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SUMMARY
The globalization of Research and Development (R&D) by multinational enterprises (MNEs) has
grown significantly in recent years, with emerging economies featuring as major recipients of R&D
investments. One serious problem MNEs face in emerging economies is weaker intellectual
property rights (IPRs), which put their important technologies at the risk of misappropriation by
local firms. However, the recent rise of R&D investments in emerging economies is at odds with
the previous IPR literature, showing that strengthening IPR protection has positive effects on
inward R&D investments and technology transfer by MNEs. This dissertation aims to uncover
how MNEs reconcile the needs of local R&D in these countries with great concerns for IP
protection there.
In order to explain these twin phenomena, we argue that, while weak IPR protection is expected
to increase IP hazards associated with foreign R&D activities in general, there are important firmlevel (investor-level) and host country-level factors that determine the actual and heterogeneous
IP risks that individual R&D investors are confronted with in host countries. We contend that the
most important sources of this heterogeneity are IP protection strategies of MNEs, the nature of
technologies MNEs develop, technological capabilities of MNEs and host countries, and interfirm mobility of R&D personnel in host countries. We apply this insight to four essays with a
variety of perspectives pertaining to MNEs’ R&D location choices, the consequences of R&D
investment announcements on stock market valuations, and outgoing knowledge spillovers from
MNEs’ local R&D units. Most essays rely on data on cross-border greenfield R&D investments
and global patent applications of 120 European market leading MNEs across diverse industries,
2003-2014. We improve an existing IPR protection indicator for countries by taking into account
both de jure and de facto patent protection.
The first source of the IPR heterogeneity is MNEs’ strategies to protect their knowledge assets
abroad. Our findings suggest that 1) firms with strong internal linkages across R&D units in
multiple countries (i.e., their R&D projects tend to be conducted by cross-country inventor teams)
are more likely to invest in R&D in weak IPR countries; 2) such linkage strategy mitigates the
negative impact on market valuation due to R&D investments in countries with weak IP
enforcement; 3) outward spillovers from MNEs’ local R&D units are restricted if firms make use
of international inventor teams due to their internal linkage strategies; and 4) this restrictive effect
of linkage strategy is more profound in weaker IP protection environments.
Second, the nature of knowledge embodied in technologies is another source of heterogeneous
iii

IPR effects. We show that 1) MNEs whose technology domains are focusing on discrete (complex)
knowledge are less (more) likely to engage in R&D investments in weak IPR countries; 2) the risk
of local spillovers from foreign R&D operations is higher for discrete technologies than complex
technologies; 3) firms that operate in technology domains with tacit knowledge are less likely to
invest in R&D in weak IPR countries; while 4) knowledge spillovers from MNEs’ local R&D
operations are less likely when technology domains involve tacit knowledge compared to codified
knowledge. We also show the interplay between internal linkage strategies and two technology
dimensions. We find that 1) weak IPR protection in host countries deters MNEs’ R&D
investments to a lesser extent if the MNEs use internal linkage strategies, but this relationship is
most profound for firms whose technologies are based on tacit and discrete knowledge; and 2) the
restrictive effect of linkage strategies on local spillovers is more profound for discrete technologies
and less profound for technologies involving more tacit knowledge.
Third, heterogeneous IPR effects are also influenced by technological capabilities of MNEs and
host countries. Our findings suggest that 1) strong IP protection is less needed to induce foreign
R&D investments if MNEs are based in countries with lagging technological capabilities compared
to the host country; 2) The negative effect of weak IPR on MNEs’ R&D investments in a host
country is augmented if the MNEs’ technological capabilities are more advanced compared to the
host country; 3) The restrictive effect of MNEs’ linkage strategies on outward local spillovers is
strengthened if the relative technological capabilities of MNEs compared to the host country are
stronger.
Lastly, inter-firm mobility of scientists and engineers in host countries has a major influence on
heterogeneity in IP protection effects. We find that 1) strong patent protection fails to attract
foreign R&D investments if substantial inter-firm inventor mobility exists in the country; 2) firms’
market values are negatively influenced by high mobility rates across their R&D host countries;
and 3) outward mobility of MNE inventors from local R&D units is a crucial source of outgoing
spillovers from their foreign R&D units, while such mobility is restricted by strong IPR regimes
and linkage strategies.
Academic contributions and policy implications of our findings are discussed, as well as important
topics for future research.
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Chapter 1.
Introduction

1

Research and Development (R&D) activities of firms have been a widely studied topic in academia.
R&D is a process of creating knowledge assets, which are core resources and capabilities of the
firms for enhancing competitive advantages in their markets (Hall, 1993; Oliver, 1997; Teece, 1998).
R&D provides more opportunities for investing firms to increase their performance (Belderbos et
al, 2004; Blundell et al., 1999; Hall et al., 2005). Furthermore, an extensive body of literature has
shown that social returns to R&D investments are also substantial and can be even higher than
private returns (Hall et al, 2010; Jones and Williams, 1998; 2000; Mansfield et al, 1977). This
phenomenon is closely intertwined with the positive consequences of unintended knowledge
diffusion between firms, or knowledge spillovers. In other words, some pieces of important
knowledge of innovators can be available to other firms within or across industries (or countries)
without any payment. Given these positive externalities, governments have adopted innovation
policies to stimulate private R&D investments such as R&D subsidies and tax credits (Mohnen
and Lokshin, 2010; OECD, 2002), which have been found to be effective in increasing firms’ R&D
expenditures (Czarnitzki and Hussinger, 2004; Griffth et al, 2001). Ample evidence exists that
private R&D investments enhance a country’s innovation output and, furthermore, can be a driver
of economic growth and development (Coe and Helpman, 1995; Engelbrecht, 1997; Griliches,
1991; Griffith et al, 2004; Lee and Kim, 2009; Park, 1995).
One recent and important trend of R&D is the internationalization of such activities by
multinational enterprises (MNEs; Branstetter et al., 2018; Belderbos et al., 2017; Athukorala and
Kohpaiboon, 2010). Cross-border R&D activities have diverse motivations, such as facilitating
local adaptation of products, or building new knowledge assets (Kuemmerle, 1999). Foreign R&D
provides opportunities for MNEs to source (local specific) knowledge in innovation networks in
the host country, which helps their capability building (Alcácer and Chung, 2007; Belderbos and
Somers, 2015; Song et al., 2011). As a result, empirical evidence has shown that foreign R&D
activities positively influence firm performance such as productivity growth and innovation output
(Belderbos et al., 2015; Griffith et al., 2006; Kafouros et al., 2018; Lahiri, 2010). Host countries
also benefit from incoming foreign R&D investments as they provide more opportunities for high
skilled employment and bring in new knowledge and technologies (e.g., Bernstein and Mohnen,
1998; Belderbos and Mohnen, 2013; Branstetter et al., 2006).
Emerging economies such as China and India have been increasingly popular destinations for
foreign R&D investments, which is driven by a sharp growth in purchasing power and market
demand in these economies (Liu and Chen, 2012). For instance, the FDI markets database by the
Financial Times Ltd, which we mainly exploit in this dissertation, reveals that cross-border R&D
2

projects hosted by Brazil, Russia, India, China, and South Africa (BRICS) accounted for 34.4% of
the total number of foreign R&D projects worldwide from 2003 to 2011, which outweighs R&D
investments headed for the EU or the U.S. (OECD, 2016). Opening R&D facilities in emerging
economies provides MNEs diverse benefits, such as successful local market adaptations of existing
products (Kumar, 1996, 2001; Liu and Chen, 2012), access to plentiful qualified R&D labor in a
context of scarce highly-skilled workers in home countries (Lewin et al., 2009) and R&D cost
reduction by hiring local scientists and engineers with relatively low wages (Zhao, 2006).
On the other hand, the growth of MNEs’ R&D activities in emerging economies has augmented
their concerns regarding intellectual property (IP) protection. The weaker intellectual property
rights (IPR) protection in these countries implies higher risks of IP misappropriation by local firms.
The recent trade conflict between the United States and China has been motivated by the alleged
large scale theft by Chinese firms of U.S. firms’ technologies and intellectual property (USTR,
2018). Several surveys have also shown that executives of MNEs view (weak) IP protection as a
major challenge for R&D globalization (e.g., EIU, 2004; Schmiele, 2013; Potter et al., 2017). Under
strong IPR regimes, (foreign) firms have more possibilities to make uses of effective legal measures
to prevent IP misappropriations by competitors, making them less concerned about potential
knowledge leakages from local R&D operations. An extensive literature has reported that weak
IPR protection is an important deterrent of foreign (R&D) investments in a host country (Kumar,
1996; Smith, 2001; Branstetter et al., 2006, 2007, 2011; Mansfield, 1994; Lee and Mansfield, 1996;
Ito and Wakasugi, 2007; Belderbos et al., 2008, 2013b).
The findings in prior studies that weak IPR reduces R&D investment appear to be at odds with
the current phenomenon that substantial numbers of R&D investments by MNEs are headed
toward emerging economies with severe risks of IP leakage. This dissertation is motivated by these
twin phenomena and attempts to reconcile them. We argue that, while weak IPR protection is
expected to increase IP hazards associated with foreign R&D activities in general, there are
important firm-level (investor-level) and host country-level factors that determine the
heterogeneous (effective) IP risks in host countries where MNEs plan to invest or have invested
in R&D. We contend that the most important sources of this heterogeneity are IP protection
strategies of MNEs, the nature of technologies MNEs develop, technological capabilities of
MNEs and host countries, and inter-firm mobility of R&D personnel in host countries.
First, firms may be able to adopt their own measures to mitigate the risk of IP leakages in foreign
countries. If MNEs have proper measures in place to restrict outward knowledge leakages from
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foreign R&D operations, they can reconcile the needs of local R&D in emerging economies (e.g.,
low cost and plentiful human resources, local adaption for growing markets, and etc.) with
concerns about ineffective IPR protection in these countries. Recent studies have suggested that
firms can reduce the risk of outward knowledge spillovers by partitioning the knowledge
generation process and distributing it across multiple locations, with internal linkage across R&D
units ensuring knowledge integration (Alcácer and Zhao, 2012; Belderbos and Somers, 2015; Zhao,
2006; Nandkumar and Srikanth, 2016). This internal linkage strategy reduces the extent of
knowledge outflow and misappropriation hazards related to local R&D operations as each R&D
unit creates partial knowledge pertaining to the technology.
Second, the effective IP risk of foreign R&D could be heterogeneous depending on the nature of
technologies that foreign R&D projects aim to develop. In particular, the likelihood that IP
leakages lead to severe loss of profits and the importance of geographical proximity for knowledge
diffusion are expected to be heterogeneous across technology fields. Knowledge leakages are a
more serious problem if the leakages directly help market competitors to bring new products to
markets (APFC, 2014). Under weak IPR regimes, firms are less likely to prevent such IP
misappropriations and market stealing. One important technology dimension influencing
misappropriation risks is the degree to which invented technologies are “complex” or “discrete”
(Cohen et al., 2000). In the case of discrete technologies, a single patent can protect novel
technology and allow market exploitation, whereas in the case of complex technologies,
commercializable products or processes contain numerous separately patentable elements. MNEs
may assign more importance to IPR protection if their technologies are based on discrete
knowledge, for which a single patent infringement tends to cause severe damage to the firm’s
profitability. Another relevant technology dimension is the degree to which technologies involve
tacit or codified knowledge. Tacit knowledge transfer between firms is generally difficult and
requires geographic proximity (Howells, 2002; Nooteboom, 2000). Hence, firms may effectively
restrict tacit knowledge leakages to foreign competitors by avoiding overseas R&D activities. This
implies that firms aiming to develop technologies abroad may assign more importance to IPR
protection if the technologies are based on tacit knowledge.
Third, technological capabilities of MNEs and host countries may shape the heterogeneity in the
importance of IPR protection. Recent trends suggest that the source countries of foreign R&D
have become much more diversified, with MNEs based in emerging economies becoming
important international R&D investors. MNEs based in countries with lower technological
capabilities will have fewer technological assets to protect abroad and may favor a relatively free
4

flow of knowledge between firms, driven by loose protection and enforcement of IPR in host
countries. On the other hand, the international R&D literature shows that technology leaders are
less likely to collocate with other firms as they expect low benefits of incoming spillovers by
collocation and have more to lose from knowledge leakage (Alcácer and Chung, 2007; Belderbos
et al., 2008; Shaver and Flyer, 2000). This implies that the sensitivity towards IPR protection is a
function of the relative technological capabilities of investing MNEs compared to those of
(potentially collocated) local firms in the host country. If MNEs invest in R&D in countries with
relatively weaker technological capabilities, they are likely to fear inter-firm knowledge spillovers
in low IPR protection environments to a greater extent. In contrast, MNEs will assign less
importance to IPR protection when they invest in relatively stronger countries.
Fourth, not only formal IPR systems (e.g., patent rights) but also inter-firm mobility of employees
may affect the effective IP risk in a country. One of common types of IP hazards in emerging
economies is knowledge leakages to competitors by former employees (APFC, 2014). Prior
literature has shown that inter-firm mobility of scientist and engineers is a source of knowledge
spillovers, including tacit knowledge leakages (Song et al., 2003; Kim and Marschke, 2005). Firms
cannot fully prevent such knowledge leakages through formal IPR because IPR systems are less
effective in protecting knowledge in non-codified form. Hence, if firms are confronted with
substantial mobility of R&D employees between firms in a country, they may not expect that
knowledge leakages are effectively restricted even if the country has strong legal IP protection
measures.
This dissertation applies these insights in four distinct essays taking a variety of perspectives. One
essay investigates the relationship between firm performance (market value) and foreign R&D
investment announcements. Two essays zoom in on IP and foreign R&D location decisions by
MNEs. A last essay deals with actual outgoing spillovers from local R&D operations of MNEs.
Our main source of data on MNEs’ cross-border R&D investments is the FDI Markets database
of the Financial Times Ltd. This database lists cross-border greenfield FDI projects (among which
R&D) worldwide from 2003 onwards, drawing on media reports, press releases, and information
obtained from foreign investment agencies and industry associations. We also make use of
extensive data on global patent applications by MNEs to create core variables for the empirical
analyses. We improve an existing IPR protection indicator for countries by taking into account
both de jure and de facto patent protection as well.

5

The structure of the dissertation
The two essays on MNEs’ R&D location decisions and host country IPR regimes are presented
in Chapter 2 and Chapter 4. To be specific, Chapter 2 investigates host country level factors that
may moderate the effectiveness of strong IPR policies in attracting inward R&D investments by
foreign MNEs, analyzing R&D location choices for more than 8,000 cross-border R&D
investments in 81 host countries by almost 3,400 MNEs, 2003-2014. We examine whether the role
of IPR protection in attracting R&D investments is subject to declining marginal effects if the
IPR protection level is closer to the IP protection frontier, whether in countries characterized by
relatively strong mobility of (R&D) employees strengthening patent protection is less effective in
increasing a country’s attractiveness to R&D investments, and whether firms based in
technologically lagging (leading) countries assign less (more) importance to the level of patent
protection in host countries when deciding on R&D investments.
Chapter 4 focuses on firm level factors that may affect the deterrent effect of host countries weak
IPR protection on incoming R&D investments by analyzing R&D location choices of market
leading MNEs. We analyze investment behavior by 120 European market leaders (based in Europe,
USA, and Japan) across diverse industries, which have invested in foreign R&D during the period
2003-2014. We explore whether the negative effect of weak IPR on MNEs’ R&D investments is
weakened if MNEs adopt IP protection strategies based on internal linkages in R&D or if their
technologies involve complex knowledge, and conversely whether the deterrent effect is
strengthened if the technologies are based on tacit knowledge or if MNEs’ technological
capabilities are more advanced than those of the host country.
Based on the same sample MNEs, Chapter 3 examines whether firm performance is negatively
influenced by R&D investments in countries with weak protection of IPR. We take market
valuation as a forward looking measure of performance and relate this to announcements on
foreign R&D investments by the MNEs. In addition, we investigate whether the negative
performance consequences of R&D investments in weak IPR countries can be mitigated by
MNEs’ internal linkage strategies.
The essay on outward knowledge spillovers from local R&D units is presented in Chapter 5.
Analyzing local firms’ citations to locally invented patents of the 120 MNEs in 90 countries, 20002014, we examine whether outward knowledge spillovers due to foreign R&D activities can be
restricted by strong IPR regimes in host countries and foreign inventor involvement in R&D
projects due to MNEs’ internal linkage strategies. We also shed light on whether the restrictive
6

effect of MNEs’ internal linkage strategies on local spillovers can be altered by host country IPR
protection, the nature of technology (e.g., tacitness and complexity), and the technology gap
between the MNEs and the host country.
Based on our findings in these four essays, we discuss academic contributions, policy implications,
limitations of our studies, and crucial topics for future research in Chapter 6.
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Chapter 2.
IPR protection and Foreign R&D Investment Location
Choices: Convergence, Inventor Mobility, and Relative
Technological Capability

9

Chapter Abstract
While prior research has suggested that stronger intellectual property rights (IPR) protection
attracts foreign direct investment, in particular in R&D, recent developments suggest a more
complex relationship. A gradual global strengthening of patent protection may have reduced its
distinguishing features, the rise of firms based in emerging economies as a source of cross-border
R&D investments may be associated with a reduced preference for IPR protection, and the role
of patent protection may be less pronounced if R&D abroad is associated with knowledge leakage
through inter-firm mobility of employees. We argue that a positive influence of strong patent
rights on the location of multinational firms’ R&D investments is weakened if 1) the level of
patent protection is closer to the global frontier; 2) there is substantial inventor mobility in the
host country; 3) the technological capabilities of the investing firm’s home country are lagging
behind those of the host country. We confirm these conjectures in an analysis of the R&D location
choices for more than 8,000 cross-border R&D investments by 3,400 multinational firms in more
than 100 potential host countries, 2003-2014. 1

2.1. Instruction
The internationalization of R&D investments by Multinational Enterprises (MNEs) has become
an important phenomenon in the global economy (e.g., Branstetter et al., 2018; Belderbos et al.,
2017; Athukorala and Kohpaiboon, 2010; Kafouros et al., 2018). The rise in cross-border R&D
investments has been associated with increasing geographic dispersion of technological capabilities,
the availability of science and engineering personnel in lower cost locations, and the need to
conduct local R&D to adapt products to growing local markets in emerging economies. In
particular, countries such as China and India have been increasingly popular destinations for R&D
investments.
These trends have accentuated the hazards of conducting R&D in emerging economies due to a
weaker effective protection of intellectual property and its potential misappropriation by local
firms. The recent trade conflict between the United States and China has been motivated by the
alleged large scale theft by Chinese firms of U.S. firms’ technologies and intellectual property
This chapter draws on “Park, J and Belderbos, R. (2019). ‘Patent protection and Foreign R&D Investment
Location Choices: Convergence, Inventor mobility, and Relative technological capability’, working paper,
under review at Research Policy.”
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(USTR, 2018). Several surveys have shown that executives of MNEs view (weak) IP protection as
a challenge for R&D globalization (e.g., EIU, 2004; Potter et al., 2017). Conducting R&D abroad
has been shown to increase the probability of IP infringement from local competitors (Schmiele,
2013).
Prior studies generally agree that MNEs take the protection of their intellectual property into
account when deciding if and where to invest in foreign R&D activities. A strong IPR regime as
exemplified by patent rights has been found to have positive effects on inward foreign (R&D)
investments (Kumar, 1996; Smith, 2001; Branstetter et al., 2006, 2007, 2011; Mansfield, 1994; Lee
and Mansfield, 1996; Ito and Wakasugi, 2007; Belderbos et al., 2008, 2013b). In this chapter, we
argue that, while patent rights are expected to have an important influence on cross-border R&D
investments, there are important boundary conditions to the relationship between patent
protection and inward R&D investments that have not received due attention in prior studies.
First, since the Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS)
stipulating minimum standards for IPR protection has been implemented, many countries with
weaker patent protection policies have narrowed the gap with countries at the patent protection
frontier. Catching up may reduce the importance of a strengthening of IPRs, as this provides
smaller relative gains to the investing MNEs. Hence, the marginal gains in a country’s attractiveness
to inward R&D investments may decline, the closer the country’s IPR regime is to the IPR ‘frontier’.
Second, spillovers of (tacit) knowledge from foreign R&D operations to local firms are not easily
combatted by stricter policies and enforcement related to patents, and this may render patent
protection less effective in encouraging firms to invest in a country. The main channel for this type
of IP hazard is inter-firm mobility of firms’ scientists and engineers (Agarwal et al., 2009; Kim
and Marschke, 2005; Schmiele, 2013). Hence, if a location is characterized by relatively strong
mobility of (R&D) employees, patent protection is less likely to reduce IP hazards and increase a
country’s attractiveness to R&D investments.
Third, foreign R&D investment is no longer the realm of MNEs based in industrialized countries,
with countries such as China, India and Brazil becoming important source countries. MNEs based
in countries with lower technological capabilities will have fewer technological assets to protect
abroad and may favor a relatively free flow of knowledge in host countries, in particular if their
foreign R&D investments have a knowledge sourcing motive (e.g. Belderbos et al., 2008; Alcacer
and Chung, 2007). Hence, we expect that firms based in technologically lagging countries assign
less importance to the level of patent protection in host countries when deciding on R&D
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investments.
We examine the importance of these factors for the relationship between patent protection and
cross-border R&D investments by MNEs. We analyze the location choices for 8,771 foreign R&D
investments (2003-2014) by 3,397 MNEs from 67 home countries across a set of 106 (potential)
host countries. We create a composite patent protection index based on the Ginarte-Park index of
patent rights and a legal enforcement index, to take into account both de jure and de facto
protection of patents rights. R&D employee mobility rates across countries are measured by
changes in patent inventor affiliations while relative technological capabilities are captured by host
and home countries’ patent applications. Estimating ‘mixed’ (random component) conditional logit
models, we find general support for the notion that the effects of strengthening effective patent
rights on R&D investment location choices are smaller if patent protection levels are closer to the
frontier, if host countries exhibit stronger inventor mobility, and if investing firms are based in
home countries lagging behind the host country in terms of technology capabilities.
In the next section, we turn to existing literature with discussion on theoretical backgrounds and
develop theories of this study. Our data and empirical methods are discussed in Section 2.3.
Empirical results are shown in Section 2.4 with discussions on empirical findings and
supplementary analysis. Section 2.5 contains concluding remarks regarding policy implications and
contributions of our study.

2.2. Background and Theories
We provide further background to our research questions, drawing on the literatures on IPR
protection, knowledge leakages due to mobility of (R&D) personnel, and location decisions under
asymmetric technological capabilities.
Effects of IPR protection policies and IPR protection convergence
Scholars have investigated the roles of IPR protection in relationship with trade, foreign direct
investment (FDI) and R&D. The international trade literature has reported that strong patent
rights stimulate imports (Maskus and Penubarti, 1995; Ivus, 2010; Shin et al., 2016) and exports
(Maskus and Yang, 2013). Similarly, strong protection of IPR has been found to be associated with
higher levels of inward FDI (e.g., Smith, 2001; Ushijima, 2013), in particular in patent and
technology intensive sectors (Mansfield, 1994; Smarzynska Javorcik, 2004). Expensive literature
also investigates the relationship between IPR and innovation output (e.g., Chen and Puttitanun,
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2005; Lerner, 2009; Allred and Park, 2007; Sweet and Maggio, 2015; Kim et al., 2012).
In particular, prior studies generally agree that (cross-border) R&D activities are most sensitive to
IPR protection, given their role in knowledge creation (e.g. Mansfield, 1994; Kumar, 1996).
Branstetter et al. (2006) showed that patent policy reforms in the host countries have positive
effects on R&D expenditures and technology transfer to foreign affiliates by US firms active in
these host countries. Analyzing survey data on Japanese MNEs, Ito and Wakasugi (2007)
concluded that R&D activities are directed toward countries with high patent protection. Some
studies have shown that IPR regimes have an influence on firms’ choices for modes of R&D
collaboration with foreign firms. For instance, Hagedoorn et al (2005) found that firms are likely
to choose R&D joint ventures rather than contractual partnerships in weaker IPR countries as
joint ventures have advantages to control and monitor for R&D process in the host country.
A recent trend in global IPR is that many countries with weak IPR policies have progressed in
narrowing the gap with developed countries at the patent protection frontier. A major influence
has been the implementation of TRIPS agreement (Hamdan-Livramento, 2009; Park, 2008; Kyle
and McGahan 2012). The implementation commenced as early as 1995, but developing countries
were allowed transition periods until 2006 or even until 2013 (Yu, 2009). Figure 2.1 illustrates that
the average patent right scores of 119 countries has generally increased over time (2003-2014)
while the standard deviation has been decreasing, indicating a trend towards convergence at higher
levels of protection. The question rises whether IPR is still a distinctive characteristic favoring
investment in one country over another if most countries have adopted more substantive IPR
policies. For countries lagging in IPR protection, a smaller gap with the IPR protection ‘frontier’
may imply that a further increase in IPR protection provides smaller relative gains to the investing
MNEs and hence may have a smaller marginal effect on the likelihood that this affects R&D
investments. In general, the effect of a strengthening of IPR protection may depend on its initial
level (Allred and Park, 2007). Hence, we expect that the closer the country’s IPR regime is to the IPR
‘frontier’, the fewer foreign R&D investments will be directed to the country due to strong IPR protection.
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IP protection and Inter-firm inventor mobility
Studies have shown that inter-firm mobility of personnel, in particular scientists and engineers, is
an important channel of (unintended) knowledge spillovers between firms (e.g., Almeida and
Kogut, 1999; Agrawal et al., 2006; Morescalchi et al., 2015). Breschi and Lissoni (2009) found that
part of the explanation of the localized nature of knowledge spillovers is that inter-firm mobility
of inventors occur more frequently within than across regions. Studies have also suggested that
hiring other firms’ inventors and researchers is more likely if they are more productive (e.g., Hoisl,
2007; Palomeras and Melero 2010) and that it has positive effects on firms’ R&D productivity
(Maliranta et al., 2009), in particular if they possess complementary knowledge (Song et al., 2003).
Knowledge leakages abroad through personnel mobility is a particular concern for MNEs
investing abroad having to deal with locally hired, and perhaps less loyal, personnel. An example
is the misappropriation of knowledge of the US SI group by Chinese firm Sino Legend, related
to the hiring of a former plant manager of the US firm in Shanghai in 2007. The US firm claimed
that the theft of its resin formula had allowed the local rival to take its dominant market share on
the Chinese market (APFC, 2014). Surveys of MNEs show that employee mobility abroad is a
particular concern in the protection of proprietary knowledge and intellectual assets (Schmiele,
2013).
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Given that mobile employees may transfer non-patented and tacit knowledge (Song et al., 2003),
knowledge leakage through personnel mobility is more difficult to counter by enforcing patent
rights. Prior studies suggest that a partial mitigation of such knowledge dissipation through
mobility may be possible if firms build up a tough reputation on patent enforcement (Agarwal et
al., 2009; Ganco et al., 2015; Kim and Marschke, 2005), but that other measures such as noncompete clauses in employment contracts are necessary to address this issue more directly (e.g.,
Castellaneta et al., 2017; Contigiani et al., 2018; Garmaise 2009; Marx et al, 2009; Younge et al.,
2015). Hence, heterogeneous employee mobility rates across countries and the associated hazards
of knowledge leakage may influence the effectiveness of patent protection in shielding against
misappropriation of knowledge and technological assets of MNEs abroad. Hence, if a location is
characterized by relatively high mobility of (R&D) employees, strong patent system is not a
sufficient condition to protect IP assets made by foreign investors. Therefore, we expect that
countries with high inter-firm mobility rates are less likely to increase a country’s attractiveness to foreign R&D
investments by enhancing patent protection.
IP protection and heterogeneous technological capabilities
A limitation of the literature on IPR and FDI to date is that it has solely focused on foreign
investments from developed economies (the US, Japan, and Europe) and has not yet examined the
more recent wave of R&D investments from emerging economies. Recent trends suggest that the
source countries of foreign R&D have become much more diversified, with China, India and
Brazil becoming important international R&D investors. For example, data from the FDI markets
database assembled by the Financial Times (used in this study) suggest that MNEs based in the
BRICS countries increased their cross-border R&D investments by almost 90% in 2009-2014
compared to 2003-2008, while for OECD countries this increase was only 4.7%.
We expect that this investor heterogeneity has consequences for the manner in which host country
patent protection affects investment behavior. This is because firms’ sensitivity toward IP risk and
IP protection is a function of their technological capabilities and the knowledge asymmetry
between technology leaders and laggards (Smith, 2001; Belderbos et al., 2008). FDI location choice
studies (e.g., Shaver and Flyer, 2000; Alcácer and Chung, 2007) verified that technology leaders
may not collocate with other firms due to concerns about knowledge leakage, as they have most
to lose in this respect and least to gain, while technology laggards may primarily enjoy the benefits
of technology spillovers through collocation.
In this regard, MNEs based in countries with lower technological capabilities will have fewer
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technological assets to protect abroad and may favor a relatively free flow of knowledge in host
countries, in particular if their foreign R&D investments have a knowledge sourcing motive.
Conversely, MNEs based in countries with advanced technological capabilities are likely to pay
substantial attention to IP protection if they invest in R&D in technologically lagging countries.
In summary, we expect that firms based in technologically lagging (advanced) countries generally assign less
(more) importance to the level of patent protection in host countries when deciding on R&D investments.

2.3. Empirical model, data and variables
Empirical Strategy
We assess the relationship between patent protection and cross-border R&D investments by
examining host country location choices by MNEs for individual R&D projects. The focus on
firm decisions at the micro level has the advantage that firm-level factors, such as the presence of
earlier investments in the host country, can be taken into account. The literature on FDI location
choice (e.g. Coughlin et al, 1991; Chung and Alcácer, 2002; Basile et al., 2008) has used discrete
choice models such as conditional and mixed logit models to relate the probability that a firm
chooses a certain location among a set of potential locations to relevant locational characteristics.
Multinational firms tend to compare characteristics of alternative locations when deciding on
investment decisions (Belderbos et al., 2013a; Konings and Murphy, 2006). We adopt the random
coefficient mixed logit model, a generalized form of the conditional logit model (e.g., Train, 2003;
Revelt and Train, 1998; Hole, 2007) derived from random utility maximization. Unlike the
conditional logit model, the mixed logit model allows for unknown heterogeneous investor
preferences and correlated error terms across location (e.g. spatial correlation). It does so by
allowing coefficients to vary if observations get different weights. The estimated coefficients have
a mean component that is unbiased across observations, and a random component that reflects
variations between observations.
Formally, let 𝑋𝑋𝑙𝑙,𝑡𝑡−1 be the vector of location-specific characteristics and 𝑍𝑍𝑙𝑙,𝑡𝑡−1 a subset of these,
and 𝜃𝜃𝑓𝑓 a vector of randomly distributed weights with zero mean with density 𝑔𝑔(𝜃𝜃𝑓𝑓 ), then the
probability of locating in region 𝑙𝑙 can be formalized as:
(1) 𝑃𝑃𝑙𝑙 = ∫ ∑𝑁𝑁

exp�𝛽𝛽𝑋𝑋𝑙𝑙,𝑡𝑡−1 +𝜃𝜃𝑓𝑓 𝑍𝑍𝑙𝑙,𝑡𝑡−1 �

𝑛𝑛=1 exp(𝛽𝛽𝑋𝑋𝑛𝑛,𝑡𝑡−1 +𝜃𝜃𝑓𝑓 𝑍𝑍𝑛𝑛,𝑡𝑡−1 )

The probability that a firm chooses location l

𝑔𝑔(𝜃𝜃𝑓𝑓 )𝑑𝑑(𝜃𝜃𝑓𝑓 )

from among the set of locations N depends on
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the relative locational attributes and the coefficients 𝛽𝛽, but the estimations of these coefficients
vary due to the weights 𝜃𝜃𝑓𝑓 assigned to the different traits. The mixed logit probability is essentially

a weighted average of the conditional logit formula. The dependent variable is a dummy variable
taking the value 1 for the host country that is chosen as the location for the R&D investment; else
zero.
In order to obtain the mixed logit probability, the integral of the multiplication of the conditional
probability with the density function needs to be calculated. As there is no closed form solution
for the mixed logit probability, coefficients are generated by numerical simulation. We take 50
draws and follow prior work by assuming that the weights are normally distributed. Since there are
no a priori expectations about which coefficients have random components, we regard all
coefficients as random, with 𝑍𝑍𝑙𝑙,𝑡𝑡−1 identical to 𝑋𝑋𝑙𝑙,𝑡𝑡−1 (Basile et al., 2008; Chung and Alcácer,
2002; Revelt and Train, 1998). We report the mean components and the significant random
components.

Given that the marginal effects on probability of investment are not directly reflected in the
coefficients, we calculate magnitudes of effects by examining odds ratios: the effect of an
explanatory variable on the odds that the investment is located in country l rather than in any other
country: 𝑃𝑃𝑙𝑙 / ∑𝑁𝑁−1
𝑛𝑛=1 𝑃𝑃𝑛𝑛 . The effect of a variable on the odds ratio can be obtained by exponentiating

the coefficients (e.g., Alcácer and Chung, 2007; Alcácer and Delgado, 2016). For a one standard
deviation change in a variable, the effect on the odds is 𝑒𝑒 𝑏𝑏∗𝑆𝑆𝑆𝑆 − 1, with b the estimated coefficient
of the variable of interest and SD the standard deviation.
R&D investment data
Our source of cross-border R&D investment data is the FDI Markets database, which provides
extensive data on greenfield cross-border FDI projects worldwide. The dataset draws on media
information, firm reports, and various other sources regarding FDI (such as regional investment
agencies). Information is available on types of FDI (among which R&D), destination countries,
and the origin of investing firms. The FDI markets claims to be representative for global greenfield
FDI flows and has been widely used by international organizations such as the OECD, World
Bank, and UNCTAD, and by scholars (e.g., Castellani, Jimenez, & Zanfei, 2013; Castellani & Pieri,
2013; Crescenzi et al., 2013; see OECD, 2016 for more details). Our dataset covers FDI projects
from 2003, the first year that the database records FDI information, to 2014. In this period, there
are 9,193 R&D projects identified. 422 projects in 31 countries could not be included in the analysis
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because information on key variables such as IPR protection was not available. 2 As a result, 8,771
cross-border R&D investments in 81 countries undertaken by 3,397 multinational firms are
maintained in the analysis. Figure 2.2 describes cross supra-regional flows of international R&D
investment projects, 2003-2014 according to this database. Asia is the largest recipient of foreign
R&D projects in this period, followed by Europe while North American countries are the biggest
source of the foreign R&D. An intra-continent R&D flow is the largest in Europe and the rest of
the world (ROW: including South America and Africa) is the smallest recipient and source of
foreign R&D projects. Table 2.1 shows the top 10 host countries (and investing countries) in terms
of the R&D project volume the sample firms (3,397 MNEs) have made, 2003-2014. India has
received the biggest amount of foreign R&D projects for 12 years, followed by China, USA, and
UK. US firms account for the largest portion in the entire foreign R&D projects while German
and Japanese firms are the second and the third largest investors. The R&D projects mainly stem
from information & communication technology (ICT), electronics, pharmaceuticals, chemicals,
and machinery industries. Of the 8,771 project, 51.2% are in non-high income host countries
(based on the World Bank classification), while 9% of R&D investments are undertaken by MNEs
based in non-high income countries. We could include 106 host countries in the choice set. 3 For
an MNE, the typical choice set for foreign R&D investments thus consists of 105 countries, as
the home country is by definition not a potential investment location. 25 countries did not receive
any foreign R&D investment.

The countries excluded with the highest numbers of R&D investments were Taiwan (169 projects) and
the United Arab Emirates (77 projects).
3 The list of 106 countries is shown in Table A2, Appendix A
2
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Figure 2.2. Number of Foreign R&D project, supra-regional flows, 2003-2014
N. AMERICA
277
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Source: Calculations based on the FDI Markets database.

Table 2.1. Host country and investing country statistics
Top 10
Top 10
# projects
# projects
Host countries
Investing countries
India
1,453
USA
3,709

Top 10
Industries
Software & IT services

# projects
2,690

China

1,266

Germany

864

Communications

827

USA

802

Japan

633

Pharmaceuticals

614
534

UK

618

UK

545

Chemicals

Germany

360

France

474

Semiconductors

521

Singapore

350

Switzerland

313

Industrial Machinery, Equipment & Tools

435

France

273

India

236

Automotive Components

391

Canada

241

Netherlands

214

Electronic Components

316

Ireland

238

China

212

Business Services

312

Spain
233
Canada
184
Biotechnology
260
Note: The country rankings are based the number of R&D projects recorded from 2003 to 2014 in our database. Industries are
classified on the basis of the FDI market classification regarding "Industry Sector".

Patent right proximity to the frontier
The degree of patent protection in a country is measured by a composite index based on Ginarte
and Park’s patent right index (GP; Park, 2008) and Impartial Courts scores in the Global
Competitiveness report. The GP index is a widely used in the literature and is based on statutory
information on patent laws. The index consists of five components: Coverage, Membership of
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international treaties, Duration of protection, Enforcement, and Restrictions on patent rights, with
the patent rights index taken as the un-weighted sum. An often voiced criticism of the index is
that a statutory indicator may not effectively capture the actual enforcement level of policies (Hu
and Png, 2009; Maskus and Yang, 2013). Enforcement is an important consideration for MNEs.
For instance, the US Trade Representative recently reported that even though China has
introduced a round of revisions to their legal system and made a number of commitments to
improve IPR protection, “foreign investors in China continue to voice concerns about lack of
transparency, inconsistent enforcement of laws and regulations, weak IPR protection, corruption
and a legal system that is unreliable and fails to enforce contracts and judgments” (USTR, 2017, p.
102). To improve on the index, we follow recent work (Hu and Png, 2009; Maskus and Yang, 2013)
by multiplying the GP index by a measure of enforcement of (patent) laws, for which we choose
the Impartial Courts (IC) index. The Impartial Court index draws on a survey question among
executives in the Global Competitiveness Report by the World Economic Forum asking
respondents for their assessment of the degree of impartiality and quality of the legal system for
private businesses. 4 Given that foreign investors are concerned about discrimination during the
IPR legal disputes, the impartiality of courts is likely to reflect relevant enforcement issues related
to patent rights in a host country.
Reflecting our research question on potentially declining marginal effects of augmenting patent
protection if countries are closer to the global IPR frontier, our measure of patent protection
indicates the proximity of a host country’s patent laws and enforcement to that global IPR
protection frontier. The convergence or catching up effect of patent rights is examined by adding
the squared term of the IPR indicator. The indicator (IPR) is constructed as follows:
(2) IPR (proximity to the frontier) =

GP(t)

𝑀𝑀𝑀𝑀𝑀𝑀 𝐺𝐺𝐺𝐺(𝑡𝑡)

∗

IC(t)

𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼(𝑡𝑡)

GP and IC are normalized by the annual maximum value of each index, such that the composite
index ranges from 0 to 1. The expression of GP and IC as an index relative to the maximum allows
for an unbiased scaling and integration into the IPR index. Given that the GP index is constructed
with five-year time intervals, annual GP scores are linearly interpolated between two scores in a
five-year interval. Because there are no GP data yet for 2015, GP scores from 2010 to 2014 are

Hu and Png (2009) and Maskus and Yang (2013) use an unweighted sum of 9 legal factors, but these also
include components not directly associated with IPR protection such as "Regulatory costs of the sale of
real property" and "Reliability of police".

4
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predicted by an alternative IPR protection index published in the Global Competitiveness Report.
Inter-firm inventor mobility
We identify mobile inventors by using patent filing records on inventors and assignees using a
methodology established in prior studies (Almeida and Kogut, 1999; Kim et al., 2009; Song et al,
2003; Hoisl, 2007; Marx et al., 2009). If an inventor is listed on a patent record under assignee firm
A, but previously was listed on patents filed by assignee firm B, then this inventor can be inferred
to have moved to a new company. 5 Since moves to a subsidiary of the same parent firm do not
represent inter-firm mobility, moving to an assignee with a similar name is not classified as
mobility. 6 One important issue in measuring inventor mobility is the disambiguation of inventor
and assignee names. We used harmonized inventor and assignee data from the Crios‐Patstat
Database (Coffano and Tarasconi, 2014). This database is constructed by a team of researchers at
Bocconi University, providing standardized data for diverse types of patent information. While the
Crios‐Patstat Database provides information on both EPO and USPTO patents, we use EP data
because they are more reliable in terms of accurate information on addresses of inventors
(Morrison et al, 2017). The mobility count of a country is defined as the number of times inventors
located in the country have changed assignees during a year. Since identifying mobile inventors
through patent application history is not free from noise in particular in representing the timing
of inventor mobility (Ge et al., 2016), we use a 5 year moving window to aggregate mobility counts.
The mobility rate (Mobility) is the mobility count divided by the total number of identified inventors
in the country during each five year period.
If a country only has few inventors listed on EP patents, which is the case for a number of less
developed countries, mobility rates cannot be calculated accurately enough with this methodology.
To maintain these countries in the analysis, we add the dummy variable, No information on mobility
to the models, which takes the value 1 for a county in which there are fewer than 150 EP patents
registered with host country inventors during the 5 year window. This applies to 51 countries,
which together received about 3.5% of the R&D projects. To examine the moderating role of
mobility on the relationship between patent rights and R&D investment location choice, we
interact the IPR indicator with the mobility rate and expect a negative sign. We also include an
interaction effect between IPR and no information on mobility to confirm that the mobility interaction
5 Following prior work (Marx et al, 2009), we assume that inventors changed their employers at the
midpoint of two patent applications with different companies.
6 We cannot rule out moves to a subsidiary with a dissimilar name using this method. However, we assume
that this error is not systemically different across countries.
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effect is not driven by the lack of mobility data for the 51 countries.
Relative technological capability
Relative technological capability (RC) of the country of the investor is measured using patent
intensities (PI) of investing and host countries:
(3) 𝑅𝑅𝑅𝑅𝑖𝑖ℎ (𝑡𝑡) = log �

𝑃𝑃𝑃𝑃𝑖𝑖 (𝑡𝑡)

� 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑃𝑃𝑃𝑃 =

𝑃𝑃𝑃𝑃ℎ (𝑡𝑡)

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝(𝑡𝑡)+1
𝐺𝐺𝐺𝐺𝐺𝐺(𝑡𝑡)

𝑖𝑖 ∶ 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ℎ ∶ ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

,

Relative capability is the logarithm of the ratio of the investing country’s patent intensity to the
host country’s patent intensity. The patent intensity is the number of patent applications that list
inventors in the country divided by the GDP of the country. Patent counts are based on patent
families in the PASTAT database covering most patent offices worldwide. A higher value of RC
indicates a stronger relative technological capability of the investing firm’s home country
compared to that of the host country. We interact the variable with IPR and expect a positive sign:
a higher RC strengthens the effect of patent rights, or, conversely, a lower RC weakens this effect.
Control variables
We include a broad set of control variables in the location choice models. Because a large market
size of a host country could attract FDI (Barrell and Pain, 1996; Kuemmerle 1999), a host country’s
GDP (PPP; standardized in 2011 constant international dollar) is included. The information is
extracted from the World Bank Development Indicators (WBDI). Since low wage levels of R&D
workers may attract R&D investments (Belderbos et al., 2009; Kumar, 2001; Zhao, 2006), a variable
measuring the average annual dollar earnings of electrical engineers (R&D wage) is included, using
data from the UBS price & earning reports. 7 We follow prior FDI and R&D studies (Branstetter
et al., 2006, 2011) in including variables reflecting the openness of the potential host countries’
economies. Trade openness is the sum of export and imports of goods and services as a share of
GDP. FDI promotion indicates the extent to which a host country’s policies are favorable to FDI.
We construct this variable as the average score on Foreign ownership and investment restrictions
in the Global Competitiveness Report. The related questions are “How prevalent is foreign
ownership of companies in your country?” and “How restrictive are regulations in your country

Since the UBS data provide information on only 62 countries and no other data sources are available for
the broader range of countries, we estimate engineers’ annual earnings of the countries with no information
by regressing earnings on GDP per capita and using the predicted values. Engineers’ annual earnings and
GDP per capital are highly correlated (0.87).

7
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relating to international capital flows?” Finally, a variable representing Capital openness is taken from
Chinn and Ito (2006), and measures the extent to which capital account transaction are liberalized,
based on statutory information.
The empirical models control for the Corporate tax rate (e.g. Basile et al., 2008), with the tax
information is extracted from KPMG’s online Corporate tax rates table. 8 Given that we investigate
R&D investments, which require highly educated workers, the average years of tertiary schooling,
extracted from Barro and Lee (2013), are used to measure Tertiary Education. Both geographic and
language distance between a home country and a host country could make potential host country
less attractive for FDI (e.g. Belderbos et al., 2017). Geographic distance is the great circle distance
between the capital cities of the host and home country. We use the index of common language
(Common language) between host and home countries provided by Melitz and Toubal (2014). This
index is based on whether the two countries share common official and native languages, and to
what extent their native languages are linguistically similar. Finally, new R&D projects are more
likely to be directed toward a country in which firms have already invested (Belderbos et al., 2017).
Prior investment of investing firms is represented by a dummy variable, Prior investment taken from
the FDI Markets database. This indicator takes the value 1 if the firm has recorded any types of
FDI investments in the host country prior to the focal R&D project, otherwise 0.
The variables that are interacted in the empirical models (IPR, mobility, relative technological
capability) are demeaned, such that the estimated coefficients reflect their effects in the mean of
the moderating variables. Table 2.2 presents descriptive statistics of the variables and information
on the top and bottom host countries in terms of IPR protection and mobility. As expected, patent
protection is generally stronger for developed countries than for less developed countries. Low
mobility rates can also be a feature of less developed countries, while the main industrialized
countries are not among the top 10 countries with limited inventor mobility. 9 The correlation table
is relegated to Appendix A (Table A1).

