same invention
in a set of countries in relation to the international position of the firm. To our knowledge, the
only exception is the work by Chan (2010), which shows that international trade positively
affects the decision to patent internationally. The issue we want to address is whether the
degree and scope of the firm’s R&D internationalisation (we also use the term Technology
internationalisation, or TI) has an impact on the scale of firm IPIl coverage. In order to
monitor IPl coverage, one could rely on international applications using the PCT (Patent
Cooperation Treaty) procedure, or follow the geographical extensions of a priority
application in a selection of countries. In this latter strand, the OECD has set up patent
indicators based on triadic patent families, i.e. patents filed at the EPO (European Patent
Office), JPO (Japanese Patent Office) and USPTO (United States Patent and Trademark
Office), which share one or more priorities (Dernis and Khan, 2004). These families are built
to filter a set of patents covering a more homogeneous set of inventions (getting rid of the
patent office bias), and the most important inventions (at least those applied for in the world’s
largest markets). Reducing the home country advantage, triadic families are used to produce
indicators for international comparisons (OECD, 2016, de Rassenfosse, 2009). However, the
choice of selecting only Triad countries has also raised doubts. It is increasingly argued that
the fast-growing Asian countries, in particular China but also Korea, should be taken into
consideration in order to include the shift in patenting in these countries (Sternitzke, 2009).

We share these views and will rely on both the IP extension in the Triad countries and in the
Triad, plus the China and Korea zone (Extended Triad) as indicators of IP coverage. In this
paper we construct our empirical analysis through the use of triadic patenting. As a
consequence, when we talk about IPI or international patenting we have in mind
intercontinental protection as measured by triadic and new triadic® patenting.

Our research question is related to the following idea: we observe a gap between, on the one
hand, an emphasis on the scale of R&D globalisation and, on the other hand, the fact that
only a few studies address this process as a potential driver of international IP coverage
(knowing other factors determines the process of international IP coverage). We want to fill
this gap by investigating the relation between international production of R&D activity and
international protection of patented inventions. Our perspective is that the more a firm has
internationalised its production of inventions, the more it is prone to patent activity in many
countries, and thus has also internationalised its IP activity. That is the main relationship we
would like to study. Consequently, we assume that R&D internationalisation may be a driver
of patenting international coverage. This idea is supported by the following view: strong IPR
protection is a positive determinant of technology investments and the attractiveness of R&D
facilities (Narula & Guimodn, 2010; Saggi, 2002). Moreover, strong IPR regimes are likely to
stimulate local patenting because MNCs are interested in protecting new knowledge
produced locally, as knowledge transferred from the home country. To put it simply in this
context, firms invest in R&D abroad then patent their inventions that are produced locally

! That is to say triadic plus China and Korea.



and extend patent protection abroad to obtain more economic value through sales of new
products or the licensing of new processes. Of course, when the IP regime is less strong the
story is a little different. In countries in which IP regimes are rather weak if the market is
large there is considerable evidence that location close to customers is an important motive
for the internationalisation of R&D. China provides the best example of this trend. For this
country empirical evidence shows MNCs patents increasing (Chen, 2008).

Our main hypotheses stem from the literature and from prior empirical study of our data set.
When a firm that we presume to be multinational conducts R&D activity abroad it has to
protect its inventions found in different countries by appropriate patent protection. The more
a firm is involved in R&D activity in foreign countries, the more it has to extend its national
protection in these countries. Firm motivation aims to prevent the process of knowledge
leaking out through knowledge workers’ mobility, and more generally from imitation by its
competitors. Consequently, our central hypothesis is:

Hypothesis 1. The more a firm is internationalised in terms of R&D, the higher will be the
probability that it applies a triadic or new triadic patent.

We cannot exclude the process of IPl meets a threshold, a level after which IPI is reversed
while R&D internationalisation is still increased. The literature says nothing about this
phenomenon. Nevertheless it is possible to put forth the following idea of a life cycle if IP
supporting such a trend. When a firm begins to internationalise its R&D activity, it patents its
own R&D internationally a lot. As a consequence IT and IPI are growing together. Because
triadic (and more generally international) patenting is costly, the firm learns step by step, in
order to manage its patent behaviour more effectively. In this context it is obvious a firm
continuing to internationalise its R&D should patent less abroad because it patents more
efficiently. With this perspective we can expect an inverted U shape relationship between
R&D internationalisation and firm level of IPI. In our tentative interpretation we consider the
timing of firm R&D internationalisation as a possible relevant important factor. This analyse
drives us to build a secondary option to Hypothesis 1, Hypothesis 1bis:

Hypothesis 1bis: The triadic and new triadic patenting varies with firm R&D
internationalisation level according to an inverted U shape relationship

Of course we will estimate different models in order to check which option is the more
relevant.

We are aware that T1 cannot alone trigger IPIl. Other factors matter, in particular the firm
strategy in terms of market protection of its new products. A firm has an interest in protecting
its market share by patenting abroad. The international extension of patent protection is a
behaviour that can be explained by a simple model of costs/advantages. Indeed, expanding
protection obtained in one particular country in other countries is costly. The level of costs
depends on the country’s regulation and on the duration of the protection. Besides application
and maintenance fees, additional costs emerge for enforcing patent rights in various

? Internationalisation in general equally plays a role. For example, according to Blind et al. (2003)
pharmaceuticals are more internationally oriented - and, therefore, have a higher average number of family
members - than for example machinery or automobiles.



countries. As a consequence, a firm has to be sure to benefit from protection through its
product’s commercial success or the protection due to the new technological process it uses.
As stated by Neuhausler and Frietsch (2013): ““... an application for a patent in a foreign
country means that the applicant tries to secure that market to sell his invention and is willing
to bear additional costs for the protection of his invention in the respective market. In this
sense, it is assumed that a patentee only files a patent abroad if he expects a corresponding
profit from the sale of the protected technology”. This comes as an important hypothesis:

Hypothesis 2. When a firm has a commercial or an economic activity in a country it increases
the probability of applying for a patent in that country.

3. Context of the study, data set and sample analysis

Our study is conducted on the pharmaceutical industry, where securing returns on R&D
investment is central to firms’ business models in Pharmaceuticals (WIPO, 2015: 27).

3.1. The pharmaceutical sector

Since the 1990s and the start of the “biotechnology revolution”, the pharma industry has
undergone huge changes (Malerba and Orsenigo, 2015). The need for new knowledge has
opened the way for newcomers, the biotech firms (often start-ups, spin-offs from US
universities) in an industry dominated for decades by an oligopolistic core of large firms in
Europe (Switzerland, the United Kingdom and Germany), and the US. It has resulted in “a
division of labour with the biotech firms and publicly funded laboratories focusing on basic
R&D and big pharma buying chemical compounds from the biotech firms and bringing a few
of them to market after long and costly steps of clinical trials and marketing campaigns”
(Mazzucato and Dosi, 2010) However, despite the promises of molecular biology and the
huge amount of money spent on R&D by firms in this new field of research, the
“productivity” of pharmaceuticals declined and far fewer new drugs were produced. At the
same time, a worldwide strengthening of drug regulations and regulation of drug prices in
many countries facing increasing healthcare needs (Japan, France, Italy...) put additional
pressure on the pharmaceutical industry. Firms’ innovative strategies to adapt were various
and depended both on factors internal to the firm (history, knowledge-absorbing capacity,
location, internal organisation) and factors related to their national innovation system. With
huge public R&D investments to develop biotech competences, strong IP protection, an
efficient funding system (mainly through the NIH), the presence of venture capital and a
well-integrated innovation system, the US took the lead in the molecular biology revolution.
Consequently, US pharma firms and public laboratories have attracted foreign FDI and
acquisitions from most of the big European pharma firms. Novartis delocalised its global
research headquarters in Cambridge (US) in 2002 and bought Chiron, a US biotech company,
in 2006. In 2007 Roche acquired several US biotech companies (454 Life Science, Bio Veris,
...), and Astra Zeneca bought MedImmune (US). In Europe, responses varied depending on
the country, but generally speaking there was a trend in the growth of firm size through
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international mergers and acquisitions (M&A): Swiss firms massively internationalised
worldwide, Hoechst-AG was acquired by Rhone-Poulenc Rorer, Knoll (BASF Pharma) by
Abbott in 2000, .... Japanese firms lagged behind and remained mostly focused on their
domestic market (the second largest market in the world). This resulted in “two types of firms
with distinct technological competencies and competitive strategies: a core of big pharma
generating new drugs and a group of imitators that rely on incremental imitations, taking
licences from the core group or manufacturing generic drugs” °. (Bottazzi et al., 2001).
While the latter group rely on the protected domestic market or, in countries with drug price
controls or low IP protection (low incentives for innovation), with me-too drugs, (huge
markets such as the market of generic drugs), the former group of firms rationalised their
resources, established networks with external partners, appropriated external knowledge and
resources through acquisitions or collaborations with biotech firms or public laboratories, and
increased their rate of M&A to strengthen and expand their markets. If large firms used to
locate their first R&D centres near their headquarters, they internationalised the most recent
centres in rich and knowledge-rich countries in biotech regions (most often in the US but also
in nearer European biotech clusters in the UK, Switzerland, France) and developed facilities
in countries with a high demand for drugs (France, Germany). Finally, there has been
evidence of a trend in the internationalisation of pharma R&D laboratories in emerging
countries such as China, Singapore and India since the mid-1990s: Sanofi, Glaxo or Pfizer
have built R&D facilities in India; in China, many Chinese pharma are joint ventures with big
western pharma (Roche SH, J&J SH, Xian-Janssen (J&J), Lederle SH (Wyeth) ...

