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Abstract
We characterize the knowledge production process whereby the inventive

capabilities of the firm generate innovation output in highly inventive
multinational enterprises (MNEs). We explore the sensitivity of this

relationship to the strength of intellectual property rights (IPR) protection

across the MNEs R&D subsidiaries. We argue that MNE innovative performance
will be enhanced when the firm’s R&D activities are based in locations where

IPR protection is stronger. Moreover, when considering the internal geography

of the MNEs R&D activities, innovation performance depends on the distance
between the home- and host-country IPR regime. Thus, innovation

performance is worse, as the difference between home and host IPR regimes

increases. Finally, we explore asymmetries in this relationship, in particular that

the deterioration is more marked when MNEs locate their R&D activities in host
economies with IPR protection significantly less strict than in their home

country. We test these ideas using a unique new dataset about the most

innovative MNEs in the world, an unbalanced panel of around 900 MNEs
observed for the period 2004 to 2013 and find strong support for all our

hypotheses.
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INTRODUCTION
The international business (IB) literature has long seen the inter-
nationalization of innovation as a core research topic (Cantwell,
1989; Dunning, 1988; Narula, 2003). This is because highly
innovative multinational enterprises (MNEs) possess an ownership
advantage that can be exploited on overseas markets (Anand,
McDermott, Mudambi, & Narula, 2021; Cantwell, Dunning, &
Lundan, 2010; Rugman, 2009; Teece, 2007; Teece, 2014). Further-
more, research on cross-border innovation has been growing
rapidly (Peng, Ahlstrom, Carraher, & Shi, 2017), including with
respect to networking activities (Cano-Kollmann, Cantwell, Han-
nigan, Mudambi, & Song, 2016), innovation offshoring
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(Rosenbusch, Gusenbauer, Hatak, Fink, & Meyer,
2019), as well as the impact of the legal environ-
ment (Brander, Cui, & Vertinsky, 2017; Papageor-
giadis, McDonald, Wang, & Konara, 2020). This has
led to significant developments in our understand-
ing of the mechanisms underlying global innova-
tion (Mudambi, 2008; Nandkumar & Srikanth,
2016) and the internationalization of R&D (Pa-
panastassiou, Pearce, & Zanfei, 2020).

Much of the IB literature about innovation
focuses on location choices and the transfer of
new knowledge from the point of creation to the
point of use (Narula, 2014): R&D subsidiaries may
be located overseas for asset-seeking or augmenting
reasons, for example to improve their existing
assets by acquiring foreign research and science
capabilities or to strengthen their existing assets by
obtaining specific knowledge about new markets
(Criscuolo, Narula, & Verspagen, 2005). Thus, there
is analysis of the recombination of resources and
technological knowledge across locations ( Belder-
bos, Leten, & Suzuki, 2013; Castellani, Jimenez, &
Zanfei, 2013); subsidiaries (Birkinshaw & Hood,
1998); and boundaries (Kogut & Zander, 1993).
However, the impact of R&D subsidiary – locations
-the impact of decisions to internalise MNE inno-
vation activities across boundaries- on innovation
performance has rarely if ever been considered,
especially for highly innovative MNEs. At the same
time, the innovation literature has extensively
explored the impact of the external environment
on the process of knowledge diffusion (Audretsch &
Feldman, 2004), with IB scholars as well as eco-
nomic geographers (e.g., Crescenzi & Gagliardi,
2018; Crescenzi, Nathan & Rodrı́guez-Pose, 2016)
also stressing the role of institutional context in
foreign direct investment (FDI) choices (Jackson &
Deeg, 2008; Li & Zhou, 2017). Despite this, the
relationship between MNE internal innovation
performance, the geographic location of its R&D
activities, and the institutional context, in partic-
ular, the strength of intellectual property rights
(IPR) protection, has not yet been analyzed.

This research gap leads us to focus on three inter-
related research questions about the effects of
institutional context on the MNE internal innova-
tion performance. First, we ask whether, given the
internal geography of innovative capabilities across
locations, innovation performance in highly inno-
vative MNEs is stronger when more of its R&D
activities are based in locations where there is
stricter IPR protection. We go on to consider the
effects of institutional distance on innovation

performance, in particular concerning differences
between home- and host-economy IPR regimes.
Finally, we investigate possible asymmetries in
those institutional distance effects, specifically
whether the impact of IPR regime distance is the
same when the home economy has strong IPR
protection, and the host economy weaker, and
when the home IPR regime is weak and the host
economy stronger. Examples of such asymmetries
are R&D subsidiaries of developed economy MNEs
located in emerging economies versus emerging
economy MNE R&D subsidiaries located in devel-
oped economies.
The IB literature has previously considered the

impact of the IPR regimes on MNE strategies
(Globerman & Shapiro, 2002; Nandkumar & Sri-
kanth, 2016; Santangelo, Meyer, & Jindra, 2016).
Hence, the choice of FDI location has been found
to be positively influenced by the strength of IPR
protection: R&D subsidiaries located in places
where the protection of IPR is weak will find the
fruits of innovation eroded by competitors’ imita-
tion of their products and technologies (Papageor-
giadis et al., 2020). However, there is less research
on the implications of heterogeneity in the IPR
regime across R&D subsidiary locations. We argue
that protecting, managing, and coordinating R&D
when some research subsidiary locations have
lower IPR protection raises MNE costs of innova-
tion and therefore weakens performance. This leads
us to propose that MNE innovative performance
will be better when its R&D activities are concen-
trated in institutional contexts where IPR protec-
tion is stronger. Moreover, in addition to
minimizing the transactions costs of generating a
given level of knowledge, the MNE can learn more
broadly from its knowledge creation in distant
locations (Phene & Almeida, 2008; Rugman &
Verbeke, 2001). In this respect, stronger IPR regimes
will facilitate MNEs exploitation of dynamic capa-
bilities (Nelson & Winter, 1982; Teece, 2007, 2014)
by ‘‘scanning, searching, and exploring changes
and possibilities across technologies and markets,
both local and distant’’ (Lee, Narula, & Hillemann
2021).
Further, when considering the effects of the

internal geography of MNE location decisions, we
propose that MNE innovation performance will be
sensitive to differences between the IPR regimes in
the home and host countries. The base is set by
MNEs whose internal R&D activities are located in
countries with similar IPR regimes, either strong
IPR protection in both the home and host country
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or weak in both. When MNEs locate their R&D
activities in host economies with IPR regimes that
are different from their home country, innovation
performance is subject to distance effects. We argue
that MNEs whose home R&D facilities are located
in low IPR protection countries find there to be
additional information and coordination costs of
managing knowledge creation in overseas settings.
However, these may be offset by the lower costs of
protecting their inventions when foreign R&D is
located in strict IPR regimes, as well as by the
benefits of learning from a different and possibly
more technologically advanced host innovation
environment (Rosenbusch, Gusenbauer, Hatak,
Fink, & Meyer, 2019). Even so, these costs will
likely be higher than when they locate in low IPR
protection regimes, because they have developed in
their home economy a better understanding of
knowledge management processes in institution-
ally challenging environments (Cuervo-Cazurra &
Ramamurti, 2014, 2017). In contrast, MNEs based
in high IPR protection home countries have devel-
oped management systems to limit the costs of
knowledge creation in strict IPR regimes, and find it
more costly to pursue R&D activities in low IPR
protection environments because of the need to
provide additional protection (e.g., secrecy) for the
fruits of their work. Therefore, MNEs from low IPR
countries investing in high IPR countries (e.g.,
Huawei locating R&D facilities in Canada) will
display – ceteris paribus – better innovation perfor-
mance than MNEs from high IPR protection coun-
tries investing in locations with low IPR protection
(e.g., Daimler doing R&D in China). We test these
ideas using a unique new dataset about the most
innovative MNEs in the world, an unbalanced
panel of around 900 firms observed for the period
2004 to 2013 and find strong support for our
hypotheses.

We make several contributions to the IB litera-
ture. We use a firm-level analysis of MNE knowl-
edge production process to explore the impact of
the country-level institutional context on innova-
tion performance. In particular, we investigate how
innovation performance is affected by the strength
of IPR, a framing consistent with other approaches
to understanding the influence of institutions more
broadly defined on MNE performance (Marano
et al., 2016). Furthermore, we explore how innova-
tion performance is affected by differences in
home–host locations and by the distance between
the strength of IPR protection in each. We show
that distance effects are asymmetric: the negative

impact of distance is more pronounced for firms
based in strict IPR regimes located in less strict ones
than for the converse. Finally, we exploit our
dataset to provide results about the innovation
performance of the most innovative firms in the
world. By modeling the impact of the internal
geography of the MNE knowledge creation process,
we can empirically identify the sensitivity of inno-
vation performance to the strength of the IPR
regime; the distance between home and host
economy, and how the latter effect depends on
the strength of IPR regime in the host economy.
Our findings have important implications for man-
agement practice in MNEs and for future research.
In the following section, we present our theoret-

ical framework and our hypotheses, while the
dataset is introduced in the third section. Methods
and results are reported in section four and dis-
cussed in section five, while conclusions are drawn
in the final section.