For nine countries no information is available in the KPMG data. In this case, we imputed the corporate
tax rates by using tax rates on commercial profits from the WBDI. We note that we are unable to control
for R&D tax credits (e.g. Belderbos et al., 2016) as data on the b-index are only available for a small subset
of countries and years.
9 According to a survey to managers and business executives in Saudi Arabia (Mercer, 2014), around one
third of employees plan to leave the current employers within three years. Saudi Arabia has one of the
world’s largest mandatory quotas for local employees (Peck, 2017), which might result in frequent mobility
of inventors due to a high demand for local scientists.
8
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Table 2.2. IPR protection and inter-firm mobility rate country rankings
1

IPR top 10
Finland

IPR lowest 10
Venezuela

Mobility rate top 10
Saudi Arabia

Mobility lowest 10
Turkey

2

Sweden

Angola

Hong Kong

Luxembourg

3

Netherlands

Burundi

Slovakia

Philippines

4

Singapore

Paraguay

Norway

Jordan

5

Germany

Bangladesh

Ukraine

Mexico

6

Denmark

Chad

Canada

India

7

Switzerland

Haiti

Australia

Hungary

8

UK

Nicaragua

China

Bulgaria

9

Norway

Argentina

Romania

Iceland

10

Hong Kong

Madagascar

Netherlands

Argentina

Note: The country rankings are based on average scores of the indicators of countries from 2003 to 2014.

2.4. Empirical results
We first show the results of the mixed logit model, after which we report on simulations results
on the impact of patent rights on R&D investment choices. Finally, we discuss results of a number
of supplementary analyses to assess the robustness of the empirical findings.
Estimation Results
Table 2.3 shows the results of the mixed logit models. Model 1 presents results without interaction
terms between the focal variables. As explained earlier, we calculate the odds ratios based on 1
standard deviation change rather than 1 unit change in the sense that the core variable IPR ranges
from 0 to 1, which makes the unit change effect too extreme. The coefficient of IPR is positive
and significant at the 0.1% level. It can be calculated that the odds that a host country is chosen as
the location for an R&D investment increases by 24% for a standard deviation increase in IPR
protection. The mobility rate has a negative sign and is significant at the 0.1% level, with the
coefficient implying a 21.5% decrease in the odds of receiving a R&D investment due to a standard
deviation increase in mobility rate. The coefficient on relative technological capability is negative
and significant, suggesting that R&D investments are generally directed toward host countries with
higher technological capabilities than the investing country. This is in line with a technology
sourcing motivation for foreign R&D (Kuemmerle, 1999; Song and Shin, 2008). The odds declines
by 13.3% for a standard deviation increase in relative capabilities.
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In Models 2-4 the square term of IPR protection and the interaction terms between IPR
protection and the two moderator variables are included in turn, while Model 5 includes all
variables. The signs and significance of the square term and interaction terms are identical across
the models. Signs are as expected and significance is at the 0.1% level. The quadratic term of IPR
is negative, suggesting declining marginal effects of patent protection if countries’ patent rights
are closer to the frontier. The interaction with mobility is negative, implying that a higher interfirm mobility of inventors weakens the positive effect of patent protection. Given that relative
capability measures the relative technological strength of the investing country (or weakness of
the host country), the positive and significant coefficient of the interaction term corroborates that
the effect of patent protection is amplified when investing firms are based in strong countries, or,
in other words, that patent rights matter less if investing firms are based in technologically weaker
countries.
The odds ratio interpretation is not straightforward if interaction terms are used in the model
because the effect of IPR on the odds is heterogeneous depending on levels of IPR, Mobility, and
RC. Hence, we set up the baseline effect in Model 5 that is the odds ratio for 1 standard deviation
(1sd) increase in IPR when all three core variables are assumed at the sample mean values. Next
we calculate odds ratios if each core variable has changed by 1sd increase while other core variables
stay at the mean. This estimation suggests that the odds of receiving foreign R&D increases by
151% due to 1sd increase in IPR at the baseline. This increase in the odds turns into 97%, assuming
1sd increase in Mobility whereas 254% increase in the odds is observed when RC has increased by
1sd. When IPR has changed by 1sd from the mean+1sd rather than the mean (while Mobility and
RC stay at mean), the odds increases by 76.6%, much smaller than the baseline effect. This analysis
shows that the impact of IPR on the relative probability of attracting foreign R&D varies to a
great extent in different levels of IPR, Mobility, and RC.
The estimated coefficients imply that the top of the inverted-U shaped curve representing the
relationship between patent rights and the probability that a host country is chosen as the locations
for R&D investment is reached at a value of 0.66 if we assess the effects at the baseline This value
is above the maximum patent protection score (0.53) in the sample, confirming that the
relationship is one of declining marginal effects. Since the shape of the curve differs depending
on the levels of mobility and relatively technological capability, we assess the effects of patent
protection more in detail through simulation analysis.
Finally, we observe that the control variables have the expected signs. Similar to previous studies,
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GDP has a positive impact, R&D wage is negative and significant, and FDI promotion and Trade
openness have significantly positive coefficients. Capital openness and Corporate tax rate show the
expected signs and are significant at the 0.1% level in the model with the full specification. The
significantly positive coefficient on Prior investment confirms previous findings that R&D projects
are more likely to be directed toward a country in which firms have existing operations. Common
language and tertiary education increase the probability of hosting foreign R&D while geographic distances
reduces it, in line with expectations. No information on mobility has a negative and significant
coefficient, which may be expected as this dummy variable captures whether a country has only
few patent application and is technologically little developed. The interaction of IPR with No
information on mobility is negative and significant in the full specification, which suggests that
strengthening IPR is more effective in attracting foreign R&D investment if host countries have
stronger imitative abilities (Smith, 2001).
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Table 2.3. Heterogeneous effects of patent protection on foreign R&D location choice

IPR
IPR*IPR

Model (1)

Model (2)

Model (3)

Model (4)

Model (5)

0.977***
(0.136)

2.902***
(0.237)
-5.469***
(0.609)

2.103***
(0.172)

2.905***
(0.177)

4.924***
(0.257)
-3.549***
(0.540)
-2.173 ***
(0.241)
0.702***
(0.069)
-0.429***
(0.048)
-0.069***
(0.014)
0.941***
(0.019)
-1.757***
(0.104)
0.299***
(0.023)
0.567***
(0.103)
0.389***
(0.053)
-0.155***
(0.030)
1.196***
(0.085)
1.275***
(0.111)
-0.172***
(0.022)
0.380***
(0.055)
-1.403***
(0.106)
-4.355***
(0.561)

IPR*Mobility
IPR* Relative Capability
Mobility
Relative Capability
Log(GDP)
Log(R&D wage)
FDI promotion
Capital Openness
Log(Trade Openness)
Corporate Tax rate
Prior investment
Common Language
Log(Geographic distance)
Tertiary education
No information on mobility
IPR* No information on mobility

-0.485***
(0.044)
-0.065***
(0.014)
0.944***
(0.017)
-1.758***
(0.100)
0.328***
(0.023)
0.239*
(0.099)
0.442***
(0.046)
-0.152***
(0.030)
1.175***
(0.068)
1.291***
(0.112)
-0.129***
(0.023)
0.425***
(0.053)
-1.782***
(0.115)

-0.556***
(0.059)
-0.053*
(0.026)
0.952***
(0.027)
-1.727***
(0.124)
0.291***
(0.025)
0.292**
(0.105)
0.438***
(0.095)
-0.233***
(0.037)
1.127***
(0.097)
1.416***
(0.183)
-0.136***
(0.030)
0.439***
(0.057)
-1.466***
(0.149)

-2.418***
(0.244)
-0.304***
(0.046)
-0.042**
(0.014)
0.922***
(0.019)
-1.868***
(0.102)
0.348***
(0.022)
0.348***
(0.100)
0.361***
(0.057)
-0.138***
(0.033)
1.104***
(0.063)
1.195***
(0.107)
-0.157***
(0.021)
0.489***
(0.050)
-1.642***
(0.151)
-0.329
(0.458)

0.806***
(0.061)
-0.603***
(0.059)
-0.084***
(0.016)
0.986***
(0.026)
-1.656***
(0.109)
0.335***
(0.023)
0.326**
(0.100)
0.429***
(0.077)
-0.063*
(0.030)
1.216***
(0.085)
1.284***
(0.134)
-0.151***
(0.021)
0.365***
(0.062)
-1.414***
(0.173)

# host countries (max)
106
106
106
106
106
# firms
3,397
3,397
3,397
3,397
3,397
# projects
8,771
8,771
8,771
8,771
8,771
Simulated Log-likelihood
-26999.6
-26975.5
-27692.1
-26995.8
-27539.6
Wald chi²
7635.4***
6156.4***
7397.5***
4828.6***
6172.5***
Note: Results of Mixed logit models, using “mixlogit” commend in Stata. Robust standard errors in parentheses: *** p<0.001, **
p<0.01, * p<0.05. Significant random components are reported in the Appendix A (Table A4).
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Simulation analysis: heterogeneous effects of patent protection
To assess the impact of patent protection across different country environments, we conducted
simulation analysis based on the estimates of Model 5 and the country observations. We augment
the IPR score of each of the 106 potential host countries by 1 standard deviation and calculate
the proportional increase in the average predicted probability of receiving R&D investments
across the period, using the observed values of the country variables in the sample. In Figure 2.3,
the X-axis denotes average patent protection scores of the countries in the sample, while the Yaxis shows the estimated average impact of the hypothetical IPR increase. 10 While the mean
impact of a standard deviation increase in IPR protection across all countries is 85%, these effects
are strongly decreasing for countries with higher IPR scores. Near the minimum IPR protection,
investment probabilities can increase by more than 100% (although there is substantial
heterogeneity), but the effects are often close to zero in the countries with top IPR scores.
Figure 2.3. The impact of patent protection on the probability of receiving R&D
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In Figure 2.4 and 2.5, we assess the extent to which mobility and relative technological capabilities
moderate the effect of patent protection. In Figure 2.4, we include 42 countries for which mobility

10 Ten countries of which the IPR score would surpass the theoretical maximum by adding a standard
deviation are excluded.

28

information is fully available for the entire period. The baseline graph shows the effects of IPR
with the mean mobility rate and relative technological capabilities assigned to all countries. The
other two graphs depict the effects of IPR increases if all countries are assigned a standard
deviation higher or lower inventor mobility rate. In the higher mobility scenario, the average
probability increase across countries declines to 72%, from 113.8% in the baseline model, while in
the low mobility scenario the average probability increase rises to 164.6%. In Figure 5, similar
patterns occur for higher and lower levels of relative technological capabilities. In the low relatively
capability scenario the IPR impact reduces to 57.1%, while in the high relative capability case it
increases to 188.6%. The figures illustrate that the effects of patent protection on investments
depend crucially on the level of IPR, the mobility rate, and relative technological capabilities of
host and home countries.
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0
100
200
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Figure 2.4. Inventor mobility and the impact of patent protection
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Figure 2.5. Relative technological capabilities and the impact of patent protection
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Supplementary analysis
We conduct supplementary analyses to examine the robustness of the findings reported in Table
2.3, results and details of which are relegated to Appendix A (Table A3). Results are consistent,
among others, if 1) we employ 100 Halton draw; 2) we exclude 25 countries in the choice set that
have not received any foreign R&D; 3) we examine the sub-sample by a restricted time period up
to 2011 (due to the predicted IPR indicator after 2010); 4) country fixed effects are included in the
model (the smaller focal coefficients are obtained but the patterns remain unchanged); 5) the
different variations of the IPR indicators are applied (conversely, the IPR without the Impartial
Court made less robust results); 6) the different variations of mobility rate measurements, such as
using 3 year window or relying on EP with US equivalent, are tested; 7) the different variations of
relative capability measures are used, such as the measures based on patent intensity by the number
of patents per inhabitant; 8) we exclude observations of R&D projects stemming from “Software
& IT services” from the sample; 9) we run regressions in two sub-samples between patent intensive
sectors and non-patent intensive sectors (stronger results in patent intensive sectors); 10) we use
lagged mobility rates instead; and 11) we additionally interact the IPR squared term with other
moderators.
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2.5. Discussion and Conclusion
This study examines the heterogeneous effects of patent protection on multinational firms’ foreign
R&D location choices. Drawing on a large set of recent cross-border R&D investment data and a
patent protection indicator that also considers the actual enforcement of patent rights, we examine
three factors that moderate the effects of strengthening patent rights in attracting inward R&D
investments. First, the marginal effect of patent protection is declining when a country’s IPR
policies get closer to the global IPR frontier. Second, high levels of inter-firm inventor mobility
deter foreign R&D and reduce the effect of patent protection on R&D investment location choices.
Third, patent protection effects are significantly greater if the technological capabilities of the
investing firm’s home country are stronger than those of the host country. The latter suggests that
R&D investment location choices by multinational firms from emerging economies with relatively
low technological capabilities are less sensitive to host countries’ patent protection. The estimated
IPR effects and the moderating influences are economically significant, with effect sizes decreasing
or increasing strongly depending on the existing level of IPR protection relative to the IPR
protection frontier, and host countries’ inventor mobility and relative technological capabilities.
Our study contributes to the literature on international R&D and IPR regimes (e.g, Belderbos et
al., 2008; 2013b; Branstetter et al., 2006; Smith, 2001; Ito and Wakasugi 2007; Mansfield, 1994) by
highlighting that there are important boundary conditions to the relationship between patent
protection and inward (foreign) R&D investments. We also contribute to the literature on interfirm employee mobility (e.g., Breschi and Lissoni, 2009; Maliranta et al., 2009; Ganco et al., 2015;
Hoisl, 2007; Palomeras and Melero 2010; Song et al. 2003) by showing that such mobility can
reduce the effectiveness of patent protection policies. In this regard, our findings provide support
for the suggestion in prior studies (Garmaise 2009; Marx et al, 2009) that under high employee
mobility, other policies such as trade secret protection and enforcement of anti-compete clauses
in employment contracts may be more effective to combat misappropriation of knowledge and
technologies. Clearly, studying these complementary IPR protection policies in the context of
MNEs and international R&D is a fruitful avenue for future research. Finally, our study contributes
the prior literature on technology asymmetry in foreign direct investment (e.g., Shaver and Flyer,
2000; Alcácer and Chung, 2007; Belderbos et al., 2008; Ushijima, 2013) by explicating that
differences between technology leaders and laggards in responses to IPR policies are also a
function of technological capabilities in home and host counties, and are increasing in importance
due to the rise of MNEs based in emerging economies.
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Our results suggest a number of policy implications. Policy makers should be aware that the
effectiveness of patent protection policies in attracting FDI may be reduced in function of the
degree of catch up with IPR policies in developed countries. Second, patent protection is less
effective if it is accompanied by high employee mobility rates of R&D personnel. This implies
that attention also needs to be paid to regulations on trade secrets protection and enforcement of
anti-competition clauses in employment contracts, as these can play a complementary role in
attracting R&D investments. Third, patent protection is less of an issue if a host country seeks to
attract R&D investments by firms based in countries with more limited technological capabilities.
With the increasing role of multinational firms from emerging economies in cross-border R&D
investments, the heterogeneity in the effects of IPR protection are expected to increase.
We also note an important caveat to our findings, if these are to be interpreted as informing on
host country policies that can attract R&D investments to foster innovation and growth. Given
that a strong IPR regime is inherently aimed at restricting knowledge spillovers from inward R&D
investments, the net social benefits of increasing IPR protection are a priori unclear. Weaker patent
rights and greater mobility of inventors are an IP threat for foreign investors, but also represent
channels for knowledge spillovers to local firms (e.g. Maliranta et al., 2009; Song et al. 2003). For
host countries, strengthening IPR policies may pose a trade-off between attracting foreign R&D
investments (including those from the most technologically capable firms), and a lower likelihood
that each of these investments produces wider benefits to the local economy. This IPR trade-off
issue will be investigated in detail in Chapter 5.
Lastly, although at our detailed level of analysis, focusing on individual firms’ decisions on R&D
locations, IPR policies can be taken as exogenous, at a broader and longer term level, large scale
MNE investments in a host country can influence such policies, as well as its technological
capabilities and mobility patterns. Foreign R&D investment, IPR protection, mobility, and
technology development will influence each other in more complex ways. These complex
relationships will remain an important subject of future research. In addition, inventors are
heterogeneous in terms of their capabilities, seniority, ranks at the former employer, etc., which
might affect the likelihood of mobility (e.g., Hoisl, 2007; Palomeras and Melero 2010). Such
individual heterogeneity is not investigated in this study as our focus is on overall mobility of R&D
workers/inventors in countries and extra inventor surveys would be required to gather detailed
inventor information. The interplay among IPR protection policies, mobility, and individual
characteristics of inventors is a topic worthy of attention in future studies.
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Appendix A
Appendix A1. Additional basic statistics
Table A1. Correlation table
Std.
1
2
3
4
5
6
7
8
9
10
11 12 13
Dev.
1
IPR
0.01 0.22
2
Mobility
0.03 0.50 0.55
3
Relative capability
-0.20 2.20 -0.63 -0.68
4
Log(GDP)
25.94 1.73 0.33 0.52 -0.47
5
Log(R&D wage)
10.06 0.49 0.75 0.61 -0.76 0.43
6
FDI promotion
6.41 1.35 0.59 0.29 -0.30 0.10 0.42
7
Capital openness
0.63 0.37 0.45 0.31 -0.43 0.12 0.59 0.48
8
Log(Trade openness)
4.35 0.53 0.26 0.14 -0.24 -0.29 0.35 0.31 0.25
9
Corporate tax rate
2.71 0.63 -0.06 -0.15 0.17 0.14 -0.21 -0.02 -0.19 -0.44
10
Prior FDI
0.08 0.28 0.10 0.15 -0.16 0.26 0.12 0.04 0.03 -0.02 0.01
11
Common language
8.72 0.80 0.31 0.19 -0.24 0.03 0.37 0.22 0.37 0.10 -0.02 0.02
12 Log(Geographic distance) 0.17 0.17 -0.17 -0.16 0.28 -0.09 -0.28 -0.07 -0.20 -0.15 0.11 -0.03 -0.27
13
Tertiary education
0.52 0.41 0.53 0.52 -0.72 0.43 0.73 0.23 0.45 0.17 -0.19 0.12 0.28 -0.21
14 No information on mobility 0.48 0.50 -0.50 -0.75 0.72 -0.48 -0.60 -0.19 -0.22 -0.12 0.08 -0.17 -0.13 0.19 -0.49
Note: Correlation is computed by all observations in the sample. All correlation coefficients are significant at the 5% level. IPR, Mobility, and Relative
technological capability are demeaned.
Variable

Mean

Table A2. List of 106 host countries in the choice set
Algeria

Colombia

Haiti

Madagascar

Panama

Switzerland

Angola

Costa Rica

Honduras

Malawi

Paraguay

Tanzania

Argentina

Cote d'Ivoire

Hong Kong

Malaysia

Peru

Thailand

Australia

Cyprus

Hungary

Mali

Philippines

Austria

Czech Republic

Iceland

Malta

Poland

Bangladesh

Denmark
Dominican
Republic
Ecuador

India

Mauritania

Portugal

Togo
Trinidad and
Tobago
Tunisia

Indonesia

Mauritius

Romania

Turkey

Iran

Mexico

Russia

Uganda

Bolivia

Egypt

Ireland

Morocco

Rwanda

Ukraine

Brazil

El Salvador

Israel

Mozambique

Saudi Arabia

UK

Bulgaria

Finland

Italy

Nepal

Senegal

USA

Burkina Faso

France

Jamaica

Netherlands

Sierra Leone

Uruguay

Burundi

Gabon

Japan

New Zealand

Singapore

Venezuela

Cameroon

Germany

Jordan

Nicaragua

Slovakia

Viet Nam

Belgium
Benin

Canada

Ghana

Kenya

Niger

South Africa

Zambia

Chad

Greece

South Korea

Nigeria

Spain

Zimbabwe

Chile

Guatemala

Lithuania

Norway

Sri Lanka

China

Guyana

Luxembourg

Pakistan

Sweden
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Appendix A2. Supplementary analysis and robustness
We conduct a series of supplementary analyses to examine the robustness of the empirical results
(all results are shown in Table A3). First, the mixed logit estimation we have applied is based on
Halton draws for the simulation. We have used 50 draws because of time constraint (note: the
number of observations for the estimation are almost 900 thousands) but the more number of
Halton draws may guarantee the more accurate estimation. Thus, we apply 100 Halton draws
instead of 50 when simulating the log likelihood. However, the estimated results in Table A3,
Model 1 are very similar to those with the 50 draws.
Second, we use the extensive range of R&D host countries, 106 countries, as choice set for the
mixed logit, but 25 countries have never been chosen as actual R&D host countries in our sample.
They are the least developed countries mostly in Africa where IPR is not effectively protected.
Including such unrealistic R&D host candidates with weak IPR may overestimate the effect of
strong IPR protection on the probability of receiving foreign R&D investments. Hence, we omit
25 countries. In Table A3, Model 2, we again obtain highly similar results.
Third, although we include a wide range of country specific control variables, the risk of omitted
variable bias due to unobserved country characteristics still remains. In this regard, we include host
country fixed effects to control for unobserved country characteristics. In the mixed logit
estimation with the fixed effects (Table A3, Model 3), the focal coefficients decrease in size but
the patterns remain unchanged, while the significance of coefficient generally reduces to the 1%
level.
Fourth, we estimate the model excluding R&D projects from 2012 onward to examine potential
bias in the results because we have to proxy for IPR levels after 2010. We include 2011 R&D
projects for this estimation since R&D investments in 2011 may be affected by IPR level in 2010.
Table A3, Model 4 does not indicate systemic differences.
Fifth, similar results are also obtained if we take the logarithm of the IPR protection values (Table
A3, Model 5).
Sixth, we test the IPR indicator only based on GP index in order to check the validity and strength
of our composite IPR indicator (Table A3, Model 6). Even though we find similar results in general,
the mobility interaction term is no longer significant (P>0.1), which could be ascribed to the lack
of consideration for the actual IP policy implementation.
Seventh, we also test the robustness of the estimation with different modifications of our mobility
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rate measurements. When we use a 3 year window instead of 5 year for an alternative measurement
of the mobility rate, Table A3, Model 7 does not show different results.
Eighth, we apply a more conservative threshold for No information on mobility at 250 patents instead
of 150, the results remain similar as well (Table A3, Model 8).
Ninth, in the sense that our mobility rates are based on EPO patents, one can point out that biased
results might be obtained if common characteristics of patents issued in EPO make mobility
measurements somehow biased. To check this possibility, we re-calculate a mobility rate on the
basis of EPO patents that possess USPTO equivalents. Similar results are obtained (Table A3,
Model 9), which implies that relying only on EPO patents may not generate serious bias in the
estimation.
Tenth, we check the variations of relative technological capabilities as well. Consistent results are
obtained in Table A3, Model 10 if we measure patent intensity by the number of patents per
inhabitant rather than per GDP.
Eleventh, relative technological capabilities and its interaction with IPR take the expected opposite
signs if it is redefined as the ratio of host over home capabilities rather than that of home over
host capabilities (Table A3, Model 11).
We take into account industry heterogeneity as well. We run the estimation without R&D projects
stemming from “Software & IT services” in the sense that R&D activities in such industry areas
may mainly involve simple replications and labor intensive works rather than knowledge generation
especially in developing countries. However, the results shown in able A2, Model 12 are consistent
with the previous ones.
We also examine whether results differ between patent and technology intensive and non-patent
intensive sectors. Regarding ICT, Electronics, Chemical, and Pharmaceutical industries as patent
intensive sectors, results for models including only patent intensive sectors (Table A3, Model 13)
are substantially stronger than those with non-patent intensive sectors (Table A3, Model 14), as
expected given our focus on patent right protection.
Lastly, we estimate the model with lagged mobility rates (t-1) instead of mobility in t, to exclude
the possibility that the current mobility is influenced by new R&D investments by MNEs. We find
highly similar results with the lagged mobility variable (Table A3, Model 15). In addition, there is
a possibility of model misspecification if a moderator is not interacted with a squared term of the
variable of interest (Haans et al., 2016). In this regard, we interact IPR squared with Mobility and
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with RC, and add these interactions to the model (Table A3, Model 16). The core interactions
remain unchanged while the new interactions display insignificant coefficients. We believe that the
inclusion of the quadratic interactions increases multi-collinearity but does not provide further
insights.
Table A3. Mixed logit results: alternative specifications
Part 1

IPR
IPR*IPR
IPR*Mobility
IPR* Relative Capability
Mobility
Relative Capability
Log(GDP)
Log(R&D wage)
FDI promotion
Capital Openness
Log(Trade Openness)
Corporate Tax rate
Prior investment
Common Language
Log(Geographic distance)
Tertiary education
No information on
mobility
IPR* No information on
mobility
# host countries (max)
# firms
# projects
S. Log-likelihood
Wald chi²

(1)
100 Halton
draws

(2)
Omit countries
without R&D

(3)
Country
Fixed effects

(4)
Excluding
R&D
after 2011

(5)
Log(IPR)

4.984***
(0.313)
-3.939***
(0.612)
-2.324***
(0.224)
0.689***
(0.078)
-0.413***
(0.053)
-0.098***
(0.014)
0.925***
(0.023)
-1.857***
(0.124)
0.310***
(0.028)
0.541***
(0.115)
0.306***
(0.069)
-0.157***
(0.045)
1.169***
(0.080)
1.572***
(0.115)
-0.150***
(0.027)
0.377***
(0.057)
-1.584***

4.729***
(0.254)
-3.574***
(0.557)
-2.183***
(0.239)
0.672***
(0.074)
-0.407***
(0.048)
-0.068***
(0.013)
0.924***
(0.020)
-1.754***
(0.104)
0.281***
(0.022)
0.572***
(0.103)
0.323***
(0.052)
-0.165***
(0.029)
1.180***
(0.066)
1.310***
(0.117)
-0.186***
(0.020)
0.399***
(0.053)
-1.412***

2.948***
(0.450)
-2.079**
(0.712)
-0.952**
(0.355)
0.410**
(0.144)
-0.126
(0.078)
0.042
(0.037)
-1.501***
(0.265)
1.002
(0.736)
0.040
(0.036)
0.147
(0.229)
-0.277
(0.165)
-0.164**
(0.064)
1.052***
(0.068)
1.327***
(0.146)
-0.193***
(0.027)
0.268
(0.243)
-0.076

5.437***
(0.278)
-4.848***
(0.646)
-2.293***
(0.301)
0.634***
(0.087)
-0.293***
(0.055)
-0.044**
(0.015)
0.905***
(0.021)
-1.918***
(0.108)
0.262***
(0.028)
0.597***
(0.107)
0.432***
(0.052)
-0.206***
(0.035)
1.272***
(0.074)
1.289***
(0.156)
-0.162***
(0.025)
0.385***
(0.060)
-1.549***

2.270***
(0.174)
-0.581***
(0.131)
-0.965***
(0.124)
0.349***
(0.057)
-0.427
(0.316)
-0.092***
(0.017)
0.973***
(0.046)
-1.551***
(0.126)
0.314***
(0.047)
0.444***
(0.128)
0.455***
(0.124)
-0.111
(0.072)
1.139***
(0.132)
1.155***
(0.247)
-0.156
(0.152)
0.373***
(0.105)
-1.249***

(0.145)
-3.817***

(0.106)
-4.400***

(0.159)
-2.981**

(0.139)
-4.082***

(0.312)
-2.231***

(0.523)

(0.571)

(0.929)

(0.674)

(0.581)

106
3,397
8,771
-26799.8
5291.6***

81
3,397
8,771
-27462.5
6205.4***

81
3,397
8,771
-26690.2
92840.0***

104
2,622
6,441
-19829.9
6369.2***

106
3,397
8,771
-26831.2
5672.1***
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Part 2

IPR
IPR*IPR
IPR*Mobility
IPR* Relative Capability
Mobility
Relative Capability
Log(GDP)
Log(R&D wage)
FDI promotion
Capital Openness
Log(Trade Openness)
Corporate Tax rate
Prior investment
Common Language
Log(Geographic distance)
Tertiary education
No information on
mobility
IPR* No information on
mobility
# host countries (max)
# firms
# projects
S. Log-likelihood
Wald chi²

(6)
GP only
IPR

(7)
(8)
Mobility 3 year No information
window
< 250 patents

(9)
US equivalent
EP patents
only

(10)
RC
by population

4.945***
(0.457)
-6.559***
(1.345)
-0.511
(0.450)
1.238***
(0.118)
-0.524***
(0.061)
-0.158***
(0.017)
0.985***
(0.021)
-1.397***
(0.105)
0.422***
(0.021)
0.116
(0.102)
0.507***
(0.047)
-0.040
(0.029)
1.254***
(0.075)
1.138***
(0.132)
-0.144***
(0.021)
0.386***
(0.054)
-1.062***

4.460***
(0.312)
-3.580***
(0.798)
-1.709***
(0.184)
0.678***
(0.077)
-0.347***
(0.051)
-0.079***
(0.014)
0.936***
(0.020)
-1.765***
(0.107)
0.293***
(0.022)
0.555***
(0.103)
0.399***
(0.062)
-0.165***
(0.033)
1.002***
(0.061)
1.255***
(0.145)
-0.141***
(0.027)
0.463***
(0.055)
-1.471***

4.780***
(0.330)
-3.889***
(0.608)
-2.130***
(0.313)
0.717***
(0.096)
-0.511***
(0.054)
-0.084***
(0.022)
0.950***
(0.036)
-1.693***
(0.113)
0.319***
(0.025)
0.499***
(0.111)
0.393
(0.218)
-0.153
(0.091)
1.213***
(0.216)
1.447***
(0.203)
-0.141**
(0.049)
0.375***
(0.066)
-1.342***

4.839***
(0.281)
-3.323***
(0.565)
-2.403***
(0.301)
0.551***
(0.078)
-0.333**
(0.112)
-0.092***
(0.016)
0.963***
(0.025)
-1.773***
(0.103)
0.255***
(0.024)
0.468***
(0.108)
0.287***
(0.063)
-0.121***
(0.032)
1.100***
(0.086)
1.184***
(0.138)
-0.168***
(0.021)
0.389***
(0.056)
-1.393***

5.008***
(0.266)
-3.403***
(0.628)
-2.149***
(0.246)
0.575***
(0.053)
-0.426***
(0.047)
-0.032*
(0.014)
0.981***
(0.020)
-1.614***
(0.112)
0.294***
(0.023)
0.495***
(0.103)
0.496***
(0.048)
-0.155***
(0.040)
1.175***
(0.066)
1.382***
(0.138)
-0.152***
(0.021)
0.449***
(0.057)
-1.500***

(0.107)
-2.609**

(0.140)
-3.975***

(0.152)
-4.051***

(0.139)
-5.334***

(0.118)
-4.492***

(0.799)

(0.540)

(0.943)

(0.552)

(0.571)

106
3,397
8,771
-26944.3
7682.2***

106
3,397
8,771
-26925.3
7160.7***

106
3,397
8,771
-26871.0
3808.2***

106
3,397
8,771
-26905.9
6039.2***

106
3,397
8,771
-27585.9
6433.9***
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Part 3

IPR
IPR*IPR
IPR*Mobility
IPR* Relative Capability
IPR*IPR*Mobility

(11)
RC
host/home

(12)
Excluding
IT services

(13)
Patent
intensive
sectors

(14)
Non-patent
intensive
sectors

(15)
Lagged
mobility
rates

(16)
IPR squared
interactions

4.743***
(0.328)
-3.014***
(0.616)
-2.192***
(0.253)
-0.668***
(0.070)

4.541***
(0.319)
-3.229***
(0.641)
-1.849***
(0.247)
0.645***
(0.082)

5.270***
(0.333)
-3.943***
(0.635)
-2.322***
(0.324)
0.741***
(0.091)

4.175***
(0.377)
-3.450***
(0.801)
-1.773***
(0.310)
0.553***
(0.109)

5.991***
(0.321)
-5.765***
(0.659)
-2.401***
(0.318)
0.669***
(0.087)

-0.379***
(0.046)
0.074***
(0.015)
0.947***
(0.022)
-1.737***
(0.108)
0.317***
(0.023)
0.548***
(0.115)
0.391***
(0.054)
-0.161***
(0.036)
1.111***
(0.095)
1.399***
(0.183)
-0.145***

-0.381***
(0.058)
-0.084***
(0.017)
1.006***
(0.026)
-1.073***
(0.119)
0.270***
(0.026)
0.399**
(0.122)
0.512***
(0.065)
-0.100**
(0.034)
1.216***
(0.082)
1.278***
(0.159)
-0.104***

-0.582***
(0.066)
-0.093***
(0.015)
0.913***
(0.022)
-2.213***
(0.135)
0.321***
(0.028)
0.648***
(0.122)
0.311***
(0.062)
-0.212***
(0.042)
0.999***
(0.073)
1.375***
(0.136)
-0.199***

-0.246**
(0.076)
-0.044*
(0.021)
0.993***
(0.037)
-0.918***
(0.146)
0.261***
(0.038)
0.458**
(0.168)
0.498***
(0.083)
-0.094
(0.048)
1.291***
(0.092)
1.317***
(0.228)
-0.103*

-0.195**
(0.064)
-0.043**
(0.015)
0.913***
(0.022)
-1.890***
(0.110)
0.260***
(0.029)
0.612***
(0.107)
0.438***
(0.050)
-0.178***
(0.035)
1.321***
(0.067)
1.429***
(0.129)
-0.169***

5.765***
(0.363)
-5.001***
(1.322)
-2.873***
(0.544)
0.482***
(0.112)
1.536
(1.660)
0.580
(0.358)
-0.246***
(0.056)
-0.058***
(0.017)
0.892***
(0.021)
-2.007***
(0.107)
0.248***
(0.028)
0.612***
(0.108)
0.319***
(0.059)
-0.211***
(0.036)
1.288***
(0.079)
1.462***
(0.125)
-0.171***

(0.034)
0.361***
(0.073)
-1.406***

(0.025)
0.102
(0.060)
-1.342***

(0.026)
0.554***
(0.072)
-1.533***

(0.043)
0.039
(0.074)
-1.328***

(0.025)
0.395***
(0.059)
-1.280***

(0.023)
0.387***
(0.063)
-1.336***

(0.144)
-3.808***

(0.154)
-4.510***

(0.125)
-3.740***

(0.201)
-4.748***

(0.144)
-4.711***

(0.124)
-4.143***

(0.560)

(0.681)

(0.699)

(0.901)

(0.656)

(0.725)

IPR*IPR*RC
Mobility
Relative Capability (RC)
Log(GDP)
Log(R&D wage)
FDI promotion
Capital Openness
Log(Trade Openness)
Corporate Tax rate
Prior investment
Common Language
Log(Geographic
distance)
Tertiary education
No information on
mobility
IPR* No information on
mobility

# host countries (max)
106
106
106
106
104
104
# firms
3,397
2,353
2,142
1,255
2,622
2,622
# projects
8,771
6,081
5,441
3,330
6,441
6,441
S. Log-likelihood
-26960.5
-18889.6
-17037.6
-10373.1
-19841.9
-19819.8
Wald chi²
5155.4***
4019.9***
4649.8***
2913.6***
5623.0***
6200.7***
Note: Results of Mixed logit models, using “mixlogit” commend in Stata. Robust standard errors in parentheses: *** p<0.001, **
p<0.01, * p<0.05. Significant random components are reported in Table A4. In Model (15) and (16), observations up to 2011 are
examined to ensure convergence.

38

Table A4. Random Components of Mixed logit coefficients (Table 2.3 & Table A3)
Table 2.3.
Significant Random components
IPR
IPR*IPR
IPR*Mobility
IPR* Relative Capability
Mobility
Relative Capability
Log(GDP)
Log(R&D wage)
FDI promotion
Capital Openness
Log(Trade Openness)
Corporate Tax rate
Prior investment
Common Language
Log(Geographic distance)
Tertiary education
No information on mobility
IPR* No information on mobility
Table A3 Part 1
Significant Random components
IPR
IPR*IPR
IPR*Mobility
IPR* Relative Capability
Mobility
Relative Capability
Log(GDP)
Log(R&D wage)
FDI promotion
Capital Openness
Log(Trade Openness)
Corporate Tax rate
Prior investment
Common Language
Log(Geographic distance)
Tertiary education
No information on mobility
IPR* No information on mobility

(1)

(2)

(3)

(4)

(5)

0.595***

1.599***
6.031***

0.819***

1.382***

1.260***
3.346***
0.783*
0.266***
0.359***

0.315*
0.069**
0.218***
0.861***
0.170**
-

0.149***
1.189***
0.119*
0.297***
0.442***
0.762***
1.105***
0.232**
0.281***
0.834***

0.393*
1.031**
0.371*

1.040**

0.135***
0.921***
0.130***
0.389***
0.231*
0.504***
1.800***
0.255**
0.889***

0.190***
0.759***
0.184***
0.434*
0.310**
0.777***
1.742***
-

0.138***
0.748***

1.343***

0.364*

(4)

(5)

(1)

(2)

(3)

1.825***
4.444***

0.898*
4.174***
0.864*

1.158***

0.139*
0.478***
0.080*
0.130*
0.607**
0.194***

0.076***
0.206***
0.704***

0.611**

0.486***

0.886**
1.123**
0.335***

0.633***
1.731***
0.115*
0.534***

0.866***
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0.261**
0.458***

1.054*
0.412***

3.185***

0.360**
0.278***
0.563***
1.647***

0.728***

0.299***
0.401***

0.191***
0.512***
0.126*
0.223*

0.087***
1.086***

0.244***

0.264***
0.708***
1.260***
0.291***

0.141*
0.779***
1.380***
0.183**
0.142*
0.781***
1.003*

0.378**
0.531***

Table A3. Part 2
Significant Random components
IPR
IPR*IPR
IPR*Mobility
IPR* Relative Capability
Mobility
Relative Capability
Log(GDP)
Log(R&D wage)
FDI promotion
Capital Openness
Log(Trade Openness)
Corporate Tax rate
Prior investment
Common Language
Log(Geographic distance)
Tertiary education
No information on mobility
IPR* No information on mobility
Table A3. Part 3
Significant Random components

(6)

(7)

(8)

(9)

(10)

3.391***
6.719***

4.228***

1.408***
3.674*
1.155***

1.342**

1.031***
4.519***
0.896**

0.332**
0.247*
0.210***
0.618***
0.092**
0.255***
0.800***
1.478***
0.244***
0.465*

(11)

0.266*
0.070*
1.049***

0.478***
0.990***

0.675***
0.367***
1.877***
0.246*

2.364***

1.056***

1.220***
0.321**
0.326***
0.490***

(12)

(13)

0.178*
0.906***
0.155***
0.766***
0.159*
0.720***
1.852***
-

0.268**
0.099***
0.234***
0.982***
1.231***
-

1.006*
2.398***

0.529**

(14)

(15)

(16)

IPR
1.522***
1.524***
1.420***
1.316***
1.582***
1.102***
IPR*IPR
3.150***
2.723***
3.235***
4.132***
4.668***
IPR*Mobility
0.981*
IPR* Relative Capability
0.467***
0.297**
0.241**
Mobility
0.418***
0.446***
0.402*
Relative Capability
0.075*
0.099***
0.066*
Log(GDP)
0.185***
0.214***
0.151***
0.147***
Log(R&D wage)
0.620***
0.881***
0.355*
1.064***
0.715***
FDI promotion
0.151**
Capital Openness
0.796***
0.678***
0.377*
Log(Trade Openness)
0.417**
0.293*
0.419***
0.315*
0.500***
Corporate Tax rate
0.319***
0.238*
0.344***
Prior investment
0.897***
0.772***
0.706***
0.735***
1.007***
0.857***
Common Language
0.868*
1.419***
1.347**
0.983***
0.812**
Log(Geographic distance)
0.415***
0.271***
0.207*
0.224***
Tertiary education
0.661***
0.233*
No information on mobility
0.798***
0.699***
0.626***
0.536**
IPR* No information on mobility
1.388**
Note: Only significant random components are reported: *** p<0.001, ** p<0.01, * p<0.05. For each regression, random components
include all the listed variables except (2), (3), and (4) in Table 2.3 & (7), (9), and (10) in Table A3. In those models, for both or either
of ‘Capital Openness’ and ‘Geographic distance’, which have insignificant random components in our main Table 2.3 Model (5), no
random components are estimated to ensure convergence. Hyphen indicates the variables of which standard deviations are not estimated.
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Chapter 3.
Do R&D Investments in Weak IPR Countries Destroy
Market Value? The Role of Internal Linkages
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Chapter Abstract
The growth of emerging economies has attracted R&D investments by multinational enterprises,
but firms have struggled to protect their knowledge assets in these environments characterized by
weak intellectual property rights protection. Prior studies suggest that knowledge misappropriation
may be reduced if firms use cross-unit R&D teams to strengthen interdependencies and control.
We examine the relationship between such internal linkage strategies, foreign R&D investments,
and firm market valuation for 117 leading multinational firms (2003-2013). Drawing on a dynamic
market valuation model, we find that while foreign R&D investments are positively associated with
market valuation (in particular in countries with large markets), IP risks in host countries reduce
market value. The latter effect disappears if firms have implemented a pronounced internal linkage
strategy. 11

3.1. Introduction
In the previous chapter, we examine important boundary conditions in relationship between host
country IPR protection and inward R&D investments by MNEs. Our data also show that
enormous amount of cross-border R&D investments are headed toward emerging countries.
However, MNEs investing in emerging economies are often confronted with weak IPR protection,
as shown in several surveys (e.g., EIU, 2004; Schmiele, 2013; Potter et al., 2017). For instance, the
US Trade Representative continues to voice concerns about weak IPR protection in China –
despite a series of legal revisions (USTR, 2017, p. 102), while Schmiele (2013) observe that foreign
R&D increases the probability of IPR infringement. Such infringement and misappropriation by
local rivals can seriously threaten the MNE’s market position and future profitability. An example
is the experience of the SI Group, a leading U.S. rubber resin producer, that claimed that the theft
of its resin formula in China had allowed a local rival, Sino Legend, to steal its dominant market
share on the Chinese market (APFC, 2014). These phenomena raise important questions little
investigated in the literature, “Do weak IPR regimes in R&D host countries harm performance of
foreign R&D investors?” “If do so, how can foreign firms manage R&D activities in weak IPR
countries by minimizing the negative consequences of such R&D on firm performance?”

11 This chapter draws on “Belderbos, R and Park, J. (2019). ‘Do R&D Investments in Weak IPR Countries
Destroy Market Value? The Role of Internal Linkages’, working paper, under review at Strategic Management
Journal.”
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Recent studies have suggested that one way that firms can reduce the risk of knowledge spillovers
and misappropriation by rivals is to adapt their internal R&D organization. Specifically, multilocations firms, and a fortiori MNEs, have the possibility to partition the knowledge generation
process and distribute it across multiple locations, with internal linkage across units ensuring
knowledge integration (Alcácer and Zhao, 2012; Belderbos and Somers, 2015; Zhao, 2006;
Nandkumar and Srikanth, 2016). This organization characterized by strong internal linkages and
cross-unit interdependence in conjunction with segmentation of R&D activities across locations
makes it more difficult for collocated (rival) firms to access (the full range of) knowledge assets
and set of technologies required to develop and commercialize innovations. Alcácer and Zhao
(2012) confirm that knowledge flows between firms with collocated R&D activities are reduced if
firms make use of such internal linkage strategies. Belderbos and Somers (2015) find that internal
linkage strategies of regional R&D leaders in Europe reduce the incentives of rival firms to
collocate. Zhao (2006) shows that in countries with weak IPR protection internal linkage strategies
are observed more, while Nandkumar and Srikanth (2016) show that such strategies are associated
with a reduced involvement of local inventors. 12
Although prior research has reported positive returns to foreign R&D activities for MNEs in terms
of productivity growth and innovation output (Belderbos et al., 2015; Griffith et al., 2006;
Kafouros et al., 2018), the challenges and performance consequences of conducting R&D in
countries with weak IPR protection have not been investigated. This chapter contributes by
examining the firm performance effects of R&D investments in weak IPR countries. As we are
interested in the misappropriation risks to future profitability, we examine market valuation as a
forward looking measure of performance and relate this to announcements on cross-border R&D
investments in conjunction with the internal linkage strategy characterizing the firm’s R&D units.
We derive the specification for estimation from a dynamic market valuation model, allowing for
gradual convergence in performance and the identification of the effects of new R&D investments
in a year. The analysis controls for other influences on market value such as R&D expenditures
and patent ownership, and aims to avoid potential endogeneity bias by employing generalized
method of moments (system-GMM) estimation.
We draw inferences from panel data (2003–2013) on 117 leading MNEs across manufacturing and
knowledge intensive service industries, investing in 1,631 foreign R&D projects in 67 countries.
Our empirical results show that generally positive effects of cross-border R&D investments on
12 In addition, Berry (2017) finds that strengthening control over foreign subsidiary operations in weak IPR
countries by employing expatriates increases parents’ knowledge transfer to the subsidiaries -which is likely
to be related with lower (perceived) IP risks.
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market valuation can turn negative if the R&D investments are located in countries with weak IPR
protection. These negative consequences of R&D investments in weak IPR countries are reduced
and can be fully neutralized if firms have adopted a pronounced internal linkage strategy. Our
study contributes to the literatures on international R&D (performance), knowledge spillovers and
IP protection strategies, and the performance effects of R&D, and helps to reconcile the twin
phenomena of increasing R&D investments in weak IPR environments and MNEs’ concerns
about the potential misappropriation of knowledge and technologies in such environments.
The chapter is constructed as follows. Section 3.2 discusses our theoretical framework and
expectations. Section 3.3 contains descriptions of data, sample, measurements and empirical
model. Section 3.4 shows empirical results, and conclusion and discussion of our findings will be
followed in Section 3.5.