Globalisation was mandatory for big pharma to rationalise their resources and to access new
markets in developing countries. The level of overall pharma R&D internationalisation can
be estimated from foreign FDI: 20% to 70% of pharma R&D investments are spent in foreign
countries (Gassmann et al., 2008). In 2007, the pharmaceutical industry generated 16.4 bn
EUR PPS inward BERD worldwide (Dachs et al. 2012). Besides access to the best basic
sciences in biotech regions, potential new drugs underwent a long process of clinical trials,
more easily carried out at lower cost in large emerging countries (India, China). The need to
consider patients’ genetic particularities also pushes for internationalisation in the drug
development process. Finally, drug manufacturing was also globalised but a trade-off
between drug production at low cost and sufficient IP protection to avoid imitation had to be
considered. To conclude, internationalisation in the pharma industry was a mandatory
strategy to face and adapt to the new stresses, to access global markets and prepare for the
future. The core of the pharma industry, the big pharmas in western countries, were the first
movers®. They initiated an abundant wave of internationalisation in the early 1990s and at the
turn of the century had become global players, acting “as nodal players with multiple
partnerships with a variety of companies” (Roijakkers and Hagedoorn, 2006) or as “network
integrators, rather than a prime locus of discovery” (Raffols et al., 2104). In contrast, most of
the largest Japanese pharma companies have remained centred on their domestic market.
However, in order to confront (new) foreign competition in their opening domestic market,

* The two strategies could be found in a single firm that can adopt different strategies according to the
product.

*In 2004, the first twelve pharmaceutical firms with the highest turnover were all located in western
countries: Pfizer (USA), GlaxoSmithKline (G.B.), Sanofi-Aventis (France), Johnson & Johnson (USA), Merck & Co
(USA), Novartis (Switzerland), AstraZeneca (G.B. / Sweden), Roche (Switzerland), Bristol-Myers Squibb (USA),
Wyeth (USA), Abbott (USA), Lilly (USA). Some of them merged later, like Pfizer, which bought Wyeth in 2009.



and also to access foreign markets, they have also started to internationalise (to a lesser
extent), mainly in the US and then Europe, in order to compensate for their lack of
knowledge in life sciences (Mahlich, 2010). The first foreign R&D centre was opened by
Esai in 1987 in Massachusetts. It was followed by other research facility openings,
acquisitions in the US and the UK (Fugisawa, Takeda, Kyowe Hotto, ...). In the mid-2000s,
biotech firms were acquired by leading Japanese firms (Takeda bought Syrrx in 2005 and
Paradigm Therapeutics in 2007).

IP rights are of particular importance in the pharmaceutical industry, as new drugs or
improvements to existing drugs are costly to develop and easily imitated at relatively low
cost. However, many countries with strong patent protection for other industrial products and
processes have not always provided strong protection for pharmaceutical inventions. In 1970,
only the US, the UK, France and Germany allowed new pharmaceutical products to be
patented in other countries, only pharmaceutical related processes were eligible for patent
applications.

Pharmaceutical product patents started to be patentable in Japan in 1976, in South Korea in
1987, and in China in 1993. The 1995 Trade-Related Aspects of Intellectual Property Rights
(TRIPS) Agreement required all member countries to provide pharmaceutical product and
process patents. In 2010, more than 90 per cent of all countries offered pharmaceutical
product patents. From the Pharmaceutical Intellectual Property Protection (PIPP) Index,
defined by M Liu and S La Croix to evaluate the overall level of Pharma IP protection in
countries, the level of protection in the countries included in this study is rather high (US:
451 (the highest value), Germany, Japan and the UK: 3.18, France: 2.92 and Korea: 2.02)
(Liu and La Croix, 2015).

Patent rights differ among pharmaceutical patents: process patents are considered as weaker
than product patents. The former do not prevent cost-based competitive entry by entrants with
superior manufacturing processes while the latter block entry by competitive (or generic)
products. In order to extend the exclusivity periods and delay the entry of generic products,
firms follow an evergreening stratetgy that consists in filing at different period of time
separate patents on the same product’s active ingredient but introducing changes in methods
of use, formulations, ...

Following TRIPS Agreement, the effect of patent policy on the welfare loss associated with
higher prices in emerging markets was largely evaluated (Chaudhuri et al., 2006). More
broadly, the patent rights impact on the rate of creation of new innovations and on their
further diffusion. National patent and governmental price regulation policies impact on the
speed at which new drugs become available in countries. With a set of more than 600 new
drugs®, Cockburn et al. (Cockburn et al., 2016) show how factors (health policy institutions,
economic and demographic factors) that make markets more profitable speed up drug
diffusion. Moreover, more extensive patent protection accelerates diffusion of new drugs
while price regulation delays it.

> The overall diffusion was quite limited : the mean number of countries in which a drug was launched was
22.4 (out of a possible 76). Only 39% of the drugs were launched in ten or fewer countries, and only 41% were
launched in more than 25 countries.



Governments have interest in allowing competition to decrease prices when patents expire.
This competition takes the form of “generic” firms who enter drug markets with a copy of the
branded drug at a lower price. Larger markets and large margins attract larger generic entry.
In western developed countries, the diffusion of generic products after patent expiry varies
significantly across countries (Magazzini et al, 2004). Regulatory environments play a role
and policies supporting price competition through the diffusion of generics after patent
expiration seems to be effective. The presence of licensed products on the market slows down
the generic entry. In BRIC and low income countries unable to afford patented drugs, nor
relatively expensive generics from western multinational firms, inexpensive generic drugs
coming first from India and, to a lesser extent from China widely diffuse. The powerful
Indian generic drug manufacturing sector is globally competitive and has, thus far, adapted to
over 200 different national markets across the globe, including the highly regulated drug
markets of Japan and the major Western economies (Jakovljevic, 2014).

3.2. The dataset

This research uses the worldwide patent indicator (de Rassenfosse et al., 2013) based on the
compilation of priority patent applications from more than 170 patent offices offered in the
Patstat database (version of October 2011). This overcomes the strong national bias which
hampers indicators based on data from a single patent office, covers all patented inventions
and clearly reveals the local nature of inventive activity (Rassenfosse et al. (2013). In this
respect, the worldwide indicator based on all priority patents provides a global view of MNC
internationalisation as it also integrates patents outside mainstream countries. Nevertheless,
this worldwide indicator has one drawback and treats equally patents applied for at offices
whose rules for patenting are more or less demanding, thus introducing an institutional bias.
It thus includes a high share of singleton patents, i.e. patents that have only been applied for
in the applicant home country without any geographical extension. This research avoids the
bulk impact of this bias by considering only priority patents that have been applied for in at
least in two different patent offices, in order to eliminate the lowest value patents. This
research exploits a database that identifies the priority patents applied for by the largest
industrial firms in the world. It has been built in three stages. First, a set of 2,800 large
industrial R&D performers has been established by complementing the list of 2,000 firms
identified in the 2009 edition of the IPTS “Industrial R&D Investment Scoreboard”, and with
top patent applicants from the WIPO, EPO and USPTO rankings. Second, relying on the
Orbis database edited by Bureau van Dijk Electronic Publishing, we have identified the
subsidiaries included in the consolidated perimeter of these industrial groups (considering
only subsidiaries in which one of the Global Ultimate Owners had more than 50.01% of
shares). Corporations’ boundaries are based on a single outlining of subsidiaries established
in 2008.