HYPOTHESIS DEVELOPMENT

The Knowledge Production Function
and Innovation Performance
Our analysis studies the ways in which institutional
context, in particular the strength of IPR protec-
tion, affects the innovation performance of MNEs
whose R&D efforts are internationalized. We focus
on highly innovative MNEs, defined as firms that
are heavily engaged in the research process, with
their own teams of innovators undertaking
research that leads to patents, and that typically
undertake knowledge creation in a variety of
different locations. Our notion of innovation per-
formance concerns the productivity of the knowl-
edge production process, which is the relationship
between innovation inputs and output (Crescenzi
& Gagliardi, 2018; Griliches, 1979). Thus, we posit
that MNEs transform research inputs, in particular
the stock of inventive capabilities, into research
outputs through a knowledge production technol-
ogy which itself is contingent on the geographic
location of research activities. Innovation perfor-
mance is therefore defined in terms of the quantity
of research output that the firm is able to generate
from its internal inventive capability inputs.
The concept of inventive capabilities is defined

by Arora, Cohen, & Cunningham (2018) as ‘‘the
upstream technical expertise and functions that
allow firms to generate new products or improve
existing products.’’ (page 2). We also build on
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Leiponen and Helfat’s (2010) work who associate
inventive capabilities with internal human research
capital and Marvel and Lumpkin (2007) who view
inventive capability as describing the firms’ endow-
ment in innovative human capital. We argue that
inventive capabilities, which we define as the stock
of knowledge of inventors within a firm in a
particular field of research, drive innovation by
enabling the accumulation of specialized expertise
and skills which the MNE uses in its internal
knowledge creation process, for example in build-
ing new innovations on the basis of previous ones
(Crossan & Apaydin, 2010). High stocks of such
knowledge, associated with deep enterprise-level
inventive capabilities, allow the MNE to combine
and recombine refinements in various aspects of
processes and products (Christensen, 2006; Eisen-
hardt & Martin, 2000; Teece, 2014). We therefore
propose that MNEs with higher levels of internal
inventive capability will generate more research
output (see e.g., Hayton & Zahra, 2005; Shrader &
Siegel, 2007). However, we posit that the relation-
ship between inventive capability and innovation
output is also sensitive to contextual factors asso-
ciated with the geographic location of the inven-
tive capabilities.

Innovation Performance and IPR Regimes
The literature has considered how MNEs choose
locations for R&D activities (Li & Zhou, 2017) and
produce innovation output across a variety of
locations (Kotabe, Dunlap-Hinckler, Parente, &
Mishra, 2007; Lahiri, 2010). Our research goes on
to consider the impact of the geographic distribu-
tion of MNE inventive capabilities on innovation
performance, especially as a result of the hetero-
geneity in IPR protection across countries.

The IB literature has shown how institutional
context influences various aspects of international-
ization, including MNE strategy and performance
(Jackson & Deeg, 2008; Meyer & Peng, 2016). While
institutions influence many aspects of MNE deci-
sion-making, when considering innovation, per-
haps the most important element of the
institutional context is the strength of the IPR
regime (Peng, Ahlstrom, Carraher, & Shi 2017).
This is because firms need not only to invent new
products and processes but also to capture the
surpluses thereby generated, and the strength of
the IPR regime indicates the level of institutional
protection provided to innovators through the
legal system (Pisano & Teece, 2007). Thus, where
the IPR regime is strong, innovation is harder to

imitate, and so competitors are less able to reduce
or eradicate the firm-level competitive advantage
bestowed as a result. In contrast, weak IPR protec-
tion may lead to underutilization of the firm’s
innovation capabilities (Zhao, 2006). The strength
of IPR protection also affects FDI location (Khoury
& Peng, 2011) with consequences on the overall
distribution of foreign R&D activities.
So how does the strength of IPR protection

influence the firm-level process whereby inventive
capabilities are transformed into innovations across
its R&D locations? Our analysis is primarily based
on an internal transactions’ costs evaluation of
impact of different property rights regimes on the
knowledge production process (Casson, 1985). We
propose that the costs of innovation to the MNE
will be lower in locations where IPR protection is
stronger. This is primarily because it is less complex
and administratively demanding in such locations
to protect the hard-won competitive advantage
from imitation (Santangelo, Meyer, & Jindra, 2016)
and therefore the MNE does not have to incur a
variety of additional costs to protect the knowledge
creation process.
In contrast, the costs of achieving a given level of

innovation performance will be higher in locations
where IPR protection is weaker because the firm has
to undertake additional and expensive activities to
protect its innovation output. For example, in order
to erect barriers to imitation, the firm may have to
implement higher levels of internal security or
follow more complex or convoluted research tra-
jectories, which are harder to copy. In highly
innovative MNEs with significant science and
research establishments, these costs are likely to
exceed any benefits from operating in an environ-
ment where the co-evolution of knowledge with
competitors and hence learning is less costly
(Rosenbusch et al., 2019). For these reasons,
amongst others, Zhao (2006) argues that weak IPR
protection has a generally dampening effect on
innovation. Thus, the greater the extent to which
innovation activities by MNEs are located in coun-
tries where IPR protection is weak, the lower will be
innovation performance. This leads us to propose:

Hypothesis 1: MNE internal innovation per-
formance will be stronger when innovation
activities are predominantly located in countries
with stricter IPR protection.

A complementary perspective to the transactions
costs approach is offered by MNE
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internationalization strategies aimed at learning
through asset seeking FDI (Criscuolo, Narula &
Verspagen, 2005). MNEs might benefit from inter-
nalizing spatially sticky and highly contextual
localized knowledge in low IPR protection host
locations. Furthermore, MNEs based in home
economies with strict IPR regimes will be generally
less likely to undertake R&D in host locations with
lower protection of their own knowledge assets due
to the impeding effect of institutional distance,
though they may still find it advantageous to access
relatively less protected localized knowledge assets.
A number of theoretical and empirical contribu-
tions have explored this trade-off in cross-border
knowledge sourcing (see for example Papanastas-
siou, Pearce, & Zanfei, 2020). This literature implies
that, even if Hypothesis 1 is verified, MNEs may still
locate their R&D activities in locations with varying
degrees of IPR protection, depending on their
knowledge management and acquisition strategies.
Hence, additional hypotheses are needed in order
to better conceptualize the link between IPR
regimes in the home and host economies, the
internal MNE geography of inventive capabilities,
and innovation performance. It is to these issues we
turn in the next sub-sections.

The Effects of Home–Host Differences in IPR
Protection
The IB literature has argued that the performance of
MNEs is contingent, not only on the institutional
quality of the host economy (Bevan & Estrin, 2004;
Globerman & Shapiro, 2002) but also on the
difference in institutional quality between home
and host economies – institutional distance (Berry,
Guillén, & Zhou, 2010; Ghemawat, 2007; Kostova,
Beugelsdijk, Scott, Kunst, Chua, & van Essen,
2020). The fundamental idea is that transactions
and other costs of MNE activities increase as
locations are further away from the home economy
in a variety of senses, including geographic, insti-
tutional, and contextual distance (Jackson & Deeg,
2008; Kostova et al., 2020). We extend this concept
to the analysis of internal knowledge in the MNE,
by exploring the impact of different levels of
strictness of IPR protection on innovation perfor-
mance. We first consider the effects of distance
(Beugelsdijk, Ambos, & Nell, 2020) and in the next
section turn to possible asymmetries in these effects
(Shenkar, 2001; Zaheer, Schomaker, & Nachum,
2012).

As noted above, MNEs internalize their innova-
tion activities overseas to access foreign expertise as

well as to increase the flexibility of their operations
(Doh, Bunyaratavej, & Hahn, 2009; Rosenbusch
et al., 2019). For example, R&D units may be
located overseas to allow firms to better understand
new markets or to exploit overseas science capabil-
ities by choosing sites where there are large num-
bers of appropriately qualified and skilled
researchers (Papanastassiou et al., 2020). However,
the transactions costs lens suggests that there will
be additional costs of creating, managing, and
guiding research units in these overseas locations
(Belderbos, R., Leten, B., & Suzuki, 2013; Dachs,
Stehrer, & Zahradnik, 2014). These include the
costs of ensuring that researchers are appropriately
informed and knowledgeable about the nature of
their products and customers in home markets; the
costs of coordination between the headquarters
and overseas units related for example to language
and culture; and administrative costs arising from
unfamiliarity with local rules and regulations, or
from costs incurred to satisfy local social norms
(Berry, 2014; Nandkumar & Srikanth, 2016).
We have argued that a major factor underlying

these costs is associated with deficiencies in the
quality of institutions (Rosenbusch et al., 2019),
among which, the strength of IPR regimes is
perhaps the most important (Nandkumar & Sri-
kanth, 2016; Peng et al., 2017). However, these
costs vary with institutional distance. Thus, in
order for innovators to build on the knowledge
and processes already undertaken in their R&D
facilities, it is necessary for MNEs to provide their
overseas research units with in-depth information
about their production processes and their market
positioning, much of this being imparted by direct
communication and extended discussion (Cavus-
gil, Cantelone, & Zhao, 2003). The costs of doing
this will be higher between locations with greater
differences in IPR regimes because barriers will have
to be erected to limit the loss of that highly
valuable knowledge from within the organization
to competitors, for example through imitation of
products or processes. Similarly, for continuous
evolution of products and processes to ensure
precise positioning within a market niche, this is
a more costly exercise when the research activities
are separated from the market-facing functions of
the business and these costs are increased when
there are greater differences in IPR regime because
of the additional protections required internally
when IPR protection is weaker (Castellani, Jimenez,
& Zanfei, 2013). Thus, greater distance between
levels of IPR protection increase the costs of
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coordination between R&D units (Blanc & Sierra,
1999; Papanastassiou et al., 2020). Finally, greater
IPR distance may raise the costs of transferring
knowledge between overseas R&D subsidiaries and
the parent organization or increase the costs of
integrating that knowledge into the MNE routines
and processes (Rosenbusch et al., 2019). Thus, for
example, the understanding of subtle linguistic
distinctions may compound difficulties caused by
differences in social norms regarding for example
the sharing of tacit knowledge or the willingness to
learn from overseas groups with different charac-
teristics concerning for example power–distance
relationships or gender balance (Kogut & Zander,
1993; Kshetri, 2007).