3.2. Theoretical Framework
Market valuation and IP risky R&D
Our study of the market valuation consequences of R&D investments abroad has antecedents in
prior work regarding the relationship between R&D and firm market valuation (Blundell et al.,
1999; Hall et al., 2005; Kanwar and Hall, 2015; Sandner and Block, 2011). This literature has argued
and observed a positive influence of R&D assets on market value, which is ascribed to the future
revenue generating potential of such assets.
Foreign R&D activities provide firms with a greater opportunity to access knowledge assets and
R&D resources that are not easily acquired in their home countries, and facilitate local adaptation
of existing products in order to increase sales in foreign markets (Kuemmerle, 1999; Kumar, 1996;
Lewin et al., 2009; Liu and Chen, 2012; Zhao, 2006; Song et al., 2011). Prior studies have suggested
that foreign R&D can increase MNEs’ productivity and innovation performance (Belderbos et al.,
2015; Griffith et al., 2006; Kafouros et al., 2018; Lahiri, 2010). We may thus expect that R&D
investments abroad are positively related to firms’ market valuation.
However, if these R&D investments are located in countries with weak IP protection, MNEs may
confront infringement and misappropriation of their knowledge assets by local rivals. This can
seriously threaten the MNE’s market position if rivals can benefit from infringement by bringing
products (more rapidly) to the market, hampering the MNE from reaping the (full) benefits of its
R&D assets. Such unintended knowledge outflows and associated misappropriation can occur
because collocation and spatial proximity in general enhance knowledge spillovers (e.g., Belenzon
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and Schankerman, 2013; Peri, 2005). An important channel of knowledge spillovers is inter-firm
mobility of scientists and engineers employed by the firm (Agarwal et al., 2009; Kim and Marschke,
2005; Schmiele, 2013). Firms have fewer (legal) measures under weak IPR regimes to prevent
misappropriation due to mobility of their R&D workers (Garmaise, 2009; Ganco et al., 2015).
Unintended knowledge spillovers may stimulate the birth of imitators that steal market share of
the investing firm (Schmiele, 2013), and such ‘business stealing effect’ by rivals is likely to reduce
expectations of future profits and hence market value (Bloom et al, 2013). Prior work on IP
protection, in the specific context of differences in trade secret protection laws between US states,
has shown that differences in IP protection influence investor expectations and affect firm market
value (Castellaneta et al., 2017).
The above findings imply that, while foreign R&D investments abroad are expected to increase
market value, weak IPR protection in the host countries of these investments is likely to reduce it.
This leads to our baseline expectation: MNEs’ investments in R&D abroad are associated with higher firm
market value. In addition, we expect that: Weaker IPR protection in the countries in which an MNE invests
in R&D is associated with lower firm market value.
The role of IP protection strategy in IP risky R&D
In order to prevent knowledge leakages from foreign R&D units to local rival firms in countries
with weak IPR protection, MNEs can and do consider concentrating R&D in their home country
instead (Belderbos et al., 2013b; US OTA, 1994). However, this is not always an option for firms
aiming to expand sales in foreign markets through successful local adaptation or to leverage cost
effective (or unique) R&D resources in foreign countries. Prior studies have suggested that one
way to reduce the risk of substantive knowledge leakage to rivals is to adopt a strategy to organize
geographically dispersed R&D that relies on internal linkages across R&D units (Alcácer and Zhao,
2012; Belderbos and Somers, 2015; Nandkumar and Srikanth, 2016; Zhao, 2006). Formal models
of modular organizational design with cross-unit interdependence also show its potential to
protect intellectual property, as agents (R&D workers) only have access to partial knowledge and
have reduced bargaining power and incentives to leave the principle (firms; Baldwin and Henkel,
2015).
Cross-unit and in particular cross-county linkages in R&D projects, related to intra-firm
collaboration among researchers of the firm based in different locations, restrict the formation of
local specialized capabilities and collocated rival firms’ potential access to the full set of knowledge
elements needed to develop and commercialize a technology. This R&D organization with internal
linkages reduces the scope and value of knowledge that R&D personnel may bring to collocated
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firms if R&D workers leave the MNE and change employment. Internal linkage strategies
furthermore allow for better monitoring and control of local R&D activities and a swifter response
to misappropriation threats. Alcácer and Zhao (2012) show that such internal linkages are
associated with lower knowledge spillovers to collocated rival firms, but did not examine the
influence of heterogeneous local IP policy conditions.
Internal linkage strategies will have the greatest potential to reduce knowledge spillovers and
misappropriation by local firms if IPR policies provide little formal protection against such
misappropriation. Hence, the negative consequences of foreign R&D investment in weak IPR
environments, in terms of unwanted knowledge outflows and reduced ability of the MNE to
appropriate the returns to R&D, are likely to be reduced, if the MNE has an internal linkage
strategy in place. This suggests that the negative influence of R&D investment in weak IPR
countries is attenuated: hence, the negative association between weak IPR protection in the countries in which
the MNE invest in R&D and firm market value is attenuated if the MNE has implemented an R&D
organization based on internal linkages across R&D units.

3.3. Data, Measures and Empirical model
Sample and Data
We employ panel data on 117 leading multinational firms headquartered in 20 OECD countries,
2003-2013, to test our hypotheses. The sample firms are among the top ten largest players in the
European market in their respective industries (in terms of sales). The focus on European market
leaders stems from the use of secondary data gathered to examine technology and market
leadership in Europe (Commission of the European Communities, 2010). From this exercise 162
publicly listed firms are identified with technology development (patent) activities. Among these
162 firms, 117 invested in new cross-border foreign R&D projects during 2003-2014 (the period
for which we have foreign R&D investment data) and are included in the analysis. 13 Despite the
focus on European market leadership, the firms are also headquartered in the U.S. (27) and Japan
(13) in addition to European countries, such as France (18), Germany (14), the United Kingdom
(13), Italy (4), the Netherlands (4), and Switzerland (4). The firms are active across a range of
industries, including technology intensive sectors such as electronics and electrical equipment (30),

13 Since our foreign R&D database is truncated in mid-2014, the analysis is restricted to 2003-2013 (note:
we use firms’ annual market values). Six firms had no foreign R&D during the period of analysis (only R&D
in 2014). We discuss potential selection issues in Appendix B2.
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pharmaceuticals & chemicals (20), and automobiles & transportation equipment (16), but also
encompassing industries such as food, beverages and tobacco (15). 14 The panel is slightly
unbalanced due to delistings and mergers, which results in a total of 1,205 observations.
Data on foreign R&D investments are obtained from the FDI Markets database of the Financial
Times Ltd. This database lists greenfield cross-border FDI projects worldwide from 2003 onwards,
drawing on media reports, press releases, and information obtained from foreign investment
agencies and industry associations (e.g., OECD, 2016). 15 The sample firms invested in 1,631
foreign R&D projects in 67 countries during the observation period 2003-2013. The most
prominent destinations of R&D investments are China (252 projects), India (194), the U.S. (139),
the UK (86), and Singapore (82). Information on patents applied by the focal firms is drawn from
the PATSTAT database, 2016 spring edition. We use patent family IDs to track the firms’ global
patenting activities (e.g., Berry, 2017). Patent information is retrieved at the (yearly) consolidated
level and includes patent applications of consolidated subsidiaries identified through ORBIS data
on firms’ global affiliates, annual reports, and data on M&As from the Zephyr database. The
MNEs on average applied for 997 patents yearly. Financial information was extracted from
Worldscope.
Measures
The dependent variable is the log of Tobin’s Q, in the definition of Chung and Pruitt (1994), which
has been widely used in the market value literature (Blundell et al., 1999; Hall et al. 2005, 2007;
Kanwar and Hall, 2015; Jaffe, 1986; Sandner and Block, 2011). The core explanatory variables are
Foreign R&D, IP Risk, and Internal Linkage Strategy. Foreign R&D is based on the count of new crossborder R&D investments in a year by the focal firm. IP risk is a weighted measure of the inverse
of (effective) patent protection the firms are confronted with in the destination countries of their
R&D investments:
(1) IP risk 𝑖𝑖𝑖𝑖 = ∑𝑣𝑣𝑖𝑖𝑖𝑖𝑖𝑖(1 − 𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑐𝑐 ) with IPR 𝑐𝑐𝑐𝑐 =

GP𝑐𝑐𝑐𝑐

𝑀𝑀𝑀𝑀𝑀𝑀 GP𝑡𝑡

(i=firm, v= investment project, c=host country, t=year)

∗

IC𝑐𝑐𝑐𝑐

𝑀𝑀𝑀𝑀𝑀𝑀 IC𝑡𝑡

The degree of effective patent protection (IPR) in a country is a composite index based on Ginarte
and Park’s patent rights index (GP; Park, 2008) and a country’s score on Impartial Courts (IC) in
the Economic Freedom of the World (EFW) report by the Fraser Institute. The GP and IC scores
14 Table B4 in Appendix B lists the sample firms and their country of origin, industry, and number of
foreign R&D investments.
15 The description of the FDI markets in detail is in Chapter 2.
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are normalized by the annual maximum value of each index, such that the composite index ranges
from 0 to 1. The GP index is widely used in the literature and is based on statutory information
on patent laws (e.g., Athukorala and Kohpaiboon, 2010; Branstetter et al., 2006; Nandkumar and
Srikanth, 2016). An often voiced criticism of the index is that a statutory indicator will not
effectively capture the actual enforcement level of IPR laws. We follow recent work (Maskus and
Yang, 2013) by multiplying the GP index by IC as a measure of enforcement of (patent) laws, with
IC referring to the perceived impartiality and quality of the legal system for private firms. 16 The
measure of IP risk is 1 minus the index of IPR protection, summed over all destination countries
of the R&D investments. In case of multiple R&D investments in a country, its IP risk enters this
sum multiple times. Our theory predicts a negative sign for IP risk.
Following prior studies (e.g., Alcácer and Zhao, 2012; Belderbos and Somers, 2015), Internal Linkage
Strategy is measured as the degree to which inventors based in different countries contribute to
firms’ innovations (patents), drawing on inventors’ addresses. Specifically this variable is defined
as the average dispersion, across all firms’ patents with foreign-located inventors, of patent coinventors over countries, with the dispersion of inventors indicated by a Blau index (1 minus the
Herfindahl index). 17 We exclude patents that only have domestic inventors since our aim is to
examine the expected influence of internal linkage strategies in protecting knowledge assets abroad.
Internal Linkage Strategy is based on co-invention patterns in the MNEs’ patents in year t, as stock
market investors will form expectations on how the focal firm will manage new foreign R&D
investments based on the latest observed behavior. A positive sign for the interaction of IP Risk
and Internal Linkage Strategy is expected.
Positive future profit expectations related to foreign R&D investments may be heterogeneous and
depending on the market potential and technological capabilities of destination countries,
reflecting market access and technology sourcing motivations, respectively (Kafouros et al., 2018;
Kuemmerle, 1999; von Zedtwitz and Gassmann, 2002). The analysis therefore controls for average
GDP and the number of patents/GDP across the destination countries of firms’ R&D
investments. The analysis also includes a number of control variables relating to information that
becomes available to stock market investors and may change the expected future cash flows of the
firm. We follow prior studies in including firm R&D expenditures, patent stock (patents) over R&D
expenditures, forward citations to patents, and the importance of self-citations among these citations (e.g.,

This improved IPR index is the one applied in Chapter 2 and will be consistently used in the dissertation.
We note that our measure improves on previous applications, by taking into account the distribution
over countries rather than the simple presence of a co-inventors based in a different country, and by taking
a patent portfolio perspective rather than focusing on individual patents.
16
17
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Belenzon, 2011; Hall et al., 2005). Citation lags are restricted to a 4- year window including the
application year. Since patent applications are not always directly visible to investors upon filing,
we take a one year lag for the patent-related control variables (Belderbos et al., 2014). Finally, the
equation for estimation includes the lagged value of Tobin’s q and sets of sector, home country,
and year dummies. We discuss the model for estimation in the next paragraph.
Empirical Model
We derive the model for estimation from a Cobb Douglas representation of firm market value, in
which market value depends on tangibles assets, knowledge assets and idiosyncratic firm
characteristics (see Appendix B1 for the full steps of model derivation). Since market value is
measured at the end of year t, regressors generally are taken in year t as well. The model allows for
a potential gradual convergence in Tobin’s q between firms due to a ‘regression to the mean’
(Mueller, 1977), which leads to a dynamic specification with (growth in) Tobin’s q depending on
its lagged value. Knowledge assets include R&D stocks and foreign R&D investments - the latter
including IP risk and its interaction with internal linkages. Taking the equation in natural logarithm,
first differencing, and transforming the knowledge stock function allows identification of the effect
of new additions to the stock of knowledge assets in a year, i.e. the number of new R&D
investments in a year and R&D expenditure. The transformation implies the scaling of the R&D
variables by past market value. This leads to the equation below, with lower case letters indicating
that variables are expressed in natural logarithm:
(2) Δ𝑞𝑞𝑖𝑖𝑖𝑖 = 𝜃𝜃𝜃𝜃𝑖𝑖𝑖𝑖−1 + (𝛼𝛼 − 1)Δ𝑎𝑎𝑖𝑖𝑖𝑖 + 𝜙𝜙𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 ⁄𝑉𝑉𝑖𝑖𝑖𝑖−1 + 𝜙𝜙[𝜉𝜉𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 + 𝜐𝜐𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 + 𝜓𝜓𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 ]⁄𝑉𝑉𝑖𝑖𝑖𝑖−1 +
∑r 𝜇𝜇𝑟𝑟 Ρ𝑟𝑟𝑟𝑟𝑟𝑟 + 𝜂𝜂𝜂𝜂𝜂𝜂𝑖𝑖𝑖𝑖 + 𝜈𝜈𝑖𝑖 + 𝑚𝑚𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑖𝑖

The (proportional) growth in Tobin’s q is a function of the past level of Tobin’s q, the growth in
physical assets (Δa), R&D expenditures, the number of new Foreign R&D investments (Inv) of the
firm, IP risk (Risk), and the interaction between IP risk and Internal Linkage Strategy (IL). The
equation is augmented by the main effect of IL, and a set of variables ∑r 𝜇𝜇𝑟𝑟 Ρ𝑟𝑟𝑟𝑟𝑟𝑟 representing R&D

host country characteristics (GDP and technological capabilities) and patent and citation related
variables. In addition, sets of sector, year, and home country dummies are included (the vector 𝜈𝜈𝑖𝑖
and 𝑚𝑚𝑡𝑡 ), while 𝜀𝜀𝑖𝑖𝑖𝑖 are serially uncorrelated measurement errors.

We estimate equation (2) in level form - bringing the past level of q to the right hand side- with
the System General Method of Moments (GMM-SYS) method due to Blundell and Bond (2000).
This approach is suitable for panel data models that have a relative short time dimension and that
include lagged values of the dependent variable, in which case conventional fixed and random
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effects models are inappropriate (Arellano, 2003). GMM-SYS estimation corrects for the potential
endogeneity of the regressors by employing lagged values of the regressors as instruments
(Roodman, 2009b) and estimates both a level equation and an equation in first differences to
improve identification. In the level equation we include sector, year, and home country dummies
as exogenous variables. To avoid instrument proliferation, we limit the number of lags for the
instruments to two (Roodman, 2009a) and impose equal moment conditions (restricting the
number of instruments to one for each variable and lag). To be specific, the first and the second
lags of dlog(Assets), R&D expenditure, Foreign R&D, IP risk, IP risk*Internal Linkage Strategy, and
Citations are used as the instruments in both the level and the first difference equation. The first
lag of Internal Linkage Strategy, Self-citations, GDP, Host-capability, and the first and second lag of
Patents and Lagged Q are used only in the level equation. While GMM estimation should correct for
potential endogeneity bias in the estimates, we conservatively interpret our results as associations
rather than causal effects due to the absence of the possibility to employ a more powerful
identification strategy based on a specific set of instrumental variables.
Descriptive statistics of the (transformed) variables and their correlations are shown in Table 3.1.
The coefficient of correlation between IP risk and Foreign R&D is high (0.96) because IP risk by
design increases in the number of R&D entries, and with IP risk necessarily zero for firm-year
observations with zero foreign R&D. We return to this issue and discuss alternative specifications
of the estimated models in the supplementary analysis section and Appendix B2.
It can be calculated that the mean IP risk is 0.73 for firms above the median of Internal Linkage
Strategy, and 0.40 for firms below the median; this difference is significant (P<0.001). This
observation confirms the expectation that MNEs with strong IP strategies are more often
investing in countries with weaker IPR protection where misappropriation risks are high, in line
with the patterns observed in Alcácer and Zhao (2012) in the particular context of the
semiconductor industry.
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Table 3.1. Descriptive statistics and correlations
Variables
Mean
STD
1
Log(Q)
0.37
0.36
Log(Q)t-1
0.37
0.37
0.88
dlog(Assets)
0.03
0.18
0.09
R&D
4
0.08
0.12
-0.27
expenditures/MV
5
Foreign R&D/MV
0.24
3.21
0.12
6
IP risk/MV
0.07
0.64
0.08
Internal linkage
7
0.13
0.10
0.13
strategy
8
Patents/RD
0.01
0.06
0.16
9
Citations/Patent
2.06
1.60
0.36
10
Self-citation ratio
0.26
0.17
0.13
11
Host GDP
1.40
1.43
0.04
Host technological
12
0.13
0.23
0.02
capability
Note: Significant correlations (p<0.05) are in bold.
1
2
3

2

3

4

5

0.96

6

7

8

9

10

11

0.23
-0.33

-0.14

0.11
0.07

0.02
0.01

0.01
0.05

0.14

-0.02

-0.12

0.04

0.03

0.18
0.38
0.12
0.06

0.03
-0.03
0.05
-0.04

-0.04
0.00
-0.08
0.13

0.50
0.02
0.10
0.07

0.46
0.02
0.09
0.11

0.06
0.13
0.21
0.02

0.01
0.13
0.02

-0.07
0.19

0.02

0.05

-0.01

0.07

0.07

0.08

0.01

0.02

0.17

0.02

0.60

3.4. Empirical results
Models 1 - 4 in Table 3.2 present the coefficient estimates of the model with one step systemGMM. For all models, the GMM diagnostics confirm the absence of second order autocorrelation
(the AR2 test) and the validity of the sets of instruments (the Hansen J test). Model 1 includes the
control variables. The coefficient of the lagged Tobin’s Q is positive and significant, with the
estimate suggesting a relatively slow convergence of 20% per year. The coefficient on physical
asset growth of -0.33 suggests that the elasticity of market value with respect to physical assets is
0.67 – with the elasticity increasing in the more fully specified models 2-4. The coefficient on R&D
expenditures suggest a marginal rate of return of 0.13. The patent and citation indicators all have
positive and statistically significant coefficients. The coefficient of GDP in R&D host countries is
not significant in Model 1 but does reach conventional significance levels in the specification with
all variables included (Model 4), suggesting that the market potential in R&D host countries is
associated with higher expected future earnings. Host countries’ technological capabilities are not
statistically significant; neither is the main effect of Internal Linkage Strategy.
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Table 3.2. Market value, foreign R&D investments, IP risk, and internal linkage strategies:
System GMM Estimation Results
Model 1

Foreign R&D/MV(t-1)
IP risk/MV(t-1)

Model 2

Model 3

Model 4

0.005***
(0.001)

0.021***
(0.004)
-0.085***
(0.022)

0.015
(0.071)
0.794***
(0.049)
-0.287**
(0.136)
0.132**
(0.062)
0.391
(0.241)
0.017**
(0.008)
0.228**
(0.110)
0.000
(0.011)
0.002
(0.078)
-0.544***
(0.159)

0.089
(0.140)
0.746***
(0.064)
-0.180***
(0.046)
0.141**
(0.060)
0.367*
(0.218)
0.020**
(0.008)
0.257**
(0.105)
0.012
(0.012)
0.026
(0.077)
-0.441***
(0.145)

0.011***
(0.003)
-0.171***
(0.051)
0.591**
(0.248)
0.059
(0.072)
0.783***
(0.079)
-0.173***
(0.047)
0.156**
(0.063)
0.385**
(0.193)
0.019**
(0.008)
0.279**
(0.127)
0.032**
(0.014)
-0.074
(0.092)
-0.580***
(0.106)

IP risk/MV(t-1) * Internal linkage strategy
Internal linkage strategy
Log(Q)t-1
dlog(Assets)
R&D expenditures/MV(t-1)
Patents(t-1)/R&D expenditures
Citations(t-1)/Patents(t-1)
Self-citations(t-1)/Citations(t-1)
Host countries’ GDP
Host countries’ technological capability
Constant

0.012
(0.074)
0.799***
(0.046)
-0.329*
(0.179)
0.134**
(0.064)
0.420*
(0.245)
0.016**
(0.007)
0.223**
(0.106)
0.010
(0.010)
0.006
(0.076)
-0.357**
(0.162)

Year Fixed effects
Yes
Yes
Sector Fixed effects
Yes
Yes
Home country Fixed effects
Yes
Yes
Observations
1,205
1,205
# firms
117
117
AR1 (p-value)
0.000
0.000
AR2 (p-value)
0.860
0.780
Hansen-J (p-value)
0.249
0.303
# Instruments
140
143
Note: Standard errors are clustered by firm. p-values are shown in parentheses. The AR1
Arellano Bond AR(1) and AR(2) tests for autocorrelation.

Yes
Yes
Yes
Yes
Yes
Yes
1,205
1,205
117
117
0.000
0.000
0.989
0.796
0.246
0.117
143
127
and AR2 values are for the

Models 2 – 4 add the focal variables one by one. The coefficients of our core variables exhibit
expected results. To be specific, the coefficient on foreign R&D is positive and significant at the
1% level in Model 2. In Model 3, IP risk in R&D host countries has a negative and significant
coefficient at the 1% level. Finally, the coefficient on the interaction term of Internal Linkage Strategy
and IP risk is positive and significant (P=0.017). For convenience, we assess the economic
significance of the focal variables by calculating the proportional effect of a standard deviation
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increase in Foreign R&D and IP risk on market value – with the latter effect conditional on firms’
Internal Linkage Strategy. The estimated effect of Foreign R&D in Model 4 suggests that a standard
deviation increase in foreign R&D investment is associated with a 3.7% increase in market value
(P<0.01). The influence of foreign R&D is enhanced if host countries offer greater markets (a
4.7% increases due to a standard deviation increase, P=0.022). A standard deviation increase in IP
Risk is associated with a substantial 8.5% drop in market value (P<0.001) if Internal Linkage Strategy
is weak (25th percentile) which is reduced to a 4.0% drop (P<0.001) if Internal linkage Strategy is in
the 75th percentile quartile. For the 90th percentile of Internal Linkage Strategy, the effect of IP
strategy is close to zero and becomes insignificant (P=0.546).
We also assessed the overall effect of foreign R&D investments on market value by comparing the
predicted market value for each observation based on the observed values of the regressors, with
the predicted market value if no foreign R&D would have been observed. While the average
prediction across all observations for Tobin’s q is 1.65, this significantly (P<0.001) reduces to 1.52
(a reduction by more than 8%) in the absence of foreign R&D. Among the 590 firm-year
observations with positive foreign R&D investment, 583 show an overall significant (P<0.05)
increase in market value, while in 5 cases there is a significant decrease. These simulation results
confirm that, although there is substantial heterogeneity, MNEs in most cases align their foreign
R&D location strategies with an appropriate Internal Linkage Strategy, to generate positive
expectations on future profitability.
Robustness Checks and Supplementary Analysis
We conduct supplementary analyses to examine the robustness of the findings reported in Table
3.2, results and details of which are relegated to Appendix B2. Results are consistent, among others,
if 1) we employ a simple OLS specification; 2) we adjust the number of instruments; 3) we use an
alternative measure of Internal Linkage Strategy based on prior patents of the focal MNE in the
countries of new R&D investments (available for a small subset of observations) or based not the
current year but on the past years; 4) we aim to control for potential sample selection bias; 5) we
employ a measure of (changes in) R&D stocks rather than R&D expenditures; 6) we utilize (limited)
information on the size of R&D investments abroad to weigh foreign R&D investments; 7) we
control for the market value effects of foreign manufacturing investments in addition to R&D
investments (suggesting similar and parallel effects of foreign manufacturing investments on
market valuation); 8) we examine an alternative specification by separating R&D investments into
those in weak IPR countries and those in strong IPR countries; 9) we allow for potential
heterogeneous effects of first and subsequent R&D entries in the host countries (with result
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suggesting no significant differences); 10) we use the average inter-firm inventor mobility rates
across R&D host countries as a proxy for IP risk instead; 11) we use an alternative measure of IP
risk (an average rather than a sum) that only has a limited correlation with foreign R&D investment;
and 12) we apply an alternative sectoral classification for firms. In contrast, much weaker results
are observed if we leave out the patent enforcement measure (impartial courts) from the definition
of IP risk. In addition, different patterns are not observed when we examine the core effects
between the earlier time period and the later period.

3.5. Discussion and Conclusion
We find that foreign R&D investments are associated with economically sizeable increases in
market value – in particular if they target large markets, but that IP risks in R&D host countries
reduce market value if the MNE has not adopted a pronounced strategy of internal inventor
linkages across its R&D units. Our findings contribute to the literature on internal linkages and IP
(e.g., Alcácer and Zhao, 2012; Belderbos and Somers, 2015; Zhao, 2006; Nandkumar and Srikanth,
2016) by empirically investigating the interplay between R&D investments, internal linkage strategy,
and weak IPR environments in influencing the expected future returns to foreign R&D - as
indicated by market valuation. Our study is the first to demonstrate that such internal linkage
strategies - intra-firm cross-country inventor collaboration – can have substantial financial
performance effects by reducing (investors’ concerns regarding) misappropriation of focal MNEs’
technologies in weak IPR environments.
Our study also contributes to an expanding stream of literature on the determinants and
performance effects of R&D globalization (Athukorala and Kohpaiboon, 2010; Belderbos et al.,
2013b; 2015; Berry, 2014; Griffith et al., 2006; Kafouros at al., 2018; Kumar, 2001; Penner-Hahn
and Shaver, 2005). While previous studies on the role of IPR protection in host countries have
shown a positive (average) association between cross-border R&D investments and host country
IPR protection (e.g., Belderbos et al., 2013b; Branstetter et al., 2006; Smith, 2001), our study
suggests that the effects of IPR protection on MNEs’ preference for R&D locations will be
heterogeneous and depending on the IP protection strategies of the MNEs. Our study highlights
that MNEs’ “home bias” in R&D (the remaining disproportional concentration of R&D in MNEs’
home countries) may be mitigated if a suitable internal linkages strategy is adopted – as indicated
by the positive correlation between internal linkage strategy and foreign R&D investments (in
particular in countries with IP risks). Furthermore, our results show that internal linkage strategies
to protect proprietary knowledge and technologies abroad are another moderator of the
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relationship between foreign R&D and firm performance. Prior studies on the (innovation)
performance effects of foreign R&D have concluded that performance is enhanced by intra-firm
collaboration, but attributed this to its knowledge creation potential through knowledge
integration and cross-fertilization (Lahiri, 2010; Frost and Zhou, 2005; Singh, 2008). These studies
may have overstated effects on knowledge creation due to the simultaneous influence on
performance through knowledge protection. Finally, our study contributes to the literature on
firms’ R&D, knowledge assets, IP, and market valuation (e.g., Castellaneta et al., 2017; Hall et al.,
2005, 2007) by distinguishing the influence of foreign R&D investments from overall R&D
expenditures, and by considering that environmental - IP policy related - influences in terms of
increasing R&D risks (Bromiley et al., 2017), which reduce market value, can be counteracted by
appropriate strategies to prevent outward knowledge spillovers.
This study provides policy implications. The effectiveness of IP protection strategies in MNEs’
market valuation may imply that outgoing knowledge spillovers are effectively restricted by firms’
IP protection strategies and, therefore, local firms in foreign R&D countries cannot fully benefit
from knowledge spillovers from the MNEs’ local R&D units if the foreign R&D investors have
such strategies in place. In this regard, policy makers must take into account firms’ measures to
restrict knowledge outflow when they assesse the benefits of attracting local R&D operations by
MNEs. Spillover benefits from large and technologically leading MNEs, which normally organize
geographically dispersed R&D units in a large scale, may not be greater than expected because
these firms are more likely to adopt active internal linkage strategies. This topic will be directly
investigated in Chapter 5. The managerial implications of our study are relatively straightforward.
Foreign R&D in risky IP environments can increase performance if firms align their R&D
organization to these environments by allowing for strong control and interdependence across
R&D units. While there may be drawbacks of such internal linkage strategies in terms of increased
coordination costs and reduced autonomy and creativity in local units (e.g., Alcácer and Zhao, 2012;
Von Zedtwitz and Gassman, 2002), our study does not find evidence that these are significant on
average. Disentangling the positive consequences of internal linkage strategies in terms of IP
protection and creation, investigating the circumstances under which these strategies may increase
the costs of global R&D, and considering other, potentially correlated, means to control
knowledge outflows abroad such as through the use of expatriates (Berry, 2017) are topic worthy
of attention in future studies.
Our research has several other limitations, of which we discuss the most salient ones. First, our
sample, while displaying heterogeneity in foreign R&D investment patterns and the adoption of
internal linkages strategies, focused on leading MNEs with headquarters in Europe, the US, and
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Japan. It is clear that results are difficult to generalize to smaller MNEs with fewer opportunities
to engage in internal linkage strategies. In particular, we may expect that MNEs based in emerging
economies with fewer knowledge assets may be more eager to benefit from knowledge spillovers
in weak IPR environments than worried about protecting their own technologies (cf. Chapter 2,
Alcácer and Chung, 2007; Shaver and Flyer, 2000).
Second, although a more precise identification of the effects of foreign R&D on market value
may be obtained by examining stock price reactions at the time decisions are publicly announced,
we could not employ such an event analysis as our data source on R&D does not include specific
dates of the investments. Instead we had to rely on cumulative new information reaching the
market in a given year.
Third, our measure on internal linkage strategies and some control variables are based on patent
information but not all important inventions of firms are patented but rather protected in the
form of secrecy (Arundel, 2001). Hence, MNEs’ innovation activities and R&D organization
abroad may not be fully identified through the firms’ global patenting activities. However, in the
sense that firms tend to use patents for protecting their inventions directly linked to market sales
(Hussinger, 2007), patent data may reflect firms’ major innovation outputs that investors want to
know for assessment. In the literature, ample evidence exists that stock market investors pay
attention to firms’ patent applications and portfolio (e.g. Heeley et al, 2007).
Finally, IP risks in countries with weak IP protection will be most salient if the R&D investment
is collocated with local rival firms in the same sub-national cluster (Alcácer and Zhao, 2012), but
we only differentiated foreign R&D at the country level. Identifying (the location of) potential IP
infringers is beyond the scope of this research but is likely to provide more accurate estimates of
IP risks and their consequences for firm performance. An assessment of spillover and
misappropriation risks at cluster level in the context of R&D investments should also take into
account that even if a MNE chooses a location outside a cluster, rivals may (re)locate to this
location in the future. These issues offer fruitful avenues for further research and exploration.

56

Appendix B
Appendix B1. Derivation of the empirical model
If we take a Cobb Douglas representation of market value distinguishing tangible and intangible
(knowledge) assets, this gives the following equation, with A representing physical assets and K the
knowledge assets of firm i at time t:
𝛽𝛽

𝑉𝑉𝑖𝑖𝑖𝑖 = 𝑐𝑐𝑖𝑖 (𝐴𝐴𝛼𝛼𝑖𝑖𝑖𝑖 𝐾𝐾𝑖𝑖𝑖𝑖 )𝑒𝑒 𝜎𝜎𝑖𝑖𝑖𝑖

(1)

The constants 𝑐𝑐𝑖𝑖 represent firm-specific capabilities, but drop out when taking first differences

in (2). The parameter σ is a time-variant firm-specific efficiency parameter affecting market
valuation, and 𝛼𝛼 and β are the elasticities of market value with respect to tangible assets and
knowledge assets, respectively. Dividing by A, taking natural logarithms, and first differencing,
gives the equation in its growth form:
𝑉𝑉

∆𝑞𝑞𝑖𝑖𝑖𝑖 = ∆𝑙𝑙𝑙𝑙 𝐴𝐴𝑖𝑖𝑖𝑖 = (𝛼𝛼 − 1)∆𝑎𝑎𝑖𝑖𝑖𝑖 + 𝛽𝛽∆𝑘𝑘𝑖𝑖𝑖𝑖 + ∆𝜎𝜎𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖

(2)

where ∆qit denotes the proportional growth in Tobin’s q and with lower case letters denoting
variables in logarithms. We assume that the change in firm-specific efficiency levels is a function
of past market valuation, in order to allow for a gradual convergence in Tobin’s q between firms
due to a ‘regression to the mean’ (e.g., Mueller, 1977):
∆𝜎𝜎𝑖𝑖𝑖𝑖 = 𝜃𝜃𝑞𝑞𝑖𝑖𝑖𝑖−1 + 𝑣𝑣𝑖𝑖 + 𝑚𝑚𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑖𝑖 for i = 1 ,…, N ; t = 1 ,…, T

(3)

We expect θ to fall within the interval [-1,0]. Firms that have a high market value are less likely
to be able to record strong market valuation growth subsequently. If θ is zero, there is no gradual
convergence; if θ is –1, complete convergence materializes in one period. To allow unobserved
firm-level heterogeneity in efficiency growth and an impact of common macro-economic
efficiency shocks, equation (3) includes year, home country, and sector-specific intercepts (the
vector 𝑣𝑣𝑖𝑖 and 𝑚𝑚𝑡𝑡 ) in addition to serially uncorrelated measurement errors 𝜀𝜀𝑖𝑖𝑖𝑖 .

We can transform the knowledge stock portion of the specification (cf. Griffith et al., 2004, p.7;
Jones, 2002, p. 233) as follows :
𝜕𝜕𝜕𝜕 𝐾𝐾

∆𝐾𝐾𝑖𝑖𝑖𝑖

β∆𝑘𝑘𝑖𝑖𝑖𝑖 ≈ 𝜕𝜕𝜕𝜕 𝑉𝑉𝑖𝑖𝑖𝑖−1 𝐾𝐾
𝑖𝑖𝑖𝑖−1

𝑖𝑖𝑖𝑖−1

∆𝐾𝐾𝑖𝑖𝑖𝑖

≈ 𝜙𝜙 𝑉𝑉

𝑖𝑖𝑖𝑖−1

𝜕𝜕𝜕𝜕

𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝜙𝜙 = 𝜕𝜕𝜕𝜕

With φ the marginal return to knowledge.
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(4)

If we assume that the depreciation rate of the knowledge stock is small (noting that higher
depreciation rates would increase the estimated effects, e.g., Mairesse and Sassenou, 1991), the
change in the value generating knowledge stock is a function of knowledge stock enhancing
investments in year t, due to R&D expenditures (RD) and foreign R&D investments in new
locations (I):
∆𝐾𝐾𝑖𝑖𝑖𝑖

𝑉𝑉𝑖𝑖𝑖𝑖−1

= 𝐹𝐹[𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 + 𝐼𝐼𝑖𝑖𝑖𝑖 ]/𝑉𝑉𝑖𝑖𝑖𝑖−1

(5)

The net effects of new foreign R&D investments depend on the foreign investment count I and
the ‘riskiness’ of IP regimes in these locations (Risk) in combination with firms’ internal linkage
strategy IL.
(6)

𝐼𝐼𝑖𝑖𝑖𝑖 = 𝜉𝜉𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 + 𝜐𝜐𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 + 𝜓𝜓𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖

Combining equations (2), (3), (4), (5), and (6) we obtain the following dynamic panel equation:
Δ𝑞𝑞𝑖𝑖𝑖𝑖 = 𝜃𝜃𝜃𝜃𝑖𝑖𝑖𝑖−1 + (𝛼𝛼 − 1)Δ𝑎𝑎𝑖𝑖𝑖𝑖 + 𝜙𝜙𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 ⁄𝑉𝑉𝑖𝑖𝑖𝑖−1 + 𝜙𝜙[𝜉𝜉𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 + 𝜐𝜐𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 + 𝜓𝜓𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 ]⁄𝑉𝑉𝑖𝑖𝑖𝑖−1 +

∑r 𝜇𝜇𝑟𝑟 Ρ𝑟𝑟𝑟𝑟𝑟𝑟 + 𝜂𝜂𝜂𝜂𝜂𝜂𝑖𝑖𝑖𝑖 + 𝜈𝜈𝑖𝑖 + 𝑚𝑚𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑖𝑖

(7)

The growth in Tobin’s q is a function of the past level of Tobin’s q, the growth in physical assets,
R&D expenditure and foreign R&D investments, the IP risk incurred through those R&D
investments, the moderating effect of firms’ internal linkage strategies with respect to IP risk, a
series of dummy variables indicating year, sector and home country, and the main effect of internal
linkage strategy. We augment the model with a number of R&D host country, patent and citation
related variables ∑r 𝜇𝜇𝑟𝑟 Ρ𝑟𝑟𝑟𝑟𝑟𝑟 . If we bring the lagged Tobin’s q term to the right hand side, we arrive
at a level equation for GMM estimation:

𝑞𝑞𝑖𝑖𝑖𝑖 = (1 + 𝜃𝜃)𝑞𝑞𝑖𝑖𝑖𝑖−1 + (𝛼𝛼 − 1)Δ𝑎𝑎𝑖𝑖𝑖𝑖 + 𝜙𝜙𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 ⁄𝑉𝑉𝑖𝑖𝑖𝑖−1 + 𝜙𝜙[𝜉𝜉𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 + 𝜐𝜐𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 + 𝜓𝜓𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 ]⁄𝑉𝑉𝑖𝑖𝑖𝑖−1 +

∑r 𝜇𝜇𝑟𝑟 Ρ𝑖𝑖𝑖𝑖 + 𝜂𝜂𝜂𝜂𝜂𝜂𝑖𝑖𝑖𝑖 + 𝜈𝜈𝑖𝑖 + 𝑚𝑚𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑖𝑖

(8)

Appendix B2. Supplementary analysis and robustness
We report on a series of supplementary analyses to examine the robustness of our findings. A first
set of tests employs the same model setup but tests for alternative implementations, and a second
set of tests expand the model in various ways.
Alternative models

58

First, we estimate the model with pooled ordinary least square regression and firm-clustered error
terms. The results, reported in Table B1, Model 1, are similar to those reported in Table 3.2, but
the standard errors of the foreign R&D investment variable and the interaction with internal
linkage strategy are larger, resulting in higher P-values (P=0.032 and P=0.053 respectively). The
OLS regression leads to a (slight) upward bias in the coefficient of the lagged dependent variable,
as expected.
Second, in our main model (Table 3.2, Model 4), we reduce the number of instruments to avoid
instrument proliferation by adjusting the number of lags of instruments. Instrument proliferation
in GMM could weaken the validity of the Hansen J-test (Roodman, 2009a). When we increase the
number of instruments (Table B1, Model 2), we obtain highly similar results. Third, when we limit
the number of instruments to an even lower level, below the number of firms, Table B1, Model
3, shows consistent results. In general, our results appear not sensitive to changes in the number
of instruments.
Fourth, our analysis assumes small depreciation rates of knowledge assets. For foreign R&D
projects, calculating changes in stocks allowing for depreciations is not feasible given that we only
have information on the number of investments, but for R&D expenditures we can employ a
perpetual inventory method. Since we do not have long series on R&D expenditures, we draw on
earlier studies by assuming an 8% annual R&D growth prior to the first observation (Hall, 2007;
Hall and Oriani, 2006), in addition to a 15% depreciation rate. When the variable for current R&D
expenditures is replaced with the change in the R&D stock, the focal findings are unchanged, while
the R&D variable itself is insignificant and even has a negative sign (Table B1, Model 4). It may
be that the short R&D series and the strong assumptions on growth and depreciation generate
unreliable measures of R&D stock growth. In addition, investors may derive more information
from known values of current R&D expenditures, which drive expectations of future R&D
trajectories and revenues.
Fifth, expectations about how firms manage their foreign R&D investments may be formed based
on firms’ existing R&D practices in the target countries of those investments – in case the R&D
investments add to existing R&D operations of the firm in the target countries. We construct an
internal linkages variable including specific information on co-inventor locations of the firms’
prior patents invented in the host country, requiring at least 5 patents to derive the country-specific
internal linkage measure with some precision. This alternative internal linkage measure is the
weighted average of the country-specific internal linkage indicators. In case a country is a new
entry for a firm or the patent threshold is not reached, we substitute the average internal linkage
measure of the firm. Results, reported in Table B1 (Model 5), are again consistent.
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Sixth, a related issue is whether results are robust to the assumed period of inference on internal
linkage strategies. Investors may also focus on a past trajectory of firms’ R&D activities to judge
internal linkage strategies of firms, and past behavior does not run the risk of simultaneity with
the R&D investment itself. We calculate the internal linkage measure on prior 3-year moving
windows (i.e., t-3, t-2, and t-1) of inventor and patent data. Similar results are obtained although
the linkage interaction term is marginally significant (Table B1, Model 6).
Seventh, since there is a high correlation between the number of foreign investment projects and
the exposure to IP risk, we examine the robustness of results using a different specification for IP
risk. The correlation with foreign R&D investments reduces to 0.50 if IP risk is taken as the
(unscaled) average across foreign R&D investments rather than the sum. If we substitute the
average IP risk in the model, results are similar, but standard errors are larger (Table B1, Model 7).
Eighth, we argue that our composite measure of IP risk is an improvement on Ginarte and Park’s
patent rights index (GP), as the GP index does not measure actual enforcement of IPR legislation.
In Model 8, results with an IP risk measure solely based on the GP index indeed show much
weaker and insignificant results for the focal variables.
Ninth, a limitation of our analysis is that it does not take into account the size of R&D investments.
Although the FDI Markets database has some information on investment size, this is only available
for some 30% of the projects and is most reliable for employment. For other projects, the database
provides an ‘expected’ investment size indicator, which is based on an algorithm with unknown
reliability. Nevertheless, we construct employment-weighted foreign investment, IP risk, and GDP
and technological capability indicators. The analysis is restricted to the years 2003-2012 since we
only have (estimated) employment data until 2012. Results of this analysis are similar, but with a
higher estimated standard error for foreign R&D investment (Table B1, Model 9).
Tenth, MNEs’ effective (foreign) IP risk is not only determined by weak patent rights in R&D
host countries but may be also affected by weak protection on non-patented knowledge in the
countries. As discussed in Chapter 2, the inter-firm mobility of R&D workers harms the
effectiveness of formal IP protection in preventing IP leakages from R&D investors as nonpatented knowledge (tacit knowledge or trade secrets) cannot be fully protected by patent system.
IP leakages by former (local) employees are a typical form of IP hazard in emerging countries,
which cause severe damage to foreign investors’ profitability (APFC, 2014). This implies that stock
market investors may view the strong degree of inter-firm mobility of inventors in a foreign
country as a high risk of knowledge leakage in the country. In this regard, we use the average interfirm inventor mobility rates across countries where the focal firm invested in R&D as alternative
IP risk indicator for a broader range of knowledge. We use the country level mobility rates, applied
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in Chapter 2 again to calculate this indicator. For creating a firm level aggregate indicator, one
problem is that the mobility information is only available for a subset of the R&D host countries
in a given observation (firm-year) in some cases. 18 Therefore, for minimizing measurement noisy,
we limit this analysis to the observations where the mobility information is available across all
R&D host countries in a given observation, which reduces the sample size to 840. Finally, we find
that the IP risk by inventor mobility rates also reduces market valuation but this negative effect is
mitigated by the linkage strategy (Table B1, Model 10). This is evidence that inter-firm mobility
rates in R&D host countries have negative effects on MNEs’ long-term profitability but the linkage
strategy is effective at this situation.
Lastly, we also examine a model with an alternative definition of firms’ industries. When we apply
sectoral fixed effects based on a more fine grained specification (33 industries, drawing on
information from the FDI Markets), the results remain similar (Table B1, Model 11).