Third, the names of the firms and their subsidiaries have been looked for as potential
applicant names in the Patstat database after several stages of name cleaning, name
harmonising and filling of missing information. A detailed presentation of the building and
characterisation of this large firms’ database is provided in Laurens et al. (2015a). For this
research we also include a step to fill missing information in artificial patents, in particular



those due to claimed priorities, i.e. resulting from applications claiming a priority that cannot
be found in Docdb families®.

3.3 Sample analysis

For this research, we have restricted the set of firms to those that have applied for at least five
priority patents in both the three-year periods 1994-1996 and 2003-2005, and which retained
the European, US and Japanese firms in the pharmaceutical sector (sector 4570 of the
Industry Classification Benchmark (ICB): “Pharmaceuticals & Biotechnology”).
Geographical information concerns the national origin of corporations and the places where
the inventions occurred. This has been identified according to, respectively, the location of
the corporations’ headquarters and the personal addresses of inventors. When more than one
country appears in inventors’ addresses in a given patent, a fraction is attributed to each
country (fractional counting).

We obtained a corpus including 76 pharma firms: 30 of them are located in the US, 15 in
Japan and 31 in Europe. Counting patents is realised by counting the number of simple patent
families” (docdb families in the Patstat database). Detecting patent coverage is done by
retrieving the name of the different patent offices in each dochd patent family. We consider
only type A priority patents (we did not select type W, which corresponds to PCT patent
applications). This avoids double counting PCT applications: we only consider these when
they enter their regional or national phase). Our set of pharma firms has applied for 17,633
priority patents between 2003 and 2005 (Table 1). One third of them (5,776 patents) are
transnational priority patents, i.e. patents applied for in at least two different patent offices
worldwide. US firms, Japanese firms, German firms and firms from small European countries
each account for approximately 20% of these.

Table 1: Number of firms and patent families for priority patents and transnational priority
patents

The share of transnational priority patents over the total number of priority patents differs
according to the location of the firm’s headquarters. It ranges between 40% and 50% in most
European countries and is equal to 25% in the US and 20% in Japan. Taking into account that
priority patents most often protect domestic markets, it is not surprising that American and
Japanese firms focused first on the domestic market, as these countries are the two largest
markets for pharmaceuticals. In order to characterise the geographical extension of IP in
MNEs, we rely on information given in patent docbd families. For each transnational priority
patent, we compute from the list of the geographical applications of its docbd family if it is a
triadic patent (applications at EPO, USPTO and JPO), a new triadic patent (triadic patent plus

6 Completion of information on artificial patents relies on the retrieval of information from the nearest
completed patent in the Inpadoc patent family, which includes the artificial patent to be completed. The
retrieved information includes the names and addresses of inventors and applicants, ICP classes and docdb
family id (Laurens et al., 2017).

"A simple patent family includes all patent applications that share the same active priorities.
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application at SINO (China) and KIPO (Korea)), or not. We also compute transnational
priority patent applications at each of the five patent offices (Table 2). In our empirical study
we compute data related to triadic and new triadic patenting. Our study aims to account for
why a firm patents these.

Table 2: Share of patents with IP protection in the different countries or zones.

Table 2 shows that the US and Europe are the two regions where most transnational
pharmaceutical patents are applied for, either as priority patents or as a further geographical
extension (76% of transnational patents are applied for both at the USPTO and the EPO,
more than 80% in one of these two offices). This holds true for firms from western countries,
but also for Japanese ones. This indicates that, on the one hand, western countries are
considered to be large markets for pharmaceutical products wherever the firms are located,
and, on the other hand, that Japanese pharma firms have reached an invention level in
pharmaceuticals that permits them to apply for IP protection in western countries. This is also
in line with the fact that the value of the PIPP index for pharma IP protection in Japan is
similar to those of European countries. In the mid-2000s, it is thus no longer a huge step for
the largest Japanese pharma firms to extend their pharma patents worldwide. They have
already opened and started to compete on international markets by “creating a triad network
between Japan, the US and Europe” (Odagiri and Yasuda, 1996). The attractiveness of the
Asian pharmaceutical markets is much lower (with the exception of the high level of patents
that Japanese firms apply for in their domestic market). China is the first Asian country where
western firms apply for pharma patents (47% of transnational patents originating from
western firms designate China as a country for IP protection), before Korea (32%) and Japan
(17%). Such evidence may appear to be paradoxical since the Chinese system of patents is
still acknowledged to be weak. In fact, we now know much more about the motives of
patenting in China. Among the key factors, we note firms’ expectations on the future
development of China’s appropriability system and the use of patents as a signalling
mechanism (Keupp et al., 2012). Moreover, competition between foreign firms in China is
becoming fierce and accounts for the growth of foreign patenting in China (Hu, 2010). China
is also a country where firms locate clinical trials for limited costs.

The leading position of China as a country in which to search for IP can be compared with
the increasing trend for western firms to establish pharmaceutical facilities in China (after
China's WTO entry in 2001, most of the big pharma companies entered the Chinese market,
manufactured drugs and carried out less expensive medical and clinical trials and R&D),
despite a rather fragmented but promising market for drugs (Grimes, and Miozzo, 2015). As a
smaller but also promising and growing market Korea receives approximately one third of the
applications of transnational drug patents, while Japan lagged behind, receiving only 17% of
transnational pharmaceutical patent applications. This low level of applications from western
drug pharma in the early 20™ century shows that Japan, the second largest drug market, with
reinforced IP protection, was still considered to be a difficult market to penetrate by foreign

11



firms, perhaps due to the loyalty of customers to domestic drugs and strong price regulation®.
This acts as a barrier to the entry of foreign firms in the Japanese market. As a consequence
we have to consider, as an asymmetric position, a low share of transnational patent
applications in Japan by western pharma firms and the conversely high level of applications
in western countries by the Japanese. It explains why the share of triadic and new triadic
patents in transnational patents differs across western and Japanese pharma firms. For the
latter, almost 75% of their transnational patents are triadic, and almost one quarter of them
are new triadic patents. These shares are respectively only 15% and 4% for western firms.
The high level of triadic and new triadic patents in the transnational patent portfolios of
Japanese firms is specific to the pharmaceutical industry (we did not observe such a trend in
the ICT sector).

4. Modelling, Econometric Strategy and Variables

4. 1. Modelling and econometric strategy

We model the decision to extend patent protection internationally as follows. We assume the
decision to be governed by a cost/benefit process. In other words, the decision will depend on
the net profitability of the international coverage of a firm having already applied for one
priority patent. A firm extends its IP assets abroad according to the scale of the economic
benefits it can receive. Numerous empirical studies tend to show that a firm patents in foreign
countries when the market is considered to be important (Grupp and Smoch, 1999). Recently,
this finding has also been confirmed for firms in emerging economies (Chang, 2010; Hu,
2010). As a consequence, one of the main drivers of IPI is the economic size of the market in
which the firm searches to exploit its new knowledge (Chang, 2010). The need for effective
protection abroad becomes more crucial when domestic firms clearly have strategies of
imitation (Hu, 2010; Huang and Jacob, 2014). In other words, the type of technological
competition matters here. Then we suppose that a firm that has invented in any foreign
country is interested in patenting, on the one hand, in order to protect its inventions
worldwide, but also in order to make profits mainly through licensing, on the other. For these
reasons we assume there are two determinants of international patent coverage: the level of
firm technology (or R&D) internationalisation and the firm’s presence in a country or
continent. Of course, cost matters as well. Unfortunately, we have not gathered information
about the cost of triadic or new triadic patenting. Due to the fact that firms must pay more for
a new triadic extension we can infer that a firm has fewer incentives to use a new triadic
unless the economic advantages significantly offset the additional cost. This argument
explains why firms patent less, as far as new triadic patent is concerned®.

We start with the net profit (profits — costs) as a crucial variable triggering the process of
international extension®. In our framework two important variables affect the net profit

® The reasons that have initiated the opening of Japanese drug firms to foreign markets could be the same as
those that prevent the interest of foreign firms in the Japanese market.

° Chan (2010) considers many countries. Our framework, based on triadic patenting, is a little different.

% The value of the invention( or the invention quality) (Chan, 2010) plays an important role in firms’ decisions
to patent abroad. Unfortunately, a measure of patent value is missing in our paper. The problem, in fact, is the
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variable: the level of firm’s R&D internationalisation and the firm’s presence in large
countries or continents. In our modelling the timing of this process is not taken into account.
This means it is identical to extend internationally in the wake of the priority application, or a
few years later..