These costs of integration will be greater as
differences between IPR protection in the home
and host economies increase because of the addi-
tional complexity resulting from the need to oper-
ate simultaneously in different IPR regimes. For
example, it may be increasingly expensive for
managers based in strict IPR protection locations
to get their research employees to understand and
take seriously the imperative for the whole organi-
zation of protecting the knowledge creation pro-
cess, requiring enhanced training and more
sophisticated systems for managing knowledge
flows. Barriers to restrict the loss of knowledge will
become more expensive as distance between IPR
regimes increases because of rising costs of learning
and implementation, for example contracts,
administration, and monitoring and legal fees.
Thus, we argue that the informational, coordina-
tion, and administrative costs of managing overseas
R&D subsidiaries increase as differences between
the strictness of home and host IPR regimes
increase. Hence, we propose:

Hypothesis 2: The positive relationship
between inventive capabilities and innovation
performance is less pronounced when the dis-
tance between the strictness of IPR protection in
the home and host country is higher.

Asymmetric Effects of Differences in Strictness
of IPR Regime
The IB literature has also argued that the effects of
institutional distance are not necessarily symmet-
ric. This is because one cannot assume the role of
home and host institutions on strategic outcomes
to be the same: as Shenkar (2001 p. 523) puts it,
‘‘home- and host-country effects are different in
nature, the former being embedded in the firm

while the latter is in a national environment.’’ In
the context of the internal geography of knowledge
creation, it may therefore matter for the costs of
managing internal R&D activities in different loca-
tions whether the MNE is based in a country with
strict regulations, and is operating in countries with
weaker ones, or the converse (Zaheer, Schomaker &
Nachum 2012).
We build on these ideas to propose that the

impact of distance will be contingent on the
starting point; the strictness of IPR regimes in the
home country compared to that in the location of
the R&D subsidiaries. Hypothesis 2 argued that
internal costs of information, coordination, and
administration increase with IPR distance, but the
extent of this increase is contingent on the strength
of the IPR regime in the home country. Consider
for example the costs of foreign R&D when MNEs
from high IPR protection countries locate R&D
subsidiaries in countries with similarly high levels
of IPR protection, for example US MNEs undertak-
ing research in the UK or Germany (Castellani
et al., 2013). The similarity in the level of protec-
tion at home and abroad means that the various
additional costs associated with undertaking R&D
abroad will be limited. However, emerging econo-
mies (EEs) have become increasingly important as
locations for offshoring R&D (Baldwin & Henkel,
2015; Santangelo et al., 2016) and some of these
have less stringent IPR protection, generating the
incremental costs of information, coordination,
and administration discussed with reference to
Hypothesis 2. The decision of MNEs from higher
IPR protection economies to locate their innova-
tion activities in lower IPR protection countries
increases the distance between home and host
economies in terms of IPR protection, thereby
raising the cost of managing the knowledge cre-
ation process and lowering innovation perfor-
mance. This is because the costs of ring-fencing
and protecting MNE internal knowledge outweigh
the potential benefits from strategic asset seeking
offered by a weaker protection of localized knowl-
edge in low IPR economies. For example, in low IPR
countries, innovative (domestic and foreign) firms
will put in place alternative strategies to protect
their internal knowledge, limiting the scope for
MNE learning and knowledge absorption.
However, these incremental costs will not be so

great when we consider MNEs located in countries
with low IPR protection managing R&D sub-
sidiaries in countries with higher IPR protection.
Institutional distance will still raise the costs of
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locating R&D abroad because the management
systems and mechanisms of coordination designed
to protect inventions in the low IPR home country
will have to be adapted to fit stricter IPR protection.
However, these costs will not be so pronounced as
when the home country has a stricter IPR regime
because the requirement to erect internal barriers to
the flow of information is reduced; the MNE will
need fewer mechanisms of its own to protect its
inventions because more reliance can be placed on
the national legal system and its enforcement. At
the same time, an environment with well-protected
IPR might also offer opportunities for knowledge
absorption and external learning. For example,
with a strong IPR regime protecting the outcome
of their innovation process, local firms will be more
open to engage in collective and interactive learn-
ing processes, offering MNEs opportunities for low-
cost knowledge absorption (De Propris & Driffield,
2006). Hence, we propose:

Hypothesis 3: The impact of differences in the
IPR regime on the relationship between inventive
capabilities and innovation performance within
the MNE depends on the relative strictness of the
IPR regime in the home and host countries.

DATA
Our empirical focus is on the world’s most innova-
tive MNEs, which largely innovate in-house. We
gather and combine two independent data sources
in order to test our hypotheses. First, we use
publicly available patenting information provided
by the United States Patent and Trademark Office
(USPTO). This database provides information on
knowledge generation globally because the US
represents the largest market for firms to protect
their intellectual property: hence, irrespective of
their home country, MNEs have strong incentives
to file their world-wide inventions with the USPTO.
Moreover, because patents are filed for the same
market and in a single patent office, the data are
highly comparable across home and host countries.
Each patent document contains a detailed descrip-
tion of the invention being patented, information
about the type of technology it claims right to, the
name(s) of the assignee(s) and inventor(s), and
their place of residence. The database is regularly
updated and therefore links inventors, their orga-
nizations, locations, and overall patenting activity,
making it possible to capture the innovative

performance of MNEs and the nature and diversity
of their inventors.
Second, we use the information compiled in the

Industrial R&D Investment Scoreboard database.
Since 2004, the Joint Research Centre and Research
Directorate General at the European Commission
produces a yearly report titled ‘EU Industrial R&D
Investment Scoreboard’ (hereby referred to as
‘Scoreboard’). The purpose of the report is to list
and provide economic information about the
companies in the world with the highest R&D
spending. The database includes detailed informa-
tion on total expenditure on R&D performed
directly by each firm, but excluding R&D under-
taken under contract for external entities such as
government bodies or other companies. Other
firm-level variables include sales and the number
of employees. The 2500 companies listed in the
2017’s Scoreboard account for more than 90% of
global business R&D expenditure (Hollanders, Es-
Sadki, Vértesy, & Damioli, 2017).
In order to combine the firm-level information in

Scoreboard with the patenting activity of these
same firms at the USPTO, we manually matched
company names in the Scoreboard database with
those appearing in ORBIS. The ORBIS database is a
commercial dataset that provides economic and
administrative data for more than 130 million firms
worldwide, including information about all patents
granted to those firms by the USPTO. It thus
provides a basis for matching the economic infor-
mation in Scoreboard with their patenting activity
at the USPTO. The details on the matching proce-
dure are available from the authors upon request.
The manual matching and cleaning process yielded
an ORBIS unique identifier for 3123 Scoreboard
firms. Our matching procedure uniquely identifies
98% of the Scoreboard, accounting for 96% of total
combined R&D expenditures, 2003–2016. We
restrict our sample to Scoreboard firms that actively
engage in patenting and that are MNEs. Our final
estimation sample therefore comprises 879 Score-
board companies that patented at least once at the
USPTO and that have at least one fully controlled
foreign subsidiary. This sub-sample of firms, com-
prising the world’s highly innovative MNEs, was
granted approximately 690,000 patents between
2004 and 2013 and account for 32.5% of patents
granted at the USPTO over that period.
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EMPIRICAL MODEL

Specification and Estimation
Our empirical analysis uses the framework of the
firm-level knowledge production function (Gri-
liches, 1979). We follow the literature (e.g., Kotabe
et al., 2007) in measuring innovation output by the
number of patents per firm per annum; what
Lazzarini, Mesquita, Montero, & Musacchio (2021)
call ‘invention frequency’. Let i denote firms in our
sample, let c = 1,…,51 denote the home country
where each MNE is based, and let the temporal
dimension be measured as 5-year period averages
denoted for simplicity t = 2004,…,2013. Then, the
number of patents produced by the MNE can be
specified as a function of firm-level inventive
capabilities, IPR regime, and their interaction as
well as other controls as follows:

Innovation ¼f IPR Regime; Inventiveð
Capabilities; Inventive Capabilities

� IPR Regime; Controls

Þ:

ð1Þ
We measure MNE inventive capabilities by the

accumulated patenting experience of their inven-
tors that forms the MNE Stock of knowledge, the
average number of patents filed by the inventors
associated with each MNE to that point in their
career.

To consider the strictness of the IPR regime, we
build on a dataset developed by Papageorgiadis,
Cross, & Alexiou (2014) and Papageorgiadis and
Sofka (2020). The Patent Enforcement Index (PEI)
1998–2017 is a comprehensive measure built with
the purpose of gauging the extent of ‘‘servicing
costs’’, ‘‘property right costs’’, and ‘‘monitoring
costs’’ at the country level around the world. It
extends the patent protection index popularized by
Park (2008). The PEI assumes values from 0 to 10,
‘‘0’’ being no protection at all and ‘‘10’’ being full
protection. On this basis, we can identify the
strictness of IPR regimes faced by the MNE in all
the countries where the company locates its R&D
activities, including the home country.