We impose the same restriction for countries of no information on mobility, which are the set of
countries where the number of European Patent applications invented in the countries are less than 150
for a five year window.
18
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Table B1. Results of Alternative Specifications
Part 1.
Foreign RD
IP risk
IP risk*Linkage
Internal linkage
Log(TQ)t-1
dlog(Assets)
RD expenditure
Patents
Citations
Self-citations
Host GDP
Host capability
Constant
Year effects
Sector effects
Home effects
Observations
# firms
R-squared
AR2 (pv)
Hansen-J (pv)
# Instruments

(1)
OLS

(2)
Increased
instruments

(3)
Reduced
instruments

(4)
R&D stock

(5)
Location
matched
linkage

(6)
Prior 3 year
linkage

0.011**
(0.005)
-0.090***
(0.033)
0.276*
(0.141)
-0.032
(0.038)
0.843***
(0.017)
-0.240***
(0.042)
0.057*
(0.033)
0.306**
(0.133)
0.012***
(0.004)
0.088***
(0.027)
-0.003
(0.003)
-0.016
(0.020)
-0.457***
(0.082)

0.013***
(0.003)
-0.162***
(0.052)
0.519**
(0.241)
0.045
(0.140)
0.742***
(0.064)
-0.175***
(0.045)
0.153**
(0.062)
0.407**
(0.198)
0.019**
(0.008)
0.269**
(0.109)
0.019
(0.013)
0.011
(0.077)
-0.520***
(0.123)

0.013***
(0.003)
-0.184***
(0.052)
0.607**
(0.258)
0.054
(0.068)
0.773***
(0.074)
-0.151***
(0.052)
0.118*
(0.060)
0.379*
(0.225)
0.027***
(0.008)
0.035
(0.056)
0.038**
(0.017)
-0.118
(0.103)
-0.417***
(0.093)

0.014***
(0.004)
-0.188***
(0.059)
0.605**
(0.295)
0.015
(0.133)
0.713***
(0.069)
-0.158***
(0.047)
-0.002
(0.001)
0.418*
(0.231)
0.018**
(0.008)
0.235**
(0.103)
0.028**
(0.014)
-0.006
(0.074)
-0.434***
(0.134)

0.028***
(0.005)
-0.185***
(0.056)
0.158**
(0.079)
0.018
(0.140)
0.718***
(0.065)
-0.355**
(0.143)
0.115
(0.070)
0.413**
(0.175)
0.023
(0.015)
0.138
(0.114)
-0.002
(0.011)
0.060
(0.104)
-0.287**
(0.112)

0.032***
(0.007)
-0.386**
(0.170)
0.973*
(0.548)
-0.012
(0.148)
0.722***
(0.073)
-0.342***
(0.120)
0.292**
(0.143)
0.452**
(0.178)
0.027**
(0.013)
0.039
(0.155)
-0.010
(0.018)
0.193
(0.142)
-0.345***
(0.115)

Yes
Yes
Yes
1,205
117
0.859
-

Yes
Yes
Yes
1,205
117
0.939
0.334
146

Yes
Yes
Yes
1,205
117
0.529
0.135
111

Yes
Yes
Yes
1,205
117
0.772
0.248
143

Yes
Yes
Yes
1,205
117
0.841
0.106
129

Yes
Yes
Yes
1,205
117
0.780
0.357
126
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Part 2.

(7)
Average IP risk

(8)
GP- only IP risk

(9)
Size weighted
R&D

(10)
Mobility risk

(11)
Alternative sector
fixed effects

0.004***
(0.000)
-0.316*
(0.166)
0.983*
(0.545)
-0.043
(0.153)
0.761***
(0.051)
-0.204***
(0.051)
0.026
(0.114)
0.509**
(0.216)
0.026***
(0.008)
0.174
(0.115)
0.021
(0.019)
0.043
(0.072)
-0.463***
(0.161)

0.015
(0.012)
-0.424**
(0.167)
1.405
(1.106)
0.049
(0.147)
0.751***
(0.070)
-0.182***
(0.047)
0.131**
(0.053)
0.425**
(0.181)
0.022**
(0.009)
0.166*
(0.091)
0.004
(0.008)
-0.053
(0.086)
-0.423***
(0.111)

0.211*
(0.111)
-2.413***
(0.714)
7.141**
(3.542)
0.041
(0.077)
0.754***
(0.073)
-0.168***
(0.050)
0.119*
(0.067)
0.400*
(0.227)
0.026***
(0.009)
0.207
(0.128)
3.524**
(1.522)
0.066
(0.077)
-0.418***
(0.148)

0.004***
(0.001)
-0.940**
(0.428)
7.769**
(3.280)
-0.111
(0.149)
0.719***
(0.068)
-0.212***
(0.053)
0.102
(0.072)
0.695***
(0.150)
0.014*
(0.008)
0.111**
(0.055)
0.006
(0.012)
-0.048
(0.029)
-0.464***
(0.084)

0.014***
(0.004)
-0.125***
(0.039)
0.343**
(0.164)
0.048
(0.071)
0.740***
(0.086)
-0.170***
(0.050)
0.147**
(0.057)
0.413**
(0.209)
0.019**
(0.008)
0.264**
(0.117)
0.011
(0.009)
-0.098
(0.091)
-0.474***
(0.105)

Yes
Yes
Yes
1,205
117
0.790
0.154

Yes
Yes
Yes
1,205
117
0.967
0.271
137

Yes
Yes
Yes
1,108
117
0.853
0.173
146

Yes
Yes
Yes
840
113
0.278
0.310
109

Yes
Yes
Yes
1,205
117

Foreign RD
IP risk
IP risk*Linkage
Internal linkage
Log(TQ)t-1
dlog(Assets)
RD expenditure
Patents
Citations
Self-citations
Host GDP
Host capability
Constant
Year effects
Sector effects
Home effects
Observations
# firms
R-squared
AR2 (pv)
Hansen-J (pv)
# Instruments

0.999
0.568
137

Note: System GMM results are shown except for Model 1. Standard errors are clustered by firms. p-values are shown in parentheses. The AR2 values
are for the Arellano Bond AR(2) test for autocorrelation.

Model expansions
We conduct another set of robustness tests augmenting the model, results of which are reported
in Table B2. First, patent information is subject to truncation for the more recent applications due
to delays in the processing of patent applications (Hall et al., 2005), leading to a potential
underestimation of the number of patents and citations in the most recent years in the sample.
We interact all patent related variables with a dummy variable taking the value one if the patent is
applied for in 2011 or 2012 (the last years that patent variables are included in our model), but
these interaction terms are not statistically significant (Table B2, Model 1). Inspection of the data
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also suggests that patent applications begin to drop clearly only in 2014. Second, market potential
and technological capabilities of R&D host countries may have heterogeneous effects on market
value depending on the level of host country IPR protection. Interacting the GDP and host
capability variables with IP risk does not produce significant effects (Table B2, Model 2).
Third, we examine potential differences in the influence on market valuation of first entries in
host countries and subsequent entries, with the general expectations that first entries may provide
most substantial information on R&D strategies and IP risk. New entries are defined as R&D
investments in host countries in which the firm has not previously invested in R&D according to
the FDI Markets database, and in which there are no or fewer than 5 patents with a local inventor
identified for the focal firm. We have identified 431 first entries when applying this rule.
Augmenting our model with the share of first entries in the total number of new R&D investments
in a year, as well as the share of the IP risk due to first entries and its interaction with internal
linkage strategy, we find no significance for these variables, while the focal results are unchanged
(Table B2, Model 3). Hence, we have no indication that systematic differences in the market value
effects of first and subsequent entries exist.
Fourth, it may be that foreign investments in manufacturing in weak IPR countries raise similar
concerns as investments in R&D. If these investments correlate with R&D investments, this may
lead to a potential conflation of effects in our models. We augment the models with variables
measuring foreign manufacturing investments, the IP risk in host countries in which the firms
invested in manufacturing, and the interaction with internal linkage strategy. Since a restriction of
our data is that we have a shorter time span for manufacturing investments available (up to 2012),
this analysis is restricted to the years 2003-2012. We observe 4,504 manufacturing investments of
the sample firms for this period and the correlation coefficient of foreign manufacturing and R&D
is 0.19 (P<0.05).
Results are reported in Table B2, Model 4. Interestingly, the results do suggest that manufacturing
investments abroad are associated with increased market value while the IP risks in the countries
of investments reduce such value (P<0.01 and P<0.05 respectively). In addition, there is a
significant moderating effect of internal linkage strategy (P=0.025). The significance of the focal
variables related to foreign R&D investment is unchanged, while the coefficient on foreign R&D
is larger in this specification rather than smaller. These results suggest that manufacturing and
R&D investments are subject to similar influences related to IP risk and associated IP protection
strategies of firms. Perhaps the internal linkage indicator is capturing the more general care the
firm takes to avoid knowledge spillovers in foreign investment and the toughness of its behavior
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in this respect (e.g., Agarwal et al. 2009). Another possibility is that internal linkage strategies in
R&D are also associated with a modular manufacturing strategy, with different stages of
manufacturing distributed over multiple locations in order to restrict leakages of knowledge
pertaining to the entire manufacturing process (Baldwin and Henkel, 2015; Henkel at el. 2013).
Fifth, one might expect that different patterns of the performance effect of IP risk and linkage
can be observed over time. One possibility is that the stronger effects may exist in the earlier period
compared to the later period as the recent global IPR policy convergence could reduce the relative
importance of IPR regimes (see the discussion in Chapter 2). In this regard, we interact our core
variables, IP risk and IP risk*Linkage with a dummy variable assigning 1 for observations from 2009
onward (Table B2, Model 5). However, we do not find evidence of different effects between the
two periods: the two time interaction terms are insignificant.
Sixth, we also examine our research questions with an alternative specification, distinguishing R&D
investments into those in weak IPR countries and those in strong IPR countries. We define “weak
IPR countries” as those countries with IPR scores below the mean value among 67 countries in
the sample. 46 out 67 countries are classified as weak IPR countries by this definition and 35% of
the total R&D projects by the focal firms are invested in these countries. If these new variables
measuring the number of R&D investments by the firm in weak IPR countries and in strong IPR
countries are included (Table B2, Model 6), the interaction coefficients with Linkage is much larger
for the case of weak IPR investments (P<0.05) than for the strong IPR investments (P<0.10). The
main effect of investments in strong IPR investments is positively significant whereas the
coefficient of the weak IPR investments has a negative sign, although it is not significant. In
general, these findings are in line with our expectations as they show that linkage strategy is more
effective when firms invest in R&D in weak IPR countries. One caveat is that this specification
has limitations in the sense that “weak IPR countries” are defined by an arbitrary cut-off and the
variation within each group of countries cannot be considered.
Finally we examine if empirical results could be biased due to selection effects due to the focus on
foreign R&D investors in our sample. We examine this by employing a Heckman-type two-stage
estimation procedure (Heckman, 1976). For all 162 firms for which we have information, we
estimate a Probit regression explaining whether or not the firm is included in the sample. We
subsequently calculate the inverse mills ratio (IMR) and include it in the market valuation model.
We estimate the Probit model on observations in 2002, the year before our market valuation
analysis starts, and we enter the IMR as a time-invariant firm-specific variable.
Reliable selection models require first-stage variables that significantly affect the selection but do
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not influence market value (Certo et al., 2016). We employ firm age and foreign manufacturing
experience (cumulative experience across all manufacturing subsidiaries abroad) as known
antecedents of foreign R&D investment (e.g., Belderbos, 2003), while confirming that these do
not influence market value directly. The Probit analysis additionally includes firms’ total assets,
R&D expenditures, the volume of patent applications and patent citations, and industry fixed
effects.
Results are reported in Table B3. The first stage analysis shows that the excluding instruments are
significant and that the selection equation has good predictive power (a pseudo R-squared=0.531).
The IMR coefficient in the market value model has the expected negative sign but is not significant,
while the focal results are unchanged. This appears to suggest that sample selection due to a focus
on foreign investors does may not generate bias in the core coefficients.
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Table B2. Results of expanded models
(1)
Patent
truncation
Foreign RD
IP risk
IP risk*Internal linkage
Internal linkage
Log(TQ)t-1
dlog(Assets)
RD expenditure
Patents
Citations
Self-citations
Host GDP
Host capability
Patent*onward2011
Citation*onward2011
IP risk*Host GDP

0.013***
(0.003)
-0.159***
(0.052)
0.506**
(0.245)
0.042
(0.133)
0.741***
(0.064)
-0.175***
(0.046)
0.143**
(0.062)
0.415**
(0.195)
0.019**
(0.008)
0.254**
(0.106)
0.017
(0.013)
0.023
(0.075)
5.849
(11.479)
-0.013
(0.016)

IP risk*Host capability
First entry share

(2)
IP risk and
GDP &
Capability
interaction
0.036*
(0.020)
-0.224
(0.637)
0.792***
(0.251)
-0.012
(0.134)
0.750***
(0.058)
-0.185***
(0.045)
0.106*
(0.058)
0.381**
(0.192)
0.019**
(0.008)
0.239**
(0.098)
-0.003
(0.011)
0.126
(0.086)

0.048
(0.199)
-0.586
(0.498)

First entry risk share
Internal linkage* First entry risk share
Foreign manufacturing investments

(3)
First vs.
subsequent
R&D entries

(4)
Manufacture
investments
added

(5)
Time trend
before and
after 2009

(6)
R&D in
strong IPR vs
weak IPR

0.014***
(0.004)
-0.148***
(0.050)
0.447**
(0.213)
0.100
(0.152)
0.727***
(0.066)
-0.173***
(0.045)
0.146**
(0.059)
0.449**
(0.190)
0.021***
(0.008)
0.241**
(0.101)
0.021
(0.018)
-0.019
(0.093)

0.020**
(0.009)
-0.155***
(0.038)
0.574***
(0.166)
-0.019
(0.074)
0.720***
(0.056)
-0.150***
(0.050)
0.168***
(0.063)
0.541**
(0.256)
0.022***
(0.007)
0.073
(0.063)
0.004
(0.008)
-0.044
(0.080)

-0.032
(0.025)
-0.442**
(0.224)
2.870*
(1.541)
0.037
(0.072)
0.766***
(0.082)
-0.172***
(0.047)
0.141**
(0.061)
0.419**
(0.187)
0.019**
(0.008)
0.283**
(0.127)
0.023*
(0.014)
-0.023
(0.088)

-0.019
(0.067)
0.814***
(0.070)
-0.192***
(0.048)
0.103*
(0.056)
0.364**
(0.157)
0.019**
(0.008)
0.212*
(0.116)
0.008
(0.008)
-0.102
(0.078)

0.042
(0.093)
-0.083
(0.080)
0.069
(0.178)

IP risk of manufacturing
IP risk of manufacturing* Internal linkage
Host GDP - manufacturing
Host capability - manufacturing
2009 onward*IP risk

0.005***
(0.001)
-0.054**
(0.022)
0.262**
(0.117)
0.007
(0.007)
-0.001
(0.024)

2009 onward* IP risk*Internal linkage
R&D in weak IPR

0.433
(0.299)
-2.232
(1.468)

R&D in strong IPR
R&D in weak IPR*Internal linkage
R&D in strong IPR*Internal linkage
Year, Sector, Home country Fixed effects
Observations
AR2 (p-value)
Hansen-J (p-value)

Yes
1,205
0.867
0.423

Yes
1,205
0.897
0.717

Yes
1,205
0.886
0.502

Yes
1,108
0.820
0.562

Yes
1,205
0.842
0.217

-0.046
(0.041)
0.011***
(0.003)
1.098**
(0.517)
0.163*
(0.096)
Yes
1,205
0.963
0.733

# Instruments
151
166
147
144
127
152
Note: System GMM results. Standard errors are clustered by firms. p-values are shown in parentheses. The AR2 values are for the Arellano Bond
AR(2) test for autocorrelation. The constant term is not reported. The number of sample firms is 117 across all models.

67

Table B3. Results of a two-stage model with selection
First stage
Total assets
R&D expenditures
Patents
Citations
Foreign manufacturing exp.
Firm age
Constant
Sector Fixed effects
(Pseudo) R-squared
Observations

(1)
Probit
Selection

Second stage

0.046
(0.165)
0.282*
(0.159)
-0.496
(0.438)
0.512*
(0.311)
0.360***
(0.080)
0.060
(0.115)
-2.905***
(1.037)

Foreign RD
IP risk
IP risk*Internal linkage
Internal linkage
Log(TQ)t-1
dlog(Assets)
RD expenditure
Patents

Yes
0.531
162

Citations
Self-citations
Host GDP
Host capability
Inverse mills ratio
Constant
Year Fixed effects
Sector Fixed effects
Home country Fixed effects
Observations
# firms
AR2 (p-value)
Hansen-J (p-value)
# Instruments

Notes: System GMM results are shown in Model 2. Standard errors are clustered by firms. p-values are shown in parentheses.
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(3)
GMM
0.013***
(0.003)
-0.165***
(0.054)
0.528**
(0.251)
0.065
(0.148)
0.727***
(0.068)
-0.167***
(0.046)
0.143**
(0.065)
0.432**
(0.205)
0.020**
(0.008)
0.265**
(0.117)
0.022
(0.014)
-0.009
(0.083)
-0.019
(0.049)
-0.501***
(0.141)
Yes
Yes
Yes
1,205
117
0.901
0.167
139

Appendix B3. Descriptives
Table B4 shows the sample firms with their country of origin, sector, and number of foreign R&D
investments over the observation period.
Table B4. Firm in the sample
Part 1.
Country

#
Foreign
R&D
Invest.

AAK PUBL AB

SWE

1

ALTRIA GROUP, INC.

USA

1

ANHEUSER-BUSCH INBEV

BEL

ARCHER-DANIELS-MIDLAND
ASSOCIATED BRITISH FOODS

Name

Country

#
Foreign
R&D
Invest.

DIAGEO PLC

GBR

4

JAPAN TOBACCO

JPN

1

1

KELLOGG COMPANY

USA

2

USA

5

KERRY GROUP PLC

IRL

2

GBR

3

NESTLE S.A.

CHE

26

Name

Food, Beverages, Tobacco

CADBURY PLC - ADR

GBR

3

TATE & LYLE PLC

GBR

6

CARLSBERG AS

DNK

1

UNILEVER N.V.

NLD

16

DANONE SA

FRA

4

Chemicals
AIR LIQUIDE

FRA

3

IMPERIAL CHEMICAL

GBR

1

AKZO NOBEL N.V.

NLD

10

JOHNSON MATTHEY

GBR

3

BASF SE

DEU

34

L'OREAL

FRA

6

BOREALIS EXPLORATION

AUT

4

LYONDELL

NLD

1

DANISCO AS

DNK

4

PPG INDUSTRIES

USA

4

DOW CHEMICAL CO

USA

23

PROCTER & GAMBLE

USA

8

HENKEL AG AND CO. KGAA

DEU

17

Pharmaceuticals
ABBOTT LABORATORIES

USA

3

NOVARTIS AG

CHE

18

ASTRAZENECA PLC

GBR

18

PFIZER INC.

USA

27

BAYER AG

DEU

43

SANOFI S.A.

FRA

11

GLAXOSMITHKLINE PLC

GBR

25

Rubber, paper, mineral products
BRIDGESTONE

JPN

7

MICHELIN

FRA

1

CONTINENTAL AG

DEU

22

PIRELLI & C SPA

ITA

3

GOODYEAR TIRE & RUBBER

USA

1

SAINT GOBAIN

FRA

5

HOLCIM LIMITED

CHE

1

STORA ENSO OYJ

FIN

1

LAFARGE S.A.

FRA

4

UPM-KYMMENE OYJ

FIN

3

Metals
ALCOA INC.

USA

3

TATA STEEL LIMITED

IND

2

ARCELORMITTAL SA

LUX

3

THYSSENKRUPP AG

DEU

1

NORSK HYDRO ASA

NOR

2

UMICORE SA

BEL

4
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Part 2.
Country

#
Foreign
R&D
Invest.

ALCATEL-LUCENT SA

FRA

40

CANON INCORPORATED

JPN

4

CARL ZEISS MEDITEC AG

DEU

DANAHER CORPORATION

USA

Name

Country

#
Foreign
R&D
Invest.

MOTOROLA SOLUTIONS

USA

43

NEC CORPORATION

JPN

27

4

NIKON

JPN

3

6

NOKIA CORPORATION

FIN

30

Name

Electronics

EASTMAN KODAK CO

USA

5

OLYMPUS CORPORATION

JPN

3

ERICSSON

SWE

35

SONY CORPORATION

JPN

18

FUJITSU LIMITED

JPN

22

STMICROELECTRONICS

CHE

25

HARMAN INT. INDUSTRIES

USA

1

SUN MICROSYSTEMS

USA

24

HP INC

USA

74

TECHNICOLOR SA

FRA

8

INFINEON TECHNOLOGIES

DEU

27

THALES SA

FRA

9

ABB LIMITED

CHE

9

PANASONIC CORPORATION

JPN

20

ELECTROLUX AB

SWE

7

PHILIPS

NLD

31

GENERAL ELECTRIC

USA

67

SCHNEIDER ELECTRIC SE

FRA

11

HITACHI MAXELL LTD

JPN

22

SIEMENS AG

DEU

71

INDESIT COMPANY SPA

ITA

1

WHIRLPOOL CORPORATION

USA

2

AGCO CORPORATION

USA

1

HUSQVARNA

SWE

1

DEERE & COMPANY

USA

4

JOHNSON CONTROLS, INC

USA

5

DMG MORI AG

DEU

4

BMW

DEU

10

GENERAL MOTORS COMPANY

USA

37

DAIMLER AG

DEU

22

PEUGEOT S.A.

FRA

12

FORD MOTOR COMPANY

USA

16

VOLKSWAGEN AG

DEU

26

AIRBUS GROUP SE

FRA

27

HONDA MOTOR CO., LTD.

JPN

20

ALSTOM SA

FRA

18

PIAGGIO NC SPA

ITA

2

BAE SYSTEMS PLC

GBR

9

ROLLS ROYCE HOLDINGS

GBR

11

BOMBARDIER INC

CAN

10

SAFRAN

FRA

4

FINMECCANICA SPA

ITA

3

YAMAHA MOTOR CO LTD

JPN

1

Electrical & household equipment

Machinery

Automobiles

Other transport equipment

Software
CA, INC.

USA

7

ORACLE CORPORATION

USA

26

IBM

USA

182

SAP AG

DEU

38

Telecommunications
BT GROUP PLC

GBR

11

TELEFONICA SA

ESP

5

DEUTSCHE TELEKOM AG

DEU

22

VODAFONE GROUP

GBR

11

ORANGE SA

FRA

19

3M COMPANY

USA

17

TESCO PLC

GBR

2

AKER SOLUTIONS ASA

NOR

2

YAMAHA CORPORATION

JPN

1

LVMH

FRA

1

LAGARDERE S.C.A.

FRA

2

Others industries
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Chapter 4.
Weak IPR as a Deterrent for Foreign R&D Investments:
Internal Linkage Strategy, Complexity, Tacitness, and
Technological Capabilities
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Chapter Abstract
Prior studies have verified significant growth in cross-border R&D investments by multinational
enterprises (MNEs), particularly in emerging economies to support local manufacturing and
market adaptation. However, MNEs are still confronted with weak (legal) protection of intellectual
property rights (IPR) in these countries, potentially putting their proprietary technologies at risk.
We demonstrate that while IP threats in host countries deter MNEs’ R&D investment, this
influence is highly heterogeneous and depends on MNEs’ IP protection strategies and capabilities,
as well as the characteristics of the technology domain. The deterring effect of weak IPR is
weakened if the firm adopts an active IP strategy based on cross-country R&D linkages and the
more complex the technology domain of the MNE. The deterring effect is amplified the more the
technology domain involves tacit knowledge and the stronger the MNE’s technological capabilities
relative to technological capabilities in the host country. Our inferences are based on an analysis
of the R&D location choices for almost 1,800 cross-border R&D investments by 120 leading
MNEs in more than 100 potential host countries, 2003-2014.

4.1. Introduction
There has been significant growth in cross-border R&D investments by multinational enterprises
(MNEs) in particularly in emerging economies (Athukorala and Kohpaiboon, 2010; Atkinson,
2007; Branstetter et al., 2018; Zhao, 2006). For instance, the FDI markets database reveals that
cross-border R&D projects hosted in Brazil, Russia, India, China, and South Africa (BRICS)
account for 34.4% of the total number of foreign R&D projects worldwide from 2003 to 2011,
which outweighs the amount of R&D headed to the EU or the U.S. (OECD, 2016). R&D activities
in foreign countries are motivated by diverse reasons, e.g., facilitating local adaptation of products
or building new knowledge assets (Kuemmerle, 1999). Firms can benefit from knowledge
spillovers in the R&D host locations (Alcácer and Chung, 2007; Belderbos and Somers, 2015; Song
et al., 2011). Some evidence has shown that foreign R&D activities positively influence firm
performance such as productivity growth and innovation output (Belderbos et al., 2015; Griffith
et al., 2006; Kafouros et al., 2018; Lahiri, 2010). In particular, R&D activities in developing
countries mainly aim for local adaptations driven by market demands (Kumar, 1996, 2001; Liu and
Chen, 2012), which leads to recent growth in R&D entries in emerging economies. Opening R&D
facilities in emerging countries also provides MNEs for diverse benefits, such as access to plentiful
qualified R&D labor forces in response to scarce high-skilled workers in home country (Lewin et
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al., 2009) and R&D cost reduction by hiring local inventors with lower wages (Zhao, 2006), and
escape from home countries’ institutional constraints (Witt and Lewin, 2007).
Despite the fact that significant amounts of R&D investments are headed towards emerging
countries, MNEs still do not perceive that IPRs are effectively and completely protected in those
countries. For example, according to survey results by the Economist Intelligence Unit (EIU, 2004),
84% of executives cited (weak) IP protection as a challenge for R&D globalization. In addition,
more recent executive surveys or large MNEs based in the EU also reveal that more than 70% of
the firms rated a reliable legal frame work for R&D (i.e., IPR) as an important consideration for
R&D location decisions (Potters et al, 2017). Empirical studies have shown that MNEs’ IP assets
in weak IPR countries are in severe danger of IP leakages to collocated competitors. For example,
Schmiele (2013) used the Mannheim Innovation Panel to verify that international R&D activities
increase the probability of IP infringement from local competitors in the host country. Chapter 3
of this dissertation also showed that weak IPR protection in R&D host countries harms foreign
investors’ stock market values reflecting expected long-term profitability. Prior studies have also
verified that weak IPR protection in the host country discourages R&D investments of MNEs
(e.g. Branstetter et al., 2006; Belderbos et al., 2008, 2013b).
This raises the question how MNEs reconcile increasing R&D investments in emerging economies
with the greater exposure to IP risk. In this study, we examine if the rise in R&D investments is
due to MNEs that have strategies in place to mitigate such risks (Zhao, 2006; Alcácer and Zhao,
2012), that are active in technology domains for which those risks are less pronounced, or that
have fewer to lose in terms of proprietary technologies. We argue that weak IPR protection has
strongly heterogeneous effects on R&D decisions by MNEs, depending on MNEs’ IP protection
strategies and capabilities, as well as the characteristics of the technology domain. We suggest that
an IP protection strategy characterized by internal R&D linkages through cross-country inventor
collaboration and the complex nature of the MNE’s technologies reduce the risk of technology
leakage and the MNE’s sensitivity to weak IP protection. In contrast, the MNE’s relative
technological capabilities compared to the host countries and the tacit nature of the MNE’s
technology increase the risk and consequences of technology leakages due to local R&D and
heighten the deterring effect of weak IP protection on the MNE’s R&D investments.
We find support for our conjectures in an analysis of the global R&D location choices for almost
1,800 cross-border R&D investments by 120 global leading MNEs based in EU, U.S. and Japan,
2003-2014. Conditional logit models with a choice set of more than 100 potential host countries
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are used as our main econometric method. To measure the actual risk of IP misappropriation by
local firms across countries, we use an IPR protection index by combining de jure and de facto
protection of patents, as applied in the previous chapters. MNE IP protection strategy (linkage
strategy) is measured by the average degree of geographic dispersion of inventors of the MNEs’
patents in terms of the variety in host countries in which they have residency. The degrees of
complexity and tacitness in firms’ technology domains are measured by the relative number of
cross-citations among assignees in technology areas and the average geographical distance between
citing inventors across patent classes, respectively. Firms’ relative technological capabilities are
identified by the relative volume of firm patents to the host country patents. We also conduct
supplementary analyses on the interplay between linkage strategies and technology dimensions
influencing IP risks (i.e., complexity and tacitness). By analyzing subsamples of firms depending
on complexity and tacitness, we find that the R&D deterrent effect due to weak IPR is weakened
by MNEs’ linkage strategies but this consequence is most profound for firms whose technologies
mainly involve tacit and non-complex knowledge, for which IP risk is supposed to be substantial.
This study contributes to the literature by examining conditions under which MNEs can protect
their IP in weak IPR environments more (or less) effectively. The study also helps to explain the
significant volume of foreign R&D activities in emerging economies with weak protection of IPR.
The remainder of this study consists of the theoretical framework and our expectations in Section
4.2 and detailed descriptions of data, variables, and empirical models in Section 4.3. Section 4.4
discusses empirical results and supplementary analyses. Lastly, concluding remarks are offered in
Section 4.5.

4.2. Theoretical Framework
Appropriating return to R&D is a crucial concern for R&D performing firms (Cassiman and
Veugelers, 2002; Czarnitzki and Toole, 2011). Cross-border R&D investments, however, may
increase the chance of unwanted knowledge diffusion to foreign rival firms, which would be less
likely without foreign R&D activities. This notion is supported by the literature on knowledge
spillovers, showing that knowledge spillovers are highly restricted by geographical distance and
country borders (Almeida and Kogut, 1999; Belenzon and Schankerman, 2013; Jaffe et al., 1993).
Under weak IPR regimes, R&D spillovers to collocated competitors abroad is a more serious
concern for R&D investors, as firms have fewer legal measures to prevent IP misappropriations
by local firms. Accordingly, prior studies generally agree that a strong IPR regime exemplified by
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patent rights has positive effects on inward foreign (R&D) investments (Belderbos et al., 2008,
2013b; Branstetter et al., 2006, 2007, 2011; Ito and Wakasugi, 2007; Kumar, 1996; Mansfield, 1994;
Smith, 2001). Yet, we expect that the effective risk of IP leakages due to collocation, and the extent
of unwanted R&D spillovers in weak IPR countries that are to be expected, are likely to be
heterogeneous across firms.
First, if R&D investors put measures in place to reduce outward spillovers, IP risk by collocation
is less likely to be serious. One related concept is IP modularity, that is, independent and
decentralized knowledge generation process in which separately designed components of
knowledge function together as a whole (Baldwin and Henkel, 2015; Henkel et al, 2013). IP
modularity enables firms to spread R&D projects for a single technology in multiple locations,
which prevents the leakage of the entire knowledge to collocated competitors in each location
(even in weak IPR countries) as each R&D unit only creates partial knowledge. Furthermore, firms
can enhance interdependence among pieces of knowledge made in different locations and this
interdependence may mitigate damage to firm profitability caused by knowledge leakages
(Alnuaimi and George, 2016; Zhao, 2006).
Second, the characteristics of knowledge embodied in technologies invented in local R&D
operations of MNEs are heterogeneous, affecting the effective IP risk in weak IPR countries. For
instance, the likelihood that IP leakage leads to severe damage to firm profitability may differ
across technology fields. Knowledge leakages are a more serious problem if the leakages directly
help rivals to commercialize the technology (APFC, 2014). In addition, the importance of
geographical proximity and collocation to generate knowledge spillovers can be heterogeneous
across technology fields, leading to smaller or greater risks of IP leakage in weak IPR environments.
In addition to the characteristics of knowledge and technologies, knowledge asymmetry between
technology leading firms and laggards is an important determinant of firms’ attitude towards
outward spillovers in weak IPR countries. Leaders have more proprietary knowledge assets they
want to protect in foreign countries while laggards have fewer (Shaver and Flyer, 2000). This
suggests that technologically lagging firms may increase incoming spillovers by collocation, while
leading firms avoid collocation in order to restrict outward knowledge spillovers. Prior research
has also found that knowledge asymmetry between a host country and a home country shapes the
return to foreign R&D of MNEs (Berry, 2015; Belderbos et al., 2015). In weak IPR countries,
firms are confronted with incomplete legal measures that cannot limit outward knowledge
spillovers, which will be a more serious problem for technology leaders than for laggards.
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Based on these arguments, we formulate four expectations pertaining to firms’ IP protection
strategies, technology domains, and technological capabilities that increase or decrease the negative
effect of weak IPR protection on the probability that MNEs invest in R&D in the host country.
R&D linkage strategy: cross-country internal inventor collaboration
Following prior literature, in this study, we focus on cross-country internal R&D linkages as an IP
protection strategy for knowledge assets in foreign countries. The concept of internal linkages
implies partitioning the knowledge generation process and distributing it across multiple locations
while restricting local inventors’ access to core knowledge of other units (Alcácer and Zhao, 2012;
Belderbos and Somers, 2015; Quan and Chesbrough, 2010; Nandkumar and Srikanth, 2016; Zhao,
2006). Segmenting core knowledge makes it impossible for local competitors to acquire the entire
knowledge even if weak IP protection would allow knowledge misappropriation. Intra-firm
knowledge interdependence and control further enhances the effectiveness of this linkage strategy.
Previous studies have shown the effectiveness of this strategy characterized by internal
collaboration of inventors in multiple countries to develop a single technology. To be specific,
prior research has found that cross-country inventor collaboration is taking place more frequently
when patents are created in situations of high IP threats, and that such a strategy is effective at
restricting outward knowledge spillovers to collocated firms (Alcácer and Zhao, 2012; Belderbos
and Somers, 2015; Zhao, 2006). Hence, MNEs with an internal inventor-linkage strategy in place
may be less sensitive to weak IP protection in host countries when they decide on R&D investment
locations. Thus, we expect that the strength of firms’ R&D linkage strategies based on cross-country inventor
collaboration weakens the negative effect of the host country weak IPR on the probability that foreign R&D
investors locate in the country.
Complex versus discrete technologies
Effective IP risks are likely to differ depending on the nature of the MNE’s technology. One
important distinguishing feature of technologies is the degree to which they are “complex” or
“discrete” (Cohen et al., 2000). In the case of discrete technologies, such as typically in the chemical
field, a single patent can protect a novel technology and allow market exploitation. In the case of
complex technologies – a prominent example is information and communication technology
(ICT)-, in contrast, commercializable products or processes contain “numerous separately
patentable elements” (Cohen et al. 2000). This distinction is likely to have consequences for MNEs’
approach to IP risks abroad. The more complex the technology, the less the perceived IP risks may
be, because one component of a technology has market value only if it is combined with a range
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of other technology components. For example, for ICT, given its cumulative nature,
appropriability for each patent does not play an important role (Merges and Nelson, 1990) and
patenting is mainly for increasing negotiation power for cross-licensing deals, given the
interdependence of technologies owned by a number of different firms (Cohen et al., 2000; Hall
and Ziedonis, 2001). For discrete technologies, IPR protection is more important and a
prerequisite to appropriate value from technologies, as a single technology tends to be sufficient
to develop a commercializable product itself (Levin et al., 1987). Hence, we posit that firms active
in technology domains with high complexity are less concerned about weak protection of IPR in
foreign host countries, compared to firms active in discrete technology domains. The more the
technology portfolio of an MNE is dominated by complex technologies, the less sensitive the
MNE will be to host countries’ IP risks: the degree to which firms’ patent portfolio is dominated by complex
technology weakens the negative effect of the host country weak IPR on the probability that foreign R&D investors
locate in the country.
Tacit versus codified knowledge
A second dimension of technologies relevant for knowledge spillovers and IP risk, is the degree
to which technologies involve tacit or codified knowledge. Tacit knowledge implies that it “cannot
be communicated in any direct or codified way… it represents disembodied know-how that is
acquired via the informal take-up of leaned behavior and procedures.” (p872, Howells, 2002).
Transferring tacit knowledge or non-codified knowledge is generally difficult, and arm’s length
interactions are important for effective transfer (e.g. Nooteboom, 2000). Several studies have
shown that knowledge spillovers tend to be localized (Almeida and Kogut, 1999; Belenzon and
Schankerman, 2013; Jaffe et al., 1993; Rosa and Mohnen, 2008), which is ascribed to the partial
tacit nature of knowledge. Considering that tacit knowledge transfer requires close interaction,
unintended knowledge leakages are less likely to occur in the absence of collocation, but will figure
more prominently if the MNE invests in local R&D. Concerns about tacit knowledge leakage from
foreign R&D units are more profound if IPR is weakly protected in the host country. Although
formal IPR systems, such as patent rights, do not directly protect firms’ important tacit knowledge
per se, they may reduce a likelihood of tacit knowledge leakages to local firms. For instance, the
risks of inventor mobility, a common channel of tacit knowledge leakages, can be mitigated if
firms can build up a tough reputation on patent enforcement (Ganco et al., 2015).
In contrast, codified knowledge can be transferred well regardless of the local R&D investment
because codified knowledge is easily represented in the form of documents and transferred over
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longer distances (e.g. Feldman and Lichtenberg, 1997; Rosa and Mohnen, 2008). Hence, having
collocated R&D units or not makes less of a difference to IP risks. IPR protection in host countries
does matter, but have a lesser impact on R&D location decisions.
We conclude that the trade-off between investing elsewhere and investing in IP risky countries is
more (less) pronounced in case of firms whose technologies are more tacit (codified) in nature.
Therefore, we expect that the more the technology portfolio of an MNE is dominated by
technologies with tacit knowledge components, the more sensitive the MNE will be to host
countries’ IP risks. Finally, the expectation is that the degree to which firms’ patent portfolio is dominated
by tacit technology amplifies the negative effect of the host country weak IPR on the probability that foreign R&D
investors locate in the country.
Relative technological capability
We expect that the MNE’s technological capabilities play an important role in the MNE’s reaction
to IP risks in host countries. Previous studies have shown that technology leaders may not collocate
with other firms due to concerns about knowledge leakage, as they have most to lose in this respect,
while technology laggards in contrast may enjoy benefits of technology spillovers (Alcácer and
Chung, 2007; Belderbos et al., 2008; Shaver and Flyer, 2000). Hence, concerns about asymmetric
knowledge leakage will be a function of the MNE’s relative technological capabilities: its leadership
position vis a vis firms in the host country. If the MNE has strong technological capabilities
relative to the host country, it will fear knowledge spillovers to local firms. In contrast, if host
countries are technologically advanced, loose IPR in the countries may actually facilitate beneficial
effects from knowledge spillovers and knowledge sourcing from strong local firms. Hence, weak
IP protection should be a more serious concern when MNEs invest in technologically lagging
countries than in technologically advanced countries. We expect that the degree of relative technological
capabilities of the firm compared to the host country amplifies the negative effect of the host country weak IPR on
the probability that the firm locates in the country.

4.3. Empirical design
Sample and Data
We test our hypotheses on longitudinal data on MNCs operating across a variety of manufacturing
industries including pharmaceuticals, chemicals, plastics, machine tools, electronics, transport
equipment, and paper, in addition to selected technology intensive services sectors
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(telecommunications and ICT services). The sample firms are among the top 5-10 largest players
in the European market in 2007 for their respective industries in terms of sales, but could be
headquartered outside of Europe. Among the 250 identified leading firms, we select 165 firms
that applied for at least one patent during the observation period. Next, we choose 120 foreign
R&D performing firms out of 165 patenting MNEs as our final sample MNEs, which invested at
least a one R&D project in a foreign country from 2003 to 2014 according to the FDI markets
database, our main source of cross-border R&D investment data. 19 The dataset draws on media
information, firm reports, and various other sources regarding FDI. Information is available on
types of FDI (among which R&D), destination countries, and origin of investing firms (see OECD,
2016 and Chapter 2 for details). We also consolidate patent information of these 120 firms and
their subsidiaries since a number of patents of firms are issued under the names of subsidiaries.
Orbis and Zephyr provided by Bureau van Dijk, containing subsidiary lists and merger &
acquisition (M&A) records of the parent firms, are utilized for the patent consolidation process
and missing information is supplemented by manual search in firms’ annual reports.
We investigate 1,799 cross-border R&D investments by these 120 multinational firms distributed
over 67 countries, between 2003 to 2014. 20 The 120 MNEs have their home country in Europe
(78), the U.S. (27), Japan (13) and elsewhere (2). The most prominent destinations of R&D
investments are China (283 projects), India (217), the U.S. (160), the UK (107), and Singapore (96).
On average the MNEs in the sample invested in 1.25 R&D projects yearly. Detailed patent
information such as technology fields, citations, inventor address, etc. are identified through the
European Patent Office (EPO)’s PATSTAT database 2016 spring edition. We use patent family
ids in PATSTAT to track patenting activities of the focal firms across countries. Our sample firms
filed on average, 840.3 patent applications (patent family level) annually in the period.
Econometric specification: Conditional logit model
We investigate the relationship between weak IPR protection, firm characteristics, and crossborder R&D investments by examining host country location choices by individual MNEs for
each R&D project. The literature on foreign direct investment (FDI) location choice (e.g. Alcácer
and Chung, 2007; Basile et al., 2008; Belderbos and Somers, 2015; Chung and Alcácer, 2002; Head
19 The sample firms and the selection criteria are exactly same as Chapter 3 (see Table B4 for the list of the
firms). However, in the sense that we do not investigate stock market value in this chapter, we can add 3
more MNEs in the sample, whose market value information is not available.
20 Our data include R&D project information until the mid-2014. Unlike annual market value used in
Chapter 2, which is influenced by a firm’s all R&D investments throughout a year, this truncation may not
be an issue in this chapter because the focus of this study is a location choice for an individual R&D project.
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et al., 1995) has used discrete choice models such as conditional and mixed logit to relate the
probability that a firm chooses a certain location among a set of potential locations to relevant
locational characteristics. We adopt the conditional logit model (McFadden, 1974) derived from
random utility maximization as our main econometrics model. In this model, the dependent
variable is a dummy variable taking the value one for the host country that is chosen as the location
for the R&D investment. This model assumes that firms select the R&D location (county) that
provides the maximum utility in comparison with other alternatives. A choice is made depending
on locational attributes and their interaction with firm characteristics. In the context of our analysis,
we estimate interaction terms between firm specific variables (such as linkage strategy, complexity,
tacitness, and technological capability) and a location level indicator, i.e. the degree of IP threats
in host countries. We include 106 host countries in the choice set 21 - the maximum number due
to data availability such as the IPR protection index. For an MNE, the typical choice set for foreign
R&D investments thus consists of 105 countries, as the home country is by definition not a
potential investment location. We also check the robustness of empirical results with a mixed
(random coefficient) logit model.
Weak IPR protection in host country
We identify the extent of IP threats across countries by combining a measure of the weakness of
patent (legal) protection and a measure of enforcement in countries. We use a composite index
based on Ginarte and Park’s patent right index (GP; Park, 2008) and Impartial Courts scores in
the Economic Freedom of the World report (EFW) by the Fraser Institute, which is applied in
Chapter 2 and 3 (see Chapter 2 for more discussion on the IPR index). GP and IC are normalized
by the annual maximum value of each index, such that the composite index ranges from 0 to 1.
Given that the GP index is constructed with five-year time intervals, annual GP scores are linearly
interpolated between two scores in a five-year interval. The degree of weak IP protection (Weak
IPR) or high IP risk in the host country, is the reverse of our patent protection index (GPIC). The
exact definition: 22
(1) Weak IPR(t) = 1 −(GPIC) with Patent protecton (GPIC) =

GP(t)

𝑀𝑀𝑀𝑀𝑀𝑀 𝐺𝐺𝐺𝐺(𝑡𝑡)

Internal linkage strategy in R&D: cross-country inventor collaboration

∗

IC(t)

𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼(𝑡𝑡)

Inspired by prior work (Alcácer & Zhao, 2012; Zhao, 2006), MNE linkage strategy is measured by
21
22

This is the same set of countries used in Chapter 2 (see Table A2, Appendix A for the list of the countries)
We demean the IP risk indicator due to the interaction with the relative capability.
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the average degree of geographic dispersion of inventors of the MNEs’ patents in terms of the
variety in host countries in which they have residency. The IP strategy index (Linkage strategy) is
defined as the following.
(2) Linkage𝑖𝑖𝑖𝑖 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴�𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 �𝑘𝑘𝑘𝑘 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 = 1 − ∑𝑣𝑣 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑣𝑣 2

i= firm, t=year, p= patent, k=the focal firm’s patent stock, v=inventor country, share= share of
inventor country v in all inventor countries in a patent
Our linkage strategy variable measures the average dispersion, across all firms’ patents with
foreign-located inventors, of patent co-inventors over countries, with the dispersion of inventors
indicated by a Blau index (1 minus the Herfindahl index). The calculation is based on the firms’
patents filed in the year of each investment in order to capture the linkage effect by the latest
information on MNEs’ R&D organization. This variable implies the extent to which the focal firm
relies on collaboration among geographically distributed inventors to develop a specific technology.
The previous literature relied on a binary indicator, whether or not a patent was developed by
geographically dispersed inventors (Alcácer and Zhao, 2012; Zhao, 2006), ignoring the number of
regions (or countries) among which inventor collaboration takes place. For instance, patents made
by inventors from five countries and those by inventors from two countries are not distinguished.
Our definition makes it possible to measure the strength of cross-country inventor collaboration
more specifically. The index (after taking the natural logarithm) is interacted with Weak IPR to test
our hypotheses. A positive sign of the interaction term is expected, as firms with strong linkage
strategies are less afraid of IP risks due to foreign R&D than firms without such strategies.
Complexity of firm technology
We measure the degree of complexity of firm technology drawing on von Graevenitz et al. (2011)
and Harhoff et al. (2015). They have shown that cross-citations among assignees take place more
frequently in complex industries than in discrete ones. The underlying idea is that patent thickets
and cross-licensing are more prevalent in industries with complex technologies, since firms in those
sectors can hardly monopolize all sub-technologies of a product or process (Cohen et al., 2000;
Grimpe and Hussinger, 2011), which leads to a high frequency of cross-licensing, a greater
importance of prior patents in cumulative knowledge, and the formation of patent pools (Merges
and Nelson, 1990). Following von Graevenitz et al. (2011) and Harhoff et al. (2015), we only use
critical citations that are classified as X or Y citations by patent examiners to calculate the
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complexity measure by cross-citations. 23 These two citations indicate potentially conflicting ‘prior
art’, threatening the novelty of the patent application (Czarnitzki et al., 2011). Thus, if firms’
patents in a technology field cite each other and these citations are given an X or Y classification
by patent examiners, the technology is more likely to be complex.
Our complexity indicator using critical citations is developed by taking the following steps. First,
for each four digit International Patent Classification (IPC) class 24, the pairs of assignees that
mutually cite (with X or Y) at least one of the counterpart’s patents are identified. Second, the
number of cross-citing assignees pairs 25 is counted within each IPC class and then scaled by the
total number of distinct assignees in the class, across all available patent families issued from 2000
in the PATSTAT 2016. We call these values field complexity scores. We assign the field complexity
scores to the focal firms’ patents by matching on four digit IPC classes. Finally, the firm-level
complexity (Complexity) is the weighted average of the field complexity scores across all patents of
the focal firm in a four year moving windows, with the share of firms’ patents in each 4 digit IPC
taken as weights. We apply the moving window to obtain a more reliable picture of firm’s recent
technology portfolio. We use logarithmic values of this index. The interaction between the firm
complexity and Weak IPR would be positive if our conjecture is correct.
(3) 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 =