We consider the patent as the unit of analysis. We are basically in a situation where two
alternatives occur: once priority patents have been applied for in two countries (transnational
patents), triadic (or new triadic) extensions may be applied for or not. In the frame of our
analysis the dependent variable is binary: it is equal to 1 when the firm extends a
transnational priority patent as a triadic patent (or new triadic), and zero if it does not. In a
binary response the framework interest lies in the response probability:

Prob (yi = 1) = F(B’x;)

where F(.) indicates a cumulative distribution function, xi the explanatory variables and 3 the
vector of the parameters to be estimated. As we here assume F(.) is the standard normal
cumulative distribution function, we are explicitly in the well-known frame of the probit
model. In order to check our hypotheses, we test several probit models. Each of them gives
the probability of a single patent becoming triadic or new triadic as a function of specific
regressors. Each independent variable is related to a firm’s characteristic.

4.2. Variables
Dependent variables:

We chose triadic patenting as an indicator of IPI. Due to the fact that patenting in Korea (a
large country patentor) and China (a very large market with consistent technological activity)
is now crucial but not taken into account in triadic patenting, we also use new triadic
patenting as another variable (see previous section for definition).

Regressors: Our research aims to identify the factors explaining why firms apply for a triadic
(or new triadic) patent once they have already obtained a single patent through a national
office. The main independent variables are: firm_intercontinental patent_pct, defined as the
share of transnational priority patents invented overseas in the patent portfolio of the firm
when the foreign inventor is located in a continent that differs from the firm’s HQ. This
variable gives a measure of IT. As we are dealing with triadic patents, internationalisation
across continents was considered as (and indeed was) more relevant than the total

following. With respect to patent value we are not interested in the ex-post value but in the ex-ante one. The
ex-post value is the value evidenced at the end of the patent life cycle which is strongly impacted by firm
strategy in terms of firm presence in foreign markets and the localization of R & D activity. Therefore, it is
impacted by the fact that the patent is becoming triadic or new triadic. It cannot be used as an independent
variable that would explain the patent extension. A good measure of patent value should be calculated just
after the application of the priority patent as an expected potential economic value of the patent. We do not
have the means to calculate this. The patent citations scheme does not work here. We tried to put in the
regressions the number of inventors related to each single invention (given in the patent document) as a

proxy for the patent value. But we have never found any significant effect of this variable (the estimation
results are not reported here)..
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internationalisation percentage that also includes regional R&D internationalisation in
surrounding countries*.

The three following variables indicate if any firm has or has had a presence or a commercial
activity in large markets. They aim to signal that in these countries a firm has profitable
activities. They play the role of potential determinants for IPI: firm_presence JP&US&EU,
which signals the presence of the firm’s entities both in Japan, the US, and in a European
country. The indicator is built from the perimeter of the firm given by Orbis (data 2008). For
a given firm if, in the firm’s consolidated perimeter, Orbis reports at least three subsidiaries,
one in the United States, one in Europe and one in Japan, the value of the
“firm_presence JP&US&EU” is set to one; otherwise it is zero. Similarly, when the variable
“firm_presence_JP&US&EU&KR&CN” is set to one for a firm, it means that in the Orbis
database, the firm’s perimeter includes subsidiaries in the United States, Europe, Japan,
Korea and China. It has also been built up thanks to Orbis (data 2008). As an independent
variable, it is more relevant for accounting for the new triadic patent. At last, we have built a
binary indicator “firm_drug_triadic_market” to signal whether the firm has already developed
commercial activities in both the Triadic zone prior or during the period of time the patents
were applied'?. It relies on information given in drug approval databases and firm’s websites.
The “firm_presence_JP&US&EU” indicator determines the presence of a firm’s entities in
each zone of the Triadic but does not allow to determine the type of the activity the firm’s
entity and it relies on information of the firm’s perimeter in 2008, i.e. after the period of time
of the patent application; conversely, the indicator on “firm_drug_triadic_market” aims at
capturing information on commercial activities of the firm in the Triadic market before the
patent application. However one of its drawbacks is linked to the fact that it focuses only

information related to the drugs’ market and does not encompass all the firm’s productsl3.

We have included variables showing that the firm has R&D activities in Japan or in relation
to Japan (patent_JP_invt_pct), or in other Asian countries (patent_Asian_inventors_pct). We
add the following control variables: firm_ log_nber_priority patent, the logarithm of the total
number of priority patents applied for between 2003 and 2005 by the firm, controls for the
firm size and technological activity.

A firm that is large in terms of its technological activity has better skills in IP management.
firm_R&D intensity. This variable measures firm R&D or technological intensity. It is
defined as the share of firm R&D investments over sales. We know there is a positive
relationship between R&D or technological intensity and the propensity of the firm to patent
inventions (Cohen et al., 2000). Firm_pharmaceutical_field patent pct is the variable for
controlling the likely effect of the sub-technological field in which the firm applies for
patents. For each firm, it is defined as its share of transnational priority patents related to the
technological field “pharmaceuticals”. Our corporate patents are related first to the field of

See Laurens et al. (2015a) for more details of the percentage of the regional and intercontinental
internationalisation of patents.

12 |nformation related to drug approvals is not easily available for China and Korea in the period of time of
interest.

13 When we use this variable in the models we discard from the model the patents applied by firms with no
commercial activity at all in any country of the Triad. For these firms we consider that our indicator only
centered on drugs to track their commercial activity is not appropriate.
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“Pharmaceutical” and then to “Organic fine chemistry” and “Medical technology” (see
Annex 1 for further details).

We expect that the motives of firm R&D internationalisation should matter. In order to assess
these effects, we compute the different firm strategies by using a typology built up with the
index of revealed technological advantages (for a more detailed analysis see Le Bas and
Sierra, 2002; Narula and Zanfei, 2005): Strategy 1: Technology-seeking foreign direct
investment (FDI) in R&D. This type of strategy is directed towards offsetting home country
weaknesses in a given technological field by selecting a host country with proven strength in
the desired technology. Strategy 2: Home Base Exploiting FDI in R&D (Kuemmerle, 1999).
This is the exact opposite of the first strategy. The rationale for the investment here is to
exploit existing firm-specific capabilities in foreign environments. Strategy 3: Home Base
Augmenting FDI in R&D. The third type of strategy consists in targeting technologies in
which the investing firm has a relative advantage at home and the host country is also
relatively strong. This kind of investment has accordingly been labelled as “Home Base-
Augmenting” FDI in R&D. Strategy 4: Market-seeking FDI in R&D. The fourth type of
strategy corresponds to situations where a firm invests abroad in technological activities in
which it is relatively weak in its home country and the host country is also relatively weak.
The motivation for this fourth type of strategy is thus apparently not technology-oriented.

The literature shows that Strategy 2 and Strategy 3 are the dominant ones (Le Bas and Sierra,
(2002), Laurens et al., 2015a; Laurens et al., 2015b). For each firm in the sample we calculate
the amount (and the percentage) of patents matching each strategy. We hypothesise that the
variables related to strategy 1 (firm_TS_patent_ pct ) and strategy 4 (firm_MS_patent_ pct)
have a positive impact on the probability to apply a triadic patent. The more a firm searches
for new technological knowledge abroad (Strategy 1), the more it will be prone to protect it
through patenting. In the framework of Strategy 4 the firm will patent abroad in order to
protect its market share. We also define variables for strategy 2 (firm_HBE_patent pct) and
strategy 3 (firm_HBA _patent_pct).

Table 3: Overview of the explanatory variables: definition, type and statistics

4. 3. Descriptive statistics and Empirical Models for estimation

Table 3 provides evidence regarding a firm’s R&D internationalisation, on the one hand for
western (US and EU) firms and, on the other hand, Japanese firms. Not surprisingly, the level
of R&D in the overseas internationalisation of patents in the western firms (16%) largely
exceeds the internationalisation of patents in the Japanese firms (3%). This large difference in
internationalisation is in accordance with data from the literature which claims that the
opening of R&D in Japan was much slower and more limited than in western countries.
There is also some difference in the internationalisation of patents originating from US firms
and European firms (not shown here): European firms have a higher level of
internationalisation that results from a high level of R&D internationalisation within Europe
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(34%); overseas internationalisation remains higher for US firms (30%) than European ones
(10%). Overseas internationalisation takes place mainly between Europe and the US, whereas
overseas internationalisation involving Asian inventors remains rare in western regions
(around 4% of all inventors). Furthermore, the pharmaceutical sector is among the most
internationalised sectors in both zones (as already observed in many papers). In our data set,
overall R&D internationalisation, including both regional and intercontinental
internationalisation in the pharmaceutical sector, is 43% for US and European firms and 13%
for Japanese firms. It is 25% for western firms and 5% for Japanese ones, when considering
all industrial sectors. Considering now the share of firms that have established facilities either
in each country of the Triad or in the Triad, but also in Korea and Japan, the difference
between Japanese firms and US & European firms is less pronounced: in both zones, the
share of firms present in the Triadic countries is approximately 40%; however, firms from
western countries are more often also present in China and Korea (23% of them) than
Japanese ones (13%). The share of firms that already have (or plan to have) a market activity
related to drugs in the three zones of the Triad before the patent applications is quite similar
for Japanese firms (36%) and for US and European firms (41%). The statistics shown here
indicate that in the mid-2000s, pharma firms in eastern and western countries have developed
both international networks of internal facilities and commercial activities in the main global
markets to the same extent, but as far as their levels of R&D internationalisation are
concerned, there is a significant contrast between Japanese firms and western ones.