We use this to develop a measure of the MNE
exposure to different intellectual property rights
regimes in all countries (including in the home
economy) as a consequence of the geographic
distribution of its R&D activities. Thus, we can
define the firm-level patent enforcement index (F-
PEI):

Firm� Patent � Enforcement � Index F � PEIð Þitc
¼ x1

itc PEI1tc
� �

þ x2
itc PEI2tc
� �

þ � � � þ x50
itc PEI50tc
� �

þ x51
itc PEI51tc
� �

ð2Þ

where xitc
1 measures the proportion of patents

located in country ‘‘c1’’ at time ‘‘t’’ by the company
‘‘i’’, which must sum to one in each year:

P
xitc

j. =
1. The distribution of the firm-level patent
enforcement index is reported in Figure 1.

In addition, we define a variable that measures
the difference between MNE home IPR protection
and the firm-level patent enforcement index com-
piled in Eq. (2). The Home-Host F-PEI distance
measures the difference between the patent
enforcement index in the MNE home country and
the same index in all countries, including the home
country, where the firm undertakes R&D, F-PEI.
The weights are given by the share of patents
produced in each foreign country as shown in
Eq. (2). Thus, the distance index is defined as:

Home Host F� PEI Distance
¼ Home PEItcH�Firm � Patent� Enforcement

� Indexitc

ð3Þ

where HomePEItcH is the patent enforcement index
in the home (headquarters) country location of the
company. Thus, the variable has a value of zero
when the firm undertakes R&D in foreign countries
with the same level of IPR protection as its home
country. The value will be positive when IPR pro-
tection in the home country is stricter than the
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Figure 1 The firm-level patent enforcement index distribution.
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weighted average of that in the firm’s other R&D
locations: it is negative if the converse is true.

Firm controls include the standard firm-level
‘knowledge production function’ terms: the total
number of inventors active in the firms (as a proxy
for labor input in the innovation process) and total
R&D investment (as a proxy for capital input in
knowledge production). The latter is also included
in quadratic and cubic terms in order to control for
non-linear effects. In addition, we control for other
standard firm-level characteristics affecting innova-
tion related to size and capital intensity, namely
sales, total number of employees and capital
investment. We also include firm fixed-effects (li)
and time fixed-effects (tt), as 5-year period dum-
mies. The former controls for all time-invariant
observable and unobservable characteristics of the
firms; our longitudinal estimation models represent
a very powerful specification because the firms’
sector of activity, country of origin, intrinsic orga-
nizational structure, and company culture, among
other things, are all controlled for in the regressions
insofar as they are constant through time. This
greatly reduces the potential omitted variable bias
that occurs in pure cross-section data. Furthermore,
we are able to account for a large proportion of the
overall variability of the dependent variable in
longitudinal models. The time fixed effects account
for macroeconomic shocks common to all firms
and all other factors that vary over time (including
changes in the global patenting environment) for
all firms.

In order to test Hypothesis 1, we include a set of
interaction terms that capture the effects of the
strength of the Firm-Patent-Enforcement-Index on the
inventive capabilities-innovation performance rela-
tionship. The strength of the IPR regime is captured
by the mean of the F-PEI, which in the first
specification is converted into dummy variables
based on critical threshold values selected looking
at the distribution of the variable: ‘‘low’’ (for Firm-
Patent-Enforcement-Indexitc values between 0 and
6.95) is the (omitted) reference category, medium
(dummy variable MEDIUM=1 when the Firm-Pa-
tent-Enforcement-Indexitc ranges between 6.95 and
8.4) and ‘‘high’’ (dummy variable HIGH=1 when
the Firm-Patent-Enforcement-Indexitc exceeds 8.4).
We therefore test Hypothesis 1 in Eq. (4):

log yitc
� �

¼ a0þ a1log INVENTIVECAPABILITIESð Þitc
þ a2 F�PEIMEDIUM

tc � log INVENTIVECAPABILITIESð Þitc
� �

þ a3 F�PEIHIGH
tc � log INVENTIVECAPABILITIESð Þitc

� �

þ a4 F�PEIMEDIUM
tc

� �
þ a5 F�PEIHIGH

tc

� �

þ a6 FIRMCONTROLSð Þitcþ ttþ liþeit

ð4Þ

If Hypothesis 1 is supported, we would expect
a3[ a2[0, suggesting that in higher IPR regimes,
firm-level inventive capabilities generate higher
innovation output.
In a second specification, we test Hypothesis 1

specifying the Firm-Patent-Enforcement-Indexitc as a
continuous variable instead, as in Eq. (5):

log yitc
� �

¼ a0þ c1log INVENTIVE CAPABILITIESð Þitc
þ c2log INVENTIVE CAPABILITIESð Þitc
�Firm�Patent�Enforcement� Indexitc

þ c3Firm�Patent�Enforcement� Indexitc

þ c4 FIRMCONTROLSð Þitcþ ttþ liþeitc

ð5Þ

For Hypothesis 1 to be supported, c2 should have
a positive sign.
In order to test Hypothesis 2, we analyze the

moderating effect of the difference between home–
host IPR regimes on the relationship between
inventive capabilities and MNE innovation. There-
fore, in Eq. (6), we replace Firm-Patent-Enforcement-
Indexitc by the absolute value (indicated as |…|) of
the Home-Host F-PEI distance as defined by equation
(3):

log yitc
� �

¼ b0þ b1log INVENTIVE CAPABILITIESð Þitc
þ b2log INVENTIVE CAPABILITIESð Þitc
�jHome�Host F�PEI Distanceitcj
þ b3jHome�Host F�PEI Distanceitcj
þ b4 FIRM CONTROLSð Þitcþ ttþ liþeitc

ð6Þ

If Hypothesis 2 is supported, we would expect
b2=0.
Finally, in Hypothesis 3, we posit that the effect

of inventive capabilities on innovation perfor-
mance is contingent on the direction of the differ-
ence in strictness of IPR regimes, whether positive
or negative relative to the IPR strength of the home
country where the headquarters is located. In order
to test this hypothesis, we split the sample in two
groups based on whether the difference in the
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strictness of IPR regime between the home and host
economy is positive or negative. We test whether
the coefficient on distance, b2, is the same in each
sub-sample. In the Appendix, we also specify a
triple interaction model where the impact of
inventive capability is moderated by absolute value

of the |Home-Host F-PEI Distance| and by the direc-
tion of the distance. We use these results to plot
3-D contour maps of the distance effects in the
Discussion section.
In our models, standard errors are clustered at the

firm level in order to incorporate within-firm

Table 1 Testing Hypothesis 1. The moderating impact of IPR on inventive capabilities

Dep: Patents per firm (1) (2)

Medium firm-patent-enforcement-index # stock knowledge 0.137 Firm-patent-Enforcement-index# Stock knowledge 0.140

(0.026)

[0.000]

(0.031)

[0.000]

Top firm-patent-enforcement-index # stock knowledge 0.305

(0.075)

[0.000]

Stock knowledge 1.164 0.236

(0.082)

[0.000]

(0.198)

[0.234]

Middle firm-patent-enforcement-index - 0.262 Firm-patent-enforcement-index - 0.242

(0.043)

[0.000]

(0.058)

[0.000]

Top firm-patent-enforcement-index - 0.545

(0.127)

[0.000]

Inventors per firm 1.067 Inventors per firm 1.068

(0.020)

[0.000]

(0.020)

[0.000]

R&D investment - 0.520 R&D investment - 0.531

(0.323)

[0.108]

(0.323)

[0.100]

R&D investment # R&D investment 0.112 R&D investment # R&D investment 0.113

(0.065)

[0.083]

(0.064)

[0.080]

R&D investment # R&D investment # R&D investment - 0.008 R&D investment # R&D investment # R&D

investment

- 0.008

(0.004)

[0.064]

(0.004)

[0.066]

Sales 0.008 Sales 0.009

(0.048)

[0.876]

(0.047)

[0.856]

Employees - 0.105 Employees - 0.105

(0.057)

[0.069]

(0.056)

[0.063]

Capital 0.049 Capital 0.048

(0.022)

[0.024]

(0.021)

[0.024]

Constant - 0.331 Constant 1.269

(0.542)

[0.542]

(0.610)

[0,071]

Observations 6,052 Observations 6,052

Number of firms 879 Number of firms 879

Adjusted R-squared 0.860 Adjusted R-squared 0.862

Firm FE YES Firm FE YES

Year FE YES Year FE YES

Robust standard errors are in ‘‘( )’’ parentheses and p values are in ‘‘[ ]’’ brackets. Note: Column 1. Omitted Firm-patent-enforcement-index category
‘‘low’’ protection (below 6.95 on a 0–10 scale, see text).
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correlations and we adopt a log-log specification, so
the interpretation of the coefficients is therefore in
terms of elasticities. We report the correlation
coefficients and the Variance Inflation Factors
(VIF) in the Appendix.

Results
In Table 1, we report the estimates of Eqs. (4) and
(5) using two-way (firm and year) fixed-effects
panel data methods. Column 1 reports the results
using dummy variables for low (omitted) medium
and high values of the F-PEI as in Eq. (4) and
column (2) shows the F-PEI index as a continuous
variable as in Eq. (5).

Hypothesis 1 explores the moderating effect of
the strength of the IPR regime on the relationship
between inventive capabilities and innovation
output and we find strong support for it in Table 1.
In column (1) we find a3[a2[0, with the p values of
both coefficient equal to 0.000 as well as being
different from each other. In column (2), we find
c2[0, with p value 0.000. Thus, MNEs whose
geographic location of R&D facilities is more
intensively located in countries with higher IPR
protection have enhanced innovative performance
vis-à-vis those in lower IPR protection regimes.