𝑁𝑁.𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑐𝑐

(4) 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑦𝑦 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 )𝑘𝑘𝑘𝑘
with i=firm, c=IPC, t=time, k= the focal firm’s patent stock
Tacitness of firm technology
Like the complexity measure, we estimate the degree of tacitness for each four-digit IPC to build
up the firm-level tacitness index. Measuring tacitness in each patent class also relies on patent
citation information. Patent citations are often interpreted as knowledge flow between citing and
cited patents (Agrawal, et al, 2006, 2008; Belenzon and Schankerman, 2013; Criscuolo, 2009; Jaffe,
23 Citation classification information is only available for European Patents (e.g., no information on
USPTO). Thus, we use patent families issued in European Patent Office.
24 von Graevenitz et al. (2011) and Harhoff et al. (2015) utilized 30 technology areas by OST-INPI/FhGISI specification in PATSTAT. We use four digit 630 IPC classes instead because the 30 areas are too broad
specifications to identify heterogeneity of technology complexity among firms within the same industry.
25 In von Graevenitz et al. (2011) and Harhoff et al. (2015), cross-citing assignee triples were used (e.g.
three firms are mutually blocking their patents). However, the triples would be rarely made in some classes
(note: we use more fine level of technology areas). More importantly, we can observe substantial differences
of amount of cross-citing pairs across four digit IPC classes.
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1986; Jeffe et al., 1993; Lee and Yoon, 2010; Maurseth and Verspagen, 2002; Wagner et al, 2014).
Based on matching inventor locations between cited and citing patents, we can track knowledge
flows between inventors in geographical space. Our tacitness measure is motivated by the notion
that tacit knowledge transfer is more confined by geographical distance than codified knowledge
transfer. The previous literature has proved that knowledge spillovers are highly localized and
country borders still restrict international knowledge transfer to a great extent (Almeida and Kogut,
1999; Belenzon and Schankerman, 2013; Morescalchi et al, 2015; Rosa and Mohnen, 2008; Jaffe et
al., 1993). Given that tacit knowledge transfer needs close and deep communications in general
(Nooteboom, 2000; Howells, 2002), tacit knowledge spillovers are less likely to occur between
inventors who are far away from each other.
Therefore, we utilize geographical distances between the inventors’ locations of citing patents and
those of cited patents to arrive at a measure of tacitness. To calculate the distances, we use data
provided in Morrison et al. (2017), on disambiguated patent inventors and assignees. They have
disambiguated and harmonized the names of inventors and assignees, and their addresses, using
an algorithm comparing information among three different sets of patent data: EPO, USPTO, and
PCT. Relying on a wide coverage of patents in different offices enhances the accuracy of
harmonization and disambiguation. 26 We use European Patents and their citations as EPO patents
have the highest quality of addresses compared to PCT and USTPO. The followings are the steps
taken to create our firm technology tacitness indicator. First, we calculate the geographical distance
between every pair of inventors listed in cited patent and citing patents. 27 Firms’ self-citations are
excluded since knowledge is transferred easily within the firm boundary regardless of geographical
dispersion of inventors. Second, these geo-distances are averaged for each four digit IPC class to
which a cited patents belongs. If this average citing distance between inventors is short, it implies
that embodied knowledge in this patent class does not travel over a long distance in general, and
this implies that the knowledge is relatively tacit. We use the inverse of the average citation distance
in order to measure the degree of tacitness. Like the complexity, the degree of tacitness in the
firm’s technology portfolio (Tacitness) is the weighted average of the tacitness scores across all IPCs
listed in the focal firm’s patent stock in a four year moving window. This index will increase if the
firm has more patents in IPC classes in which the average distance of citations is short. We use

26 To be specific, they identify high quality addresses of inventors (i.e. street level), or high resolution
geolocations of inventors, from three patent datasets and those are assigned to (the most likely) the same
inventors listed in other patents.
27 We only use inventors with high geo-resolution (i.e. street level addresses are available) in order to
guarantee the accuracy of distance measure.
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logarithmic values of this index. The firm tacitness measure is interacted with the weak IPR index,
and the interaction term is expected to have a negative sign.
𝑚𝑚𝑚𝑚𝑚𝑚 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

(5) 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 )𝑐𝑐
𝑟𝑟

(6) 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 )𝑘𝑘𝑘𝑘

with r = inventor pairs in citations of a patent, i=firm, t=time, c=IPC, k= the focal firm’s patent
stock
Relative technological capability
We use patent (family) application counts in the core domains of the firm as our main
measurement of technological capabilities. Given that large MNEs often have a broad technology
portfolio and some patents are in peripheral technologies of the firms, we only count patent
applications filed in the focal firms’ core technology fields. As firms are more sensitive to
protection of IP related to core technology, this method is most relevant for investigating the
interplay between weak IP protection and a firm’s technological capabilities. We define the core
technology fields of a firm as the top 10 IPC classes (four digits) in which the focal firm has most
patent applications. Around 70% of the total patents by our sample MNEs are in these top 10
classes. To identify host countries’ capabilities pertaining to each firm’s core technology areas, all
patent applications made by inventors who have residency in a host country are counted if they
are in a focal firm’ core technology field (the top 10 IPCs). The MNE’s relative technological
capabilities (RC) is defined as the logarithm of the ratio of the MNE’s patent application counts
in its core technology fields to the patent application counts of the host country for the same
fields. The higher value of this indicator stands for stronger technological capabilities of the focal
firm or weaker capabilities of the host country. A negative sign is expected for the interaction with
Weak IPR.
1+𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

(7) 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑖𝑖 = log(1+𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑘𝑘𝑐𝑐𝑐𝑐𝑐𝑐 )
𝑐𝑐𝑐𝑐𝑐𝑐

with i=firm, c=a firm’s core patent classes, t=time, s=host country
Control variables

We include a broad set of control variables in the location models. Because a large market size of
a host country could attract FDI (Barrell and Pain, 1996; Kuemmerle 1999), a host country’s log
GDP (PPP; standardized in 2011 constant international dollar) is included. The information is
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extracted from the World Bank Development Indicator. (WBDI). Since low wage levels of R&D
workers may attract R&D investments (Belderbos et al., 2009; Kumar, 2001; Zhao, 2006), a variable
measuring the average annual dollar earnings (in logarithm) of electrical engineers in the focal
country, R&D wage is included, using data from the UBS price & earning reports. 28 We follow
prior FDI studies (Branstetter et al., 2006, 2011) in including variables reflecting the openness of
the potential host countries’ economies. Trade openness measures is the sum of export and imports
of goods and services as a share of GDP. FDI promotion indicates the extent to which a host
country’s policies are favorable to FDI. We use the mean scores on two survey based indices: the
Foreign Ownership and the Investment Restrictions in the Global Competitiveness Report. The
variable representing Capital openness is taken from Chinn and Ito (2006), and measures the extent
to which capital account transaction are liberalized, based on statutory information. The empirical
models control for the Corporate tax rate and educational attainment (e.g. Basile et al., 2008). The
tax information is extracted from KPMG’s online Corporate tax rates table. Given that we
investigate R&D investments, which require highly educated workers, the average years of tertiary
schooling, extracted from Barro and Lee (2013), is used to measure Tertiary Education. Both
geographic and language distance between a home country and a host country could make
potential host country less attractive for FDI (Belderbos et al, 2017b). Geographic distance is the great
circle (log) distance between the capital cities of the host and home country. We use the index of
common language (Common language) between host and home countries provided by Melitz and
Toubal (2014). This index is based on whether the two countries share common official and native
languages, and to what extent their native languages are linguistically similar. New R&D projects
are more likely to be directed toward a country in which firms have already invested (e.g. Alcácer
and Delgada, 2016; Belderbos and Somers, 2015). Prior investment of investing firms is
represented by a dummy variable, Prior investment taken from the FDI markets database. This
indicator has the value one if the firm has recorded R&D investments in the host country prior
to the focal R&D project, otherwise 0. Identifying a firm’s prior R&D projects solely by the FDI
markets database has limitations because the database does not include investments before 2003.
We therefor supplement this indicator by inventor address information in prior patents of the
firm. 29 Since manufacturing investments often are a pre-cursor of R&D investments (e.g.
28 As the UBS data provide information on only 62 countries and no other data sources are available, we
estimate engineers’ earnings with no information by regressing earnings on GDP per capita due to high
correlation between them (0.87).
29 Specifically, if the focal firm have filed at least 5 patents (family) made by inventors living in the host
country before the earliest R&D entry into the country identified by the FDI markets database, we assume
that the firm have already established an R&D facility in the host country.
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Belderbos, 2003), Prior investment is also assigned one if firms have already invested in
manufacturing according to the FDI markets database. 30 Finally, as external agglomeration in
R&D (inter-firm collocation) attract firms’ R&D investments (Alcácer and Delgado, 2016), we add
R&D agglomerations, defined as the logarithm of the cumulative number of R&D projects in the
host country (recorded in the FDI markets) belonging to the same sector of the focal firm in the
prior 5 years. 31
Descriptive statistics and correlation table are relegated to Appendix C (Table C1). We show the
10 IPC classes that display the highest complexity or tacitness scores by our measures (Table 4.1).
In the top 10 complexity classes, technologies for electronics, communications, and automobiles
are included (which compares well with Cohen et al. (2000)) whereas the lowest complexity classes
are related to chemical or light industries. The highest tacit knowledge classes are related to
machinery, tools, and products that involve skilled hand work and craftsmanship for the
production, while older and very simple technologies, for which there is the ease of reverse
engineering, are generally shown in the low tacit classes (Table 4.2).

30 For identifying manufacturing entries in countries before 2003, we draw on the lists of subsidiaries of
focal firms, their locations, industry specifications (NACE), and the dates of incorporation from Orbis
database.
31 To estimate the number of foreign R&D projects in each host country before 2003, we linearly predict
the number of the five year cumulative incoming R&D projects in each country by the number of five year
cumulative foreign firms’ patents invented in the country that are filed in core fields of each focal firm (top
10 IPC).
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Table 4.1. High or low complex classes

High complexity IPC
1
F02D
Controlling combustion engines
2
G11C
Static stores
3
H01L
Semiconductor devices; electric solid state devices not otherwise provided for
Generating combustion products of high pressure or high velocity, E.G. gas-turbine
4
F23R
combustion chambers
5
B60W
Conjoint control of vehicle sub-units of different type or different function;
6
H04W
Wireless communication networks
7
F01N
Gas-flow silencers or exhaust apparatus for machines or engines in general; gas-flow silencers
8
G03G
Electrography; electrophotography; magnetography
Photomechanical production of textured or patterned surfaces, E.G. for printing, for
9
G03F
processing of semiconductor devices;
Arrangements or circuits for control of indicating devices using static means to present
10
G09G
variable information
Low complexity IPC
1
C08H
Macromolecular compounds not otherwise provided for; compositions based thereon
Processes using enzymes or micro-organisms to liberate, separate or purify a pre-existing
2
C12S
compound or composition
3
A41B
Underwear; baby linen; handkerchiefs
4
C08H
Macromolecular compounds not otherwise provided for; compositions based thereon
5
F03C
Positive-displacement engines driven by liquids
6
A47H
Furnishings for windows or doors
Making wound articles, E.G. wound tubes, of paper, cardboard or material worded in a
7
B31C
manner analogous to paper
8
A23P
Shaping or working of foodstuffs, not fully covered by a single other subclass

Table 4.2. High or low tacit classes
High tacit IPC
1
B82B
2
B41C
3

B27K

4
5
6

C08B
A45D
A22C

7

G02F

8
G21K
9
B07B
10
C05G
Low tacit IPC
1
C25C
2
G06N
3
A23B
4
H04S
5
F03B
6
F01C
7

B64F

8
9
10

G03H
C11C
F02G

Nanostructures formed by manipulation of individual atoms, molecules
Processes for the manufacture or reproduction of printing surfaces
Processes, apparatus or selection of substances for impregnating, staining, dyeing or bleaching
of wood
Polysaccharides; derivatives
Hairdressing or shaving equipment; manicuring or other cosmetic treatment
Processing meat, poultry, or fish
Devices or arrangements, the optical operation of which is modified by changing the optical
properties of the medium of the devices
Techniques for handling particles or ionising radiation
Separating solids from solids by sieving, screening, or sifting or by using gas currents
Mixtures of fertilisers covered individually by different subclasses of class
Processes for the electrolytic production, recovery or refining of metals
Computer systems based on specific computational models
Preserving, e.g. By canning, meat, fish, eggs, fruit, vegetables, edible seeds
Electric communication technique
Machines or engines for liquids
Rotary-piston or oscillating-piston machines or engines
Ground or aircraft-carrier-deck installations specially adapted for use in connection with
aircraft
Holographic processes or apparatus
Fatty acids obtained from fats, oils or waxes; candles
Hot-gas or combustion-product positive-displacement engine plants
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4.4. Empirical results
Table 4.3 shows the empirical results of the conditional logit models. From Model 1 to 5, we add
each interaction effect with the firm specific variables; all interaction terms are included at the
same time in Model 6. In the first model without any interaction effect, the coefficient of Weak
IPR is insignificant. However, this result does not take into account the moderators yet. The
interaction terms in Model 2-5 are statistically significant at 1% or 5% levels. In Model 6, all four
interactions remain significant at the 1% or 5% level. The interaction between weak IPR and the
internal linkage strategy indicator is positive, which implies that stronger cross-country R&D
linkages reduce expected IP threats in host countries and hence the effect of weak IPR on R&D
location choice. The complexity interaction is also positively significant, corroborating the
expectation that firms whose patent portfolios are dominated by complex technologies are more
likely to invest in R&D in weak IPR countries. In this model (3) the effect of weak IPR itself turns
significantly negative. The interaction with tacitness (Model 4) has the opposite sign, which
supports our conjecture that the tacit nature of firm technology deters R&D in risky IP
environments. The interaction effect with relative technological capabilities is negatively significant
as well. This is in line with our expectation that firms perceive more IP risks if their technological
capabilities are more advanced than those of the host county.
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Table 4.3. Heterogeneous effects of host weak IPR on R&D investments.

Weak IPR
Weak IPR*Linkage strategy

(1)

(2)

0.29
(0.25)

-0.70
(0.46)
0.39**
(0.15)

Weak IPR*Complexity
Weak IPR*Tacitness

(3)

-6.27*** 3.62***
(1.16)
(0.65)
2.09***
(0.36)

Weak IPR*RC
Relative capability (RC)
GDP
R&D wage
FDI open
Capital open
Trade open
Corporate tax
Prior investments
Language proximity
Geo distance
Tertiary education
R&D agglomeration
# firms
# host countries (max)
# projects
Log- pseudolikelihood

(4)

-2.30***
(0.41)

(5)

(6)

0.37
(0.24)

-6.41***
(1.74)
0.51***
(0.17)
2.28***
(0.43)
-1.14**
(0.49)
-0.50***
(0.05)
-0.08***
(0.02)
0.53***
(0.04)
-0.82***
(0.16)
0.24***
(0.04)
0.41***
(0.16)
0.33***
(0.08)
-0.00
(0.00)
1.24***
(0.09)
0.47***
(0.18)
0.01
(0.03)
0.42***
(0.08)
0.46***
(0.04)
120
105
1,799
-5853.1

-0.04**
(0.02)
0.54***
(0.04)
-0.80***
(0.16)
0.23***
(0.03)
0.10
(0.14)
0.50***
(0.07)
-0.01*
(0.00)
1.30***
(0.09)
0.39**
(0.18)
-0.01
(0.03)
0.40***
(0.08)
0.42***
(0.04)

-0.04**
(0.02)
0.53***
(0.04)
-0.81***
(0.16)
0.22***
(0.03)
0.10
(0.14)
0.50***
(0.07)
-0.01*
(0.00)
1.30***
(0.09)
0.43**
(0.18)
-0.01
(0.03)
0.39***
(0.08)
0.42***
(0.04)

-0.05***
(0.02)
0.51***
(0.04)
-0.80***
(0.16)
0.23***
(0.03)
0.12
(0.14)
0.48***
(0.07)
-0.01*
(0.01)
1.33***
(0.09)
0.39**
(0.18)
-0.00
(0.03)
0.39***
(0.08)
0.44***
(0.04)

-0.05***
(0.02)
0.53***
(0.04)
-0.81***
(0.16)
0.23***
(0.03)
0.10
(0.14)
0.49***
(0.07)
-0.01*
(0.00)
1.31***
(0.09)
0.41**
(0.18)
-0.01
(0.03)
0.40***
(0.08)
0.42***
(0.04)

-0.45***
(0.05)
-0.06***
(0.02)
0.56***
(0.04)
-0.79***
(0.16)
0.24***
(0.04)
0.36**
(0.15)
0.37***
(0.07)
-0.00
(0.00)
1.22***
(0.09)
0.40**
(0.18)
0.00
(0.03)
0.44***
(0.08)
0.45***
(0.04)

120
105
1,799
-5932.6

120
105
1,799
-5929.8

120
105
1,799
-5917.0

120
105
1,799
-5919.6

120
105
1,799
-5885.2

Note: Results of Conditional logit models. Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.10.

To assess the magnitude of the effects of weak IPR environments on R&D location choice, we
evaluate the odds ratios of receiving R&D due to 1 standard deviation (1sd) increase in Weak IPR
at different levels of the four firm characteristics. Since the impact of Weak IPR on receiving
foreign R&D varies in the levels of four interaction terms in our full specification (Model 6), we
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set the reference impact as the odds ratio when all four firm-specific variables are at their sample
mean values. We assess the change in the odds ratio when one firm-specific variable is increased
or decreased by a standard deviation while other firm values are fixed at the means. The impact of
augmented host country IP risk on incoming R&D is estimated at three different values of each
firm variable (- a standard deviation, mean, and + a standard deviation). Figure 4.1 contains the
graphs for these results. The reference impact suggests that the odds of receiving an R&D
investment drops by 34.3% due to a one standard deviation increase in Weak IPR. When it comes
to the interaction effects, the odds drops by 45.5% if an MNE’s linkage strategy is at the low point
while this drop is only 24% at a high linkage strategy. Similar patterns are observed for the
complexity effect. In the case of the tacitness, the impact is a 25.9% drop in the odds of receiving
R&D at low tacitness but this turns into 43.3% drop at high levels of tacitness. The same patterns
are observed for the relative capability effect. Percentage changes in the weak IPR impact from
the reference impact due to the moderating effects range from 24.6% to 176.7%.

Figure 4.1. The impact of weak IPR on receiving R&D depending on four moderators.
IPS

Complex

Tacit

Firm capability

20.0
0.0
MEAN-1SD (LOW)

MEAN (MIDDLE)

MEAN+1SD (HIGH)

-20.0
-40.0
-60.0
-80.0
-100.0
-120.0

Note: Estimated effects stand for percentage decrease in the odds of hosting R&D due to a standard deviation increase in the weak IPR
at different level of four moderators. All effects are statistically different from zero at the 1% significance level. This is tested through
‘nlcom’ commend in Stata.
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Finally, we observe that the control variables have the expected signs in general. Relative capability
is negatively significant at the 1% level, implying that MNEs tend to avoid investing R&D in
technologically lagging countries. Similar to previous studies, GDP has a positive impact. As
expected, R&D wage is negative and significant, and FDI openness, Capital openness and Trade openness
have significantly positive coefficients in the full specification. The significantly positive coefficient
on Prior investment confirms previous findings that R&D projects are more likely to be directed
toward a country in which the investors have invested before. Common language and Tertiary education
increase the probability of attracting foreign R&D, in line with expectations. R&D agglomeration
increases the relative probability of receiving R&D investments, as expected. Corporate tax rate is
not significant in the full specification, which might be due R&D activities are less sensitive to
corporate tax rather than other types of FDI such as headquartering. Geographical distance is
consistently insignificant as well. This could result from the fact that our sample firms are global
leading MNEs, which may have already established a number of affiliates and subsidiaries all over
the world; hence, geographical distances from their home countries are less important for R&D
investment decisions.
Robustness Checks
We examine the robustness of our findings and report results of alternative specifications. The
results and detailed discussion of these are relegated to Appendix C2. We find generally consistent
results, among others, if 1) we exclude observations in a recent years due to concerns about patent
truncation; 2) we exclude from the choice set countries with no incoming R&D investment for the
entire time period; 3) we include host country fixed effects in the model; 4) we augment the weak
IPR indicator with inter-firm inventor mobility rates reflecting the risk of tacit knowledge leakage;
5) we use alternative measures on linkage strategies (e.g., the share of patents by international
inventor teams in the firm’ patent stock and a measure based on a prior 3 year window), tacitness
(based on USPTO patents rather than EPO), complexity (based on 3 digit IPCs rather than 4 digit),
and RC (relying on citation stocks of firms and host countries instead of patent counts); and 6)
we utilize a mixed (random parameter) logit model. When we add a RC squared term and its
interaction term with Weak IPR in the model, the quadratic interaction is not significant while the
core results remain unchanged.
Supplementary analysis: the effectiveness of linkage strategies under complexity and
tacitness
We also expect that there is an interplay among the four moderators. One possibility is that the
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effectiveness of R&D linkage strategy is heterogeneous depending on the nature of MNEs’
technology domains, i.e. complexity and tacitness. Our results suggest that internal linkage strategy
enables MNEs to invest in R&D in weak IPR countries where IP threats by local firms are
substantial. In other words, cross-country R&D linkage is a more important and relevant measure
to prevent R&D spillovers in locations with high IP risks. Our findings also imply that MNEs’ IP
threats pertaining to foreign R&D are augmented (or reduced) if their technology domains display
high tacitness and discreteness (or codified-ness and complexity). Combining these two
implications, we may expect that the impact of linkage strategy on encouraging R&D investments
in weak IPR countries is higher for firms active in tacit & discrete domains where high IP risks
exist than for firms active in codified & complex domains where such risks are relatively small. We
test this conjecture with analyses on subsamples of firms depending on tacitness and complexity.
To be specific, we divide our observations into four groups: Tacit & Discrete, Tacit & Complex,
Codified & Discrete, and Codified & Complex. This sub-grouping is based on sample means of
our tacitness and complexity indicators, e.g., Tacit & Discrete includes observations whose tacit
score is above the mean but complex score is below the mean, etc. The conditional logit estimation
with our main model specification is applied again, but excluding the complexity and tacitness
interactions. We focus on the interaction term between Weak IPR and Linkage strategy across the
four subsamples.
The results of subsample analyses are shown in Table 4.4. We find that the coefficient of the
interaction term is positively significant only in Tacit & Discrete subsample where effective IP risk
is the highest. We also find that this interaction coefficient in the Tacit & Discrete subsample is
significantly greater than those in other subsamples (at five percent level). 32 This result is in line
with our conjecture that the effect of linkage strategy on increasing R&D investments in weak
IPR countries is enhanced if firms are active in technology domains with high IP threats. We do
not find evidence that the interaction effects are significantly different among the other three
subsamples (i.e., between Tacit & Complex, Codified & Discrete, and Codified & Complex). This
may be because effective IP risks from foreign R&D can get reduced substantially if technology
domains are either Codified or Complex. Unlike the interactions with internal linkage strategies,
we do not find statistically significant differences between the RC interaction effects among the
four subsamples.

32 To compare the estimated interaction coefficients across four subsamples, we simultaneously estimate
the four models by using seemingly unrelated regression (SUR).
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Table 4.4. Sub-sample Analyses: the effectiveness of linkage strategy under tacitness and
complexity
VARIABLES

(1)
Tacit & Discrete

(2)
Tacit &
Complex

(3)
Codified &
Discrete

(4)
Codified &
Complex

1.24***(a)
(0.29)
-0.62***
(0.11)
-3.07***
(0.86)
-0.11***
(0.04)
0.59***
(0.09)
-0.41
(0.30)
0.29***
(0.07)
0.30
(0.29)
0.42***
(0.13)
0.02*
(0.01)
0.99***
(0.16)
0.73**
(0.31)
0.09
(0.05)
0.29**
(0.14)
0.51***
(0.08)

-0.16 (b)
(0.51)
-0.59***
(0.12)
0.47
(1.38)
-0.03
(0.04)
0.66***
(0.10)
-0.80*
(0.42)
0.08
(0.09)
0.45
(0.39)
0.55***
(0.18)
-0.03**
(0.01)
1.28***
(0.22)
1.20**
(0.51)
0.06
(0.08)
0.36*
(0.20)
0.46***
(0.11)

0.01 (c)
(0.45)
-0.57***
(0.13)
-0.18
(1.21)
-0.07
(0.05)
0.51***
(0.13)
-0.87*
(0.51)
0.38***
(0.11)
0.60
(0.44)
0.35*
(0.21)
-0.01
(0.01)
1.31***
(0.26)
0.40
(0.52)
0.03
(0.07)
0.53**
(0.24)
0.59***
(0.12)

0.28 (d)
(0.33)
-0.49***
(0.07)
0.10
(0.96)
-0.10***
(0.02)
0.42***
(0.06)
-1.18***
(0.25)
0.24***
(0.06)
0.51**
(0.25)
0.07
(0.12)
-0.01
(0.01)
1.38***
(0.14)
-0.15
(0.28)
-0.09*
(0.05)
0.47***
(0.12)
0.38***
(0.06)

Weak IPR*Linkage strategy
Weak IPR*RC
Weak IPR
Relative capability (RC)
GDP
R&D wage
FDI open
Capital open
Trade open
Corporate tax
Prior investments
Language proximity
Geo distance
Tertiary education
R&D agglomeration

# firms
64
19
26
29
# host country(max)
106
106
106
106
# projects
547
310
215
727
Log- pseudolikelihood
-1732.9
-983.9
-683.6
-2411.7
Note: Results of Conditional logit models. Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.10. Seemingly
unrelated regression (SUR) with four subsamples suggests that (a) is significantly different from (b), (c), and (d) at the 5% level but no
significant difference is observed among (b), (c), and (d).

4.5. Discussions and Conclusion
In this study, we investigate firm characteristics that amplify or weaken the deterrence effect of
weak IPR in potential host countries on MNEs’ foreign R&D investment location decisions. We
propose that four factors may render firms more cautious or more confident about R&D
investments in weak IPR protection environments. Investigating almost 1,800 R&D location
choices made by 120 global leading MNEs, we confirm our conjectures that firms’ IP protection
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strategies characterized by cross-country internal R&D linkages, as well as the complex nature of
firms’ technologies, mitigate the effect of weak IPR on MNEs’ R&D investments decisions,
whereas the deterring effect of weak IPR is enhanced if a firms’ technology portfolio builds on
tacit knowledge, and if firms are technologically more advanced than the potential host country.
These moderating effects are economically significant as well: odd ratios of receiving foreign R&D
investments change substantially across relevant ranges of these firm characteristics. We find
robust and consistent results for these relationships in multiple robustness analyses. Finally, we
show that a specific interplay between the focal moderators exist: the moderating role of linkage
strategies is more profound for firms with tacit and discrete technologies.
Our study implies that weak protection of IPR particularly deters R&D investments by technology
leading firms and MNEs whose technology domains are dominated by tacit and discrete
knowledge. On the other hand, MNEs may reap the benefits from conducting R&D in low IPR
countries (e.g. low wages, plentiful R&D workers, adaptation of products to local circumstances
and growing markets) and reduce the risk of IP leakages if they have a strong IP protection
strategy in place and if the nature of their technologies is codified and complex. These findings
help to understand the recent expansion of R&D activities in emerging countries by MNEs.
We find consistent results with Chapter 2, with both chapters suggesting that strong protection of
IPR is effective in attracting foreign R&D investments. Our findings add new insights to the
literature on IP protection strategy (e.g. Alcácer and Zhao, 2012; Belderbos and Somers, 2015;
Nandkumar and Srikanth, 2016; Zhao, 2006) by showing that strong linkage strategies are one of
the important ex ante considerations for MNEs to decide on R&D investments in weak IPR
countries. Our study also shows that technology characteristics of firms (e.g. tacitness and
complexity) may shape the effectiveness of the linkage strategies in protecting IP assets.
Previous studies on technology strategies have shown that IPR protection is more effective and a
prerequisite for appropriating value from R&D in discrete technologies more than in complex
technologies (Cohen et al., 2000; Hall and Ziedonis, 2001; Heeley et al, 2007; Levin et al., 1987).
We revisit these studies and apply the distinction between complex and discrete technologies in
the context of foreign R&D location choices. We believe that our measure of the importance of
complex or tacit knowledge in firms’ technology portfolios is a novel approach that is applicable
in future research. Given that tacit knowledge (by definition) is not represented well in written
languages, formulas, or numbers, it remains a challenge to measure the degree of tacitness across
all domains of knowledge accurately. However, we believe that our method based on citation geo-
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distance identifies different levels of tacitness at least among patentable technologies.
One caveat regarding our tacitness indicator is that tacit knowledge diffusion may not be a linear
function of geo-distance. For instance, some spillover studies have shown that the probability that
knowledge diffusion occurs decreases exponentially over physical distance (e.g., Belenzon and
Mark Schankerman, 2013). Alternative tacitness measures based on different functional forms
could be tested in future research. Another issue is that the distance effect on tacit knowledge
spillovers might be heterogeneous by regions. One might expect that regional integration may
facilitate knowledge diffusion within the region, and reduces border and distance effects (e.g.,
Morescalchi et al., 2015). This suggests that the differences in citation distances may capture
regional characteristics as well as technology characteristics if inventions in certain technology
fields are concentrated in a specific region. Considering such regional factors will be an important
challenge to improve the tacitness indicator.
One remaining issue is the extent to which weak IPR in combination with the four identified firm
characteristics actually also prevent or amplify unwanted spillovers from foreign R&D investors to
collocated firms after R&D investments take place. Are actual IP leakages to (collocated) local
firms effectively prevented (or augmented) by these factors after R&D facilities have been
established? This is an important question for policy makers especially in developing countries, as
IP leakages from foreign firms can be viewed as local technology diffusion, providing an
opportunity for local firms to enhance their knowledge and capabilities. We will investigate this
issue in the next chapter.
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Appendix C
Appendix C1. Descriptives
Table C1. Descriptive statistics and correlation table
Variable

Mean Std. Dev.

1

2

3

1

Weak IPR

-0.01

0.22

2

Linkage strategy

2.55

0.72

-0.00

3

Complexity

3.16

0.32

-0.01 0.21

4

Tacitness

0.00 0.04 -0.38

4

5

6

7

8

9

1.44

0.26

5 Relative Capability 3.50

3.37

0.61 0.14 0.21 0.04

6

GDP

25.94

1.73

-0.38 -0.00 -0.00 0.00 -0.60

7

R&D wage

10.06

0.49

-0.78 0.00 -0.00 0.00 -0.63 0.43

8

FDI open

6.45

1.35

-0.58 0.01 0.05 -0.01 -0.25 0.10 0.42

9

Capital open

0.63

0.37

-0.46 0.00 0.01 -0.00 -0.32 0.11 0.59 0.48
-0.24 0.00 -0.00 0.00 -0.03 -0.29 0.34 0.31 0.25

10

11

12

13

14

15

10

Trade open

4.34

0.53

11

Corporate tax

27.22

6.32

0.06 -0.01 0.02 -0.00 -0.03 0.15 -0.21 -0.02 -0.19 -0.45

0.30

0.46

-0.40 0.10 -0.03 0.08 -0.46 0.57 0.39 0.17 0.18 -0.05 0.06

13 Language proximity 0.18

0.17

-0.35 0.08 0.02 -0.05 -0.22 0.04 0.42 0.22 0.39 0.11 -0.02 0.17

14

8.60

0.88

0.25 0.05 0.07 0.02 0.27 -0.10 -0.35 -0.11 -0.22 -0.19 0.15 -0.17 -0.28

0.52

0.41

-0.57 -0.00 -0.01 0.00 -0.58 0.43 0.73 0.22 0.45 0.16 -0.18 0.35 0.31 -0.24

16 R&D agglomeration 1.62

1.28

-0.40 0.07 0.17 -0.09 -0.46 0.63 0.38 0.25 0.18 -0.05 0.08 0.53 0.09 -0.07 0.36

12 Prior investments
Geo distance

15 Tertiary education

Note: Significant correlation coefficients (p<0.05) are in bold

Appendix C2. Discussion on robustness checks
We further examine the robustness of our core findings in multiple robustness checks, reported
in Table C2. First, given that we rely on patent information to create the core firm-level variables
and patent information is not free from truncation for recently filed patents, this could be a
potential source of bias (Hall et al, 2005). When we check annual patent application numbers of
the sample firms over time, the counts sharply drop from 2014. 33 To confirm that our core results
are not affected by truncation in patent data, we only keep observations until 2013, excluding R&D
projects in 2014, and then run the same regression. Results are left unchanged (Model 1, Table
C2).

33 Forward citation information suffers from truncation more severely but this may not be an important
issue for this study since such information is used for creating the tacitness and complexity indicator and
the citation information for them is aggregated in each patent class for a long period (2000-2016).
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Second, we included as many counties as possible in our choice set in order to investigate MNEs’
R&D investments location choices. Yet 39 countries have never received any foreign R&D
investments by our sample MNEs according to the FDI markets database, during 2003-2014.
These countries are developing countries, mostly in Africa, and could not be realistic candidates
as R&D locations for leading MNEs. Thus, we excluded those 39 countries from the choice set.
The regression results are still robust (Model 2, Table C2).
Third, even though we included diverse country-specific variables as controlling factors, there
could still be unobserved heterogeneity in country characteristics. To confirm that our core
findings are not affected by this, we include fixed effects for all potential host countries in the
model. 34 The county fixed terms control for time-invariant country heterogeneity such as culture
and institutions, which might affect both MNEs’ R&D location choices and IPR risk. We find that
the results of our core interaction terms are robust (Model 3, Table C2).
Fourth, our composite index of weak IPR in host countries relies on patent rights and enforcement,
but the strength of patent rights may not fully capture the IP risks due to inter-firm mobility, as
shown in Chapter 2. To overcome this limitation, we combine our patent protection indicator with
the degree of inter-firm mobility of R&D workers in the country. The rationale is that inventor
mobility might be highly correlated with potential risk of leakages of knowledge that is not easily
protected by the patent system. This is because a main channel of (tacit) knowledge leakages to
competitors is inter-firm mobility of firms’ scientists and engineers (Agarwal et al., 2009; APFC,
2014; Kim and Marschke, 2005). We made use of country level mobility rates calculated in Chapter
2. Similarly, we add the dummy variable, No information on mobility to Model 4 which assigns one for
a county with less than 100 EP patents during every three year window. 35 countries (among 106
countries) have no information in mobility, but these jointly receive only 57 investments. We define
the mobility-included IP risk indicator as the mobility rate divided by the patent protection index
(GPIC). The results show an identical pattern (Model 4, Table C2).
Fifth, we examine an alternative measure for internal linkage strategies. The new definition is the
share of patents made by cross-country co-inventorship in a firms’ patent portfolio. This measure
gives us similar but less consistent results (Model 5, Table C2). Compared to our main linkage
strategy indicator, this method has a theoretical disadvantage since it does not fully reflect the

34 39 non-R&D received countries are excluded from this analysis because of relatively low variability in
country specific indicators for those countries, which makes unable to run regressions with the country
fixed effects.
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strength of cross-country collaboration (e.g. two country collaboration vs. five country
collaboration).
Sixth, our linkage strategy measure is based on the firms’ patents filed in the year of investment
in order to capture the linkage effect by the latest information on MNEs’ R&D organization. We
construct an alternative linkage measure by averaging the inventor country dispersion across a
firm’s patents on the basis of the prior 3 year moving window. We find highly similar results with
this new linkage measure (Model 6, Table C2)
Seventh, we also examine an alternative indicator for complexity. This alternative complexity
indicator is based on patent originality indices (Trajtenberg et al, 1997; Hall et al., 2001; Lee, 2013).
The originality of a patent is defined as the dispersion of technology classes across backward
citations the focal patent exhibits with the dispersion of technology classes indicated by 1 minus
the Herindahl index. Given that complex technology may display high levels of combinations of
diverse pieces of knowledge, we expect that patents pertaining to complex technologies have
higher level of originality than patents covering discrete technologies. We calculate originality
scores of all patent families from 2000 that are available in PATSTAT and define new filed
complexity scores as the mean originality scores across patents belonging to each 4 digit IPC class.
The new filed complexity score replaces the previous scores based on cross-citations. The
coefficient of complexity with the new definition is positive but insignificant at the conventional
levels while other core variables remain unchanged (Model 7, Table C2). A possible reason is the
poor properties of the index, with a low variability across observations (its mean is 4.36 but the
standard deviation is only 0.01).
Eighth, our tacitness indicator relies on EP patents, but characteristics of patents may be
heterogeneous depending on patent offices. We re-calculate the tacitness measure using USPTO
patents instead of EP patents. The core results in Model 8, Table C2 remain unchanged.
Ninth, relative technological capability is measured by number of patent applications for firms and
host countries, but patent counts do not take into account the quality and value of inventions. To
consider technological capabilities in terms of quality, we count all citations to patents held by
firms (and citations to patents made by inventors who have residency in the country) as an
alternative proxy for technological capabilities. In the literature, highly cited patents are treated as
more valuable and more important technologies (Hall et al., 2005). The alternative relative
capability measure is the logarithm of the total (received) citation counts of a firm’s patents and
the logarithm of those of patents invented in each host country. Similarly to the original capability
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indicator, we only take into account citations towards patents filed in the core IPC classes (top 10)
of the focal firms. We find similar results with the new capability variable (Model 9, Table C2).
Tenth, our RC measure is made from patents in core technology fields of focal firms. While we
keep around 70% of patents of the firms for our measure, we also examine empirical results if all
the firm’s IPC classes are taken into account. We use patent shares for all IPC in the focal firms’
patent stocks in a 4 year moving window. Based on these IPCs of focal firms, we calculate the
patent application counts of host countries, weighted by the share of the IPCs in the firms’ patent
portfolio. The new RC measure is the (log) ratio of the firms’ patent counts to the weighted patent
counts of the country. We also find similar results with the new RC variable in Model 10, Table
C2.
Eleventh, our complexity, tacitness, and RC measures are based on four digit IPC classes but one
might argue that this is too fine grained in scope. There are very few patent applications and
assignees in some classes if narrow classes are used. To overcome this potential drawback, we redefine the three variables with broader scopes of IPC at the three digit level. The new definitions
do not change our core results (Model 11, Table C2).
Twelfth, we also examine an alternative specification regarding RC. One might expect that MNEs’
sensitivity to weak IPR depending on RC is non-linear. For instance, firms may not perceive severe
IP threats in a host country if the technology gap between the MNE and the host country is
extremely large in the sense that local firms in the country have no sufficient absorptive capacity
to take advantages of the advanced technologies the MNE transfers. We examine this conjecture
by adding a RC squared term and the interaction between Weak IPR and the squared term to the
model. In Model 12, Table C2, the square term interaction is insignificant while the core results
remain unchanged. It could be difficult to identify the effects of very large RC gaps, as firms may
avoid investing in R&D in countries that are strongly technologically lagging, such that these cases
are not observed often in our R&D investment data. Some statistics points towards this
explanation. Only 8% of the R&D projects in the sample were invested in countries where the
annual patent stock in the firms’ core fields is zero. The top 20 host countries account for more
than 82% of the total R&D projects and consist of OECD countries in addition to China and
India.
Finally, one limitation of the conditional logit model is the strict assumption of “independence of
irrelevant alternatives (IIA)”, which implies that adding other alternatives or changes in
characteristics of a third alternative do not affect the ratio of probabilities for any two alternatives
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in the choice set. This assumption may not hold. One solution is to use the mixed logit model,
which is frequently applied in other location choice studies (e.g. Basile et al., 2008; Chung and
Alcácer, 2002; Belderbos and Somers, 2015). The mixed logit model is similar to the conditional
logit model, but relaxes the assumption of IIA and accommodates investors’ heterogeneous
preference by allowing random coefficients. In Model 12, Table C2, we run the specification of
Model 6, Table 4.3 with the mixed logit model. 35 The results are highly similar to those of the
conditional logit model.