As far as the strategy of internationalisation is concerned, the Home Base Augmenting
strategy dominates in the two regions above the Home Base Exploiting ones. The distribution
across technological fields of pharmaceutical patents in Japanese and US & European firms
shows differences: Japanese transnational priority patents are focused on “Pharmaceutical”
(69%) and “Organic fine chemistry” (9%); the US & European firms show a different
technological profile where, besides “Pharmaceutical” (42%) and “Organic fine chemistry”»
(11%), “Medical technology” (17%) is the second largest field (see Annex 1).

We have previously noted the large share of triadic and new triadic patents in the
transnational patent portfolios of Japanese firms, which contrasts with the share in the
portfolio of US and EU firms. This has an important consequence for our econometric
exercise. The firm’s behaviour related to IP coverage is not the same across continents. In
addition, the position of Japanese firms related to R&D internationalisation also differs from
those of US and EU firms. As a consequence, we assume that the relationship governing the
probability for a patent to be extended internationally differs across continents, between US
and EU firms on the one hand, and Japanese firms on the other. Preliminary econometric
works not reported here confirm that we cannot deal with these important differences through
fixed effects models. As a consequence, we run separate estimations after splitting the firms’
sample in two parts: one related to US and EU firms, the other one to Japanese firms only.
For the US and EU firms set, we build up three models because we are hindered by the
collinearity between variables (see Annex 2). For each of them, we put the main explanatory
variable firm_international patent_pct, measuring the level of firm R&D overseas
internationalisation, as our main variable of interest. The distribution of the share of triadic
patents according to the firm internationalisation is shown in Annex 3 for western and
Japanese firms. Model 1 is in some sense our basic model. Besides the main explanatory
variables, we find control variables. We control for the firm’s size of technological activity
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with the firm_ log_nber_priority patent. Pharmaceutical firms can roughly innovate in two
different large classes: new drugs (“pharmaceuticals” or “fine organic chemistry” technology
fields), and new technological processes related to pharmaceuticals (“measurements”,
“medical equipment”, “analyses of biological material” technology fields). We hypothesise
that the process of internationalisation might differ for the two types. As a consequence, we
control for that with firm_pharmaceutical_field_patent_pct. Finally, we control for firm R&D
intensity. The basic underlying idea is, the more a firm is R&D-intensive, the more it
manages intangible resources and the more it should protect its IP assets worldwide. Model 2
crucially incorporates the variables related to the second variable, securing rents from foreign
markets through the sale of new products or licensing. We also use another variable that
measures the extent to which a firm has a presence in Asian countries. The quantitative
variable patent_Asian_inventors_pct gives a precise measure of a firm’s presence in Asia. In
Model 3, besides our main variables of interest, we use the following three variables:
firm_R&D intensity, firm_local _presence JP&US&EU (or firm_local_presence
JP&US&EU&KR&CN) as an indicator of the presence of entities of the firm, located in the
countries where the firm applies for IP protection. The larger this variable, the larger is the
probability to apply the triadic (new triadic). Because of the collinearity between the main
explanatory variable, “firm_international patent pct”, and the “firm_drug_triadic_market”
(see Annex 2), “firm_drug_triadic_market” could not be used as an alternative variable to test
hypothesis 2 in Model 3.

Patent_JP_invt_pct, as a variable to measure the presence of an inventor located in Japan
among patent inventors. This variable seems to be important for triggering an application in
the JPO. With this model we intend to test the robustness of the variables set out in Model 2.
These three models have been built up for European and US firms. As noted previously, the
specific patenting strategy developed by Japanese firms forces us to slightly modify the
specification of these models. We estimate a Model 1a, a close model of Model 1. The
number of independent variables differs due to collinearity concerns. We retain a second
Model 2a, in which we put the variable firm_presence_JP&US&EU, indicating if there is a
presence of Japanese firms abroad.

As “firm_drug_triadic_market”could not be used in any of the models described above to test
the effect of the firm’s R&D internationalisation, we separately run other regressions to check
if a firm market activity in the Triad prior to the patent applications may explain the
propensity to further apply triadic patents. This last aspect is not central to our analysis and
this indicator may not be very robust for firms where drugs are not the only products. The
models were run for the propensity to apply triadic patents in US and European firms where
at least 10% of the patents dealt with drug related technologies. Results are shown in Annex
4.

5. Estimation and results.

For each model we run a probit regression for each of the two dependent variables: triadic
and new triadic patents. In order to test our central hypothesis related to the impact of R&D
internationalisation we present two different specifications: linear and quadratic. At this stage
one point deserves crucial attention. We observe in 2010 if the priority patents applied for
between 2003 and 2005 have been spread out at the global level through triadic or new triadic
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patents. We certainly do not have all the triadic and new triadic patents coming from the
priority application carried out in 2003-2005. But the review of triadic patenting between
2003 and 2010 shows that in 2010 an asymptote was reached™®. In general, the patents are
extended quickly after the priority application.

We first comment on the results for the US and European firms (table 4) and then for the
Japanese firms (table 5). We will end the section by comparing the trends in the two sets.

Table 4: Determinants of triadic and new triadic IP protection in patent portfolios for US &
Europe pharmaceutical firms.

Table 5: Determinants of triadic and new triadic IP protection in patent portfolios of Japanese
pharmaceutical firms.

Regressing the presence of triadic or new triadic patents in US or European firms in the
different models always shows that the variable related to the level of R&D overseas
internationalisation is very significant, as well as the variable reflecting the firm’s presence in
the triadic countries. Our basic assumptions that the firm’s R&D internationalisation, but also
commercial or economic activities, matters in the firm’s international IP management are
verified. One important result is that the different estimated coefficients related to R&D
internationalisation show a real stability through the different Models and dependent variable
specifications. Moreover, some interesting trends emerge®>:

1. The quality of fit (here the pseudo R?) is always larger for the quadratic form than for the
linear form of R&D internationalisation. We also note that the coefficients related to the
linear relation is not always significant. This indicates that, contrary to our expectations, the
relation between R&D internationalisation and the probability to apply for triadic (or new
triadic) patents is not growing monotonously. We will discuss this important finding later. As
a consequence, our hypothesis 1 as we saw as the more relevant cannot be accepted as a
general trend. By contrast the quadratic relation (expected as a rather secondary picture)
appears as a more likely general trend.

2. Generally speaking, the quality of fit is better when we consider triadic patenting
behaviour (compared to new triadic patenting). To put it simply, our models better explain
the propensity to apply for triadic patents than for new triadic ones. This is partly due to the
weaker explanatory power of the central variable, R&D internationalisation.

tis possible that we have missed a late extension of priority patents applied for between 2003 and 2005
that was not included in the database version (Patstat 2011). However, our tests have shown that the shares
of triadic or IP5 patents reach an asymptote three years after the year of priority patent filing. As an example,
for a population of priority patents applied for in 2003, the share of patents that are extended as triadic or IP5
patents is 13% in 2004, 17% in 2005 and 19% in 2006, 2007, 2008 and 2009.

> Year dummies related to application patent filing year do not change any estimated coefficient.
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3. These results hold true after controlling for firm technological activity size, R&D
intensity*®, drugs or pharmaceutical materials (see Model 1).

4. When we put in the regression beside the central variable R&D internationalisation factors
indicating firm presence (for example presence of Asian inventors in an R&D team), or a
proxy for technology-seeking foreign direct investment (FDI) in R&D, these variables have a
significant explanatory power. Let us point out that market strategy plays a role in triadic
patenting, not in the new triadic one. Our hypothesis 2 is confirmed.

5. Models 3 and 4 confirm the later findings: a local presence (whatever its form) or a prior
market activity is a positive phenomenon playing a role in favour of a triadic (and new triadic
but with a weaker effect) patenting.