Hypothesis 2 concerns the moderating effect of
the difference (distance) between home–host IPR
regimes on the relationship between inventive
capabilities and innovation output. It is tested in
Eq. (6), the estimates of which are reported in
Table 2. If Hypothesis 2 is supported, we expect to
identify a significant (moderated) effect of distance
on innovative performance.

In Table 2, we find strong support for Hypothesis
2: the coefficient on the interactive term, (Stock
Knowledge* |Home-Host F-PEI distance|), b 2, is
significantly different from zero with p value
0.000. Since, as we noted in our specification of
Home-Host F-PEI distance in Eq. (3), our measure of
distance can take either negative or positive values,
because in our formulation distance could increase
in a positive or a negative direction. In fact, the
coefficient is found to be negative. Inventive capa-
bilities enhance innovation output more when
|Home Host F-PEI Distance| (the absolute value of
the difference in IPR protection between the MNE
home country and F-PEI), is exactly 0. In fact,
Hypothesis 3 explores the possibility that the
moderating effects of F-PEI distance on innovation
are asymmetric. In Table 3, we split the sample into
two sub-samples to re-estimate Eq. (6): one where
the value of Home-Host F-PEI distance is positive and

one where it is negative. The hypothesis is sup-
ported if the estimates of coefficient b2 are different
in the two sub-samples.
In Table 3, columns (1) and (2), we report the pair

of split sample regressions of Eq. (6) for positive and
negative distance respectively (zero distance is
included in the positive distance sub-sample).
Positive distance entails the allocation of R&D
activities to countries with lower PEI, and vice-
versa for negative distance. Table 3 provides strong

Table 2 Testing Hypothesis 2. The role of absolute home–host

patent enforcement index distance

Dep: Patents per firm

Stock knowledge# |Home-Host F-PEI distance| - 0.143

(0.039)

[0.000]

Stock knowledge 1.375

(0.086)

[0.000]

|Home-host F-PEI distance| 0.265

(0.063)

[0.000]

Inventors per firm 1.064

(0.020)

[0.000]

R&D investment - 0.637

(0.300)

[0.034]

R&D investment # R&D investment 0.136

(0.060)

[0.024]

R&D investment # R&D investment # R&D

investment

- 0.009

(0.004)

[0.020]

Sales 0.002

(0.051)

[0.969]

Employees - 0.104

(0.060)

[0.083]

Capital 0.047

(0.022)

[0.036]

Constant - 0.510

(0.522)

[0.329]

Observations 6,023

Number of unique BVD identifiers 874

Adjusted R-squared 0.865

Firm FE YES

Year FE YES

Country-year FE YES

Robust standard errors are in ‘‘( )’’ parentheses and p values are in ‘‘[ ]’’
brackets.
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support for Hypothesis 3 in that the coefficient b2 is
negative and significant with p value 0.000 for the
positive distance subsample but positive, though
insignificant (p value 0.506), for the negative
distance sub-sample. Thus, we find that the mod-
erating effects of distance are asymmetric: they are
negative when MNEs locate their innovation activ-
ities in countries with less strict IPR rules but

insignificant when they are located in countries
with stricter rules.
The use of sub-samples opens the possibility that

the results are driven by the low sample size; there
are only 290 companies for which distance is
negative as against 783 for which it is positive.
Moreover, the sample splitting around zero dis-
tance is not exactly the same as one in which the

Table 3 Testing Hypothesis 3. The role of absolute distance and its direction (via sample split)

Dep: patents per firm (1) (2) (3) (4)

Positive (or zero)

distance

Negative

distance

High home patent

enforcement index

Low home patent

enforcement index

Stock knowledge# |Home-Host

F-PEI distance|

- 0.157 0.075 - 0.169 - 0.084

(0.040)

[0.000]

(0.113)

[0.506]

(0.040)

[0.000]

(0.104)

[0.421]

Stock knowledge 1.426 0.875 1.387 1.176

(0.093)

[0.000]

(0.202)

[0.000]

(0.098)

[0.000]

(0.141)

[0.000]

|Home-Host F-PEI distance| 0.291 - 0.177 0.302 0.187

(0.064)

[0.000]

(0.143)

[0.217]

(0.065)

[0.000]

(0.164)

[0.254]

Inventors per firm 1.073 1.025 1.080 1.007

(0.022)

[0.000]

(0.057)

[0.000]

(0.023)

[0.000]

(0.033)

[0.000]

R&D investment - 1.122 - 0.302 - 0.812 - 0.415

(0.348)

[0.001]

(0.609)

[0.620]

(0.389)

[0.037]

(0.369)

[0.261]

R&D investment # R&D

investment

0.226 0.078 0.160 0.113

(0.068)

[0.001]

(0.139)

[0.574]

(0.076)

[0.036]

(0.082)

[0.168]

R&D investment # R&D

investment # R&D investment

- 0.014 - 0.007 - 0.010 - 0.010

(0.004)

[0.001]

(0.011)

[0.515]

(0.005)

[0.034]

(0.006)

[0.098]

Sales 0.003 - 0.001 - 0.032 0.117

(0.052)

[0.960]

(0.085)

[0.992]

(0.060)

[0.589]

(0.056)

[0.0.39]

Employees - 0.122 - 0.052 - 0.072 - 0.164

(0.067)

[0.069]

(0.092)

[0.571]

(0.076)

[0.341]

(0.064)

[0.011]

Capital 0.064 - 0.029 0.052 0.046

(0.024)

[0.008]

(0.044)

[0.517]

(0.029)

[0.074]

(0.025)

[0.069]

Constant 0.247 - 0.158 - 0.255 - 0.665

(0.605)

[0.683]

(0.978)

[0.871]

(0.680)

[0.708]

(0.664)

[0.317]

Observations 5,155 868 3,965 2,058

Number of unique BVD identifiers 783 290 735 604

Adjusted R-squared 0.865 0.869 0.867 0.872

Firm FE YES YES YES YES

Year FE YES YES YES YES

Country-year FE YES YES YES YES

Robust standard errors are in ‘‘( )’’ parentheses and p values are in ‘‘[ ]’’ brackets.
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home country has high, or low, IPR protection. To
ensure these factors are not affecting our results, we
therefore also report a robustness test in Table 3,
columns (3) and (4), in which we again use a
sample split, but this time on the basis of the level
of IPR protection in the home country, taken at the
median, namely high PEI countries versus low PEI
ones. This generates a more equal balance of firms
in the two sub-samples: 735 MNEs in the category
of high home-country PEI and 604 countries where
the home-country PEI is low. Hypothesis 3 is also
strongly supported in this specification: the coeffi-
cient b2 is once again negative and significant with
p value 0.000 for countries in where IPR protection
is strong, and insignificant (p value 0.421) in
countries in where it is weak. We report results
based on a triple interaction model, also supportive
of Hypothesis 3, in the Appendix.

DISCUSSION
A large amount of literature has explored how IPR
regimes have affected the location choices of MNE
R&D activities (Khoury & Peng, 2011; Lahiri, 2010;
Papageorgiadis et al., 2020a; Santangelo et al, 2016)
as well as the impact of IPR regimes on innovation
output (Rosenbusch et al., 2019; Zhao, 2006). Our
analysis takes a rather different angle. It considers
how MNE innovation performance is affected by
the internal geography of the firm’s knowledge
creation resources and their institutional context.
Thus, we consider the firm-level relationship
between the MNE (geographically spread) inventive
capabilities, the institutional environment in the
relevant home and host economies, and its inno-
vation output. In particular, we explore the impact
of differences in the strength of IPR protection
between the various locations in which the MNE
undertakes R&D on innovation performance,
including distance effects and whether they are
symmetric.

Our analysis is based on a knowledge production
model in which innovation output is associated
with the inventive capabilities of researchers, mea-
sured by the research stock of the inventor group;
we term this relationship innovation performance.
We first propose that MNEs whose R&D activities
are concentrated in countries with higher IPR
protection will display superior innovation
performance.