35 Following prior work (Basile et al., 2008), we take 100 draws by assuming that the weights are normally
distributed. Since there are no a priori expectations about which coefficients should have random
components, we regard all coefficients as random part.
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Table C2. Empirical results of robustness checks
Part 1

Weak IPR
Weak IPR* Linkage strategy
Weak IPR*Complexity
Weak IPR* Tacitness
Weak IPR*RC
Relative capability (RC)
GDP
R&D wage
FDI open
Capital open
Trade open
Corporate tax
Prior investments
Language proximity
Geo distance
Tertiary education
R&D agglomeration
Weak IPR*no information

(1)
(2)
(3)
(4)
(5)
Excluding Excluding Country Weak IPR Linkage by
2014
no R&D
Fixed
with
patent
countries effects
mobility
share
rate
-6.68***
(1.82)
0.37**
(0.18)
2.49***
(0.46)
-1.16**
(0.51)
-0.53***
(0.05)
-0.09***
(0.02)
0.56***
(0.05)
-0.83***
(0.17)
0.24***
(0.04)
0.41**
(0.17)
0.34***
(0.08)
-0.00
(0.01)
1.19***
(0.09)
0.49***
(0.19)
0.00
(0.03)
0.43***
(0.08)
0.42***
(0.04)

-5.92***
(1.75)
0.49***
(0.17)
2.21***
(0.44)
-1.27**
(0.49)
-0.45***
(0.05)
-0.09***
(0.02)
0.44***
(0.05)
-0.87***
(0.17)
0.23***
(0.04)
0.40**
(0.16)
0.29***
(0.08)
-0.00
(0.01)
1.19***
(0.09)
0.53***
(0.18)
0.02
(0.03)
0.38***
(0.08)
0.48***
(0.04)

No information on mobility

-2.36
(2.02)
0.55***
(0.18)
1.02**
(0.49)
-1.68***
(0.53)
-0.23***
(0.07)
0.03
(0.04)
-2.14***
(0.53)
3.29**
(1.47)
-0.05
(0.07)
0.85*
(0.48)
-0.15
(0.33)
0.01
(0.01)
1.03***
(0.09)
0.74***
(0.22)
-0.08**
(0.04)
-0.27
(0.38)
0.37***
(0.05)

-13.21***
(4.33)
1.01**
(0.43)
4.46***
(1.08)
-2.99***
(1.15)
-0.71***
(0.12)
-0.03*
(0.02)
0.51***
(0.04)
-1.23***
(0.18)
0.15***
(0.04)
0.60***
(0.17)
0.38***
(0.07)
-0.01*
(0.01)
1.17***
(0.09)
0.46**
(0.18)
0.04
(0.03)
0.46***
(0.08)
0.42***
(0.04)
-0.48
(1.66)
-0.92***
(0.15)

-6.19***
(1.73)
1.80**
(0.87)
2.44***
(0.42)
-1.12**
(0.49)
-0.50***
(0.05)
-0.08***
(0.02)
0.53***
(0.04)
-0.82***
(0.16)
0.24***
(0.04)
0.41***
(0.16)
0.33***
(0.08)
-0.00
(0.00)
1.24***
(0.09)
0.46**
(0.18)
0.01
(0.03)
0.42***
(0.08)
0.46***
(0.04)

# firms
120
120
120
120
120
# host country(max)
105
66
66
105
105
# project
1,655
1,799
1,799
1,799
1,799
Log-pseudolikelihood
-5369.5
-5827.6
-5627.3
-5860.0
-5855.0
Note: Results of Conditional logit models. Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.10.
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(6)
Linkage by
prior 3
years
-6.71***
(1.75)
0.41**
(0.19)
-1.09**
(0.49)
2.42***
(0.42)
-0.50***
(0.05)
-0.08***
(0.02)
0.53***
(0.04)
-0.82***
(0.16)
0.24***
(0.04)
0.41***
(0.16)
0.33***
(0.08)
-0.00
(0.00)
1.24***
(0.09)
0.45**
(0.18)
0.01
(0.03)
0.42***
(0.08)
0.46***
(0.04)

120
105
1,799
-5854.7

(7)

(8)

(9)

(10)

Part 2

Complexity
by
originality

USPTO
Tacitness

Citation
based
RC

IPC
weighted
RC

Weak IPR

-46.21
(39.76)
0.65***
(0.17)
11.11
(9.21)
-2.39***
(0.49)
-0.46***
(0.05)
-0.07***
(0.02)
0.55***
(0.04)
-0.82***
(0.16)
0.24***
(0.04)
0.36**
(0.16)
0.36***
(0.07)
-0.00
(0.00)
1.23***
(0.09)
0.49***
(0.18)
0.00
(0.03)
0.42***
(0.08)
0.44***
(0.04)

-5.50**
(2.22)
0.53***
(0.18)
2.08***
(0.49)
-1.22**
(0.60)
-0.51***
(0.05)
-0.08***
(0.02)
0.53***
(0.04)
-0.82***
(0.16)
0.24***
(0.04)
0.43***
(0.16)
0.33***
(0.08)
-0.00
(0.01)
1.23***
(0.09)
0.46**
(0.18)
0.01
(0.03)
0.42***
(0.08)
0.45***
(0.04)

-6.35***
(1.73)
0.53***
(0.17)
2.47***
(0.44)
-1.39***
(0.48)
-0.46***
(0.05)
-0.07***
(0.02)
0.54***
(0.04)
-0.84***
(0.16)
0.24***
(0.04)
0.39**
(0.16)
0.36***
(0.07)
-0.00
(0.00)
1.23***
(0.09)
0.46**
(0.18)
0.01
(0.03)
0.43***
(0.08)
0.44***
(0.04)

-5.20***
(1.68)
0.42**
(0.17)
2.49***
(0.44)
-1.68***
(0.47)
-0.47***
(0.05)
-0.07***
(0.02)
0.55***
(0.04)
-0.78***
(0.16)
0.23***
(0.04)
0.34**
(0.15)
0.37***
(0.07)
-0.00
(0.01)
1.27***
(0.09)
0.41**
(0.18)
0.00
(0.03)
0.42***
(0.08)
0.46***
(0.04)

Weak IPR*Linkage strategy
Weak IPR*Complexity
Weak IPR* Tacitness
Weak IPR*RC
Relative capability (RC)
GDP
R&D wage
FDI open
Capital open
Trade open
Corporate tax
Prior investments
Language proximity
Geo distance
Tertiary education
R&D agglomeration
RC*RC
Weak IPR*RC*RC

(11)

(12)

-4.83**
(2.08)
0.53***
(0.17)
2.35***
(0.54)
-2.65***
(0.53)
-0.45***
(0.05)
-0.07***
(0.02)
0.55***
(0.04)
-0.84***
(0.16)
0.23***
(0.04)
0.36**
(0.15)
0.36***
(0.07)
-0.00
(0.01)
1.24***
(0.09)
0.41**
(0.18)
0.00
(0.03)
0.42***
(0.08)
0.44***
(0.04)

-6.68***
(1.72)
0.49***
(0.17)
2.33***
(0.43)
-1.05**
(0.49)
-0.41***
(0.05)
-0.08***
(0.02)
0.53***
(0.04)
-0.83***
(0.17)
0.24***
(0.04)
0.39**
(0.16)
0.32***
(0.07)
-0.01
(0.01)
1.21***
(0.09)
0.47***
(0.18)
0.04
(0.03)
0.42***
(0.08)
0.45***
(0.04)
-0.01**
(0.00)
0.01
(0.01)

3 digit IPC RC squared
in tacitness, interaction
complexity,
and RC

(13)

Mixed
logit

-6.71***
(2.43)
0.50***
(0.19)
2.39***
(0.67)
-1.36**
(0.66)
-0.57***
(0.08)
-0.10***
(0.03)
0.52***
(0.05)
-0.83***
(0.19)
0.24***
(0.05)
0.46**
(0.21)
0.26**
(0.12)
-0.00
(0.01)
1.37***
(0.12)
0.20
(0.31)
0.06
(0.04)
0.45***
(0.09)
0.48***
(0.06)

# firms
120
120
120
120
120
120
120
# host country(max)
105
105
105
105
105
105
105
# project
1,799
1,799
1,799
1,799
1,799
1,799
1,799
Log-pseudolikelihood
-5866.1
-5853.8
-5864.7
-5874.8
-5866.3
-5847.3
-5792.5
Note: Results of Conditional logit models and Mixed logit (Model 13). Bold coefficients in Model 13 stand for significant random
components at the 5% level. Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.10.
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Chapter 5.
When do domestic firms benefit from knowledge
spillovers due to foreign firms’ local R&D operations? The
roles of the IPR regime and foreign inventor involvement
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Chapter Abstract
Unintended knowledge diffusion from the local R&D operations of multinational enterprises
(MNEs) may be a source of capability building by domestic firms. Little is known about the
heterogeneity in such spillovers depending on host countries’ policies concerning intellectual
property rights (IPR) and MNEs’ own measures to prevent outward spillovers. While evidence
exists that MNEs’ IP protection strategies based on internal cross-border linkages in R&D mitigate
outward spillovers to collocated firms, we examine the conditions under which such internal
linkage strategies are most effective. Analyzing domestic firms’ citations to locally invented patents
of 120 global leading MNEs in 90 countries, 2000-2014, we find that knowledge spillovers to
domestic firms from MNEs’ local R&D operations are more profound if the host country has
weaker IPR protection, whereas spillovers are weakened if the R&D project involves foreign
located inventors due to MNEs’ internal linkage strategies. In addition, the restrictive effect of the
foreign inventor involvement on local spillovers is amplified if 1) foreign R&D is conducted in
countries with weaker IPR; 2) foreign inventors in the R&D team of the MNE are based in
multiple countries; 3) the technology is based on discrete knowledge; 4) the greater the technology
gap between the MNE and the host country. In contrast, the effect of foreign inventor based
internal linkage strategy is weakened if the technology builds on tacit knowledge. Our findings are
supplemented by analyses on inter-firm mobility of MNE inventors.

5.1. Introduction
Knowledge spillovers, or unintended knowledge diffusion, have been an important topic in the
R&D literature. Foreign R&D activities of multinational enterprises (MNEs) are one of the
prominent channels of international knowledge spillovers (Driffield et al, 2010; Filatotchev et al,
2011; Singh, 2007). Empirical evidence suggests that incoming knowledge spillovers increase firm
performance in terms of productivity, future profitability, and innovation output (Jaffe, 1986;
Bloom et al, 2013; Smarzynska Javorcik, 2004). In this regard, local governments often aim to
foster capability building of domestic firms by adopting policies stimulating knowledge spillovers
from local (R&D) operations by foreign firms that possess advanced technologies.
One important topic that has received little prior attention in the international R&D spillover
literature is the direct linkage between a host country’s intellectual property rights (IPR) and interfirm knowledge spillovers in the country. Strengthening IPR protection has been an important
trend in the global economy in the course of the recent two decades (Hamdan-Livramento, 2009;
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Park, 2008; Kyle and McGahan 2012). Prior literature has shown that strong IPR regime plays an
important role in attracting R&D investments by MNEs (e.g., Belderbos et al., 2008; 2013b; Ito
and Wakasugi, 2007; Mansfield, 1994). 36 Some studies have also found that MNEs increase
technology transfer to foreign affiliates, measured by affiliate R&D expenditure or royalty and
licensing payments, in reaction to strengthening IPR in host countries (Branstetter et al., 2006;
Smith, 2001). However, incoming R&D investments, increases in affiliate R&D expenditure, and
royalty payments do not directly mean that imported foreign knowledge is available to domestic
firms. Strong IPR systems are inherently designed to help IP holders to monopolize the return to
inventions and reduce the externalities of innovation; therefore, an a priori expectation could be
that strong IPR generally restricts (unintended) knowledge spillovers between firms in the country.
This suggests an important trade-off policy makers are faced with: strengthening IPR protection
attracts more R&D investments by MNEs but it simultaneously reduces local spillovers from these
investments.
At the same time, MNEs’ own measures to protect foreign IP assets may also influence the extent
of local knowledge spillovers in R&D host countries. Recent studies have suggested that one way
that firms can reduce the risk of outward knowledge spillovers is to adapt their internal R&D
organization by partitioning the knowledge generation process and distribute it across multiple
locations, with internal linkage across units ensuring knowledge integration (Alcácer and Zhao,
2012; Belderbos and Somers, 2015; Zhao, 2006; Nandkumar and Srikanth, 2016). Evidence exists
that knowledge flows between firms with collocated R&D activities are reduced if firms make use
of such internal linkage strategies (e.g., Alcácer and Zhao, 2012). This finding implies that domestic
firms in R&D host countries may not fully benefit from knowledge spillovers by MNEs’ local
R&D activities if the MNEs have such strategies in place. Therefore, investigating conditions
under which the restrictive roles of internal R&D linkage strategies in outward knowledge
spillovers are most prominent is important for assessing the benefits of MNEs’ R&D investments
in host countries.
Based on these motivations, in this chapter, we examine how IPR regimes and internal linkage
strategies of MNEs characterized by foreign inventors’ involvement in local R&D projects
influence the extent of knowledge spillovers to domestic firms from MNEs’ local R&D operations
in host countries. We also explore conditions under which the restrictive effect of the foreign
inventor involvement in local R&D is enhanced or weakened.

36

Similar findings and discussion on this topic can be found in Chapter 2 as well.
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Analyzing domestic firms’ citations to locally invented patents of 120 global leading MNEs in 90
countries, 2000-2014, we find that the involvement of foreign located inventors during the R&D
process (patent development) reduces the probability that the invented patents are cited by local
firms in host countries whereas weak IPR regimes generally increase domestic firms’ citations to
MNEs’ locally invented patents. Our analyses also suggest that the restrictive effect of the foreign
inventor involvement on local spillovers is augmented if 1) foreign R&D is conducted in countries
with weak IPR protection; 2) foreign inventors in the R&D team of the MNE are based in multiple
countries; 3) the technology is based on discrete knowledge; 4) the MNE is more technologically
advanced compared to the host country. Conversely, the effect of foreign inventor based internal
linkage strategy is weakened if the technology builds on tacit knowledge. Our findings are also
consistent with the results of analyses on inter-firm mobility of patent inventors of MNEs in host
countries. We confirm that former employees in MNEs’ local R&D units moving to local firms
are a driver of outward knowledge spillovers. Furthermore, we find that such inter-firm mobility
is restricted if the technologies are made by foreign inventor based R&D teams but, in contrast, is
more likely if foreign R&D is performed in low IPR protection countries.
The chapter is constructed as follows. The next section discusses prior literature and theories on
our expectations. Section 5.3 contains descriptions of empirical methodology, sample, and
measurements. Section 5.4 illustrates empirical results, supplementary analyses, and discussion on
them. Conclusion and limitation will be followed in Section 5.5.

5.2. Theoretical Framework
Weak IPR regime and local spillovers
Strong IPR has been found to have positive effects on incoming R&D investments by MNEs (e.g.,
Belderbos et al., 2008; 2013; Branstetter et al., 2006; Ito and Wakasugi, 2007; Mansfield, 1994;
Smith, 2001). However, simply making a conclusion regarding outgoing spillovers from local R&D
units of MNEs depending on the IPR regime is difficult. A well-functioning patent system could
stimulate knowledge spillovers because patent information is publicly available. Strong IPR may
increase technology licensing between foreign firms and local firms (Yang and Maskus, 2005).
MNEs also increase technology transfer to foreign affiliates in reaction to strengthening IPR in
host countries (Branstetter et al., 2006; Smith, 2001).
Even though strong IPR makes MNEs more likely to transfer their proprietary knowledge to their
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foreign R&D units in host countries, knowledge diffusion to local firms is governed by different
processes. Spillovers focus not on voluntary knowledge transfer (e.g., technology licensing) but on
unintended and unwanted knowledge outflows (i.e., knowledge spillovers) due to foreign R&D
activities. A major function of the IPR system is to enable IP holders to appropriate the returns
to invention and minimize the externalities of innovation. In this regard, strong IPR may generally
help to reduce outgoing spillovers from IP holders. For example, evidence exists that firms can
mitigate outward knowledge spillovers if they establish a tough reputation on patent enforcement
(Agarwal et al., 2009), for which a strong IPR system is prerequisite. 37 Hence, our first expectation
can be formulated as follows: MNEs’ technologies invented in countries with weaker protection of IPR are
associated with a greater extent of outward spillovers to local firms in the host countries.
Internal linkage strategy: foreign inventor involvement in local R&D
R&D activities in foreign countries have various motivations, e.g., facilitating local adaptation of
products or building new knowledge assets (Kuemmerle, 1999) and access to plentiful human
resources at lower cost especially in emerging countries (Lewin et al., 2009; Zhao, 2006). To achieve
these goals, MNEs inevitably hire local engineers or scientists when they establish local R&D units
in foreign host countries. Such local inventors employed in local R&D operations of MNEs can
however be a source of knowledge spillovers in host countries. Inter-firm mobility of R&D
workers (e.g., Song et al., 2003) and informal communications among inventors (e.g., Dahl and
Pedersen, 2004) may lead to such spillovers. From the MNE’s perspective, the involvement of
local inventors in local R&D projects can be viewed as a potential threat of IP leakage to local
firms. Local inventors are embedded well in the host country innovation system (Song et al, 2011),
which may imply that the inventors have personal connections even with local rival firms (e.g., Von
Hippel, 1987). Nandkumar and Srikanth (2016) showed that the share of local inventors in the
total inventors for an R&D project (a patent) is reduced if the project is associated with the high
risk of knowledge leakage to local firms in the host country. Berry (2017) found that technology
transfer to foreign affiliates in weak IPR countries is augmented if the affiliates have higher number
of home country expatriates, which is presumably associated with lower (perceived) risk of IP

37 While patents discloses information and may in theory be a source of knowledge diffusion, studies
suggest that the disclosure value of patents is negligible (Boldrin and Levine, 2013). The IPR protection
indicator used in this study (discussed below) measures the extent to which a country’s patent system is
effective in terms of value appropriation by patent applicant and to capture the effect of the role of IPR
system as a spillover deterrent more than as a spillover stimulus.
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hazards.
These findings suggest that MNEs can enhance control over R&D projects in foreign countries
(in particular in case of a high risk of knowledge leakage) if they create collaboration between
local inventors and foreign located inventors for a single R&D project. This notion is in line with
prior work on internal linkage strategy by cross-country R&D units (Alcácer and Zhao, 2012;
Belderbos and Somers, 2015; Zhao, 2006). In particular, Alcácer and Zhao (2012) showed that the
technologies developed by international inventor teams due to firms’ internal linkages across R&D
units are less likely to entail spillovers to collocated competitors. This strategy makes it more
difficult for collocated firms to access the full range of knowledge assets and set of technologies
required to develop and commercialize innovations because inventors in each R&D unit are
involved in creating only partial knowledge of the entire technology. In other words, the strong
involvement of foreign inventors in local R&D projects allows firms to monitor and control local
R&D activities in foreign countries, preventing outward spillovers. Therefore, we expect: stronger
involvement of foreign located inventors in an R&D project is associated with a lesser extent of outward local
spillovers from the project.
The effectiveness of foreign inventor involvement: Weak IPR, Multi-country collaboration,
Discreteness, Tacitness, and Relative technological capabilities
We suggest and examine five factors that may moderate the restrictive effects of foreign inventor
involvement on outward local spillovers. First, the restrictive effects of the foreign inventor
involvement in R&D teams are expected to be heterogeneous depending on host country IPR
regimes. Under weak IPR regimes, foreign firms have fewer legal measures to combat knowledge
leakages and outgoing spillovers. For example, firms cannot effectively prevent their R&D
employees from changing their employment to competitors under weak IP environments (Ganco
et al, 2015; Marx et al, 2009). In this situation, the importance of firms’ own measures to prevent
knowledge leakages rises; therefore, foreign inventor involvement is especially important for R&D
projects conducted in countries with weak IPR. In other words, MNEs generally have diverse
options to project their IP assets in stronger IPR countries whereas in weaker IPR countries, they
are confronted with a situation where they have to rely mainly on their own IP protection strategies.
In this regard, our expectation is: the restrictive effect of involvement of foreign inventors in an R&D project
on outgoing local spillovers is more profound if the R&D project is conducted in countries with weaker IPR
protection.
Second, we expect that the extent to which foreign inventor involvement reduces local spillovers
108

may be heterogeneous depending on the scope of inventors’ multi-country collaboration. The
foreign inventor involvement automatically implies that the R&D is conducted by inventors
located in multiple countries but the scope of the range of countries where inventors are based
could be different across R&D projects. If an R&D project is conducted by inventors based in a
larger number of countries, MNEs are able to segment R&D process at a more fine grained level.
This makes inventors in each location less likely to access the full range of knowledge elements of
the technology. Furthermore, the larger the country scope firms’ internal R&D linkages, the better
firms can match different tasks of a single R&D project to multiple locations, considering
heterogeneous IP environments across countries with the firms’ R&D units. Hence, we may expect
that, the restrictive effect of involvement of foreign inventors in an R&D project on outgoing local spillovers is more
profound, the larger scope of countries foreign inventors in the R&D team of the project are based in.
Third, the effectiveness of foreign inventor involvement is likely to differ depending on the nature
of the technology. One important distinguishing feature of technologies is the degree to which
they are “complex” or “discrete” (Cohen et al., 2000). In the case of discrete technologies, such as
typically relevant in the chemical field, a single patent can protect novel technology and allow
market exploitation (Levin et al., 1987). If local R&D projects of MNEs aim to create “discrete”
technologies, host country firms’ spillover benefits from these R&D projects would be relatively
high in the sense that a piece of knowledge can lead to a commercializable product. In this situation,
the absence of proper IP protection strategies of MNEs is more likely to cause severe knowledge
leakages to local competitors. Conversely, local firms are less likely to benefit from MNEs’ local
R&D projects if the R&D projects focus on “complex” technology creation since such
technologies have high degrees of interdependence among knowledge assets. In other word, local
firms are less incentivized to learn external complex technologies due to difficulty in absorbing all
components of a technology needed for commercialization, which makes MNEs’ IP protection
measures less consequential. We expect that the restrictive effect of involvement of foreign inventors in an
R&D project on outgoing local spillovers is more profound if the R&D project focuses on discrete knowledge.
Another dimension of technologies relevant for knowledge spillovers and foreign inventor based
linkage strategy, is the degree to which invented technologies involve tacit or codified knowledge.
Tacit knowledge transfer is generally difficult (Howells, 2002; Nooteboom, 2000). Even if (mobile)
inventors try to diffuse knowledge, this diffusion is more difficult if the embodied knowledge is
mainly tacit. In contrast, if inventors are involved in an R&D project that mainly involves
knowledge that is easily codified, local spillovers are more likely to occur, as codified knowledge
can be written in a form of documents and simple formulas that are easily understandable and
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transmitted to other inventors. Unlike tacit knowledge normally embodied in a person, codified
knowledge can be easily transmitted outside the firm boundary. This implies that in the absence
of foreign inventor in a project, the MNE faces serious IP hazards if R&D projects rely on
codified rather than tacit knowledge. We expect that the restrictive effect of involvement of foreign inventors
in an R&D project on outgoing local spillovers is less profound if the R&D project involves tacit knowledge.
Fifth, relative technological strength of a foreign firm compared with local firms in a host country
is likely to shape the effectiveness of the involvement of foreign inventors in local R&D. Previous
studies have shown that technology leaders are less likely to collocate with other firms due to
concerns about knowledge leakage, as they have most to lose in this respect, whereas technology
laggards are more likely to collocate with others due to benefits of technology spillovers (Alcácer
and Chung, 2007; Belderbos et al., 2008; Shaver and Flyer, 2000). Hence, the effective risk of
outward knowledge spillovers is heterogeneous depending on the relative technological strength
of foreign investors compared to (general) technological capabilities of local firms in host
countries. If the MNE has strong technological capabilities relative to the host country, the
importance of IP protection strategies rises due to the high risk of outgoing knowledge spillovers
to local firms, as there is more and more advanced knowledge to protect. In contrast, if R&D
investors are technologically lagging behind the host country, foreign inventor involvement in an
R&D team is a less important measure to protect IP assets. We expect that: the restrictive effect of
involvement of foreign inventors in an R&D project on outgoing local spillovers is more profound if the R&D
investor’s technological capabilities are more advanced compared to those of the host country.

5.3. Empirical Methods
Local citation analysis and Sample
Following a number of prior studies, we use patent citations as a proxy for knowledge spillovers
between firms (Agrawal, et al, 2006, 2008; Belenzon and Schankerman, 2013; Criscuolo, 2009; Jaffe,
1986; Jeffe et al., 1993; Lee and Yoon, 2010; Maurseth and Verspagen, 2002; Wagner et al, 2014).
The citation method is not free from the criticisms that not all citations imply knowledge spillovers
(e.g., Cockburn et al., 2002; Lampe, 2012; Moser et al., 2017), that not all knowledge spillovers find
their way into patent documents, and that voluntary knowledge transfer (e.g., technology licensing)
can also increase patent citations. However, this method has several benefits compared to other
methods used in the spillover literature, such as, relying on productivity growth driven by R&D
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volumes of proximate firms in certain types of spaces (e.g., Jaffe, 1986; Bloom et al, 2013;
Fagerberg and Verspagen, 2000). First, unlike the proximity measures, the citation method does
not rely on a strong assumption that knowledge is automatically transferred between firms if
proximate firms exist in a certain space. In effect, knowledge spillovers can be even smaller
between proximate firms if firms adopt IP protection strategies (e.g., Alcácer and Zhao, 2012).
Second, citation analyses allow researchers to track flows of knowledge spillovers in detail. For
example, it is easy to identify recipients or senders of specific knowledge by this method. With
patent data, it is possible to utilize (and define) a wide range of indicators for empirical analyses at
the country level, firm level, technology field level, and patent level (e.g. Lee, 2013). In particular,
the purpose of this study is to investigate the relationships between local spillovers and country
level-, firm level- or project level- (or technology level ) factors; therefore, this method is the most
useful in our case.
We rely on data on patent applications of 120 global leading MNEs operating across a variety of
manufacturing industries including pharmaceuticals, chemicals, plastics, machine tools, electronics,
transport equipment, and paper in addition to selected technology intensive services sectors
(telecommunications and ICT services). 38 The sample firms are among the top 5-10 largest players
in the European market in 2007 for their respective industries in terms of sales, but could be
headquartered outside of Europe. Among the 250 identified leading firms, we select 165 firms
that applied for at least one patent during the observation period. Next, we identify 120 foreign
R&D performing firms out of 165 patenting MNEs, which invested at least a one R&D project
in a foreign country from 2003 to 2014 according to the FDI markets database. 39
The unit of analysis in this study is patent (family) level in order to take into account patent
characteristics that may affect the extent of citations. Using patent families, not limiting to USPTO
or EPO, enables us to identify the whole range of citations, including those by patents applied for
at local offices. We only examine foreign invented patents due to the fact that the focus of this
study is on foreign R&D activities. R&D locations are identified by the countries where patent
inventors have residency. The host countries in the sample span 90 countries. Each sample firm
operates overseas R&D units in 20.3 countries on average. We identify 196,771 foreign invented
patents (families) by the 120 MNEs between 2000 and 2014. Among these foreign invented patents,

The sample firms are exactly same as those used in Chapter 4.
The dataset draws on media information, firm reports, and various other sources regarding FDI.
Information is available on types of FDI (among which R&D), destination countries, and origin of investing
firms (see OECD, 2016 for details).
38
39
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122,783 patents are at least cited once by other firms, and this set of patents is sample of interest. 40
If patents have multiple foreign inventor countries (which is the case for 11,793 patent families),
they are repeatedly represented in the sample in order to consider all individual host country factors.
This repetition increases the sample size to 134,576. Each sample firm has annually filed 75.4
foreign invented patents with collectively receiving 75.1 local citations on average.
Dependent variable and empirical models
The dependent variable (Local cites) is the number of citations a patent owned by a sample MNE
has received from local firms in the R&D host country. As we collect patent information at the
patent family level, citations from patents filed in major patent offices such as EPO and USPTO
and those filed in other patent offices are aggregated. Duplicate patent citations filed in different
patent offices are omitted in order to identify a unique knowledge flow between two patents.
Focusing on spillovers from local R&D of MNEs to local firms in host countries, we investigate
citations made in patents owned by private local firms (excluding citations by the public sector and
those by foreign operations of other MNEs in host countries) to the 120 MNEs’ locally invented
patents.
The sample patents have collectively received 207,009 local citations by all types of assignees
(including those by the public sector 41 and foreign operations of MNEs) across all foreign R&D
countries during the 15 years. 42% of the sample patents are locally cited, and locally cited patents
have 3.65 local citations on average. In the analyses, we only take into account local citations by
local assignees classified as private firms. This restriction reduces the total volume of local citations
to 135,202. The locally cited patents are, in this case, 30% of all patents and they receive on average
3.35 local citations. Table 5.1 shows the top 10 countries where the sample patents are invented.
The most prominent foreign R&D country for the sample patents is the United States, followed
by Germany, UK, and France. China is ranked at 8th. Both the average number of local citations
per locally cited patent and the share of locally cited patents in the total patent stock in the country
are positively correlated with technology (patent) performance of countries. This makes sense
since the propensity of local citation is highly influenced by the number of technology intensive
firms in host countries.
Given that the dependent variable is a count variable, we choose negative binomial models as our
40 Zero citation patent may stand for minor inventions that have little impact on knowledge spillovers.
However, we also examine the sample including all zero citation patents (see Appendix D).
41 Non-company citations account for 5% of the total local citations.
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econometric method, which is widely used in the literature with citation analysis (e.g., Alcácer and
Zhao, 2012; Singh, 2008; Song et al, 2011).
Table 5.1. Top 10 foreign R&D host countries and average local citations in the sample

USA

# Patents
invented in the
country by the
sample firms
35,788

USA

Average local
citations per
locally cited
patent
4.36

Germany

24,204

Poland

2.50

Japan

46.6%

UK

12,272

Japan

2.42

South Korea

43.7%

France

7,889

Ireland

2.23

Germany

33.6%

Italy

5,751

Belgium

2.14

Taiwan

28.1%

Canada

4,514

Taiwan

1.86

China

14.7%

China

4,108

Australia

1.82

France

12.3%

Japan

4,106

South Korea

1.81

Slovenia

11.8%

Switzerland

3,950

Netherlands

1.81

Canada

11.5%

Sweden

3,599

Germany

1.79

Argentina

11.1%

Top 10
countries

Top 10
countries

Top 10
countries

The share of
locally cited
patents (%)

USA

68.7%

Core variables
Foreign inventor involvement in an R&D project is measured by the share of foreign located
inventors in the total number of inventors listed in a patent application (Foreign share). 42 Foreign
(located) inventors indicates patent inventors who have residency not in the R&D host country
but elsewhere. Unlike prior studies simply distinguishing patents made by cross-country inventor
teams and those without (e.g., Alcácer and Zhao, 2012), this method allows us to measure the
degree of foreign inventor involvement in the R&D project. It is expected that the higher foreign
inventor share a patent displays, the smaller local spillovers the patent generates in the host country,
or the fewer number of citations the patent receives from local firms (i.e., a negative sign is
expected). We use interaction terms between Foreign share and the proposed five moderators in the
models to examine heterogeneity in the role of internal linkages represented by this variable.
Weak IPR measures a weakness of patent rights in R&D host countries. We rely on a composite
index based on Ginarte and Park’s patent right index (GP; Park, 2008) and Impartial Courts scores
in the Global Competitiveness Report. The GP index is a widely used in the literature and is based

42

This variable is logarithmically transformed after taking plus 1 (zero foreign share is possible).
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on statutory information on patent laws. An often voiced criticism of the index is that a statutory
indicator may not effectively capture the actual enforcement level of policy (Hu and Png, 2009;
Maskus and Yang, 2013). Enforcement is an important consideration for MNEs. To improve on
the index, we follow recent work (Hu and Png, 2009; Maskus and Yang, 2013) by multiplying the
GP index by a measure of enforcement of (patent) laws, for which we choose the Impartial Courts
(IC) index. The Impartial Courts index draws on a survey question among executives in the Global
Competitiveness Report by the World Economic Forum asking respondents for their assessment
of the degree of impartiality and quality of the legal system for private businesses. Given that
foreign investors are concerned about discrimination during the IPR legal disputes, the impartiality
of courts is likely to reflect relevant enforcement issues related to patent rights in a host country.
GP and IC are normalized by the annual maximum value of each index, such that the composite
index ranges from 0 to 1. Given that the GP index is constructed with five-year time intervals,
annual GP scores are linearly interpolated between two scores in a five-year interval. Finally, for
measuring the degree of weak IP protection in the host country, we use the reverse of our patent
protection index (GPIC). The exact definition is the followings.
(1) Weak IPR(t) = 1 −(GPIC) with Patent protecton (GPIC) =

GP(t)

𝑀𝑀𝑀𝑀𝑀𝑀 𝐺𝐺𝐺𝐺(𝑡𝑡)

∗

IC(t)

𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼(𝑡𝑡)

We expect that weak IPR regimes are associated with high local spillovers; therefore this variable
is expected to have a positive sign in the estimation whereas the interaction term with Foreign share
is expected to display a negative sign, implying the foreign inventor involvement is more effective
at preventing outward spillovers from local R&D operations in weaker IPR environments.
The scope of multi-country inventor collaboration (Multi-country) for each patent is defined as the
number of distinct countries where the focal patent’s inventors have residency. While Foreign share
is related to the depth of foreign inventor involvement in R&D, Multi-country is associated with the
scope of foreign inventor involvement. We note that this variable will provide a different
dimension from Foreign share only if Foreign share is greater than 0 since no foreign inventor
involvement at all indicates a fully local invention. We expect a negative sign of the interaction
between Foreign share and Multi-country.
We measure the degree of discrete nature of a technology by the similar way suggested by von
Graevenitz et al. (2011) and Harhoff et al. (2015). They have shown that cross-citations among
assignees take place more frequently in complex industries than in discrete ones. The underlying
idea is that patent thickets and cross-licensing are more prevalent in industries with complex
technologies, since firms in those sectors can hardly monopolize all sub-technologies of a product
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or process (Cohen et al., 2000; Grimpe and Hussinger, 2011), which leads to a high frequency of
cross-licensing, a greater importance of prior patents in cumulative knowledge, and the formation
of patent pools (Merges and Nelson, 1990). Following von Graevenitz et al. (2011) and Harhoff
et al. (2015), we only use critical citations that are classified as X or Y citations by patent examiners
to calculate the complexity measure by cross-citations. 43 These two citations indicate potentially
conflicting ‘prior art’, threatening the novelty of the patent application (Czarnitzki et al., 2011).
Thus, if firms’ patents in a technology field cite each other and these citations are given an X or
Y classification by patent examiners, the technology is more likely to be complex.
To be specific, for each four digit International Patent Classification (IPC) class, the number of
cross-citing assignees pairs (mutually citing with X or Y) is counted and then this is scaled by the
total number of distinct assignees in the class. 44 We call these values field complexity scores, which
increase with the larger extent of cross-citing relationships among assignees. In order to create
discreteness scores from the complexity measure, we use 1 minus field complexity scores as a
measure for patent class level discreteness, or field discreteness scores. We assign the field
discreteness scores to each patent depending on its IPCs. Finally, patent level discreteness (Discrete)
is the average field discrete scores across IPCs of the focal patents. The interaction with Foreign
share is expected to display a negative sign.
(2) 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 = 1 − (

𝑁𝑁.𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑐𝑐

)

(3) 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 )𝑖𝑖
with i=patent, c=IPC

Like the discreteness measure, we estimate the degree of tacitness for each four-digit IPC to build
up the patent-level tacitness index. Measuring tacitness in each patent class relies on citation
information. Our tacitness measure is motivated by the notion that tacit knowledge transfer is
more confined by geographical distance than codified knowledge transfer. The previous literature
has proved that knowledge spillovers are highly localized and country borders still restrict
international knowledge transfer to a great extent (Almeida and Kogut, 1999; Belenzon and
Schankerman, 2013; Morescalchi et al, 2015; Rosa and Mohnen, 2008; Jaffe et al., 1993). Given
that tacit knowledge transfer needs close and deep communications in general (Nooteboom, 2000;

43 Citation classification information is only available for European Patents (e.g., no information on
USPTO). Thus, we use patent families issued in European Patent Office.
44 The class-complexity scores are based on all available patent families in PATSTAT, issued 2000 onward.
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Howells, 2002), tacit knowledge spillovers are less likely to occur between inventors who are far
away from each other.
Therefore, we utilize geographical distances between the inventors’ locations of citing patents and
those of cited patents to arrive at a measure of tacitness. To calculate the distances, we use data
provided in Morrison et al. (2017), on disambiguated patent inventors and assignees. They have
disambiguated and harmonized the names of inventors and assignees, and their addresses, using
an algorithm comparing information among three different sets of patent data: EPO, USPTO, and
PCT. We use European Patents and their citations as EPO patents have the highest quality of
addresses compared to PCT and USTPO. We calculate the geographical distance of every pair of
inventors between those listed in cited patent and those in citing patent45 after excluding selfcitation, and then these distances are averaged for each four digit IPC class to which cited patents
belong. If this average citing distance between inventors is short, it implies that embodied
knowledge in this patent class does not travel over a long distance in general, and this implies that
the knowledge is relatively tacit. We use the inverse of the average citation distance in order to
measure the degree of tacitness. Patent level tacitness (Tacit) is the average field tacit scores (patent
class level) across IPCs of the focal patents. We predict a positive sign of the interaction between
Tacit and Foreign share.
𝑚𝑚𝑚𝑚𝑚𝑚 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

(4) 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 )𝑐𝑐
𝑟𝑟

(5) 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 )𝑖𝑖
with r= inventor pairs in citations, i=patent, c=IPC class

Relative technological capabilities of firms compared with host countries are calculated by using
firms’ patent stock and host countries’ patent stock. First, we assign the annual number of patent
applications the focal firm filed and that of patents invented in the host country for each 4 digit
IPC. Across IPCs listed in a patent, we calculate average patent stock of the firm and that of the
host country. The rationale is that each patent is associated with different technology fields and
average patent stock in IPCs where the patent is assigned is the most relevant indicator for
technological strength. Finally, the relative technological capability (RC) is the log-ratio of the firm
patent stock to the host country patent stock. The interaction term would be a positive sign

45 We only use inventors with high geo-resolution (i.e. street level addresses are available) in order to
guarantee the accuracy of distance measure.
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because the higher RC implies the stronger MNE or the weaker host country.
Control variables
A wide range of control variables at patent-, firm-, and host country-level, which may affect local
citations, are added for estimation. When it comes to firm and country level variables, a firm’s total
stock (Firm citations) of citations received by other firms in 4 year moving window is added, as a
strong technology leadership of the MNE may incentivize local firms to source knowledge from
the firm (e.g., Alcácer and Chung, 2007). This variable controls for the size of a firm’ patent stock
weighted by the quality of the patents (Hall et al, 2005). Controlling for the size of R&D
investments by the focal firm in each host country, Firm host patent is added, which measures the
annual patent stock in each host country of the focal MNE. In order to consider the volume of
patents that potentially cite focal patents, we calculate Host patent stock, indicating the number of
patent applications invented in the host country in a 4 year window (between t and t+3) if they
are assigned the same 2 digit IPC of the focal patent. An R&D host country’s GDP and GDP per
capita are added in order to control the size of economy and economic development.
As patent-level control variables, we add the number of total inventors listed on the patent (Patent
inventors) because more inventors may facilitate faster and greater diffusion of knowledge
embodied in the patent (Beldebos et al., 2014). The number of total backward citations (Back-cites)
is added as well, as this is associated with the amount of knowledge sourcing during the technology
development (Alcácer and Zhao, 2012). The total number of forward citations (For-cites) controls
for general unmeasured characteristics of individual patents that make these more likely to be
citied, including the general quality of a patent (Hall et al, 2005). We note that the dependent
variable is a subset of For-cites. However, the forward citations include citations by non-local entities
and self-citations; therefore, it is much broader in scope than the dependent variable. Without this
control variable in the empirical models, the effects of the independent variables on local citations
may actually capture the effects of quality, and we consider this specification a conservative
approach. Lastly, firm (the 120 sample MNEs), year (patent filing years), and technology class (2
digit IPCs) fixed effects are added in all models.
Basic statistics
Table 5.2 illustrates descriptive statistics and correlation coefficients among variables. The
dependent variable, Local cites, is negatively correlated with Foreign share, which is in line with our
expectation. Aligned with the previous literature (Zhao, 2006), Foreign share and Weak IPR are
negatively correlated, implying that foreign inventors are more involved in patents invented in weak
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IPR countries. The correlation between Local cites and Weak IPR is negative but it is difficult to
conclude that local citations are less likely in weak IPR countries because Weak IPR is also highly
correlated with GDP per capita and Host patent stock, standing for economic development and
technology stock in host countries. The average Foreign share is 0.20. This small share is ascribed to
the high number of patents with zero Foreign share in the sample (they account for 65.2% of the
sample). The average Foreign share across patents with at least one foreign inventor (e.g., Foreign
share>0) is 0.58. Foreign share is negatively correlated with the MNE’s R&D volume in the host
country (Firm host patent). This may imply that MNEs utilize local inventors to a greater extent if
they have a larger size R&D labs in the host country. Foreign share and Multi-country are highly
correlated since Multi-country is automatically 1 if Foreign share is zero.
Table 5.2. Descriptive statistics and correlation table
Variable
1
Local cites
2
Foreign share
3
Weak IPR
4
Multi-country
5
Discrete
6
Tacit
7
RC
8
Firm citations
9 Firm host patent
10 Host patent stock
11
GDP
12 GDP per capita
13
Back-cites
14
For cites
15 Patent inventors

Mean Std. Dev.
1.00
3.35
0.20
0.30
0.25
0.16
1.43
0.67
0.56
0.07
-0.96 0.55
-1.04 1.97
8.14
1.47
3.97
1.40
8.70
1.91
28.64 1.34
10.49 0.53
16.80 20.23
7.00 11.01
3.77
3.43

1

2

3

4

5

6

7

8

9

10

-0.08
-0.10
-0.07
-0.02
-0.01
-0.25
0.06
0.15
0.27
0.28
0.12
0.12
0.39
-0.02

0.13
0.88
-0.03
0.06
0.20
0.02
-0.29
-0.20
-0.17
-0.16
0.06
0.08
0.45

0.11
-0.05
-0.01
0.29
0.06
-0.29
-0.28
-0.07
-0.56
-0.03
-0.00
0.05

-0.01
0.07
0.17
0.00
-0.26
-0.19
-0.16
-0.14
0.06
0.09
0.48

0.02
-0.16
-0.22
-0.08
-0.11
-0.01
0.04
0.07
-0.10
0.07

-0.14
-0.10
-0.05
-0.02
0.06
0.06
0.09
-0.02
0.11

0.34
-0.27
-0.66
-0.66
-0.23
-0.07
-0.03
0.05

0.28
0.15
0.01
-0.11
-0.01
0.21
-0.09

0.47
0.42
0.21
-0.01
0.02
-0.13

0.74
0.16
0.01
0.11
-0.12

11

12

13

14

0.02
0.09 0.04
0.06 0.02 0.23
-0.07 -0.04 0.13 0.08

Note: All correlations except those in italics are significant at 5% level. Foreign share, Weak IPR, Multi-country, Discrete, Tacit, and
RC are demeaned in the estimation.

5.4. Empirical Results
The empirical results of negative binomial models are shown in Table 5.3. Model 1 shows the
results without any focal interaction term. Each interaction term is added one by one from Model
2 to Model 6. Model 7 includes all focal moderators simultaneously. The Wald tests refute the
hypothesis of no over-dispersion (P<0.001) across the seven models, which confirms that negative
binomial models are preferred to Poisson models. In Model 1, Foreign share is negatively significant
at the 1% level, implying that patents with foreign inventor involvement are less likely to be locally
cited. The coefficient of Foreign share implies a 8.9% decrease in the (expected) total amount of
citations by local firms toward a patent due to 10% increase in the foreign inventor share. On the
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other hand, the weak IPR coefficient is positively significant at the 1% level. The coefficient implies
a 10.6% increase in Local cites due to 1 standard deviation (1sd) increase in Weak IPR. Both
coefficients are in line with our expectations.
From Model 2 to Model 6, the focal interaction variables display expected signs but the interaction
term between Foreign share and Discrete is not significant. However, in Model 7 with the full
specification, all focal interactions are statistically significant at 5% or 1%. We believe that the
results based on all interactions are the most reliable, given that an interplay among the focal
interaction effects may exist. Aligned with our conjectures, in Model 7, the interactions with Weak
IPR, Multi-country, Discrete, and RC have negative signs of the coefficients whereas the Tacit
interaction has a positive sign. As the estimations are based on non-linear models, the effects of
Foreign share vary in the different values of the five moderators and the values of the other
covariates. Our analysis of economic significance defines a baseline elasticity of the foreign share
which is the effect when Weak IPR, Multi-country, Discrete, Tacit, and RC are at their sample means. 46
Since the five moderators are demeaned, the baseline effect is the coefficient of Foreign share per
se, or 10.9% decrease in Local cites due to 10% increase in the share. We then re-estimate the
elasticities of the foreign share assuming that each moderator has increased by 1 standard deviation
(1sd) from the mean respectively. Finally, we calculate the relative (percentage) change in the
elasticity from the baseline due to 1sd increase in each moderator, which implies the size of the
moderating effects. When Weak IPR has increased by 1sd from the mean (while other moderators
stay at mean), the elasticity of the foreign share has increased by 18.3% compared to the baseline
effect. This percentage increase in elasticity from the baseline effect is 15.6% if Multi-country
increases by 1sd while the percentage increase in elasticity is 5.5% due to 1sd increase in Discrete
and 20.5% due to 1sd increase in RC, respectively. Conversely, the elasticity of the foreign share
decreases by 6% from the baseline effect when assuming an increase in Tacit by 1sd. These analyses
suggest that in particular Weak IPR and RC exhibit relatively large moderating impacts on the
restrictive effects of the foreign inventor involvement.
We now discuss the results of other covariates. Multi-country has a positive sign. In the sense that
the model includes Foreign share to capture the restrictive effects of international inventor teams,
this positive effect on local citations may be associated with firms’ cross-country knowledge
sourcing and knowledge integration based on internal linkage (Lahiri, 2010; Frost and Zhou, 2005;

46 Using elasticities roles the dependence of the marginal effects on all covariates out. Elasticities of the
foreign share are only influenced by the five moderators in the model.
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Singh, 2008). In short, patents by multi-country inventor collaboration could be more valuable in
general. Discrete is positively associated with local cites, which is aligned with the prior literature
showing that knowledge localization is more profound in discrete sectors than in complex sectors
(e.g., Belenzon and Schankerman, 2013). 47 In contrast, Tacit is negatively significant, which is
expected since tacit knowledge transfer is difficult in general. RC has a negative coefficient. One
possibility is that RC mainly captures the effect of weak technological capabilities of host countries
or small technology pools in the countries rather than investing firms’ capabilities, since Firm
citations, which is positively significant, is also related to firm capabilities. Forward citations (Forcites) is positively significant. Economic development (GDP per capita), the size of economy (GDP),
and technology stock (Host patent stock) in the host countries have positive effects on the extent of
local cites. Back-cites is negatively significant, which could be related to the presence of intra-firm
backward citations, implying knowledge internalization (Hall et al, 2001). We do not find significant
coefficients for Firm host patent and Patent inventors presumably due to their high correlations with
other core variables.

Belenzon and Schankerman (2013) examined heterogeneity in knowledge localization across broad
technology areas based on patent classes (8 technology areas). We define the degree of complexity and
discreteness at the more fine grained technology areas (630 patent classes) by sophisticated methods.