6. The presence of Japanese inventors in an invention team, is a positive factor playing in
favour of triadic (and new triadic but with a weaker effect) patenting

6. The results of the regression for Japanese firms (Table 5) are opposite to those obtained for
western pharma firms. For Japanese firms, the estimations tell us that the quadratic form does
not provide significant results. More surprisingly, the linear relation shows a significantly
negative slope with regard to the R&D internationalisation proxy variable. It means that the
less Japanese firms internationalise their R&D, the more they apply for triadic patents. This
singular result is totally opposed to our hypothesis 1. Such a result contradicts what we have
previously found for European and US firms'’.

7. Another difference between Japanese and western firms is that the type of inventions also
differs: Japanese firms preferred to apply for triadic patents for drugs, compared to processes.
Model 2a suggests the variable presence of Japanese inventors (measured by their share)
explains the new triadic patenting, but not the triad one. We would suggest that for Japanese
firms, our results have described a situation where firms are able to compete on western
markets because they have to catch up with western firms and follow a national plan to
compete in the pharma sector worldwide. The behaviour of Japanese firms in patenting trends
is more related to Japan’s national policy.

Conclusion

To return to our initial issue concerning the role of R&D internationalisation in IP
internationalisation, we have found that, as a first approximation, IP internationalisation in
western (US and EU) firms is significantly correlated to R&D intercontinental
internationalisation. Our linear models do not give the more significant pictures. By contrast
the quadratic models have better goodnesses of fit. These models would suggest that there is
as an “optimum” level of R&D internationalisation related to the share of triadic and new
triadic shares peaks (inverted U-shaped relationship). Above a certain threshold, the
propensity to apply for triadic and new triadic patents would decrease. To explain this
tentative trend, we put forward the following assumption that could be tested by further

*®In general, R&D intensity does not have any explanatory power in our regression, with the exception of
Model 3, in which this variable has a negative, weakly statistically significant impact for triadic patenting only.
7 At this stage it is important to recall that very few Japanese firms are internationalised in terms of R&D (see
among others Le Bas and Sierra, 2002).
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research. It might be that a life cycle of IP internationalisation plays a role here. When a firm
begins to internationalise, it patents its own R&D internationally a lot. In this context, the two
processes of IT and IPI are growing together. Because triadic and new triadic patenting is
costly, the firm learns step by step in order to manage its patent behaviour more effectively.
As a conseguence, when a firm continues to internationalise its R&D it patents less because it
patents more efficiently. In this new context, the relation between IT and IPI can be the
reverse. Besides, it seems that the presence of Japanese inventors, or to a lesser extent Asian
inventors, also has an important effect on the applications of triadic and new triadic patents.
This could indicate that what matters for triadic or new triadic patent applications in western
pharma firms is not the overall R&D level of internationalisation but the location of R&D
activity. Locating R&D in the triadic and new triadic countries is correlated to an entry in
these markets, thus a firm must protect these inventions.

The fact that we better explain triadic patents than new triadic patents may result from the
idea that firms do not have the same motivations when protecting their inventions in Japan,
the second largest global market, with a high level of health demand, as in China (or Korea),
smaller but promising markets where it might be important to be located because of growing
competition. On the one hand, China offers many interesting opportunities for the
pharmaceutical industry since it is much easier and cheaper to conduct clinical tests. It might
be a strategy for pharmaceutical firms to start marketing and commercial activities in China
with products that are not the very best new developments, but rather ‘me too’ products. In
this scenario, indicators linked to R&D activities might not be as relevant as when dealing
with more advanced countries with a high level of health consumption.

Another factor playing a role is the nationality of the firms. US firms and European firms do
not manage IP internationalisation in the same way in Asia. When they protect their
inventions in Asia, US firms prioritise applications in Japan, while European ones prioritise
applications in China. Several reasons may explain this behaviour. When Japanese firms
internationalised in the 1990s, they first started to enter the US market (before European
firms). In response, the US firms leading the sector with their mostly unchallenged skills in
molecular biology and biotechnologies might have reacted quickly to the threat and decided
to break into the difficult Japanese market first. Coming to Asia later, European firms could
have decided not to compete with US firms in Japan, but rather to try to enter other promising
and less competitive markets, such as the Chinese market.

Finally, we wish to state that there is a rather strong and persistent effect of the type of
inventions in the propensity to apply for triadic or new triadic protection. Drug-related
inventions will not be protected to the same extent as other types of inventions, which are
more related to processes. We do not have a clear understanding of this aspect. If the
protection of drug products was not allowed in most countries in the 1980s, this was not true
after the TRIPS agreements. However, it could be linked to the fact that countries like Japan
have maintained barriers to protect their market, for example by requiring additional clinical
tests on the Japanese population for drugs that had been approved in western countries. These
practices, which created additional costs and risks for foreign pharma firms in Japan, ended at
the beginning of the 20th century, but may still explain our observations a few years’ after.
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That is to say triadic plus China and Korea.

2. Internationalisation in general equally plays a role. For example, according to Blind et al.
(2003) pharmaceuticals are more internationally oriented - and, therefore, have a higher
average number of family members - than for example machinery or automobiles.

3. The two strategies could be found in a single firm that can adopt different strategies according
to the product.

4. In 2004, the first twelve pharmaceutical firms with the highest turnover were all located in
western countries: Pfizer (USA), GlaxoSmithKline (G.B.), Sanofi-Aventis (France), Johnson
& Johnson (USA), Merck & Co (USA), Novartis (Switzerland), AstraZeneca (G.B. /
Sweden), Roche (Switzerland), Bristol-Myers Squibb (USA), Wyeth (USA), Abbott (USA),
Lilly (USA). Some of them merged later, like Pfizer, which bought Wyeth in 2009.

5. The overall diffusion was quite limited: the mean number of countries in which a drug was
launched was 22.4 (out of a possible 76). Only 39% of the drugs were launched in ten or
fewer countries, and only 41% were launched in more than 25 countries.

6. Completion of information on artificial patents relies on the retrieval of information from the
nearest completed patent in the Inpadoc patent family, which includes the artificial patent to
be completed. The retrieved information includes the names and addresses of inventors and
applicants, ICP classes and dodb family id (Laurens et al, 2017).

7. A simple patent family includes all patent applications that share the same active priorities.
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10.

11.

12.

13.

14.

15.

The reasons that have initiated the opening of Japanese drug firms to foreign markets could be
the same as those that prevent the interest of foreign firms in the Japanese market.

Chan (2010) considers many countries. Our framework, based on triadic patenting, is a little
different.

The value of the invention (or the invention quality) (Chan, 2010) plays an important role in
firms’ decisions to patent abroad. Unfortunately, a measure of patent value is missing in our
paper. The problem, in fact, is the following. With respect to patent value we are not
interested in the ex-post value but in the ex-ante one. The ex-post value is the value evidenced
at the end of the patent life cycle which is strongly impacted by firm strategy in terms of firm
presence in foreign markets and the localization of R & D activity. Therefore, it is impacted
by the fact that the patent is becoming triadic or new triadic. It cannot be used as an
independent variable that would explain the patent extension. A good measure of patent value
should be calculated just after the application of the priority patent as an expected potential
economic value of the patent. We do not have the means to calculate this. The patent citations
scheme does not work here. We tried to put in the regressions the number of inventors related
to each single invention (given in the patent document) as a proxy for the patent value. But
we have never found any significant effect of this variable (the estimation results are not
reported here)..

See Laurens et al. (2015a) for more details of the percentage of the regional and
intercontinental internationalisation of patents.

Information related to drug approvals is not easily available for China and Korea in the period
of time of interest.

When we use this variable in the models we discard from the model the patents applied by
firms with no commercial activity at all in any country of the Triad. For these firms we
consider that our indicator only centered on drugs to track their commercial activity is not
appropriate.

It is possible that we have missed a late extension of priority patents applied for between 2003
and 2005 that was not included in the database version (Patstat 2011). However, our tests
have shown that the shares of triadic or IP5 patents reach an asymptote three years after the
year of priority patent filing. As an example, for a population of priority patents applied for in
2003, the share of patents that are extended as triadic or IP5 patents is 13% in 2004, 17% in
2005 and 19% in 2006, 2007, 2008 and 2009.

Year dummies related to application patent filing year do not change any estimated

coefficient.
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16. In general, R&D intensity does not have any explanatory power in our regression, with the
exception of Model 3, in which this variable has a negative, weakly statistically significant
impact for triadic patenting only.