Our empirical work is based on a dataset which
allows us to identify where MNEs undertake their
R&D, as well as the resource inputs and outputs in

each location. We find strong support for the first
hypothesis in the data, using both a continuous
measure of distance and when we group countries
into three categories according to the strength of
the IPR regime. We plot the latter model in Graph
1, which is based on Column (1) of Table 1. This
shows that MNEs whose R&D activities are based in
locations of middle IPR protection show superior
innovation performance to those with regimes of
lower protection. Moreover, MNEs with innovation
activities in locations of high IPR protection display
higher innovation performance than those in the
middle and especially the lower, category. The
latter effects (high compared to middle) are more
pronounced than for middle compared to low IPR
protection. This suggests that MNEs gain most in
terms of innovation performance when their R&D
subsidiaries are primarily or entirely located in the
highest IPR protection regimes. It is also interesting
to note that there is no positive effect from the
strength of IPR rules below a certain, quite low
threshold in terms of the inventive capability of the
firm. This suggests that the strength of IPR protec-
tion does not affect innovation performance for
technologically unsophisticated MNEs: the conse-
quences of potential knowledge seepage to com-
petitors only begins to have consequences in terms
of costs when the firm has a certain level of
knowledge capability to protect.
For completeness, we also plot in Graph 2 the

continuous F-PEI model of Eq. (5), reported in
Column (2) of Table 1. We therefore use a Margins
3-D plot in Graph 2 with inventive capability (stock
of knowledge) on the x-axis, firm-level IPR protec-
tion (F-PEI) on the y-axis, and innovation output
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Graph 1 Patent Enforcement Index marginal effects (Table 1

column 1).
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on the third vertical dimension (z-axis). The find-
ings are consistent with Graph 1: as F-PEI increases,
the relationship between inventive capability and
innovation output becomes more positive, and
hence the 3-D Margins plot becomes rounded in
the top right-hand corner of the graph (high stock
combined with high protection). It will be remem-
bered that our sample comprises highly innovative
MNEs with significant numbers of scientific work-
ers geographically distributed in subsidiaries across
the world. These results suggest that for such firms,
the negative impact of informational, coordination
and administrative costs of managing overseas R&D
subsidiaries in locations with weaker IPR protection
outweigh any potential benefits in terms of learn-
ing from the less restricted transmission of knowl-
edge in such contexts. In terms of learning and
knowledge management, this evidence is also in
line with the strategic management insights offered
by Alcácer and Chung (2007) and Cassiman and
Veugelers (2002), whereby firms consider not only
gains from inward knowledge spillovers but also
the possible cost of outward spillovers. Technolog-
ical leaders have least to gain (given their leader-
ship position) and most to lose (given the potential
for knowledge leakages) when locating their R&D
activities in low IPR host locations.

We find our estimates of the knowledge produc-
tion function in Table 1 to be highly robust across
specification. We also control for numerous time-
varying firm-level factors such as R&D expenditure,
firm size, and capitalization. Thus, innovation
output is found to be positively affected by other
innovation inputs, namely the number of inven-
tors and R&D expenditures, the latter in a non-
linear way. Sales are found not to matter for
innovation performance, so large firms are equally
able to patent as small ones, though capital inten-
sity is important; innovation output is greater as
capital intensity increases. The estimation was
undertaken within a panel fixed effects framework
that controlled for both firm level and time period
heterogeneity. These firm and year fixed effects
control for all time-invariant characteristics of firms
and their innovation infrastructure, including sec-
tor of economic activity, technological intensity,
and location, as well as for time-specific techno-
logical shocks or events that might affect patenting
output.
Of course, support for Hypothesis 1 does not

imply that MNEs will only locate R&D subsidiaries
in jurisdictions with strong IPR protection. This is
because, as we have seen, there are a variety of ways
in which different host countries can bring advan-
tages to the internal knowledge production process
(Rosenbusch et al., 2019). For example, overseas
locations may be attractive bases for R&D sub-
sidiaries because they provide access to agglomer-
ations of (relatively cheap) highly skilled labor or
products, as in the availability of software engineers
around Bangalore in India (Lewin, Massini, &
Peeters, 2009); because they provide a deeper
understanding of consumer tastes in key markets
(Cote, Estrin, & Shapiro, 2020a, 2020b); as well as
because of their lower overall costs, for example in
Brazil or Thailand (Minbaeva, Pederson, Bjorkman,
& Fey, 2014). However, our findings temper those
benefits: when choosing locations in which IPR
protection is weak, MNEs need to be aware this
comes at a cost in terms of innovation
performance.
The IB literature has also previously found that

overseas R&D facilities face higher costs (Belderbos
et al., 2013; Berry, 2014; Nandkumar & Srikanth,
2016). Our contribution is to show these costs are
context-specific, being conditional on the geo-
graphical location of the MNEs R&D activities,
and sensitive to institutional quality, in particular
the strength of IPR protection. We find that inno-
vation performance of MNEs disproportionately

Graph 2 Margins 3-D plot: (Table 1 column 2). The three

numbers at the vertices of the parallelepiped are respectively:

(a) 1st number, the minimum (1.10) and the maximum (3.60)

values of stock of knowledge (x-axis); (b) 2nd number, the

minimum (3.64) and the maximum (7.38) values of innovation

performance (z-axis); Dark blue dots indicate low innovation

performance (towards the minimum), green dots indicate signal

intermediate levels, and the red dots indicate high innovation

performance (towards the maximum). (c) 3rd number, the

minimum (0.50) and the maximum (9.00) values of firm-patent-

enforcement-index (y-axis).
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located in lower IPR protection regimes will be
worse and argue that this is a consequence of the
resulting higher costs of transmitting information,
as well as coordination and administration of
inventors. For example, when more R&D facilities
are located where IPR protection is weaker, the firm
must do more to protect its discoveries, and this
places costly constraints on the free flow of infor-
mation within the organization. Thus, when IPR
protection is weak, the MNE needs to erect complex
barriers to the inward flow of knowledge from other
R&D facilities to prevent its imitation or loss.
Moreover, we propose that the scale of these
additional costs will depend on the difference
between the IPR regime in the home and host
economies: we argue in Hypothesis 2 that innova-
tion performance will be worse as the differences in
the strength of IRP protection between home and
host economies are greater.

Our test of Hypothesis 2 is in Table 2, where we
find strong support for the hypothesis; the coeffi-
cient on the interactive term between the stock of
knowledge and distance is negative and significant
at the 99% level. Thus, as distance between IPR
regime in the home and the weighted average of
the host countries in which the firm undertakes
R&D increases, the impact of inventive capabilities
on innovation performance is reduced. We plot this
relationship in Graph 3, which shows a Margins
3-D plot of this relationship. As hypothesized, we
find that the highest innovation performance is
characterized by high values of stock of knowledge
and low (possibly 0) F-PEI distance.

We associate this finding with higher cost of
managing and coordinating knowledge exchange
between R&D units within the MNE as IPR regimes
become more different. For example, for MNEs
based in high IPR protection locations, the costs of
erecting barriers to prevent learning by competitors
from their own knowledge creation in locations
with lower IPR protection will be higher as that
protection declines while the administrative costs
of coordinating between the different R&D loca-
tions is also higher. Firms in low IPR protection
locations face the same problem in reverse: the
costs of knowledge protection, as well as coordina-
tion and administrative costs, are greater as the
differences in home–host IPR protection is larger.

These results extend the domain of issues in IB
that are affected by differences between home and
host economies. The literature has already estab-
lished the significance of the distance concept, for
example in explaining trade flows and FDI

location (Cote et al., 2020a, 2020b). Moreover,
the concept of distance has been extended from its
original framing in terms of geographic distance
(Blanc-Brude, Cookson, Piesse, & Strange, 2014) to
include much broader notions such as institu-
tional distance (Kostova et al., 2020). However, the
impact of distance has rarely been applied to the
internal architecture of the MNE. Our analysis is
focused on the internal geography of the MNE,
and explores the impact of institutional distance,
indicated by the strength of IPR protection in
different locations, on the firm’s innovation per-
formance. Our results show that MNE performance
in innovation is sensitive to the institutional
characteristics of the locations in which R&D
activities are based, and in particular to the
distance in terms of IPR protection between the
home and host economies. Thus, MNE managers
considering overseas locations for R&D subsidiaries
need to take account, not only of the IPR regime
in the host economy in question, but also of the
difference between the IPR protection there in
comparison with their domestic base.
Unlike costs arising from geographic distance,

which are likely the same whether measured from
the home or the host economy, Shenkar (2001)
argued that when we conceptualize the effects of
institutional distance, it may matter which is the
host and which is the home economy. For example,

Graph 3 Margins 3-D plot: (Table 2). The three numbers at the

vertices of the parallelepiped are respectively: (a) 1st number,

the minimum (1.10) and the maximum (3.90) values of stock of

knowledge (x-axis); (b) 2nd number, the minimum (3.70) and

the maximum (7.55) values of innovation performance (z-axis);

dark blue dots indicate low innovation performance (towards the

minimum), green dots indicate signal intermediate levels, and

the red dots indicate high innovation performance (towards the

maximum). (c) 3rd number, the minimum (0.00) and the

maximum (4.20) values of absolute distance of firm-patent-

enforcement-index (y-axis).
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it may be more difficult, and therefore more costly,
to move from culture A to culture B, than vice
versa. In Hypothesis 3, we extend this idea to the
geographic location of the MNE knowledge cre-
ation process. To be precise, we propose that it
would be more costly for firms in high IPR protec-
tion regimes to locate R&D activities in low IPR
protection locations than the converse. This was
because MNEs based where IPR protection was
strong would need to incur considerable costs to
understand and erect barriers against the loss of
knowledge in R&D subsidiaries in locations with
low IPR protection. In contrast, MNEs based in
locations with low IPR protection, which had
already developed administrative structures to pro-
tect the intellectual property created by the inno-
vation process, would find it less costly to
administer and coordinate their invention activi-
ties if they moved to stricter IPR protection loca-
tions. Moreover, these cost differences would
become more marked as the distance between
home and host became greater. This is because as
distance increases for the high IRP protection based
MNE, the strength of IPR protection is declining
and the costs of ameliorating that deterioration will
increase. In contrast, for the low IPR protection
based MNE, increased distance implies the selection
of locations with increasingly more stringent IPR
protection, making it even easier to safeguard the
knowledge created in those jurisdictions.

We find strong evidence of these asymmetric
distance effects in Table 3. MNEs for which the
weighted average level of IPR protection was higher
in the host than the home countries (positive
distance) had an inferior innovation performance
as IPR distance increased. On the other hand,
innovation performance was actually found to be
superior in MNEs in which the weighted average
level of IPR protection was lower in the host than
the home country (negative distance), though not
significantly so. The difference between the dis-
tance effects in the positive and negative direction
of IPR distance was statistically significant at the
99% level.