47
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Table 5.3. Negative Binomial estimation on the extent of local citations
Dependent variable
=Local cites
Foreign share
Foreign share*Weak IPR

(1)

(2)

(3)

(4)

(5)

(6)

(7)

-0.89***
(0.06)

-0.94***
(0.06)
-1.44***
(0.25)

-0.91***
(0.06)

-0.89***
(0.06)

-0.89***
(0.06)

-1.03***
(0.06)

-1.09***
(0.06)
-1.29***
(0.26)
-0.25***
(0.06)
-0.80**
(0.34)
0.12**
(0.05)
-0.11***
(0.02)
0.63***
(0.07)
0.11***
(0.02)
0.27***
(0.08)
-0.02**
(0.01)
-0.13***
(0.00)
0.06***
(0.02)
-0.01
(0.01)
0.51***
(0.01)
0.28***
(0.01)
1.00***
(0.03)
-0.01***
(0.01)
0.98***
(0.00)
-0.00
(0.02)
-25.51***
(0.38)

Foreign share*Multi-country
Foreign share*Discrete

-0.27***
(0.06)

Foreign share*Tacit

-0.31
(0.32)

Foreign share*RC
Weak IPR
Multi-country
Discrete
Tacit
RC
Firm citations
Firm host patent
Host patent stock
GDP
GDP per capita
Back-cites
For-cites
Patent inventors
Constant

0.65***
(0.07)
0.06***
(0.02)
0.31***
(0.08)
-0.03***
(0.01)
-0.13***
(0.00)
0.06***
(0.02)
-0.00
(0.01)
0.51***
(0.01)
0.28***
(0.01)
1.03***
(0.03)
-0.02***
(0.01)
0.98***
(0.00)
-0.01
(0.02)
-25.78***
(0.38)

0.64***
(0.07)
0.06***
(0.02)
0.32***
(0.08)
-0.03***
(0.01)
-0.13***
(0.00)
0.06***
(0.02)
-0.00
(0.01)
0.52***
(0.01)
0.27***
(0.01)
1.00***
(0.03)
-0.01***
(0.01)
0.98***
(0.00)
-0.01
(0.02)
-25.48***
(0.38)

0.66***
(0.07)
0.12***
(0.02)
0.30***
(0.08)
-0.03***
(0.01)
-0.13***
(0.00)
0.06***
(0.02)
-0.00
(0.01)
0.51***
(0.01)
0.28***
(0.01)
1.03***
(0.03)
-0.02***
(0.01)
0.98***
(0.00)
-0.01
(0.02)
-25.77***
(0.38)

0.65***
(0.07)
0.06***
(0.02)
0.30***
(0.08)
-0.03***
(0.01)
-0.13***
(0.00)
0.06***
(0.02)
-0.00
(0.01)
0.51***
(0.01)
0.28***
(0.01)
1.03***
(0.03)
-0.02***
(0.01)
0.98***
(0.00)
-0.01
(0.02)
-25.79***
(0.38)

0.12**
(0.05)
0.65***
(0.07)
0.06***
(0.02)
0.31***
(0.08)
-0.02**
(0.01)
-0.13***
(0.00)
0.06***
(0.02)
-0.00
(0.01)
0.51***
(0.01)
0.28***
(0.01)
1.03***
(0.03)
-0.02***
(0.01)
0.98***
(0.00)
-0.01
(0.02)
-25.80***
(0.38)

-0.12***
(0.02)
0.65***
(0.07)
0.06***
(0.02)
0.29***
(0.08)
-0.03***
(0.01)
-0.13***
(0.00)
0.06***
(0.02)
-0.00
(0.01)
0.51***
(0.01)
0.28***
(0.01)
1.03***
(0.03)
-0.01***
(0.01)
0.98***
(0.00)
-0.01
(0.02)
-25.75***
(0.38)

Firm fixed
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Year fixed
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Tech-class fixed
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Observations
134,576
134,576
134,576
134,576
134,576
134,576
134,576
Log pseudo-likelihood
-110072.7 -110044.9 -110055.9 -110072.1 -110068.1 -110032.8 -109989.9
Note: Negative binomial regression results are shown. Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.10. Across
all models, the dispersion parameter (α) is statistically different from zero at 0.1% level.

121

Robustness checks and supplementary analyses
We examine the robustness of the findings reported in Table 5.3. The results and discussion on
these in detail are relegated to Appendix D. Results are consistent, among others, if 1) we employ
a zero inflated negative binomial specification; 2) we use a broader or narrower IPC classification
to control technology class fixed effects; 3) we examine subsamples in a restricted time period,
those by patents intensive sectors, or those by excluding patents from R&D locations where the
firms have few patent applications; 4) we extend the dependent variable with citations by the public
sectors in the host countries; and 5) we include all foreign invented patents of the MNEs, including
those with no citations in the sample. Generally supportive results are obtained if 6) the dependent
variable is exclusively constructed by local citations added by patent applicants and not by patent
examiners; 7) host country fixed effects are applied; and 8) a fixed effects Poisson model is applied.
In addition, we do not find systemic differences in estimated results between the subsample of
patents filed in EPO and that of patents not filed in EPO. We also find that the positive effect of
weak IPR on local spillovers is more profound if a patent is related to host country (market)
specific technologies, as in Nandkumar and Srikanth (2016).
Supplementary Analysis: The consequences of IPR and Foreign inventor involvement on
Inter-firm inventor mobility
Prior literature has shown that inter-firm mobile scientists and engineers are a major source of
inter-firm knowledge spillovers (e.g., Agarwal et al., 2009; Song et al. 2003). In Table 5.3, we find
evidence that incoming local citations are augmented by weak protection of IPR but weakened by
foreign inventor involvement. If inter-firm mobility of local inventors is a major mechanism of
local knowledge spillovers, inventor mobility is expected to be associated with Weak IPR and Foreign
share. We conduct additional analyses, investigating the relationships between our focal variables:
local citations, inventor mobility, IPR, and foreign inventor based linkage strategy at the patent
level.
We identify mobile inventors by using patent filing records on inventors and assignees using a
methodology established in prior studies (Almeida and Kogut, 1999; Hoisl, 2007; Kim et al., 2009;
Marx et al., 2009; Song et al, 2003). To be specific, if an inventor is listed on a patent record under
an assignee firm A, but previously was listed on patents filed by firm B, then this inventor can be
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inferred to have moved to a new company. 48 Based on this method, we create the new variable,
Mobility, which measures the number of local inventors, listed in the focal patent, who have
changed an employer(s) in the host country within 5 years (between t-2 and t+2). One known
weakness of identifying mobile inventors with patent filing records is non-negligible errors in the
(estimated) timing of their moves. For example, former inventors’ names often appear in patent
application documents even after they have left their employer (Ge et al., 2016); therefore, we use
a broad time window including the past period (t-1, t-2). We also test different time windows, i.e.,
[t-1, t+1], [t-3, t+3], and [t, t+2].
We basically use the same sample patents but further restrict the sample of this analysis to patent
families issued in EPO since the mobile inventors are identified through European patents. 16.4%
of the total patents (EP issued) involve outgoing local inventors. In this sample, we find a positive
correlation between Local cites and Mobility (P<0.001). Furthermore, patents involving at least one
mobile local inventor have received 1.39 local citations on average but this is 0.92 for patents
without any mobile inventor (the gap is significant at the 0.1% level). This is evidence that interfirm mobility of local inventors is a channel of local spillovers.
We also run negative binomial regressions of Mobility. We add new control variables in the model,
the aggregate number of inventors listed across host country patents (Host inventor stock) and the
aggregate number of inventors listed across the focal firm’s patent stock for each host country
(Firm host inventor) instead of patent stock measures (Host patent stock, Firm host patent) as the mobility
is more influenced by inventor stocks than patent stocks. We also add Local inventors, measuring the
number of local inventors listed in a focal patent in order to show that the restrictive effect of
Foreign share on mobility is not just driven by a smaller number of local inventors listed in a foreign
inventor based patent. Table 5.4 contains the results of negative binomial models for different
time windows of Mobility. The results are generally consistent across the four models.
Foreign share is negatively significant and the coefficient in Model 1 suggests that the number of
outgoing MNE inventors listed on a patent decreases by 6.9% due to a 10% increase in the foreign
share of the patent. On the other hand, Weak IPR is positively significant at the 1% level in Model
1. The coefficient of Weak IPR implies a 10% increase in Mobility due to 1sd increase in Weak IPR.
These results are evidence that weak IPR stimulates inter-firm mobility of R&D employees in the
48 We identify mobile inventors listed in European patents (EP) since they have the most accurate inventor
information compared to patents in other offices. See Chapter 2 for the process to identify mobile inventors
in details.
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countries, but that firms are able to mitigate outgoing mobility if they increase the involvement of
foreign located inventors in local R&D projects on the basis of their internal linkage strategies.
Table 5.4. Supplementary analysis on inter-firm inventor mobility
Dependent variable=Mobility
Foreign share
Weak IPR
Multi-country
Discrete
Tacit
RC
Firm citations
Firm host inventor
Host inventor stock
GDP
GDP per capita
Back-cites
For-cites
Patent inventors
Local inventors
Constant
Firm, year, tech-class, country effects

Observations
Log pseudo-likelihood

(1)
[t-2, t+2]

(2)
[t-1, t+1]

(3)
[t-3, t+3]

(4)
[t, t+2]

-0.69***
(0.12)
0.65***
(0.20)
0.06*
(0.03)
-1.14***
(0.19)
0.13***
(0.03)
-0.11***
(0.01)
-0.01
(0.03)
-0.18***
(0.01)
0.34***
(0.12)
3.91***
(0.72)
-1.25
(0.78)
0.14***
(0.01)
0.10***
(0.01)
0.05
(0.05)
0.85***
(0.03)
-110.17***
(15.14)

-0.72***
(0.12)
0.73***
(0.19)
0.08**
(0.03)
-1.24***
(0.18)
0.14***
(0.03)
-0.10***
(0.01)
-0.02
(0.03)
-0.17***
(0.01)
0.36***
(0.11)
3.91***
(0.69)
-1.62**
(0.75)
0.12***
(0.01)
0.10***
(0.01)
0.02
(0.05)
0.85***
(0.03)
-106.39***
(0.02)

-0.75***
(0.11)
0.70***
(0.19)
0.08**
(0.03)
-1.27***
(0.18)
0.14***
(0.02)
-0.10***
(0.01)
-0.04
(0.03)
-0.16***
(0.01)
0.34***
(0.11)
3.99***
(0.67)
-1.87***
(0.72)
0.12***
(0.01)
0.10***
(0.01)
0.02
(0.05)
0.85***
(0.02)
-105.73***
(14.08)

-0.68***
(0.14)
0.41*
(0.24)
0.05
(0.04)
-1.11***
(0.22)
0.13***
(0.03)
-0.12***
(0.01)
0.05
(0.04)
-0.18***
(0.01)
0.18
(0.13)
3.30***
(0.84)
-0.23
(0.87)
0.14***
(0.02)
0.11***
(0.01)
0.13**
(0.06)
0.79***
(0.03)
-102.06***
(17.65)

Yes
82,137
-48316.9

Yes
82,137
-41676.9

Yes
82,137
-53673.3

Yes
82,137
-37423.8

Note: Negative binomial regression results are shown. Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.10. Across
all models, the dispersion parameter (α) is statistically different from zero at 0.1% level.

5.5. Discussion and Conclusion
This study investigates the role of host country IPR regimes and MNEs internal linkage strategies
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in the context of knowledge spillovers from MNEs’ R&D operations to local firms. We find that
outward knowledge spillovers from MNEs’ local R&D units are more frequent if R&D host
countries have weaker protection of IPR, and that the effectiveness of the involvement of foreign
located inventors in local R&D projects based on MNEs’ cross-country R&D internal linkages
reduces knowledge spillovers. Our analyses suggest that the restrictive effect of foreign inventor
involvement on knowledge spillovers is amplified in countries with weaker IPR protection; if
foreign inventors in the R&D team are located in more countries; if the R&D projects are focusing
on discrete knowledge; and if the MNEs are technically advanced compared with local firms in
host countries. In contrast, the spillover reducing effect of foreign inventor involvement is
weakened if the technologies build on tacit knowledge. Our supplementary analyses suggest that
an important underlying mechanism of local spillovers is inter-firm mobility of local R&D
employees. In particular, host countries’ weak IPR regimes increase the probability of outgoing
inventor mobility, while MNEs’ internal linkage strategies involving foreign inventors decrease it.
This study contributes to the literature on international knowledge spillovers (e.g., Singh, 2007;
Driffield et al, 2010; Filatotchev et al, 2011; Mu and Lee, 2005; Orazbayev, 2017; Smarzynska
Javorcik, 2004) by examining the interplay between outward spillovers from MNEs’ local R&D
units and legal protection of IPR in host countries. In addition, we provide new insights to the
literature on the roles of (local) inventors in global R&D operations (e.g., Berry, 2017; Nandkumar
and Srikanth, 2016; Song et al, 2011) by providing direct evidence that less involvement of foreign
inventors, i.e., stronger involvement of local inventors in local R&D projects, determines effective
knowledge spillovers in host countries. We also contribute to the IP strategy literature (Alcácer and
Zhao, 2012; Belderbos and Somers, 2015; Zhao, 2006) by investigating conditions under which
internal linkage strategies work more (or less) effectively in order to prevent outward spillovers.
Our findings contribute to the literature on FDI, trade, and IPR (e.g., Belderbos et al., 2008; 2013b;
Branstetter et al., 2006; Smith, 2001; Ito and Wakasugi 2007), as our results show that indeed a
strong relationship exists between IPR regime and inter-firm local spillovers exist, which helps to
explain why MNEs are generally headed towards strong IPR countries. Finally, our study brings
additional insights to prior work on inter-firm inventor mobility (e.g., Ganco et al., 2015; Hoisl,
2007; Palomeras and Melero, 2010; Song et al., 2003) as we find that inventor mobility is influenced
by both firms’ IP protection strategies and host countries’ IPR policies.
The findings suggest a number of implications. Our study suggests that MNEs can intentionally
create collaborations between foreign inventors and local inventors for foreign R&D projects,
relying on their internal R&D linkages, in order to reduce the risk of outward knowledge spillovers
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in host countries. MNEs may further reduce local spillovers if they increase the scope of crosscountry linkage in R&D and if they make use of international inventor teams for R&D activities
involving discrete and codified knowledge. These findings imply that domestic firms in host
countries benefit from spillovers from foreign MNEs to a lesser extent if the MNEs have measures
in place preventing spillovers. This suggests that local governments must take into account foreign
firms’ reaction to the threat of local spillovers when they assess the benefits of policies to attract
foreign R&D investments. In order to maximize spillover benefits, countries may target foreign
R&D investors that are focusing on complex and tacit technologies, where firms’ linkage strategies
are less likely to prevent spillovers. In general, our findings highlight a trade-off between attracting
R&D investments and the extent of local knowledge spillovers due to this R&D, when countries
enhance the strength of IP protection. Chapter 2 and 4 confirmed that strong IPR protection
attracts foreign R&D investments. In this chapter, we have shown that local knowledge spillovers
from foreign R&D operations are reduced by strong IPR protection. Therefore, the net benefits
of strengthening IPR in terms of foreign R&D is still unclear, and this question is an important
future research topic.
This study has some limitations. First, inter-firm spillovers are more severe issues if the spillovers
occur between firms in the same product market (Alcácer and Zhao, 2012). In this study, we could
not take into account characteristics of spillover recipients (local firms) due to the lack of data.
This will be an interesting topic for future research. Second, given that knowledge spillovers are
highly localized (Almeida and Kogut, 1999; Belenzon and Schankerman, 2013; Rosa and Mohnen,
2008), citations within country boundaries are less likely to indicate local spillovers if a host
country is large. Hence, citations within a cluster would be more desirable indicators for spillovers.
We note, however, that country borders restrict knowledge spillovers even if the distance to
recipients is short (e.g., Bottazzi and Peri, 2003; Morescalchi et al, 2015) such that country-level
local citation analysis is still relevant to explain localized knowledge spillovers. Third, patent
citations may also capture voluntary knowledge transfer, which can occur through technology
licensing, R&D outsourcing, and inter-firm alliances (e.g., Buss et al, 2015; Frankort et al, 2011;
Gomes-Casseres et al, 2006; Yang and Maskus, 2005). Although we could not control for these
factors, economic theory suggests that strong IPR stimulates technology licensing (Yang and
Maskus, 2001) while we generally find that strong IP protection decreases local citations. Perhaps
citations due to planned technology transfers account for only a small portion of local citations.
In addition, unlike patent citations, outgoing inventor mobility is less likely to be affected by firms’
voluntary knowledge transfers, but we observe similar drivers of local inventor mobility analyses.
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Finally, trade secret protection policies can be important legal measures affecting local spillovers
(e.g., Garmaise 2009; Marx et al, 2009) but this study did not investigate such policies. One
possibility in future research is to focus on heterogeneity in trade secret policies across countries,
especially where this relates to inventor mobility, such as the enforcement on non-compete clauses.
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Appendix D
Appendix D1. Discussion on robustness checks
Negative binomial specifications
We examine the robustness of the core findings. All results are shown in Table D1-D3. First, we
relied on 2 digit IPC classes to control for technology class fixed effects. Model 1 in Table D1
report results when we include 4 digit IPC class fixed effects instead. Results are consistent. We
further check fixed effect by 1 digit IPC classes, a broader classification, but results in Table D1,
Model 2 remain similar.
Second, patent citations are not free from truncation bias in the most recent years, which could be
a potential source of bias (Hall et al, 2005). Although we consistently added patent filing year fixed
effects in the models, we additionally examine the effect of the truncation by restricting our sample
patents to those applied for until 2009. Similar results are observed (Table D1. Model 3).
Third, we have only investigated citations by local firms but knowledge spillovers to local
government organizations and local universities may also be concerns for MNEs, e.g. because local
competitors can source knowledge from the public sector (e.g., Belenzon and Schankerman, 2013;
Eom and Lee, 2010). In our sample, non-company citations account for 5% of the total local
citations. When we extend the dependent variable with local citations by all types of assignees
including universities and government agencies, there are no systematic difference observed (Table
D1. Model 4).
Fourth, even though we added a number of control variables in the models, there is still a risk of
omitted variable bias caused due to unobserved characteristics of R&D host countries. To remedy
this, we include host country fixed effects in the model. We find consistent results for our core
variables, including the interaction terms (Table D1. Model 5). However, the main effect of Weak
IPR turns into negative. This might be ascribed to limited variance per country over time of Weak
IPR – which is a particular features of countries with strong IP protection. Our IPR indicator
(GP*IC) measures the proximity to the global IP protection frontier, and strong IPR countries
near the frontier are less likely to increase their protection scores over time. Hence, Weak IPR may
capture the IPR effect mainly for weak IPR countries with over-time variance. To test this
conjecture, we create two sub-samples: one including only patents invented in strong IPR host
countries (above the median IPR) and only including those in weak IPR host countries (below the
median; see Table D3, Model 1-2). Interestingly, Weak IPR is negative in the weak IPR country
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sample but not significant (with a positive sign) in the strong IPR sample. We conclude that the
unexpected effect of weak IPR in fixed effect models is due to the difficulty in identifying IPR
effects in light of the limited within-country variation in IPR in high IPR countries.
Sixth, we assume that patents are invented by R&D activities of firms in countries in which patent
inventors have residency. Hence, we examine all patent applications by the focal firms and define
the inventors’ countries as R&D host countries. However, inventor addresses in patent documents
do not fully guarantee R&D locations of firms. The names of external inventors might appear on
patent documents due to temporary collocations with other firms or research contracts. To be
conservative on this issue, we run the estimation after excluding the patents of firms from the
sample if the firms have less than 5 patents in each R&D host country during the observed period
(2000-2014). While 2,225 observations are deleted by this criterion, we observe similar results
(Table D1. Model 6).
Seventh, we also check the robustness of our findings with a smaller subset of the sample. When
we exclude patents by 17 firms operating in the beverage, tobacco, and food sectors, which are
presumably the least technology intensive ones in the sample (only 2% of observations are
dropped), similar results are obtained (Table D1. Model 7). We further estimate a model excluding
a broader range of firms in non-patent intensive sectors by only including 60 firms from the
chemical, pharmaceutical, ICT, and electronics sectors in the sample. Table D1. Model 8 also
shows similar patterns although the discrete and tacit interaction terms are only marginally
significant.
Eighth, the unit of our analyses is the patent family level. This method allows us to identify
knowledge flows between patents filed in different patent offices. However, patent applications
may share unobserved common characteristics depending on patent offices where they are filed.
To check whether patent office bias exists in our estimation, we examine sub-samples of patent
families filed in EPO and those not field in EPO. We do not find evidence that systemic differences
exist between the two sub-samples (Table D1. Model 9 and 10).
Alternative model specifications
Ninth, as alternative regression models, zero-inflated negative binomial models (ZNB) could be
used if there are excessive zero values in the dependent variable. Given that we observe a high
portion of zero values in Local cites (70%), we also run a zero inflated negative binomial regression
model. ZNB requires to designate the determinants of excessive zeros in the dependent variable.
Therefore, we check the correlation coefficients between zero outcomes in Local cites and our
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independent variables and choose those with high correlations as the explanatory variables for the
excess zeros specification. Firm host patent (corr: -0.26), Host patent stock (-0.44), GDP (-0.47), and
GDP per capita (-0.21) are included. Results suggest that the probability of zero outcomes is highly
affected by host countries’ patent stock. With this ZNB specification, we obtain very similar results
(Table D2. Model 1).
Tenth, we excluded the MNEs’ patents that do not received any citation, as these patents may
contain non-valuable technologies unlikely to generate spillovers. However, recently issued patents
without citations may have the potential to be cited in the future. Thus, we also estimate the model
including all patents. As the zero outcomes are strongly increased, a ZINB model with the same
specification as in Model 1, Table D2 is estimated. We obtain consistent results although the
interaction of Foreign share and Discrete becomes marginally significant (Table D2. Model 2).
Eleventh, prior literature has shown that an important share of citations is added by patent
examiners and that these citations may have some different characteristics from those suggested
by applicants (Alcácer and Gittelman, 2006; Criscuolo and Verspagen, 2008). Hence, we reconstruct the dependent variable only with citations added by applicants. 49 We can identify 55,947
applicant added local citations to the sample patents, which account for 41.4% of the total local
citations in the sample. We run the ZINB model with the same specification of Model 1 in Table
D2 again, since zero outcomes are more frequent with this new dependent variables (84.6%). The
results in Model 3, Table D2 are generally consistent. The interactions of Foreign Share with Weak
IPR and with Discrete are not significant at the conventional levels, although they have the expected
signs. We note that solely using citations by patent applicants also has a severe limitation in tracking
knowledge flows because firms tend to intentionally omit a number of citations that may be
sources of legal IP disputes, whereas examiners have no incentive to do so (e.g., Lampe, 2012).
Twelfth, although over-dispersion tests suggest that negative binomial models are preferred to
Poisson models in our case, Poisson models still have theoretical advantages as they reply on less
strong assumptions. Hence, we apply a fixed effects (panel) Poisson model with robust standard
errors 50 as an alternative econometric method. This method is expected to be robust to arbitrary
patterns of serial correlation (Wooldridge, 1999). In Table D2. Model 4, we obtain qualitatively
similar results, but the discrete and tacit interaction terms turn insignificant, which may be due to

49
50

Applicant added citations are classified as “APP” at the citation origin in PATSTAT.
We use the “xtpqml” command in Stata.
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the lower efficiency of the Poisson estimator.
Sub-sample analyses
Finally, we conduct an additional supplementary analysis of heterogeneous IP risk depending on
the target markets of international R&D (e.g., Nandkumar and Srikanth, 2016). It is expected that
local knowledge spillovers tend to be higher if R&D projects aim to develop technologies focusing
on the local market than if the projects target other markets. Furthermore, foreign firms are less
concerned about weak IPR regimes in host countries if their local R&D projects create
technologies that target other markets outside the host country (Nandkumar and Srikanth, 2016).
Similarly to Nandkumar and Srikanth (2016), we define patents targeting host country markets
(Host target) as those filed at the host country’s patent office but not filed at the home country of
the firm. The counterpart (Non-host target) is the set of patents not filed at the host country’s patent
office and, simultaneously not filed at the home country’s office, only in third countries. These
patents are likely to be associated with R&D projects for markets in other countries. 51 Host target
patents account for 17% of the total sample patents and this is 18.6% in case of Non-host target
patents. We run negative binomial regressions for two subsamples.
Interestingly, we find that Weak IPR is positively significant at the 1 % level in the sample of host
target patents but not significant in the sample of non-host target (Table D3. Model 3-4). This
finding implies that the effect of IP protection policies on local spillovers is more profound if
R&D projects target host country markets.

51 Patents issued in both a host country and a home country are more likely to involve a global purpose of
technologies rather than local specific ones.
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Table D1. Robustness checks with negative binomial models
Part 1
Dependent variable=Local cites
Foreign share
Foreign share*Weak IPR
Foreign share*Multi-country
Foreign share*Discrete
Foreign share*Tacit
Foreign share*RC
Weak IPR
Multi-country
Discrete
Tacit
RC
Firm citations
Firm host patent
Host patent stock
GDP
GDP per capita
Back-cites
For-cites
Patent inventors
Constant
Firm fixed
Year fixed
Tech-class fixed
Observations
Log pseudo-likelihood

(1)
4digit
Class fixed

(2)
1digit
Class
fixed

(3)
Sample
up to 2009

-1.11***
(0.06)
-1.31***
(0.26)
-0.24***
(0.06)
-0.81**
(0.34)
0.14***
(0.05)
-0.12***
(0.02)
0.65***
(0.07)
0.12***
(0.02)
0.34***
(0.12)
-0.04***
(0.02)
-0.13***
(0.01)
0.07***
(0.02)
-0.01
(0.01)
0.52***
(0.01)
0.27***
(0.01)
1.01***
(0.03)
-0.02***
(0.01)
0.98***
(0.00)
-0.00
(0.02)
-25.57***
(0.39)

-1.14***
(0.06)
-0.71**
(0.28)
-0.26***
(0.06)
-1.06***
(0.35)
0.11**
(0.05)
-0.16***
(0.02)
0.25***
(0.07)
0.12***
(0.02)
0.01
(0.08)
0.03**
(0.01)
-0.18***
(0.00)
0.10***
(0.02)
0.02*
(0.01)
0.18***
(0.01)
0.55***
(0.01)
0.85***
(0.02)
-0.03***
(0.01)
0.97***
(0.01)
0.02
(0.02)
-29.18***
(0.39)

-1.06***
(0.07)
-1.30***
(0.27)
-0.27***
(0.06)
-0.71**
(0.36)
0.12**
(0.05)
-0.11***
(0.02)
0.65***
(0.07)
0.11***
(0.02)
0.30***
(0.09)
-0.02**
(0.01)
-0.13***
(0.01)
0.07***
(0.02)
-0.02
(0.01)
0.53***
(0.01)
0.26***
(0.02)
1.06***
(0.03)
-0.02***
(0.01)
0.98***
(0.01)
0.00
(0.02)
-25.82***
(0.41)

-1.06***
(0.06)
-1.12***
(0.25)
-0.23***
(0.06)
-0.86***
(0.33)
0.11**
(0.05)
-0.12***
(0.02)
0.62***
(0.07)
0.10***
(0.02)
0.31***
(0.08)
0.00
(0.01)
-0.14***
(0.00)
0.06***
(0.01)
-0.01
(0.01)
0.50***
(0.01)
0.26***
(0.01)
1.02***
(0.03)
-0.02***
(0.01)
0.97***
(0.00)
-0.01
(0.02)
-24.99***
(0.37)

-1.07***
(0.06)
-1.41***
(0.27)
-0.25***
(0.06)
-0.66**
(0.33)
0.12***
(0.05)
-0.11***
(0.02)
-0.35***
(0.11)
0.11***
(0.02)
0.33***
(0.08)
-0.03***
(0.01)
-0.12***
(0.00)
0.04***
(0.02)
0.05***
(0.01)
0.28***
(0.02)
1.71***
(0.39)
-0.69*
(0.39)
-0.02***
(0.01)
0.98***
(0.00)
0.01
(0.02)
-48.38***
(0.03)

Yes
Yes
Yes
134,576
-109357.6

Yes
Yes
Yes
134,576
-111048.0

Yes
Yes
Yes
115,475
-100168.5

Yes
Yes
Yes
134,576
-112685.6

Yes
Yes
Yes
134,576
-109176.9
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(4)
(5)
All types of Country Fixed
local assignees

Part2
Dependent variable=Local cites

Foreign share
Foreign share*Weak IPR
Foreign share*Multi-country
Foreign share*Discrete
Foreign share*Tacit
Foreign share*RC
Weak IPR
Multi-country
Discrete
Tacit
RC
Firm citations
Firm host patent
Host patent stock
GDP
GDP per capita
Back-cites
For-cites
Patent inventors
Constant

(6)
Excluding
Few patents
locations

(7)
Excluding
Food and
Tobacco
firms

(8)
Only patent
intensive
firms

(9)
EPO filed
patents

(10)
Non EPO
filed patents

-1.08***
(0.06)
-1.14***
(0.26)
-0.25***
(0.06)
-0.76**
(0.34)
0.12**
(0.05)
-0.12***
(0.02)
0.63***
(0.07)
0.11***
(0.02)
0.26***
(0.08)
-0.02**
(0.01)
-0.13***
(0.00)
0.06***
(0.02)
-0.00
(0.01)
0.51***
(0.01)
0.28***
(0.01)
1.01***
(0.03)
-0.01***
(0.01)
0.98***
(0.00)
-0.00
(0.02)
-25.69***
(0.39)

-1.08***
(0.06)
-1.25***
(0.26)
-0.24***
(0.06)
-0.72**
(0.34)
0.12**
(0.05)
-0.12***
(0.02)
0.64***
(0.07)
0.11***
(0.02)
0.26***
(0.08)
-0.02*
(0.01)
-0.14***
(0.00)
0.06***
(0.02)
-0.01
(0.01)
0.51***
(0.01)
0.27***
(0.01)
1.00***
(0.03)
-0.02***
(0.01)
0.98***
(0.00)
-0.01
(0.02)
-25.35***
(0.39)

-0.94***
(0.07)
-0.69**
(0.31)
-0.24***
(0.07)
-0.75*
(0.40)
0.09*
(0.06)
-0.16***
(0.02)
0.92***
(0.09)
0.09***
(0.03)
0.43***
(0.10)
-0.03**
(0.01)
-0.14***
(0.01)
0.15***
(0.02)
-0.05***
(0.01)
0.53***
(0.02)
0.34***
(0.02)
1.03***
(0.03)
0.01
(0.01)
1.00***
(0.01)
-0.02
(0.02)
-28.42***
(0.52)

-0.98***
(0.08)
-0.72*
(0.37)
-0.24***
(0.08)
-0.97**
(0.45)
0.12*
(0.06)
-0.10***
(0.02)
0.37***
(0.10)
0.10***
(0.03)
0.60***
(0.12)
-0.03**
(0.01)
-0.14***
(0.01)
0.15***
(0.02)
-0.08***
(0.01)
0.45***
(0.02)
0.37***
(0.02)
0.97***
(0.04)
0.02**
(0.01)
0.98***
(0.01)
0.00
(0.02)
-27.74***
(0.51)

-1.16***
(0.10)
-1.93***
(0.37)
-0.31***
(0.10)
-1.06**
(0.52)
0.09
(0.08)
-0.13***
(0.03)
0.65***
(0.11)
0.12***
(0.03)
-0.16
(0.12)
-0.03**
(0.02)
-0.12***
(0.01)
-0.06**
(0.03)
0.10***
(0.01)
0.58***
(0.02)
0.16***
(0.02)
0.96***
(0.04)
-0.03***
(0.01)
0.99***
(0.01)
0.01
(0.03)
-21.80***
(0.62)

Firm fixed
Yes
Yes
Yes
Yes
Yes
Year fixed
Yes
Yes
Yes
Yes
Yes
Tech-class fixed
Yes
Yes
Yes
Yes
Yes
Observations
132,351
131,745
94,006
82,137
52,440
Log pseudo-likelihood
-109411.0
-107235.6
-78465.2
-68170.9
-41215.3
Note: Negative binomial regression results are shown. Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.10. Across
all models, the dispersion parameter (α) is statistically different from zero at 0.1% level.
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Table D2. Robustness checks with alternative models
Dependent variable =Local cites

Foreign share
Foreign share*Weak IPR
Foreign share*Multi-country
Foreign share*Discrete
Foreign share*Tacit
Foreign share*RC
Weak IPR
Multi-country
Discrete
Tacit
RC
Firm citations
Firm host patent
Host patent stock
GDP
GDP per capita
Back-cites
For-cites
Patent inventors
Constant

(1)
Zero inflated NB

(2)
Including no
citation patents

(3)
Only applicant
added citations

(4)
Fixed effects
Poisson with
robust errors

-0.98***
(0.06)
-0.76***
(0.28)
-0.24***
(0.06)
-0.67**
(0.33)
0.13***
(0.05)
-0.11***
(0.02)
0.66***
(0.07)
0.10***
(0.02)
0.25***
(0.08)
-0.04***
(0.01)
-0.12***
(0.00)
0.06***
(0.02)
-0.00
(0.01)
0.43***
(0.01)
0.15***
(0.02)
0.84***
(0.04)
-0.01**
(0.00)
0.99***
(0.00)
-0.02
(0.02)
-19.28***
(0.49)

-0.98***
(0.06)
-0.84***
(0.27)
-0.29***
(0.06)
-0.54*
(0.33)
0.14***
(0.05)
-0.10***
(0.02)
0.52***
(0.07)
0.11***
(0.02)
0.28***
(0.08)
-0.03***
(0.01)
-0.11***
(0.00)
0.03*
(0.02)
0.01
(0.01)
0.40***
(0.01)
0.20***
(0.02)
0.82***
(0.04)
0.01*
(0.00)
1.23***
(0.01)
-0.04***
(0.02)
-20.76***
(0.49)

-1.06***
(0.10)
-0.42
(0.50)
-0.24***
(0.09)
-0.67
(0.53)
0.25***
(0.08)
-0.09***
(0.03)
0.28**
(0.13)
0.14***
(0.03)
0.34**
(0.14)
0.03*
(0.02)
-0.09***
(0.01)
0.06**
(0.03)
0.01
(0.02)
0.37***
(0.03)
0.08**
(0.04)
1.00***
(0.13)
-0.04***
(0.01)
1.12***
(0.01)
0.06**
(0.03)
-19.04***
(1.23)

-0.97***
(0.10)
-1.16**
(0.58)
-0.25***
(0.09)
-0.89
(0.63)
0.12
(0.10)
-0.11***
(0.03)
0.73**
(0.29)
0.10***
(0.02)
0.38*
(0.22)
-0.05
(0.04)
-0.11***
(0.01)
0.06
(0.04)
0.01
(0.03)
0.51***
(0.04)
0.32***
(0.08)
1.05***
(0.07)
0.01
(0.01)
1.00***
(0.01)
0.00
(0.02)
-

Firm fixed
Yes
Yes
Yes
Yes
Year fixed
Yes
Yes
Yes
Yes
Tech-class fixed
Yes
Yes
Yes
Yes
Observations
134,576
215,560
134,576
134,515
Log pseudo-likelihood
-109284.7
-111955.4
-64578.06
-113930.1
Note: Zero-inflated negative binomial regression results are shown in (1), (2), and (3) while a fixed effects Poisson model is used in (4).
Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.10. Across all ZNB models, the dispersion parameter (α) is
statistically different from zero at 0.1% level.
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Table D3. Sub-sample analyses on IPR
Dependent variable
=Local cites
Weak IPR
Foreign share
Multi-country
Discrete
Tacit
RC
Firm citations
Firm host patent
Host patent stock
GDP
GDP per capita
Back-cites
For-cites
Patent inventors
Constant

(1)
Strong IPR
countries

(2)
Weak IPR
countries

(3)
Host target
patents

(4)
Non-host target
patents

0.12
(0.42)
-0.84***
(0.08)
0.06**
(0.03)
0.65***
(0.10)
-0.02
(0.01)
-0.12***
(0.01)
0.06***
(0.02)
0.06***
(0.01)
0.38***
(0.02)
0.35***
(0.03)
2.26***
(0.12)
-0.03***
(0.01)
0.97***
(0.01)
0.02
(0.02)
-39.97***
(1.09)

-0.22*
(0.13)
-0.93***
(0.08)
0.07***
(0.03)
-0.10
(0.12)
-0.06***
(0.02)
-0.12***
(0.01)
0.06**
(0.03)
-0.02*
(0.01)
0.63***
(0.02)
0.13***
(0.02)
0.91***
(0.03)
-0.00
(0.01)
0.98***
(0.01)
-0.01
(0.02)
-21.47***
(0.05)

1.08***
(0.18)
-0.32**
(0.13)
-0.02
(0.04)
0.12
(0.12)
-0.06***
(0.01)
-0.07***
(0.01)
-0.02
(0.03)
0.09***
(0.02)
0.53***
(0.03)
0.18***
(0.03)
0.61***
(0.07)
-0.02**
(0.01)
1.01***
(0.01)
0.07**
(0.04)
-17.54***
(0.81)

0.06
(0.22)
-0.82***
(0.17)
0.03
(0.06)
0.16
(0.41)
-0.02
(0.06)
-0.23***
(0.03)
-0.04
(0.09)
0.03
(0.03)
0.47***
(0.04)
0.02
(0.04)
0.67***
(0.07)
0.01
(0.03)
0.85***
(0.03)
0.10
(0.07)
-13.66***
(1.50)

Firm fixed
Yes
Yes
Yes
Yes
Year fixed
Yes
Yes
Yes
Yes
Tech-class fixed
Yes
Yes
Yes
Yes
Observations
67,034
67,542
22,870
25,012
Log pseudo-likelihood
-60905.7
-48252.8
-27484.7
-7033.1
Note: Negative binomial regression results are shown. Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.10. Across
all models, the dispersion parameter (α) is statistically different from zero at 0.1% level.
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Chapter 6.
Conclusion
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R&D globalization by MNEs has become an important phenomenon in the global economy.
Cross-border R&D investments enable foreign investors to facilitate market adaptations of
existing products and capability building by sourcing specific local knowledge distributed across
different countries. Host countries also enjoy benefits of technology spillovers from local R&D
activities of foreign firms, which enhances the countries’ innovation capabilities.
IPR protection policies play important roles in attracting foreign R&D investors. Conventional
wisdom suggests that strengthening IPR mitigates concerns of MNEs about potential IP
misappropriation by local competitors and helps them to appropriate the returns to R&D in the
host country; therefore, it induces foreign R&D investments. This notion is supported by an
extensive literature on IPR showing a positive association between strong IPR and inward R&D
investments, and by a number of executive surveys that invariably report weak protection of IPR
as a serious obstacle to international R&D investments. However, the increase in R&D
investments made in the recent decade by MNEs in emerging economies with weak IP protection
is at odds with this conventional wisdom. Hence, the core research question in the dissertation is
how MNEs can reconcile the needs of local R&D in emerging economies where MNEs enjoy
benefits of R&D cost reduction and local adaptation for growing markets with the greater risk of
IP leakage to local competitors associated with R&D investments in these countries.
In this dissertation, it is argued that these twin phenomena can be explained by the strong
heterogeneity in the effects of host country IPR protection on IP hazards due to foreign R&D.
Our findings generally support that the effective risk of IP leakages and misappropriations due to
foreign R&D differs depending on firms’ strategies to protect their IP assets abroad, the nature of
knowledge embodied in firm technologies, technological capabilities of R&D investors and host
countries, and inter-firm mobility of R&D personnel in host countries. This dissertation
contributes to an expanding stream of literature on IPR (e.g., Kumar, 1996; Smith, 2001;
Branstetter et al., 2006, 2007, 2011; Mansfield, 1994; Lee and Mansfield, 1996; Ito and Wakasugi,
2007; Belderbos et al., 2008, 2013b) by providing new insights on the heterogeneous IPR
influences on cross-border R&D. We now summarize our key findings regarding the four sources
of heterogeneity.
First, MNEs’ strategies to protect their IP assets abroad are an important factor that affects the
heterogeneity of IPR effects. The results in Chapter 4 showed that firms with strong internal
linkages in their global R&D organization are more likely to invest in R&D in countries with
weaker protection of IPR. Chapter 3 verified that this strategy is associated with mitigating the
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negative impact on market valuation by R&D investments in weak IPR countries. Chapter 5
confirmed that outward knowledge spillovers from local R&D units of MNEs (including outward
mobility of MNE inventors) are restricted if firms make use of international inventor teams based
on their internal linkage strategies, and this restrictive effect is more profound in weaker IP
environments. Our findings are in line with prior work on linkage strategies (e.g., Alcácer and Zhao,
2012; Belderbos and Somers, 2015; Zhao, 2006; Nandkumar and Srikanth, 2016) concluding that
cross-country R&D internal linkage operates as an effective IP protection strategy to prevent
outgoing knowledge spillovers under high IP threats. We add important new insights to this
literature by verifying that such strategies also have a major influence on MNEs’ R&D location
decisions, firm market valuation, and inter-firm mobility of MNE inventors in local R&D units.
We also contribute to the literature by investigating the interplay between internal linkage strategies
and heterogeneous legal IP environments across host countries. In general, our findings support
the notion that MNEs’ IP protection strategies reduce the importance of host countries’ legal IP
protection systems for cross-border R&D activities by MNEs.
Second, the nature of knowledge embodied in IP assets is another source of heterogeneity in the
effects of IPR. Chapter 4 showed that MNEs whose technology domains mainly involve discrete
(or complex) knowledge are less (or more) likely to engage in R&D investments in countries with
weaker IPR as the likelihood that the leakage of a single knowledge asset leads to severe loss of
profits is higher for discrete than for complex technologies. Chapter 5 found that the risk of local
spillovers from foreign R&D operations is higher for discrete technologies than complex
technologies, which suggests that local firms are more incentivized to absorb spillovers from
MNEs’ local R&D units if the technologies are based on discrete knowledge. In contrast, the risk
of tacit knowledge leakage works differently between ex ante and ex post R&D investments. Our
results suggest that firms that operate in technology domains characterized by tacit knowledge are
less likely to invest in weak IPR countries at the stage of R&D country selection (Chapter 4)
because tacit knowledge can be protected much more effectively without foreign R&D
investments. After R&D entries in weak IPR countries, tacit knowledge spillovers from MNEs’
local R&D operations are less likely (compared to codified knowledge spillovers) due to the
inherent difficulty of transferring tacit knowledge (Chapter 5).
We also showed the interplay between internal linkage strategies and the two technology
dimensions. In Chapter 4, the R&D deterrent effect due to weak IPR is weakened by MNEs’
linkage strategies but this consequence is most profound for firms whose technologies mainly
involve tacit and discrete knowledge, for which IP risk is supposed to be substantial. Chapter 5
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directly examined the conditions that affect the effectiveness of the linkage strategies in the context
of local knowledge spillovers to domestic firms in R&D host countries. We found that the
restrictive effect of linkage strategies characterized by foreign inventor involvement in R&D
projects is more profound for discrete technologies but less profound for technologies based on
tacit knowledge. These findings contribute to the linkage strategy literature (Alcácer and Zhao,
2012; Belderbos and Somers, 2015; Zhao, 2006; Nandkumar and Srikanth, 2016) by showing the
conditions under which linkage strategies are most effective. Furthermore, our findings generally
support the notion from the prior literature on complexity and discreteness (e.g., Cohen et al.,
2000; Hall and Ziedonis, 2001; Heeley et al, 2007; Levin et al., 1987) that IPR protection is more
effective as a prerequisite for appropriating values from R&D in discrete technologies than in
complex technologies. We contribute to this stream of literature by applying these concepts in the
context of foreign R&D location choices and local knowledge spillovers from foreign R&D
operations. We contribute to the literature on tacit knowledge spillovers and knowledge
localization (Almeida and Kogut, 1999; Belenzon and Schankerman, 2013; Howells, 2002; Jaffe et
al., 1993; Nooteboom, 2000; Rosa and Mohnen, 2008). We quantified the heterogeneous extent
of tacitness across patent classes and relate this to firms’ R&D investment location choices and
local spillovers of foreign R&D activities. We believe that our complexity and tacitness measures
are novel applications capturing such technology heterogeneity in a more fine grained and
sophisticated manners compared to methodologies used in prior work.
Third, heterogeneous IPR effects are influenced by technological capabilities of MNEs and host
countries. Chapter 2 found that strong IP protection is a less powerful host country characteristic
to induce foreign R&D investments if MNEs are based in countries with lagging technological
capabilities compared to the host country. We showed in Chapter 4 that the negative effect of
weak IPR protection on MNEs’ R&D investments in the country is augmented if the MNEs’
technological capabilities are more advanced compared to the host country. In Chapter 5, the
restrictive effect of the linkage strategies of MNEs on outward local spillovers is strengthened if
the relative technological capabilities of MNEs compared to the host country are greater. Our
findings contribute to the prior literature on technology asymmetry in foreign direct investment
(e.g., Shaver and Flyer, 2000; Alcácer and Chung, 2007; Belderbos et al., 2008; Ushijima, 2013) by
highlighting that differences between technology leaders and laggards in response to IPR policies
are also a function of technological capabilities in home and host counties. We add new insights
to this stream of literature as we show that knowledge asymmetry between leaders and laggards is
intertwined with the effectiveness of internal linkage strategies and the local IPR regime.
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Finally, inter-firm mobility of scientists and engineers in host countries has a major influence on
the heterogeneity in IP protection effects. Chapter 2 showed that strong patent protection is
expected to fail to attract foreign investors in R&D if a high level of inter-firm inventor mobility
exists in the country, while strong mobility rates deter foreign R&D investments directly as well.
In Chapter 3, we found that firms’ market values are negatively influenced by the (aggregate) strong
inter-firm inventor mobility rates across their R&D host countries. Chapter 5 revealed that
outward mobility of MNE inventors from local R&D units is a crucial source of outgoing
spillovers from foreign R&D activities, while such mobility is restricted by strong IPR regimes and
internal linkage strategies. These findings are in line with the previous literature on inventor
mobility (e.g., Agarwal et al., 2009; Breschi and Lissoni, 2009; Hoisl, 2007; Ganco et al., 2015; Kim
and Marschke, 2005; Maliranta et al., 2009; Melero 2010; Palomeras and Melero, 2010; Song et al.,
2003) and confirm that inter-firm mobility of R&D personnel is a major mechanism of knowledge
spillovers between firms. We add to this literature by showing that inventor mobility is influenced
by both firms’ IP protection strategies and host countries’ IPR policies (patent rights). Given that
prior studies investigated mobility in a specific country (especially in US), we believe that our study
is the first attempt to measure the different degrees of inter-firm inventor mobility rates across a
number of countries and to investigate inventor mobility issues in such an international context.
The dissertation has also examined several important issues not directly related to the four sources
of heterogeneity. In Chapter 2, we found that the positive influence of host country IPR protection
on MNEs’ R&D investments is weakened if the level of IP protection is closer to the global
frontier. This suggests that IPR protection will become a less important country characteristic in
attracting foreign R&D investors due to the ongoing IPR policy convergence in the global
economy (Hamdan-Livramento, 2009; Park, 2008; Kyle and McGahan 2012; Yu, 2009). Chapter
3 found that R&D investments in weak IPR countries reduce market value of investing firms. This
finding adds more knowledge to the literature on IPR, R&D, and firm performance (e.g.,
Castellaneta et al., 2017; Hall et al., 2005, 2007) by distinguishing the influence of foreign R&D
investments from overall R&D expenditures, and by considering that firm performance effects in
an international context depend on the IPR policy environments. In Chapter 5, we showed that
knowledge spillovers from MNEs’ local R&D operations are more profound under weak IPR
regimes. This finding contributes to the literature on IPR and knowledge flows (e.g., Branstetter et
al., 2006; Smith, 2001) by verifying that IPR regimes influence not only foreign technology transfer
from the home countries but also the extent of knowledge flows between foreign investors and
local firms.
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Policy Implications
These findings in this dissertation suggest a number of policy implications. First, developing
countries, which often characterized by weak IPR regimes, may take into account the heterogeneity
of IPR policy effects identified in this dissertation when designing policies to attract foreign R&D
investments. These countries may target foreign firms that are based in emerging countries, that
operate in technology domains with more complex and codified knowledge, or that adopt internal
linkage strategies as a potential source of foreign R&D investments. However, our theory and
findings imply that attracting only these firms may not generate substantial knowledge spillovers
from the local R&D operations of the investing firms. Hence, host countries are confronted with
two contrasting policy alternatives: strengthening IP protection policies and enforcement to attract
more R&D investment by broader sets of foreign firms, or not doing this and receiving R&D
investments primarily by firms with restrictive practices regarding knowledge spillovers. However,
although strong IPR protection induces R&D investments by a more diverse range of MNEs, it is
still unclear whether the benefits from broader foreign R&D investments outweigh the benefits of
maintaining weak IPR regimes. This is because enhancing IP protection poses a trade-off between
attracting foreign R&D investments to a greater extent, and a lower likelihood that each of these
investments produces substantial knowledge spillovers to the local economy, as inter-firm
knowledge spillovers are generally restricted by strong IPR regimes. Estimating the net social
returns to strong IPR policies in the context of this trade-off is a topic worthy of attention in
future studies.
Second, our findings pertaining to inter-firm inventor mobility suggest that patent rights may not
be sufficient as policy measures to attract foreign R&D investments. Hence, regulations on trade
secrets protection, especially those related to limiting inter-firm mobility of inventors (e.g.,
enforcement of anti-competition clauses in employment contracts), can play a complementary role
in attracting R&D investments by MNEs. Again, such policies are associated with the trade-off
between greater inward R&D investments and reduced knowledge spillovers of these investments,
since inter-firm mobile inventors are a major channel of knowledge spillovers between firms.
Assessing the net spillover benefits of trade secret protection policies in terms of this trade-off is
important to provide proper policy guidance.
Finally, our research suggests that MNEs’ foreign R&D location choices are strongly influenced
by the heterogeneous IPR risks related to characteristics of their technologies, their capabilities,
and their IP protection strategies. Hence, the recent growth in R&D activities by MNEs in
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emerging economies with limited IP protection systems should be explained by MNEs’
heterogeneous characteristics and responses to weak IPR protection in these countries.
The dissertation also provides managerial implications, especially for MNEs conducting R&D
activities in emerging countries or planning to increase global R&D investments. We provide
empirical evidence that an R&D organization characterized by cross-country internal linkage is
effective at protecting IP assets abroad and mitigates the negative influences on market valuations
due to R&D investments in countries with weak IPR protection. Furthermore, we showed the
conditions under which such linkage strategies work more effectively at restricting knowledge
leakages. Our findings suggest that the internal linkage strategies are more effective if R&D is
conducted in weak IPR countries, if the MNEs are technologically more advanced than local firms
and if the firms’ technologies are based on discrete and codified knowledge. MNEs meeting these
conditions could consider to use internal linkage strategies more widely in order to protect
knowledge assets abroad and to ensure their long-term profitability.
Limitations and Future Research
Our research has several limitations, of which we discuss the most salient ones along with
suggestions for future research. First, the sensitivity to IP risks and the importance in IP protection
will be most salient if the R&D investment is collocated with local rival firms in the same subnational cluster (Alcácer and Zhao, 2012). However, we only differentiated foreign R&D
investments and activities at the country level. In particular, R&D activities in the same host
country may not guarantee collocations between R&D investors if the host country has a large
territory and a number of industrial clusters. Second, although we considered technology gaps
between MNEs and host countries in our analyses, knowledge leakage risk is the most profound
if the MNEs and local firms compete with each other in the same product markets. We could not
take into account this market rivalry in our analyses due to the lack of detailed data on local firms
across host countries. Considering IP issues at sub-national levels and market rivalry may provide
opportunities for future research.
Third, one aspect that is little studied in the literature is a global perspective on R&D collocations
with rivals. MNEs may operate a number of R&D units across multiple countries and, as a result,
collocate with each other in several locations simultaneously. This implies that the risk of outward
spillovers to rivals may also be a function of comprehensive IP risks across global R&D locations
where the firms are collocated with rivals. This global R&D perspective will help understanding
the complete picture of the role of IPR and IP protection strategies in international R&D in the
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context of global rivalry between MNEs.
Fourth, trade secret protection policies may be another important legal system with influences on
local knowledge spillovers, inter-firm inventor mobility, and foreign R&D investments (e.g.,
Garmaise 2009; Marx et al, 2009). This issue has not been investigated in the dissertation, given
that our research focused on patent rights and enforcement. Heterogeneous trade secret protection
policies across countries and their relationships with MNEs’ foreign R&D activities are little
investigated in the literature. One interesting topic would be to compare patent rights and trade
secret protection: for example, conditions under which trade secret protection policies are more
effectively working than patent protection at attracting R&D investments or preventing local
spillovers could be a topic worthy of attention in future research.
Fifth, although we developed our empirical models in order to exclude potential sources of bias,
concerns about endogeneity may still exist. For example, in the location choice studies, large scale
MNE investments in R&D in a host country can influence IPR policies in the long run, as well as
local technological capabilities and other country characteristics. In the market value study, our
GMM estimation still has room for applying more powerful instruments. Thus, future research
should deliberate more on stronger identification strategies. One possibility is to identify major
policy reforms on IPR protection across countries and treat them as exogenous shocks (e.g.,
Branstetter et al, 2006).
Sixth, our measure on mobility of inventors is based on inventor and assignee information from
patent data, but there are concerns about the strength of this method (Ge et al., 2016). Recent
contribution relies on inventor surveys and web-mining techniques to gather self-reported profiles
in order to identify mobile inventors (e.g., Serrano and Ziedonis, 2018). We note that no study and
data source with such new techniques identifies different mobility patterns across countries yet.
Given that patent data provide an extensive range of inventor information across countries,
calculating country-level mobility rates with patent data is necessary for our study. Future research
may aim to identify the heterogeneity in inventor mobility rates at the country level with more
sophisticated methods for greater accuracy.
Seventh, we have emphasized the role of internal linkage strategies in reducing outward spillovers,
but cross-country R&D linkages may simultaneously enhance knowledge creation potential of
MNEs through knowledge integration and cross-fertilization (Lahiri, 2010; Frost and Zhou, 2005;
Singh, 2008). In addition, some drawbacks of such internal linkage strategies are expected in terms
of increased coordination costs and reduced autonomy and creativity in local R&D units (e.g.,
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Alcácer and Zhao, 2012; Von Zedtwitz and Gassman, 2002). Therefore, distinguishing among the
IP protection effect, the knowledge creation effect, and the cost effect of linkage strategies in the
context of foreign R&D activities is a fruitful avenue for future research.
Finally, most essays in the dissertation were based on the sample of 120 global leading MNEs,
which may render it more difficult to generalize our findings to broader sets of MNEs. Future
research may aim to confirm the core findings in the dissertation or to extend our insights with
more extensive sets of sample firms. However, we believe that our studies still provide important
and useful insights for policy makers as they might be specifically interested in R&D investments
by foreign firms with the frontier technologies and R&D spillovers from them; in this regard,
focusing on global leading firms is a relevant angle of research.