17. At this stage it is important to recall that very few Japanese firms are internationalised in

terms of R&D (see among others Le Bas and Sierra, 2002).
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Annex 1: Distribution of patents applied for by pharmaceutical firms across technological fields

Technology field All samples US & EU firms JP firms
Measurement 0.03 0.04 0.01
Analysis of biological materials 0.04 0.04 0.04
Medical technology 0.14 0.17 0.01
Organic fine chemistry 0.11 0.11 0.08
Biotechnology 0.07 0.07 0.05
Pharmaceuticals 0.47 0.42 0.69
Others 0.15 0.16 0.11
Total 1.00 1.00 1.00
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Annex 2 : Correlation
Japanese firms

tables between explanatory variables for US & European firms and

firm_interc |firm_presen |firm_presence [patent_ paFentT firm_B | firm_R flrm_phar firm_TS |firm_HB |[firm_HBA |firm_MS

USRE Udirms ontinental® [ce_JP&US&E | _JP&US&EU&K|JP_invt_ Asian_in Iog_lnt.)er &D . méceutlcal _patent|E_patent |_patent_ |_patent
patent_pcte|U R&CN pct ventors |_priorityB|intensi|_field_pate Tpctd | _peta pct et

_pctl patent® |ty nt_pctl

firm_intercontinental@atent_pct 1,00

firm_presence_JP&US&EU 0,21 1,00

firm_presence_JP&US&EU&KR&CN 0,13 0,66 1,00

patent_JP_invt_pct -0,28 -0,16 -0,41 1,00

patent_Asian_inventors_pct@ -0,29 -0,13 -0,38 0,97 1,00

firm_fog_nber_priorityBatent? 0,30 0,41 0,47 -0,13 -0,07 1,00

firm_R&Dntensityd -0,09 0,32 0,21 -0,06] -0,07 0,34 1,00

firm_pharmaceutical_field_patent_pct® -0,21 -0,41 -0,62 0,38 0,40 -0,14 0,18 1,00

firm_TS_patent_pct@ -0,14 0,34 0,09 0,10 0,07 -0,05| -0,14 -0,44 1,00

firm_HBE_patent_pctll -0,05 -0,56 -0,39 0,25 0,22 -0,27( -0,10 0,11 0,02 1,00

firm_HBA_patent_pct@l 0,14 0,26 0,24 -025] -021 0,22| 017 0,21| -055 -0,83 1,00

firm_MS_patent_pctfl 0,15 0,30 031 -0,11] -0,13 0,24] -0,12 -0,50] 0,16 0,27 0,01 1,00
firm_interc |firm_presen |firm_presence [patent_ paFentT :c"m— ﬂm:—R flrm_pharl firm_TS |firm_HB |[firm_HBA |firm_MS

Japanesefirms ontinental® [ce_JP&US&E|_JP&US&EU&K|JP_invt_ Asian_in|log_nber | &0 . m?ceutlca _patent|E_patent |_patent_ |_patent
patent_pct?|U R&CN pct ventors _field_pate _pct@ |_pct? pcti _pctl

_pctl patent® |ty nt_pctl

firm_intercontinental@atent_pct@ 1,00

firm_presence_JP&US&EU 0,41 1,00

firm_presence_JP&US&EU&KR&CN 0,84 0,40 1,00

patent_JP_invt_pct -0,55 -0,23 -0,62 1,00

patent_Asian_inventors_pct@ -0,45 -0,18 -0,49 0,95 1,00

firm_fog_nber_priority@atent? 0,71 0,48 0,90 -0,54 -0,42 1,00

firm_R&D@ntensityd -0,19 -0,60 0,18 -0,09] -0,06 0,09 1,00

firm_pharmaceutical_field_patent_pct® 0,08 -0,31 0,02 -0,03 -0,04 -0,11 0,32 1,00

firm_TS_patent_pct® -0,41 0,30 -0,24 0,17 0,15 -0,23| -0,17 -0,78 1,00

firm_HBE_patent_pc -0,72 -0,70 -0,43 0,28 0,24 -0,34| 0,70 0,07 0,07 1,00

firm_HBA_patent_pct@l 0,84 0,39 0,51 -0,34] -0,29 0,41| -0,45 0,35| -0,60 -0,84 1,00

firm_MS_patent_pctf -0,20 0,34 0,28 0,20 0,18 0,05 -0,17 0,29 -021 0,26 0,25 1,00
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Annex 3: Number and share of triadic patents in US & Europe firms and Japanese firms according to
the firm internationalisation rate.

Figure.1 Probability of triadic patents according to the rate of the firm R&D overseas
internationalisation (US & European firms)

4

i pct_world_firrn.

6

- triadic

Fitted values

firm_intercontinentalfpatent_pct%)® 0 | 10-5] | 15-10] |120-20] [120-30]|130-40]|140-50]|150-60] | ]60-70] |1 70-801|180-90] | 90-100] Total
USREUdirms
nonfriadic 192| 1337 627 1134 446 29 20 6 53 124 0 7| 3975
Number@®fipatents Rriadic 12 61 15 244 373 3 0 0 3 2 0 0 713
Total 204 1398 642 1378 819 32 20 6 56 126 0 7| 4688
nonlriadic 94,1 95,6 97,7 82,3 54,5 90,6| 100,0( 100,0| 94,6 98,4 - 100,0
Share@®fatents Rriadic 5,9 4,4 2,3 17,7| 45,5 9,4 0,0 0,0 5,4 1,6 - 0,0
Total 100,0| 100,0( 100,0/ 100,0( 100,0| 100,0| 100,0( 100,0| 100,0| 100,0( 100,0| 100,0
firm_intercontinental@atent_pctd%)@ ]10-
JPHirms oz | ]o-5]a| ]5-10]§ 100]@| Totald
noniriadic® 23 128 148| 0 299
Number@®fatentsd | Eriadic? 99 598 92 0] 789
Total® 122 726 240 0} 1088
non@riadicl 18,9 17,6f 61,7 L | @
Share®fatents? @riadic? 81,1 82,4F 383 B |
Total® 100,0! lO0,0[t 100,0 B (@
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Annex 4: The variable “firm_drug_triadic_market”

Compared to the variable firm_presence_JP&US&EU which does not give information on
the type of activity the firm carries out in the country where she has set entities, the variable
“firm_drug_triadic_market”is interesting. The later is restricted to the commercial activity of
the firm (firms look for drug approval to sell them) while the former encompasses all types of
firm’s activity (commercial, manufacturing, R&D, administrative entities, presence for fiscal
reasons, ...) without any distinction.

However, built on drug approval by national or regional drug Agencies, this variable does not
account for all the commercial activities of firms and is thus subject to doubt when the
activities of the firm do not rely mainly on drugs. From Annex 1, we can consider that on
average approximately 60% (Pharmaceuticals, Biotechnologies and Fine Organic Chemistry)
of the patent portfolios are related to drugs in US and European firms. We thus use this
variable only for firms where the variable “firm pharmaceutical field patent pct” exceeds
10%.

The “firm_drug_triadic_market” could not be used in the models built to test the explanatory
power of our main variable firm_intercontinental patent_pct because of the correlation
between the two variables (the correlation coefficient between firm_intercontinental
patent_pct and firm_drug_triadic_market is 0.33 for US and European firms and 0.38 for
Japanese firms). The “firm_drug_triadic_market” variable is also correlated to the variable
accounting for the firm size: firm_ log_nber_priority patent (correlation coefficients: 0.38
for the US and European firms and 0.35 for the Japanese firms). These correlations signal
that the largest firms are the firms that already had a commercial activity in the 3 zones of the
Triad. In addition, they evidence that the firms with an already internationalized market in the
Triad show later a more internationalised R&D activity.

However to test if a firm that has already developed commercial activities for drugs in each
zone of the Triad will have a higher propensity to further apply for triadic patents, we run
model 4 that takes into account the firm’s presence in the Triad, using either the variable
firm_local_presence JP&US&EU (already used in Model 3) or the variable
firm_triadic_market. We have added the variables patent_JP_invt_pct, firm_R&D intensity to
stick to Model 3, pct HBA and pct_HBE for convergence. Results of Model 4 are shown in
Table A ; they could be compared with the results of Model 3 (Table B).

The results are the followings:

- the presence of a firm activity in the Triad has a positive and significant effect on the
propensity to apply for triadic patents. This holds true using either firm_local_presence
JP&US&EU or the firm_triadic_market. The two variables are very significant and their
coefficient are very similar. This confirms Hypothesis 2.
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- Adding firm_triadic_market as an explanatory variable in Model 4 allows to raise the
pseudo R2 value from 0 .12 to 0.19. This variable has thus a limited capacity to explain
the probability to apply for triadic patent.