An alternative way to consider the different
effects of positive and negative distance is to use
the fully interacted model, with results reported in
the Appendix. We illustrate these results in Graphs
4 and 5, based on the Table 6 column (1): Graph 4a
is drawn for positive IPR distance and Graph 4b for
negative IPR distance. The graphs show inventive
capability on the y-axis and the difference in
home–host IPR protection on the y-axis, with the

3-D vertical axis representing innovation output.
The difference between the negative and positive
distance is highlighted by comparing the two
figures. In Graph 4a, innovation output is highest
in the top left-hand corner, where inventive capa-
bility is high and distance low. Output declines
with both with inventive capability and distance.
However, the impact of distance on performance is
much weaker for the negative IPR sub-sample
(where IPR protection in the home economy is
low). Thus, in Graph 4b innovation output rises
with inventive capability, but is only very slightly
associated with distance, decreasing marginally
when capability is high.
We can identify two situations in which the MNE

will have low distance across its R&D subsidiaries in
IPR protection: because both the home and host
economy have strong IPR protection or because
they both have weak protection. In both cases, we
would argue that there will only a modest (nega-
tive) effect on the relationship between inventive
capabilities and innovation performance because
the firm does not have to operate very differently
abroad from at home; the incremental costs of
knowledge creation abroad will be modest, but
there are also two cases in which the MNE has high
distance in IPR protection. The first is when a firm
located in a strong IPR protection economy locates

Graph 4a Margins 3-D plot: (Table 6 column 1 if positive

distance dummy=1). The three numbers at the vertices of the

parallelepiped are respectively: (a) 1st number, the minimum

(1.10) and the maximum (3.90) values of stock of knowledge (x-

axis); (b) 2nd number, the minimum (3.71) and the maximum

(7.53) values of Innovation Performance (z-axis); dark blue dots

indicate low innovation performance (towards the minimum),

green dots signal intermediate levels, and red dots indicate high

innovation performance (towards the maximum). (c) 3rd

number, the minimum (0.00) and the maximum (4.20) values

of absolute distance of firm-patent enforcement-index (y axis).
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its R&D facilities in a weak IPR protection coun-
tries, perhaps to benefit from lower labor costs or an
agglomeration of technical skills, as for software
companies in South India (Rosenbusch et al., 2019).
The second is when MNEs from weak IPR protec-
tion countries locate their research facilities in
strong IPR protection locations, perhaps to exploit
technological know-how and reduce the risk of low
appropriability (Cuervo-Cazurra & Ramamurti,
2017). There are numerous examples of such
strategic decisions, especially in the automobile
sector where manufacturers such as Volkswagen
have created innovation centers in China to exploit
expertise in battery development (Global EV
Report, 2020).

In both cases, the distance in IPR protection will
be relatively high and there will be more pro-
nounced negative effects on innovation perfor-
mance than when locating in jurisdictions where
IPR protection is similar. However, our empirical
work has established that when IPR distance is
higher, the effects in these two cases is not
symmetric: the negative effect on innovation per-
formance will be larger in the first than the second

case. Indeed, we find the effect of IPR distance on
innovation performance actually to be positive
when the home location has lower IPR protection,
though this effect is not statistically significant at
the 95% level. We suggest that this is a result of
different company learning experiences associated
with the two cases. Thus, when locating in high IPR
protection regimes, emerging economy multina-
tional enterprises (EEMNEs) benefit from richer
research environments, absorbing the greater
knowledge generated that then feeds into their
innovation performance (Zhao, 2006). This factor
becomes more marked as IPR distance increases,
i.e., as IPR protection increases relative to the home
country. In contrast, MNEs based in high IPR
protection home countries find it more expensive
to protect their knowledge creation process in
locations with lower IPR protection. This is consis-
tent with the idea that MNEs from low IPR coun-
tries investing in higher IPR countries benefit
increasingly from the improving local research
environment (e.g., Huawei locating R&D facilities
in Canada), but such compensations are not avail-
able for MNEs from high IPR protection countries
investing in locations with low IPR protection (e.g.,
Daimler doing R&D in China, Cote et al.,
2020a, 2020b).
The case of what we term positive Home-Host

F-PEI Distance, when IPR protection is stronger in
host than the home location, has particular reso-
nance because of the increasing significance of
EEMNEs in the global economy (Cuervo-Cazzura &
Genc, 2008; Cuervo-Cazurra & Ramamurti, 2014).
EEMNEs often derive from home countries charac-
terized by institutional environments less prone to
IPR enforcement and protection (Peng et al., 2017).
As EEMNEs become more prevalent, their strategic
decisions have entailed choices about where to
locate their own R&D activities and, as with MNEs
from developed economies, they have three
choices: at home; abroad in an economy with weak
IPR protection; or in an economy where IPR
protection is strong. Examples of the latter two
include South Korea’s Samsung locating R&D divi-
sions in India or the Chinese electrical giant Haier’s
innovation units in the US and Europe. Indeed, the
option to locate inventive capabilities in developed
economies allows some EMMNEs to escape the loss
of appropriability within their own low IPR regime
country (Cuervo-Cazurra & Ramamurti, 2017). Our
results suggest that, while locating R&D facilities
overseas to locations with different levels of IPR
protection may weaken innovation performance

Graph 4b Margins 3-D plot: (Table 6 column 1 if positive

distance dummy=0). The three numbers at the vertices of the

parallelepiped are respectively: (a) 1st number, the minimum

(1.10) and the maximum (3.90) values of stock of knowledge (x-

axis); (b) 2nd number, the minimum (3.70) and the maximum

(7.63) values of innovation performance (z-axis); dark blue dots

indicate low innovation performance (towards the minimum),

green dots indicate signal intermediate levels, while red dots

indicate high innovation performance (towards the maximum).

(c) 3rd number, the minimum (0.00) and the maximum (4.20)

values of absolute distance of firm-patent-enforcement-index (y-

axis).
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for MNEs from advanced economies, these distance
effects may be less marked, or indeed not exist, for
EEMNEs. This may help to explain the recent
growth in EEMNE investment in advanced econo-
mies; innovation performance may not be greatly
affected by distance for MNEs whose home base is
characterized by low IPR protection.

CONCLUSIONS
Our attention in this paper has been on the
innovation performance of highly innovative
MNEs. We use a knowledge production methodol-
ogy to explain how innovation performance is
affected by the geographic distribution of the firm’s
research capabilities and the levels of IPR protec-
tion afforded in these different locations. In this
way, we have enriched our understanding of how
MNEs use their inventive capabilities to produce
the patents which represent a key element of the
ownership advantages underlying their interna-
tionalization (Cantwell, 1989; Narula, 2014). Our
work also deepens our understanding of the way
that institutional contexts influence the strategic
decisions of highly inventive MNEs. The IB litera-
ture has extensively analyzed how institutional
context influences key strategic MNE decisions
such as entry mode, location choice, and home-
country effects (Meyer & Peng, 2016). While con-
siderable work has been undertaken concerning
R&D offshoring (Rosenbusch et al., 2019) and the
impact of IPR protection (Belderbos et al., 2013;
Cantwell, Dunning, & Lundan, 2010), we specifi-
cally focus on how such contextual factors moder-
ate the knowledge production process within the
firm. We propose that, even though the interna-
tionalization of R&D may yield benefits to the firm
(Castellani et al., 2013), transactions and coordina-
tion costs will be higher in overseas than domestic
research units (Criscuolo & Narula, 2007). More-
over, this negative effect on innovation perfor-
mance will rise as the difference in IPR protection
between home and host economy increases. How-
ever, this effect is asymmetric; it will be more
pronounced for MNEs from high IPR locations
which base R&D units in countries with lower IPR
protection. Our database on the MNEs which
undertake the bulk of global patenting supports
all these hypotheses.

This paper explores the determinants of innova-
tion performance in terms of the geographic loca-
tion of MNE activities and the institutional
characteristics of those locations. This has been

made feasible by the development of our dataset,
which allows consideration of inventive capabili-
ties and innovation output for all highly innovative
MNEs, as well as an analysis of R&D locations and
country-level institutional factors including the
strength of IPR protection. However, the dataset is
also subject to some important limitations. It does
not contain information that would allow us to
analyze the choice of location of R&D facilities
overseas (Lahiri, 2010). Hence, in our analysis, we
take the geographic distribution of inventors as
given and explore the effects of this internal
geography on innovation performance. Future
work with access to information to data about the
factors motivating location choice might attempt
to study the selection and effects of MNE internal
geography simultaneously.
Related to this, our empirical analysis is restricted

to factors internal to the firm. The literature on
innovation has also stressed the public good char-
acteristics of the innovation process, and especially
the locational factors within regional and national
innovation ecosystems (Audretsch & Feldman,
2004; Charlot, Crescenzi, & Musolesi, 2015). In
future work, it will be important to bring together
the internal and the external factors underlying
knowledge production, and the relationship
between them (Santangelo et al., 2016) for a more
rounded evaluation of the knowledge production
process. Moreover, our measure of innovation
performance is patenting, a measure of innovation
with well-known limitations (e.g., Archibugi, 1992;
Pavitt, 1985) in particular with reference to its
sensitivity to IPR regimes. With reference to this, it
would be interesting to extent our initial results by
exploring the use of different dependent variables,
such as productivity, which are less influenced by
IPR conditions. Finally, our dataset considers only
highly innovative MNEs, and in future work,
researchers may consider whether the knowledge
production process is different in MNEs and home-
based firms; and whether highly innovative MNEs,
the firms responsible for the bulk of patents glob-
ally, generate innovations and react to institutional
contexts differently to firms that innovate less
frequently.
Our findings have also managerial implications.