145

References

147

Agarwal, R., Ganco, M., & Ziedonis, R. H. (2009). Reputations for toughness in patent
enforcement Implications for knowledge spillovers via inventor mobility. Strategic
Management Journal, 30(13), 1349-1374.
Agrawal, A., Cockburn, I., & McHale, J. (2006). Gone but not forgotten: knowledge flows, labor
mobility, and enduring social relationships. Journal of Economic Geography, 6(5), 571-591.
Agrawal, A., Kapur, D., & McHale, J. (2008). How do spatial and social proximity influence
knowledge flows? Evidence from patent data. Journal of urban economics, 64(2), 258-269.
Alcácer, J., & Chung, W. (2007). Location strategies and knowledge spillovers. Management Science,
53(5), 760-776.
Alcacer, J., & Gittelman, M. (2006). Patent citations as a measure of knowledge flows: The
influence of examiner citations. The Review of Economics and Statistics, 88(4), 774-779.
Alcácer, J., & Zhao, M. (2012). Local R&D strategies and multilocation firms: The role of internal
linkages. Management Science, 58(4), 734-753.
Alcácer, J., and Delgado, M. (2016). Spatial organization of firms and location choices through the
value chain. Management Science 62, no. 11: 3213-3234.
Allred, B. B., & Park, W. G. (2007). Patent rights and innovative activity: evidence from national
and firm-level data. Journal of International Business Studies, 38(6), 878-900.
Almeida, P., & Kogut, B. (1999). Localization of knowledge and the mobility of engineers in
regional networks. Management science, 45(7), 905-917.
Alnuaimi, T., & George, G. (2016). Appropriability and the retrieval of knowledge after spillovers.
Strategic Management Journal, 37(7), 1263-1279.
APFC (Asia Pacific Foundation of Canada). (2014). Intellectual Property Rights Challenges Facing
Foreign and Canadian Businesses in China: A Survey of Literature. Report, APFC,
(October). Vancouver.
Arellano M, (2003). Panel data econometrics. Oxford university press.
Arundel, A. (2001). The relative effectiveness of patents and secrecy for appropriation. Research
policy, 30(4), 611-624.
Athukorala, P. C., & Kohpaiboon, A. (2010). Globalization of R&D by US-based multinational
enterprises. Research Policy, 39(10), 1335-1347.
Atkinson, R. D. (2007). Report. The Globalization of R&D and Innovation: How Do Companies
Choose Where to Build R&D Facilities?. Testimony to House Science Committee, October, 4.
Baldwin, C. Y., & Henkel, J. (2015). Modularity and intellectual property protection. Strategic
management journal, 36(11), 1637-1655.
Barrell, R., & Pain, N. (1996). An econometric analysis of US foreign direct investment. The review
of economics and statistics, 200-207.

148

Barro, R. J., & Lee, J. W. (2013). A new data set of educational attainment in the world, 1950-2010.
Journal of development economics, 104, 184-198.
Basile, R., Castellani, D., & Zanfei, A. (2008). Location choices of multinational firms in Europe:
The role of EU cohesion policy. Journal of International Economics, 74(2), 328-340.
Belderbos R. (2003). Entry mode, organizational learning, and R&D in foreign affiliates: Evidence
from Japanese firms. Strategic management journal, 24(3): 235-259.
Belderbos, R., Carree, M., & Lokshin, B. (2004). Cooperative R&D and firm performance. Research
policy, 33(10), 1477-1492.
Belderbos, R., Cassiman, B., Faems, D., Leten, B., & Van Looy, B. (2014). Co-ownership of
intellectual property: Exploring the value-appropriation and value-creation implications of
co-patenting with different partners. Research policy, 43(5), 841-852.
Belderbos, R., Fukao, K., Ito, K., Letterie, W. (2013a). Global Fixed Capital Investments by
Multinational Firms, Economica 80 (318), 274–299
Belderbos, R., Leten, B., & Suzuki, S. (2009) Does Excellence in Academic Research Attract
Foreign R&D? UNU-MERIT Working Paper, Maastricht.
Belderbos, R., Leten, B., & Suzuki, S. (2013b). How global is R&D? Firm-level determinants of
home-country bias in R&D. Journal of International Business Studies, 44(8), 765-786.
Belderbos, R., Leten, B., & Suzuki, S. (2017). Scientific research, firm heterogeneity, and foreign
R&D locations of multinational firms. Journal of Economics & Management Strategy, 26(3),
691-711.
Belderbos R, Lokshin B, Sadowski B. (2015). The returns to foreign R&D. Journal of International
Business Studies, 46(4): 491-504.
Belderbos, R., Lykogianni, E., & Veugelers, R. (2008). Strategic R&D location in European
manufacturing industries. Review of World Economics, 144(2), 183-206.
Belderbos, R., & Mohnen, P. (2013). Intersectoral and international R&D spillovers (No. 798). Bruegel.
Belderbos, R., & Somers, D. (2015). Do technology leaders deter inward R&D investments?
Evidence from regional R&D location decisions in Europe. Regional Studies, 49(11), 18051821.
Belderbos, R., Somers, D., Sleuwaegen, L. and De Backer, K. (2016) Where to Locate Innovative
Activities in Global Value Chains: Does Co-location Matter?, OECD Science, Technology and
Industry
Policy
Papers,
No.
30,
OECD
Publishing,
Paris.
http://dx.doi.org/10.1787/5jlv8zmp86jg-en
Belenzon, S. (2011). Cumulative innovation and market value: Evidence from patent citations. The
Economic Journal, 122(559), 265-285.
Belenzon, S., & Schankerman, M. (2013). Spreading the word: Geography, policy, and knowledge
spillovers. Review of Economics and Statistics, 95(3), 884-903.

149

Bernstein, J. I., & Mohnen, P. (1998). International R&D spillovers between US and Japanese R&D
intensive sectors. Journal of international economics, 44(2), 315-338.
Berry, H. (2014). Global integration and innovation: multicountry knowledge generation within
MNC s. Strategic Management Journal, 35(6), 869-890.
Berry, H. (2015). Knowledge inheritance in global industries: The impact of parent firm knowledge
on the performance of foreign subsidiaries. Academy of Management Journal, 58(5), 14381458.
Berry, H. (2017). Managing valuable knowledge in weak IP protection countries. Journal of
International Business Studies, 48(7), 787-807.
Bloom, N., Schankerman, M., & Van Reenen, J. (2013). Identifying technology spillovers and
product market rivalry. Econometrica, 81(4), 1347-1393.
Blundell, R., & Bond, S. (2000). GMM estimation with persistent panel data: an application to
production functions. Econometric reviews, 19(3), 321-340.
Blundell, R., Griffith, R., & Van Reenen, J. (1999). Market share, market value and innovation in a
panel of British manufacturing firms. The Review of Economic Studies, 66(3), 529-554.
Boldrin, M., & Levine, D. K. (2013). The case against patents. The journal of economic perspectives, 27(1),
3-22.
Bottazzi, L., & Peri, G. (2003). Innovation and spillovers in regions: Evidence from European
patent data. European economic review, 47(4), 687-710.
Branstetter LG, Fisman R, & Foley CF. (2006). Do stronger intellectual property rights increase
international technology transfer? Empirical evidence from U.S. firm-level panel data.
Quarterly Journal of Economics 121(1): 321-349.
Branstetter, L., Fisman, R., Foley, C. F., & Saggi, K. (2007). Intellectual property rights, imitation,
and foreign direct investment: Theory and evidence (No. w13033). National Bureau of
Economic Research.
Branstetter, L., Fisman, R., Foley, C. F., & Saggi, K. (2011). Does intellectual property rights reform
spur industrial development?. Journal of International Economics, 83(1), 27-36.
Branstetter, L.G., Glennon, B.G., Jensen, J.B. (2018) The IT Revolution and the Globalization of
R&D, NBER working paper No. 24707.
Breschi, S., & Lissoni, F. (2009). Mobility of skilled workers and co-invention networks: an
anatomy of localized knowledge flows. Journal of economic geography, 9(4), 439-468.
Bromiley, P., Rau, D., & Zhang, Y. (2017). Is R & D risky?. Strategic Management Journal, 38(4), 876891.
Buss, P., & Peukert, C. (2015). R&D outsourcing and intellectual property infringement. Research
Policy, 44(4), 977-989.
Cassiman, B., & Veugelers, R. (2002). R&D cooperation and spillovers: some empirical evidence
150

from Belgium. American Economic Review, 92(4), 1169-1184.
Castellaneta, F., Conti, R., & Kacperczyk, A. (2017). Money secrets: How does trade secret legal
protection affect firm market value? Evidence from the uniform trade secret act. Strategic
Management Journal, 38(4), 834-853.
Castellani, D., & Pieri, F. (2013). R&D offshoring and the productivity growth of European regions.
Research Policy, 42(9), 1581-1594.
Castellani, D., Jimenez, A., & Zanfei, A. (2013). How remote are R&D labs? Distance factors and
international innovative activities. Journal of International Business Studies, 44(7), 649-675.
Certo ST, Busenbark JR, Woo HS, & Semadeni M. (2016). Sample selection bias and Heckman
models in strategic management research. Strategic Management Journal, 37(13): 2639-2657.
Chen, Y., & Puttitanun, T. (2005). Intellectual property rights and innovation in developing
countries. Journal of development economics, 78(2), 474-493.
Chinn, M. D., & Ito, H. (2006). What matters for financial development? Capital controls,
institutions, and interactions. Journal of development economics, 81(1), 163-192.
Chung, K. H., & Pruitt, S. W. (1994). A simple approximation of Tobin's q. Financial management,
70-74.
Chung, W., & Alcácer, J. (2002). Knowledge seeking and location choice of foreign direct
investment in the United States. Management Science, 48(12), 1534-1554.
Cockburn, Iain M., Kortum, S. & Stern, S. (2002). Are All Patent Examiners Equal? The Impact
of Examiner Characteristics. NBER Working Papers 8980. National Bureau of Economic
Research.
Coe, D. T., & Helpman, E. (1995). International R&D spillovers. European economic review, 39(5),
859-887.
Coffano, M., & Tarasconi, G. (2014). CRIOS-Patstat database: sources, contents and access rules.
Center for Research on Innovation, Organization and Strategy, CRIOS working paper, (1).
Cohen, W. M., Nelson, R. R., & Walsh, J. P. (2000). Protecting their intellectual assets: Appropriability
conditions and why US manufacturing firms patent (or not) (No. w7552). National Bureau of
Economic Research.
Commission of the European Communities. (2010). Market Integration and Technological
Leadership in Europe, European Economy, Economic Papers No. 403, Commission of the
European Communities, Brussels.
Contigiani, A., Hsu, D. H., & Barankay, I. (2018). Trade secrets and innovation: Evidence from the
“inevitable disclosure” doctrine. Strategic Management Journal, 39(11), 2921-2942.
Coughlin, C. C., Terza, J. V., & Arromdee, V. (1991). State characteristics and the location of foreign
direct investment within the United States. The Review of economics and Statistics, 675-683.
Crescenzi, R., Pietrobelli, C., & Rabellotti, R. (2013). Innovation drivers, value chains and the
geography of multinational corporations in Europe. Journal of Economic Geography, 14(6),
151

1053-1086.
Criscuolo, P. (2009). Inter-firm reverse technology transfer: the home country effect of R&D
internationalization. Industrial and Corporate Change, 18(5), 869-899.
Criscuolo, P., & Verspagen, B. (2008). Does it matter where patent citations come from? Inventor
vs. examiner citations in European patents. Research policy, 37(10), 1892-1908.
Czarnitzki, D., & Hussinger, K. (2004). The link between R&D subsidies, R&D spending and
technological performance. ZEW Discussion Papers, No. 04-56
Czarnitzki, D., & Toole, A. A. (2011). Patent protection, market uncertainty, and R&D investment.
The Review of Economics and Statistics, 93(1), 147-159.
Czarnitzki, D., Hussinger, K., & Leten, B. (2011). The market value of blocking patent citations.
(working paper)
Dahl, M. S., & Pedersen, C. Ø. (2004). Knowledge flows through informal contacts in industrial
clusters: myth or reality?. Research policy, 33(10), 1673-1686.
Driffield, N., Love, J. H., & Menghinello, S. (2010). The multinational enterprise as a source of
international knowledge flows: Direct evidence from Italy. Journal of International Business
Studies, 41(2), 350-359.
EIU (Economist Intelligence Unit). (2004). Scattering the seeds of invention: The globalisation of
research and development. Report, (September). London, UK, New York, Hong Kong.
Engelbrecht, H. J. (1997). International R&D spillovers, human capital and productivity in OECD
economies: An empirical investigation. European Economic Review, 41(8), 1479-1488.
Eom, B. Y., & Lee, K. (2010). Determinants of industry–academy linkages and, their impact on
firm performance: The case of Korea as a latecomer in knowledge industrialization.
Research Policy, 39(5), 625-639.
Fagerberg, J., & Verspagen, B. (2000). Productivity, R&D spillovers and trade. In Productivity,
technology and economic growth (pp. 345-360). Springer, Boston, MA.
Feldman, M. P., & Lichtenberg, F. R. (1997). The impact and organization of publicly-funded research and
development in the European Community (No. w6040). National Bureau of Economic Research.
Filatotchev, I., Liu, X., Lu, J., & Wright, M. (2011). Knowledge spillovers through human mobility
across national borders: Evidence from Zhongguancun Science Park in China. Research
Policy, 40(3), 453-462.
Frankort, H. T., Hagedoorn, J., & Letterie, W. (2011). R&D partnership portfolios and the inflow
of technological knowledge. Industrial and Corporate Change, 21(2), 507-537.
Frost TS, Zhou C. 2005. R&D co-practice and ‘reverse’knowledge integration in multinational
firms. Journal of International Business Studies, 36(6): 676-687.
Ganco, M., Ziedonis, R. H., & Agarwal, R. (2015). More stars stay, but the brightest ones still leave:
Job hopping in the shadow of patent enforcement. Strategic Management Journal, 36(5), 659152

685.
Garmaise, M. J. (2009). Ties that truly bind: Noncompetition agreements, executive compensation,
and firm investment. Journal of Law, Economics, and Organization.
Ge, C., Huang, K. W., & Png, I. P. (2016). Engineer/scientist careers: Patents, online profiles, and
misclassification bias. Strategic Management Journal, 37(1), 232-253.
Gomes-Casseres, B., Hagedoorn, J., & Jaffe, A. B. (2006). Do alliances promote knowledge flows?.
Journal of Financial Economics, 80(1), 5-33.
Griffith, R, Harrison, R, & Van Reenen, J. (2006). How special is the special relationship? Using
the impact of US R&D spillovers on UK firms as a test of technology sourcing. American
Economic Review, 96(5), pp.1859-1875.
Griffith, R., Redding, S., & Van Reenen, J. (2004). Mapping the two faces of R&D: Productivity
growth in a panel of OECD industries. Review of economics and statistics, 86(4), 883-895.
Griffth, R., Redding, S., & Van Reenen, J. (2001). Measuring the Cost‐Effectiveness of an R&D
Tax Credit for the UK. Fiscal Studies, 22(3), 375-399.
Griliches, Z. (1991). The search for R&D spillovers (No. w3768). National Bureau of Economic
Research.
Grimpe, C., & Hussinger, K. (2011, January). Inventions under siege? The impact of technology
competition on licensing. In Academy of Management Proceedings (Vol. 2011, No. 1, pp. 1-6).
Briarcliff Manor, NY 10510: Academy of Management.
Haans, R. F., Pieters, C., & He, Z. L. (2016). Thinking about U Theorizing and testing U‐and
inverted U‐shaped relationships in strategy research. Strategic Management Journal, 37(7),
1177-1195.
Hagedoorn, J., Cloodt, D., & Van Kranenburg, H. (2005). Intellectual property rights and the
governance of international R&D partnerships. Journal of International Business Studies, 36(2),
175-186.
Hall B.H., (2007). Measuring the returns to R&D: The depreciation problem (No. w13473). National
Bureau of Economic Research.
Hall, B. H., Jaffe, A. B., & Trajtenberg, M. (2001). The NBER patent citation data file: Lessons, insights
and methodological tools (No. w8498). National Bureau of Economic Research.
Hall B. H., Jaffe AB, & Trajtenberg M. (2005). Market value and patent citations. RAND Journal of
economics: 16-38.
Hall, B. H., Mairesse, J., & Mohnen, P. (2010). Measuring the Returns to R&D. In Handbook of
the Economics of Innovation (Vol. 2, pp. 1033-1082). North-Holland.
Hall B.H, & Oriani R. (2006). Does the market value R&D investment by European firms?
Evidence from a panel of manufacturing firms in France, Germany, and Italy. International
Journal of Industrial Organization, 24(5): 971-993.
153

Hall, B. H., Thoma, G., & Torrisi, S. (2007). The market value of patents and R&D: evidence from
European firms. In Academy of Management Proceedings (Vol. 2007, No. 1, pp. 1-6). Briarcliff
Manor, NY 10510: Academy of Management.
Hall, B. H., & Ziedonis, R. H. (2001). The patent paradox revisited: an empirical study of patenting
in the US semiconductor industry, 1979-1995. RAND Journal of Economics, 101-128.
Hall, R. (1993). A framework linking intangible resources and capabiliites to sustainable
competitive advantage. Strategic management journal, 14(8), 607-618.
Hamdan-Livramento, I. M. (2009). How compliant are developing countries with their TRIPS
obligations? (No. CEMI-WORKINGPAPER-2009-001).
Harhoff, D., Von Graevenitz, G., & Wagner, S. (2015). Conflict resolution, public goods, and patent
thickets. Management Science, 62(3), 704-721.
Head, K., Ries, J., & Swenson, D. (1995). Agglomeration benefits and location choice: Evidence
from Japanese manufacturing investments in the United States. Journal of international
economics, 38(3-4), 223-247.
Heckman JJ. (1976). The common structure of statistical models of truncation, sample selection
and limited dependent variables and a simple estimator for such models. In Annals of
Economic and Social Measurement. 5(4): 475-492. NBER.
Heeley, M. B., Matusik, S. F., & Jain, N. (2007). Innovation, appropriability, and the underpricing
of initial public offerings. Academy of Management Journal, 50(1), 209-225.
Henkel, J., Baldwin, C. Y., & Shih, W. (2013). IP modularity: Profiting from innovation by aligning
product architecture with intellectual property. California management review, 55(4), 65-82.
Hoisl, K. (2007). Tracing mobile inventors—the causality between inventor mobility and inventor
productivity. Research Policy. 36.5: 619-636.
Hole, A. R. (2007). Estimating mixed logit models using maximum simulated likelihood. Stata
Journal, 7(3), 388-401.
Howells, J. R. (2002). Tacit knowledge, innovation and economic geography. Urban studies, 39(5-6),
871-884.
Hu, A. and Png, I., (2009). Patent rights and economic growth: cross-country evidence. National
University of Singapore Business School, manuscript.
Hussinger, K. (2006). Is silence golden? Patents versus secrecy at the firm level. Economics of
Innovation and New Technology, 15(8), 735-752.
Ito, B., & Wakasugi, R. (2007). What factors determine the mode of overseas R&D by
multinationals? Empirical evidence. Research Policy, 36(8), 1275-1287.
Ivus, O. (2010). Do stronger patent rights raise high-tech exports to the developing world?. Journal
of International Economics, 81(1), 38-47.
Jaffe AB. (1986). Technological Opportunity and Spillovers of R & D: Evidence from Firms'
154

Patents, Profits, and Market Value. American Economic Review: 984-1001.
Jaffe AB, Trajtenberg M, & Henderson R. (1993). Geographic localization of knowledge spillovers
as evidenced by patent citations. the Quarterly journal of Economics: 577-598.
Jones, C. I. (2002). Sources of US economic growth in a world of ideas. American Economic Review,
92(1), 220-239.
Jones, C. I., & Williams, J. C. (1998). Measuring the social return to R&D. The Quarterly Journal of
Economics, 113(4), 1119-1135.
Jones, C. I., & Williams, J. C. (2000). Too much of a good thing? The economics of investment in
R&D. Journal of Economic Growth, 5(1), 65-85.
Kafouros M, Wang C, Mavroudi E, Hong J, & Katsikeas CS. (2018). Geographic dispersion and
co-location in global R&D portfolios: Consequences for firm performance. Research Policy,
47(7): 1243-1255.
Kanwar S, Hall BH. 2015. The Market Value of R&D in Weak Innovation Regimes: Evidence from
India, Working paper (No. w21196). National Bureau of Economic Research.
Kim, J., & Marschke, G. (2005). Labor mobility of scientists, technological diffusion, and the firm's
patenting decision. RAND Journal of Economics, 298-317.
Kim, J., Lee, S. J., & Marschke, G. (2009). International knowledge flows: evidence from an
inventor-firm matched data set. In Science and Engineering Careers in the United States: An
Analysis of Markets and Employment (pp. 321-348). University of Chicago Press.
Kim, Y. K., Lee, K., Park, W. G., & Choo, K. (2012). Appropriate intellectual property protection
and economic growth in countries at different levels of development. Research policy, 41(2),
358-375.
Konings, J. and Murphy, A. P. (2006). Do multinational enterprises relocate employment to low
wage regions? Evidence from European multinationals. Journal of World Economics, 142(2),
267–86.
Kuemmerle, W. (1999). The drivers of foreign direct investment into research and development:
an empirical investigation. Journal of international business studies, 1-24.
Kumar, N. (1996). Intellectual property protection, market orientation and location of overseas
R&D activities by multinational enterprises. World development, 24(4), 673-688.
Kumar, N. (2001). Determinants of location of overseas R&D activity of multinational enterprises:
the case of US and Japanese corporations. Research Policy, 30(1), 159-174.
Kyle, M. K., & McGahan, A. M. (2012). Investments in pharmaceuticals before and after TRIPS.
The Review of Economics and Statistics, 94(4), 1157-1172.
Lahiri N. (2010). Geographic distribution of R&D activity: how does it affect innovation quality?.
Academy of Management Journal, 53(5): 1194-1209.
Lampe, R. (2012). Strategic Citation. Review of Economics and Statistics, 94:1. 320-333.
155

Lee, J. Y., & Mansfield, E. (1996). Intellectual property protection and US foreign direct investment.
The Review of Economics and Statistics, 181-186.
Lee, K. (2013). Schumpeterian analysis of economic catch-up: Knowledge, path-creation, and the middle-income
trap. Cambridge University Press.
Lee, K., & Kim, B. Y. (2009). Both institutions and policies matter but differently for different
income groups of countries: determinants of long-run economic growth revisited. World
Development, 37(3), 533-549.
Lee, K., & Yoon, M. (2010). International, intra-national and inter-firm knowledge diffusion and
technological catch-up: the USA, Japan, Korea and Taiwan in the memory chip industry.
Technology Analysis & Strategic Management, 22(5), 553-570.
Lerner, J. (2009). The empirical impact of intellectual property rights on innovation: Puzzles and
clues. American Economic Review, 99(2), 343-48.
Levin, R. C., Klevorick, A. K., Nelson, R. R., Winter, S. G., Gilbert, R., & Griliches, Z. (1987).
Appropriating the returns from industrial research and development. Brookings papers on
economic activity, 1987(3), 783-831.
Lewin AY, Massini S, & Peeters C. (2009). Why are companies offshoring innovation? The
emerging global race for talent. Journal of International Business Studies, 40(6): 901-925.
Liu MC, Chen SH. (2012). MNCs’ offshore R&D networks in host country's regional innovation
system: The case of Taiwan-based firms in China. Research Policy, 41(6): 1107-1120.
Mairesse J & Sassenou M. (1991). R&D productivity: A survey of econometric studies at the firm level (No.
w3666). National Bureau of Economic Research.
Maliranta, M., Mohnen, P., & Rouvinen, P. (2009). Is inter-firm labor mobility a channel of
knowledge spillovers? Evidence from a linked employer–employee panel. Industrial and
Corporate Change, 18(6), 1161-1191.
Mansfield, E., (1994). Intellectual property protection, foreign direct investment, and technology
transfer. Discussion Paper no. 19, International Finance Corporation, Washington, DC.
Mansfield, E., Rapoport, J., Romeo, A., Wagner, S., & Beardsley, G. (1977). Social and private rates
of return from industrial innovations. The Quarterly Journal of Economics, 91(2), 221-240.
Marx, M., Strumsky, D., & Fleming, L. (2009). Mobility, skills, and the Michigan non-compete
experiment. Management Science, 55(6), 875-889.
Maskus, K. E., & Penubarti, M. (1995). How trade-related are intellectual property rights?. Journal
of International economics, 39(3), 227-248.
Maskus, K. E., & Yang, L. (2013). The impacts of post-TRIPS patent reforms on the structure of
exports. RIETI Discussion Paper Series, 13-E-030 (No. 13030).
Maurseth, P. B., & Verspagen, B. (2002). Knowledge spillovers in Europe: a patent citations analysis.
The Scandinavian journal of economics, 104(4), 531-545.

156

McFadden, D. (1974). Conditional logit analysis of qualitative choice behavior. P. Zarembka, ed.
Frontiers in Econometrics. Academic Press, New York, 105–142.
Melitz, J., & Toubal, F. (2014). Native language, spoken language, translation and trade. Journal of
International Economics, 93(2), 351-363.
Mercer (2014). Report. Workforce engagement in Saudi Arabia. Mercer, LLC. New York.
Merges, R. P., & Nelson, R. R. (1990). On the complex economics of patent scope. Columbia Law
Review, 90(4), 839-916.
Mohnen, P., & Lokshin, B. (2010). What does it take for an R&D tax incentive policy to be
effective?. Reforming Rules and Regulations, 33-58.
Morescalchi, A., Pammolli, F., Penner, O., Petersen, A. M., & Riccaboni, M. (2015). The evolution
of networks of innovators within and across borders: Evidence from patent data. Research
Policy, 44(3), 651-668.
Morrison, G., Riccaboni, M., & Pammolli, F. (2017). Disambiguation of patent inventors and
assignees using high-resolution geolocation data. Scientific data, 4, 170064.
Moser, P., Ohmstedt, J., & Rhode, P. W. (2017). Patent citations—an analysis of quality differences
and citing practices in hybrid corn. Management Science, 64(4), 1926-1940.
Mu, Q., & Lee, K. (2005). Knowledge diffusion, market segmentation and technological catch-up:
The case of the telecommunication industry in China. Research policy, 34(6), 759-783.
Mueller, D. C. (1977). The persistence of profits above the norm. Economica, 44(176), 369-380.
Nandkumar A, Srikanth K. (2016). Right person in the right place: How the host country IPR
influences the distribution of inventors in offshore R&D projects of multinational
enterprises. Strategic Management Journal 37(8): 1715-1733.
Nooteboom, B. (2000). Learning by interaction: absorptive capacity, cognitive distance and
governance. Journal of management and governance, 4(1-2), 69-92.
OECD (2002). Tax Incentives for Research and Development, Trends and Issues. Paris.
OECD (2016). Where to locate innovative activities in global value chains: Does colocation matter?.
Report, OECD, (February). DSTI/IND(2016)2. Paris.
Oliver, C. (1997). Sustainable competitive advantage: combining institutional and resource‐based
views. Strategic management journal, 18(9), 697-713.
Orazbayev, S. (2017). International knowledge flows and the administrative barriers to mobility.
Research Policy, 46(9), 1655-1665.
Palomeras, N., & Melero, E. (2010). Markets for inventors: learning-by-hiring as a driver of
mobility. Management Science, 56(5), 881-895.
Park, W. G. (1995). International R&D spillovers and OECD economic growth. Economic Inquiry,
33(4), 571-591.
Park, W. G. (2008). International patent protection: 1960–2005. Research policy, 37(4), 761-766.
157

Peck, J. R. (2017). Can hiring quotas work? The effect of the Nitaqat program on the Saudi private
sector. American Economic Journal: Economic Policy, 9(2), 316-47.
Penner‐Hahn, J., & Shaver, J. M. (2005). Does international research and development increase
patent output? An analysis of Japanese pharmaceutical firms. Strategic Management Journal,
26(2), 121-140.
Peri, G. (2005). Determinants of knowledge flows and their effect on innovation. Review of
Economics and Statistics, 87(2), 308-322.
Potters, L.; Grassano, N. and Tübke, A. (2017). The 2017 EU Survey on Industrial R&D
Investment Trends; EUR 28871 EN; doi:10.2760/02032 (online); doi:10.2760/354935
(print), Report, European Union.
Quan, X., & Chesbrough, H. (2010). Hierarchical segmentation of R&D process and intellectual
property protection: Evidence from multinational R&D laboratories in China. Engineering
Management, IEEE Transactions on, 57(1), 9-21.
Revelt D., & Train K. (1998). Mixed logit with repeated choices: households’ choices of appliance
efficiency level. The Review of Economics and Statistics. 80(4): 647-657.
Roodman, D. (2009a). A note on the theme of too many instruments. Oxford Bulletin of Economics
and statistics, 71(1), 135-158.
Roodman, D. (2009b). How to do xtabond2: An introduction to difference and system GMM in
Stata. The Stata Journal, 9(1), 86-136.
Rosa, J., & Mohnen, P. (2008). Knowledge transfers between Canadian business enterprises and
universities: does distance matter?. UNU-MERIT Working Papers, 17.
Sandner, P & Block, J. (2011). The market value of R&D, patents, and trademarks. Research Policy
40(7): 969-985.
Schmiele A. (2013). Intellectual property infringements due to R&D abroad? A comparative
analysis between firms with international and domestic innovation. Research Policy 42(8):
1482-1495.
Serrano, C. J., & Ziedonis, R. (2018). How redeployable are patent assets? evidence from failed startups (No.
w24526). National Bureau of Economic Research.
Shaver, J. M., & Flyer, F. (2000). Agglomeration economies, firm heterogeneity, and foreign direct
investment in the United States. Strategic Management Journal, 21(12), 1175-1194.
Shin, W., Lee, K., & Park, W. G. (2016). When an Importer's Protection of IPR Interacts with an
Exporter's Level of Technology: Comparing the Impacts on the Exports of the North
and South. The World Economy, 39(6), 772-802.
Singh, J. (2007). Asymmetry of knowledge spillovers between MNCs and host country firms.
Journal of International Business Studies, 38(5), 764-786.
Singh, J. (2008). Distributed R&D, cross-regional knowledge integration and quality of innovative
output. Research Policy, 37(1), 77-96.
158

Smarzynska Javorcik, B. (2004). Does foreign direct investment increase the productivity of
domestic firms? In search of spillovers through backward linkages. American economic review,
94(3), 605-627.
Smith, P. J. (2001). How do foreign patent rights affect US exports, affiliate sales, and licenses?.
Journal of International Economics, 55(2), 411-439.
Song J, Asakawa K, & Chu Y. (2011). What determines knowledge sourcing from host locations
of overseas R&D operations?: A study of global R&D activities of Japanese multinationals.
Research Policy, 40(3): 380-390.
Song, J., & Shin, J. (2008). The paradox of technological capabilities: a study of knowledge sourcing
from host countries of overseas R&D operations. Journal of International Business Studies,
39(2), 291-303.
Song, J., Almeida, P., & Wu, G. (2003). Learning–by–Hiring: When is mobility more likely to
facilitate interfirm knowledge transfer?. Management Science, 49(4), 351-365.
Sweet, C. M., & Maggio, D. S. E. (2015). Do stronger intellectual property rights increase
innovation?. World Development, 66, 665-677.
Teece, D. J. (1998). Capturing value from knowledge assets: The new economy, markets for knowhow, and intangible assets. California management review, 40(3), 55-79.
Train K. (2003). Discrete Choice Methods with Simulation. Cambridge University Press, Cambridge.
Trajtenberg, M., Henderson, R., & Jaffe, A. (1997). University versus corporate patents: A window
on the basicness of invention. Economics of Innovation and new technology, 5(1), 19-50.
US OTA. (1994). Multinationals and the US Technology Base: Final Report of the Multinationals
Project. Report, Office of Technology Assessment, US Congress, Washington DC
Ushijima, T. (2013). Patent rights protection and Japanese foreign direct investment. Research Policy,
42(3), 738-748.
USTR. (2017). Report. 2016 Report to Congress On China’s WTO Compliance. United States
Trade Representative, (January). Washington, D.C.
USTR. (2018). Report. Update concerning China’s acts, policies and practices related to technology
transfer, intellectual property, and innovation. United States Trade Representative,
(November). Washington, D.C.
von Graevenitz, G., Wagner, S., & Harhoff, D. (2011). How to measure patent thickets—A novel
approach. Economics Letters, 111(1), 6-9.
Von Hippel, E., (1987). Cooperation between rivals: informal knowhow trading. Research Policy, 15,
285–305.
Von Zedtwitz, M., & Gassmann, O. (2002). Market versus technology drive in R&D
internationalization: four different patterns of managing research and development.
Research policy, 31(4), 569-588.

159

Wagner, S., Hoisl, K., & Thoma, G. (2014). Overcoming localization of knowledge—the role of
professional service firms. Strategic management journal, 35(11), 1671-1688.
Witt, M. A., & Lewin, A. Y. (2007). Outward foreign direct investment as escape response to home
country institutional constraints. Journal of International business studies, 38(4), 579-594.
Wooldridge, J. M. (1999). Distribution-free estimation of some nonlinear panel data models. Journal
of Econometrics, 90(1), 77-97.
Yang, G., & Maskus, K. E. (2001). Intellectual property rights, licensing, and innovation in an
endogenous product-cycle model. Journal of International Economics, 53(1), 169-187.
Yang, G. & Maskus, K. E. (2005). Intellectual property rights and licensing: An econometric
investigation. In C.Fink and K.E. Maskus (eds.), Intellectual Property and Development:
Lessons from Recent Economic Research, World Bank / Oxford University Press,
Washington, DC, pp. 111-131.
Younge, K. A., Tong, T. W., & Fleming, L. (2015). How anticipated employee mobility affects
acquisition likelihood: Evidence from a natural experiment. Strategic Management Journal,
36(5), 686-708.
Yu, P. K. (2009). The objectives and principles of the TRIPS agreement. Houston Law Review, 46,
797-1046.
Zhao, M. (2006). Conducting R&D in countries with weak intellectual property rights protection.
Management Science, 52(8), 1185-1199.

160

VALORIZATION ADDENDUM
In accordance with article 22.5 of the “Regulation governing the attainment of
doctoral degrees at Maastricht University”, this addendum discusses valorization
opportunities of the dissertation regarding “social and/or economic relevance” of
the research results.
This dissertation explores relationships between intellectual property right (IPR) regimes across
countries and cross-border R&D investments by multinational enterprises (MNEs) taking a variety
of perspectives. Our findings have not only important academic implications but also implications
for policy makers, MNE managers and IP practitioners. First of all, given that policy makers are
interested in attracting foreign R&D investments in their countries, this research will provide useful
information that policy makers should consider when they design policies for inducing R&D
investments by MNEs. To be specific, our results suggest that developing countries with weak IPR
regimes may target foreign firms that are based in emerging countries, that operate in technology
domains with more complex and codified knowledge, or that adopt internal linkage strategies in
their R&D operations. However, at the same time, our findings address an important caveat:
attracting only these firms with restrictive practices aimed at limiting knowledge leakages may not
generate major knowledge spillovers from local R&D operations. Likewise, enhancing IPR
protection in a country may pose an important trade-off between attracting foreign R&D
investments to a greater extent, and a lower likelihood that each of these investments produces
substantial knowledge spillovers to the local economy. While developing countries that are lagging
far behind the IPR protection frontier still have opportunities to attract foreign investments in
R&D by strengthening IPR protection, our research also predicts that ongoing IPR policy
convergence in the global economy may gradually reduce the importance of IPR policies in
attracting MNEs’ R&D investments.
Second, policy makers should take into account the extent of inter-firm mobility of R&D
employees in their countries when establishing IPR policies. We find that that patent rights may
not be sufficient to attract foreign R&D investments if the country has substantial inter-firm
mobility of engineers and scientists. Hence, regulations on trade secrets protection (e.g.,
enforcement of anti-competition clauses in employment contracts) play a complementary role in
attracting MNEs’ R&D investments. Again, such policies are associated with the trade-off between
inward R&D investments and foreign knowledge spillovers, as inter-firm mobile R&D employees
are major conduits of knowledge diffusion between firms. In this regard, assessing the net spillover
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benefits of trade secret protection policies in terms of this trade-off is important to provide proper
policy guidance.
The dissertation also provides important managerial implications, especially for MNEs performing
R&D activities in emerging economies or planning to increase global R&D investments. We
provide direct evidence that firms’ cross-country internal linkage in R&D is an effective IP strategy
in order to restrict knowledge leakages abroad. Furthermore, we have shown the conditions under
which such linkage strategies operate more efficiently. These findings provide useful insights for
MNEs about when they should consider to adopt or more widely apply internal linkage strategies.
Our methods to measure internal linkage strategy, and technology characteristics based on patent
data could be utilized not only by academic researchers but also by IP practitioners.
The findings in this dissertation have already been presented at international conferences and
workshops during the course of the research. The findings in Chapter 2 were presented at the 5th
Technology & Innovation Community meeting (Leuven, 2017) and the 4th Geography of
Innovation Conference (Barcelona, 2018). Chapter 3 was presented at the Strategy Science
Conference Doctoral Workshop (Philadelphia, 2018) and the International Schumpeter Society
Conference (Seoul, 2018). Chapter 4 was presented at the IP Statistics for Decision Makers
conference (Alicante, 2018) and the III Workshop on Innovation and Firm Performance (Reus,
2019). These conferences were also attended by IP practitioners. The findings will still be presented
at other relevant conferences and workshops in the near future.
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