- The best Model in order to explain the probability to apply for triadic patent remains
Model 3 (psuedo R2 = 0.26)

From this study of the use of variable “firm_triadic_market”, we conclude that it consolidates
our previous results obtained with the variable “local_presence JP&US&EU” to confirm
Hypothesis 2. However this new variable did not bring any further advantage. In particular it
did not increase very significantly the explanatory power of our models. This could be
attributed to the fact that it only partially covers a market activity of the firms as it is based on
only on drugs. Similar conclusions can be drawn when using the variable
“firm_triadic_market” in the model to explain the probability to apply for Triad patents in
Japanese firms.

Table A
US & EU firms Model 4
Explanatory variables Triadic
firm_triadic_market 1.60 (4.02)***
firm_local_presence JP&US&EU 1.70 (3.38)%**
patent_JP_invt_pct 3578307 | T 3.04 (5.62)***
firm_R&D intensity -0.01 (0.32) -0.01 (0.30) -0.06 (0.31)
pct_HBA -4.45 (1.56) -3.96 (1.57)
pct_HBE -8.26 (2.65)* -8.21(2.29)*
const 1.14 (0.59) 2.19 (0.32)
Nber of data 4422 4422 4422
pseudo R2 0,19 0.15 0.12
Table B
US & EU firms Model 3
Explanatory variables Triadic
firm_intercontinental patent_pct 18.6 (5.75)***
firm_intercontinental patent_pct2 -23.3 (9.30)***
firm_local_presence JP&US&EU 1.40 (4.87)%**
patent_JP_invt_pct 3.09 (8.89)***
firm_R&D intensity -0.01 (0.28)
const -5.17 (6.20)***
Nber of data 4422
pseudo R2 0,26
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Table 1: Number of firms and patent families for priority patents and transnational priority patents

Pharma and| Number of Number of transnational | Number of priority

biotech firms priority patents patents
UsS firms 30 1161 4649
EU firms 31 3527 7571
JP firms 15 1088 5413

Total 76 5776 17633




Table 2: Share of patents with IP protection in the different countries or zones.

IP coverage All firms | US & EU firms JP firms
Europe (EP patents) |0.89 0.90 0.89
us 0.82 0.81 0.87
Japan 0.29 0.17 0.85
Korea 0.35 0.32 0.36
China 0.43 0.47 0.35
Europe + US 0.76 0.75 0.81
Triadic 0.25 0.15 0.72
New triadic 0.08 0.04 0.23
Number of patents 5776 4688 1088
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Table 3: Overview of the explanatory variable: definition, type and statistics

US & European firms | Japanese firms
Explanatory variables Definition Type
Mean Std. Err. | Mean | Std. Err.
firm_intercontinental share of patents invented | Continuous 0.16 0.002 003 |oooL
patent_pct overseas quantitative ' ' ' '
presence of firm’s entities
firm_presence JP&US&EU | in Japan, the US, and one 0.84 0.005 0.26 |0.013
EU country qualitative
firm,_presence presence of firm’s entities
- in Japan, the US, an EU 0.71 0.007 0.13 |0.091
JPEUSEEUEKR&CN country, China and Korea | qualitative
; Continuous
patent_JP_invt_pct ?‘hire of inventors located 003 |0 092 [0.01
In Japan quantitative
; Continuous
patent_Asian_inventors_pct §hzze_of nventors located 0.04 0 0.98 |0.01
In Asta quantitative
. i, | Continuous
nber_priority patent number of firm's priority 19739 |43.77 360.87 | 165.55
patents quantitative
. . . share of patents in the Continuous
flarlgatphacrtmaceutlcal field pharmaceuticals  techno 0.42 0 0.74 |0
P P field quantitative
; Continuous
firm_R&D intensity R‘Ig‘D Investments - over 2328 |2.22 1659 |0.13
sales quantitative
share of patents following Continuous
firm_TS_patent_pct a Technology Seeking 0.05 0.02 0.07 ]0.07
Strategy quantitative
share of patents following Continuous
firm_HBE_patent_pct a Home Base Exploiting 0.26 0.04 0.18 |0.11
Strategy quantitative
share of patents following | ~otinuous
firm_HBA_patent_pct a Home Base Augmenting 0.68 0.04 0.74 |0.12
Strategy guantitative
; Continuous
firm_MS_patent_pct shere of Raents followtng 001 |0 001 |001
a Market Seeking strategy quantitative

~*: the means concerning the indicators of an internationalisation strategy (firm_pct HBA, firm_pct HBE,
firm_pct_TS, firm_pct_MS) are calculated with the subset of internationalised patents.
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Table 4: Determinants of triadic and new triadic IP protection in patent portfolios for US & Europe
pharmaceuticals firms.

priority@atent

USREUEirms Model@ Model2 Model3
Explanatoryl Triadic Newriadic Triadic Newriadic Triadic Newttriadic
variables quadratic linear quadratic linear quadratic linear quadratic linear quadratic linear quadratic
Hirm_intercontinent 2.0741.67) [12.12910.05)*** 0.6840.99) | 6.7q4.53)*** | 2.8391.92)* |17.0445.05)*** | 1.842.00)* |12.6044.40)***| 2.86q1.61) |[15.7094.28)*** | 2.0242.17)* | 13.4083.72)***
alpatent_pct
irm_intercontinent -16.2846.83)*** -12.1043.56)*** -25.4873.46)*** -22.0343.81)*** -19.58[3.54)*** -17.803.82)***
alipatent_pct2
firm_local_presencef 15892.41)* | 04990.77)*** | 1.7402.92)** | 1.1483.59)***
JP&US&EU

patent_JP_invt_pct 1.3443.58)*** | 3.1097.81)*** | 2.0316.38)*** | 1.7516.06)***

it

_pate"LAs'a"' 5.5603.02)** | 5.4785.91)*** | 3.2892.55)* | 4.5491.89)*

inventors_pct

i

firm_Bog_nberfd 0.983.37)*** | 0.55[2.77)** |1.2205.34)***| 0.8943.27)***

< 0.1%, **: <1%, *:< 5%. t statistics into brackets

firm_R&Dfntensity | -0.0042.03)* | 0.0090.67) | -0.0040.46) | -0.0041.39) -0.0062.96)** [ 0.00{1.62) -0.08{0.70) -0.0340.41)
f"m,-pharmaceu“ca -2.88[4.23)***| -2.8204.67)*** | -1.8143.32)** | -1.7543.12)**
Ifield@patent_pct
firm_TS_patent_[pct 10.4104.94)***| 6.34[3.64)*** | 8.1404.37)*** | 5.88[2.76)**
i
f'rmeS*tpatem*. 18950.89) 2.5241.59) 1.7640.92) 2.31041.24)
pc
const 10.95[4.54)**4 -6.084.17)*** |10.956.51)**] -9.224.78)*** |-3.9916.70)***|-4.87410.61)*** |- 4.8010.35)***| -5.5249.06)*** | 2.9741.60)*** | 5.1047.76)*** | -4.043.07)*** | -5.3704.07)***
Nberbfiata 4688 4688 4688 4688 4535 4535 4535 4688 4688 4688 4688
pseudoR2 0.22 0,11 0,12 0.16 0.22 0.075 01 0.19 0.26 0.08 0.13
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Table 5: Determinants of triadic and new triadic IP protection in patent portfolios of Japanese

pharmaceutical firms.

JPEirms

ModelfaR

Model2aR

Explanatory@ariables?

Triadic®

Newriadic?

Triadic®

Newriadic

linear® quadraticl linear® quadraticl @ m
Hirm_intercontinentalpatent_pctd | -32.7843.83)***8| 33.664133)2 | 6.5641.41) | 24.5140.90)2 @ m
dirm_intercontinental@atent_pct2f] @ -117442.92)**@ il -293(0.65)@ Eil @
firm_presence@P&US&EUE el @ @ @ -0.1600.64)28 | 0.95d3.20)***C
patent@P_inventor's@harel @ @ @ @ 4.0344.18)***@ |  2.2042.17)*@
firm_R&Dintensity® -0.0641.52)a -0.0541.69)@ | -0.0985.90)***@| -0.905.61)***@ @ @
firm_pharmaceuticalBatent_pct@ 3.3062.89)**@ | 2.41§2.74)**@ 0.8470.48)2 0.7150.54)3 2.5943.10)**@ 0.65[0.46)2
const@ 1.8141.35)@ 0.72{0.56)2 -0.5780.64)a -0.600.68)a -4.2143.52)***@| -3.89F2.56)**@
Nber®fRiatal 1088 1088 1088 1088R 10880 1088R
pseudo®R2E 0,138 0,14R 0,0288 0,028@ 0.30m 0.07&

**% - 0,1%, ** : <1%, * :< 5%, t statistics into brackets
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