Our estimates of the knowledge production func-
tion indicate that within our sample of highly
innovative firms, innovation performance is not
greatly influenced by firm size. This suggests that
relatively smaller firms can perform as well as large
ones in the innovation space. Our finding about
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the negative impact of weak IPR protection, and the
negative effects of distance, also make salutary
reading for managers contemplating offshoring
R&D, especially for MNEs based in high IPR
protection locations. There are many benefits from
locating innovation abroad in terms of accessing
skills, plugging into research hubs and understand-
ing new markets (Athreye, Batsakis, & Singh, 2016;
Berry, 2014;). However, our work supports the view
of Belderbos et al. (2013) that there are also costs,
and that these increase with the distance in the
strength of IPR protection between the home and
host economies.

Our study opens up several lines of enquiry for
future work. Perhaps the most important would be
to consider in more depth the impact of contextual
factors on the firm-level knowledge production
process and the implications for MNE strategy. Our
work suggests that the strictness of IPR protection
affects strategic outcomes, but the next stage of
research might be to integrate the analysis of
knowledge production, R&D offshoring and IPR
protection to analyze the implications for MNE
innovation performance. Furthermore, recent IB
literature has focused extensively on emerging
market MNEs suggesting that there are fundamen-
tal differences from developed economy MNEs in
terms of their ownership advantages (Cuervo-
Cazurra and Ramamurti 2014, 2017) arising in part
from their home-country institutional arrange-
ments (e.g., Estrin, Meyer, & Pelletier, 2018). One
of the important differences that has been identi-
fied is that EMMNEs do not necessarily have
ownership advantages that stem from technologi-
cal superiority, itself driven by their patents and
innovation processes (Luo & Tung, 2007). This
suggests that a specific comparison of the knowl-
edge production technology between developed
and emerging economies could be a fruitful line of
enquiry for new research.
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Tübke, A., Amoroso, S., Csefalvay, Z., and Gkotsis,
P.: The 2019 EU Industrial R&D Investment Score-
board; EUR 3 0002 EN; Publications Office of the EU,
Luxembourg, 2020) in the framework of the ERC
MASSIVE Project. We are grateful to Sara Amoroso and
the IRI team for their cooperation and support with
Scoreboard data and for their comment on an earlier
draft of the paper. We also gratefully acknowledge the
provision of IPR data by Nick Papageorgiadis, as well as
valuable comments from Rajneesh Narula, Klaus
Meyer, and three anonymous referees. We thank
Thamashi De Silva for excellent research assistance.
All errors are the authors’ alone.

NOTES

1This information is compiled and organized in
Patents/View, which is a patent data visualization
and analysis platform supported by the Office of
the Chief Economist in the USPTO.

2Compiled by the Bureau van Dijk Electronic
Publishing, BvD.

3Five-year averaging smooths the annual patents’
data, which are highly volatile.

4This index shows substantial cross-country vari-
ability as well as time series dynamics within each
country. See also Papageorgiadis et al. (2020a).

5In other words, the Home-Host Relative IPR
protection combines country level institutional
settings and firms’ level geographical distribution
of patents through time.

6All employees, not only those who are R&D-
related.

7 We also use country-time trends for robustness.
8 Papageorgiadis and Sofka (2020) have updated

the PEI popularized by Papageorgiadis et al. (2014).
We have built a firm-level IPR indicator. The
distribution of such indicator is shown in Figure 1:
the first quartile is located at 6.95 and the third at
8.4. For this reason, the thresholds have been
selected around these quartiles.
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9The Wald test of equality of the two coefficients
with the null hypothesis being a3= a2 is rejected
with p value 0.000.

10In columns 3 and 4, we run a robustness check
using as sample split of countries with high home
PEI vs. countries with low home PEI and the results
are fully consistent.

11The Wald test of equality of the two coefficients
is rejected at the 1% level with p value 0.000.

12The Wald test of equality of the two coefficients
is rejected at the 1% level with p value 0.000.
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APPENDIX
Correlations, VIF, and additional analysis of
Hypothesis 3. In Table 4, we present the correlation
between all independent variables and in Table 5
the VIF factors. They give little cause for concern
about multicollinearity in our sample.

In order to further exploreHypothesis 3, we specify
a triple interaction model where the impact of
inventive capability is moderated by absolute value
of the |Home-Host F-PEIDistance| andby thedirectionof
thedistance.Thiswillbepositivewhenthe IPRregime
in the home country is stricter than the F-PEI: it is
negative if the converse is true. We call this dummy
variable the Home-Host F-PEI Direction DUMMY. This
new specification is introduced in Eq. (7):

log yitc
� �

¼ a0þg1log INVENTIVE CAPABILITIESð Þitc
þ g2½log INVENTIVE CAPABILITIESð Þitc
� Home�Host F�PEI distanceitcj j
þ g3 log INVENTIVE CAPABILITIESð Þitc

�

� Home�Host F�PEI Direction DUMMYð Þitc
�

þg4 log INVENTIVE CAPABILITIESð Þitc
�

�jHome�Host F�PEI distanceitcj�
�ðHome�HostF�PEI Direction DUMMYÞitc�
þ g5 Home�Host F�PEI distanceitcj j
þ g6 Home�Host F�PEI distanceitcj j
� Home�Host F�PEI Direction DUMMYð Þitc
þ g7 � Home�Host F�PEI Direction DUMMYð Þitc
þ g8 FIRM CONTROLSð Þitcþttþliþeitc

ð7Þ

On this basis, we can explore Hypothesis 3 in
greater depth, using graphs to show the combined
marginal effects. We expect that the 3-D graph of
the predicted patenting margins for different com-
binations of inventive capabilities and F-PEI dis-
tance would show that inventive capabilities are
more conducive to patenting in MNEs from lower
IPR protection countries that offshore R&D into
higher IPR protection countries than for MNEs
from higher IPR countries investing in lower IPR
economies. Table 6 shows the estimates of the
triple interaction model (including the term –
inventive capabilities*|Home-Host F-PEI distance|*
Direction). In column (1) of Table 6 we show the
estimates using the distance measure, as in col-
umns (1) and (2) in Table 3; in column (2) we
instead use the home level PEI as in columns (3)
and (4) of Table 3.
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Table 5 Variance inflation factors

Variable VIF 1/VIF

Stock of knowledge 1.79 0.5579

Breadth of knowledge 1.51 0.66443

Number of inventors 2.63 0.38021

Capital expenditure in R&D 2.9 0.34493

Sales 12.51 0.07993

Employment 9.25 0.10808

Overall capital expenditure 6.13 0.16301

Time dummies

2005 2.05 0.48676

2006 2.13 0.46992

2007 2.17 0.4599

2008 2.21 0.45342

2009 2.22 0.45074

2010 2.21 0.4519

2011 2.25 0.44505

2012 2.32 0.43074

2013 2.36 0.42357

Mean VIF 3.54

Author’s computation based on baseline regression without interactions and fixed effects.

Table 6 The role of absolute distance and its direction (via fully interacted model)

Dep: patents per firm (1) (2)

Direction Home PEI level

Stock knowledge 1.402 1.316

(0.093)

[0.000]

(0.086)

[0.000]

Stock knowledge # |Home-Host F-PEI distance| - 0.054 - 0.136

(0.100)

[0.587]

(0.053)

[0.011]

Stock knowledge #|Home-Host F-PEI distance|#(positive distance dummy(or)high PEI) - 0.091 - 0.009

(0.103)

[0.377]

(0.035)

[0.787]

Stock knowledge #(positive distance dummy(or)High PEI) - 0.039 0.067

(0.047)

[0.403]

(0.034)

[0.047]

|Home-Host F-PEI distance| 0.119 0.236

(0.168)

[0.480]

(0.089)

[0.008]

Positive distance(or)high PEI 0.048 - 0.491

(0.082)

[0.555]

(0.213)

[0.022]

Positive distance dummy(or)high PEI # |Home-Host F-PEI distance| 0.151 0.036

(0.173)

[0.383]

(0.065)

[0.575]

Inventors per firm 1.063 1.064

(0.020)

[0.000]

(0.020)

[0.000]
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Table 6 (Continued)

Dep: patents per firm (1) (2)

R&D investment - 0.630 - 0.634

(0.300)

[0.036]

(0.298)

[0.033]

R&D investment # R&D investment 0.135 0.135

(0.060)

[0.025]

(0.060)

[0.025]

R&D investment # R&D investment # R&D investment - 0.009 - 0.009

(0.004)

[0.020]

(0.004)

[0.020]

Sales 0.000 0.004

(0.050)

[0.993]

(0.050)

[0.937]

Employees - 0.103 - 0.101

(0.060)

[0.083]

(0.060)

[0.089]

Capital 0.047 0.045

(0.022)

[0.035]

(0.022)

[0.041]

Constant - 0.548 - 0.115

(0.526)

[0.298]

(0.567)

[0.839]

Observations 6,023 6,023

Number of unique BVD identifiers 874 874

Adjusted R-squared 0.865 0.865

Firm FE YES YES

Year FE YES YES

Country-year FE YES YES

For the full specification of the model, see Eq. 5 in the text. Robust standard errors are in ‘‘( )’’ parentheses and p values are in ‘‘[ ]’’ brackets.
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