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Abstract
We examine the influence of host countries’ scientific research strengths on global

R&D location choices by multinational firms. In an analysis of 277 new R&D activ-

ities identified for 175 firms in 40 host countries and 30 technology fields, we find

that the strength of relevant university research positively affects the likelihood that

host countries attract foreign R&D. When allowing for firm heterogeneity, university

scientific research appears only a significant factor for firms with a strong science ori-

entation in their R&D activities. Host countries’ corporate scientific research has no

systematic influence on R&D location choices. Empirical results are replicated in an

analysis at the regional level covering regions in Europe, the United States, and Japan.

1 INTRODUCTION

An expanding literature on the importance of science for industrial research has suggested that proximity to, and involvement in,

academic research, as well as formal collaborative research with academia increases the innovative performance of firms (e.g.,

Cassiman, Veugelers, & Zuniga, 2008; Cockburn & Henderson, 1998; Cohen, Nelson, & Walsh, 2002; Fleming & Sorenson,

2004; Furman Kyle, Cockburn, & Henderson, 2010; Gambardella, 1992; Jaffe, 1989; Jaffe et al., 1993; Mansfield, 1995; Zucker,

Darby, & Armstrong, 2002). Empirical studies have, furthermore, shown that academic research stimulates the growth of local

industrial R&D and the setup of new research intensive ventures in the region (e.g., Abramovsky, Harrison, & Simpson, 2007;

Anselin, Varga, & Acs, 1997; Bania, Calkins, & Dalenberg, 1992; Bonaccorsi, Colombo, Guerini, & Rossi-Lamastra, 2013;

Furman & MacGarvie, 2007; Jaffe, 1989; Zucker, Darby, & Brewer, 1998). However, surprisingly little attention has been given

in the literature to the role of academic research in the global R&D location choices by multinational firms.1 It is important

to examine this role, as foreign R&D represents an increasing share of the R&D activities of multinational firms and of total

business R&D expenditures in many countries (e.g., OECD, 2007; UNCTAD, 2005).

In this paper, we seek to understand to what extent scientific research strengths of (potential) host countries affect the probabil-

ity that multinational firms locate R&D activities in these host countries. We argue that firms are heterogeneous with respect to

their responsiveness to host country scientific research. Firms possess different capacities to recognize, absorb, and utilize scien-

tific knowledge (Cohen & Levinthal, 1990; Fabrizio, 2009; Gambardella, 1992; Rosenberg, 1990), which is likely to be reflected

in the science orientation of their R&D and technology development activities (Furman, 2003; Liebeskind, Oliver, Zucker, &
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Brewer, 1996). Firms with a more outspoken science orientation in R&D activities will attach greater value to the presence of

local academic research and may weigh this factor stronger in foreign R&D location choices. We examine the science orientation

of firms’ R&D activities as a key moderator variable by looking at the intensity with which scientific publications are cited in

firms’ prior patent applications. By examining firm-level heterogeneity in the valuation of location-specific characteristics, we

extend earlier work on firm heterogeneity in location choices emphasizing other firm traits, with technology leadership the main

focus of attention (Alcacer & Chung, 2007; Nachum, Zaheer, & Gross, 2008; Shaver & Flyer, 2000). We contrast science ori-

entation with technology leadership as alternative dimensions of firm heterogeneity to examine their relative explanatory power

as a moderator of firms’ responsiveness to academic research in R&D location choices. In addition to investor heterogeneity,

we examine heterogeneity in the actors behind the generation of host countries’ scientific research, distinguishing academic

research by university authors and research conducted by firm scientists (corporate scientific research).

We examine foreign R&D location choices at the microlevel, using patent-derived information on new or expanded R&D

activities at the technology field level (30 fields) for 175 R&D intensive European, U.S., and Japanese firms in the chemicals,

pharmaceuticals, engineering, IT hardware, and electronics industries in 40 host countries for the periods 1995–1998 and 1999–

2002. Inferring R&D locations from inventor information on (European Patent Office [EPO]) patent documents, we identified

277 cases in which firms recorded substantive R&D activities in particular technology fields in one of the host countries for

the first time. We construct indicators of the scientific output of universities and firms using annual ISI publication data. We

count publications at the level of countries, publishing organizations, and science fields, and take into account the relevant

publications for each technology field using a concordance matrix linking technologies to the set of science fields on which

they draw most. We estimate conditional logit models with country fixed effects and exploit variation in host countries’ relevant

scientific research strength across countries, technologies, and time to identify the impact of scientific research on R&D location

choices of firms. The analysis controls for the main alternative key driver of R&D location decisions: the attraction of clusters

of industrial R&D activities in the host country. We measure industrial R&D at the country and technology level as the number

of patents applied for in the field by host country inventors. We control for prior operations of the firms in the host countries

and a broad set of other host country characteristics that in prior research have been found to attract or discourage foreign R&D

activities. This setup allows us to determine the significance and magnitude of the impact of scientific research on multinational

firms’ R&D location choices with greater precision.

We find that university research strength in a host country positively affects the probability that the country is chosen as the

location for new R&D activities, while corporate scientific research does not affect multinational firms’ R&D location choices.

Allowing for firm heterogeneity reveals that university research strength is a significant factor for firms with a strong science

orientation in their prior R&D activities, while university research plays no significant role for firms with a more limited science

orientation. Firms’ technology leadership, in contrast, is not an independent differentiator for the responsiveness to university

research strength. Rather, among firms with a strong science orientation, technology laggards are most attracted to university

research strengths. The core results are robust to changing the level of analysis from the country level to the regional level.

2 DRIVERS OF FOREIGN R&D

Two streams of literature inform about the role of academic research in firms’ foreign R&D location choices: the R&D interna-

tionalization literature and the literature on university–industry linkages.

2.1 International R&D
Studies on international R&D by multinational enterprises (MNEs) have identified two major motivations to set up foreign

R&D activities (e.g., Criscuolo, Narula, & Verspagen, 2005; Driffield, Love, & Menghinello, 2010; Florida, 1997; Hakanson &

Nobel, 1993; Kuemmerle, 1997; Phene & Almeida, 2008; Song, Asakawa, & Chu, 2011). Traditionally, MNEs have conducted

R&D activities outside their home countries to support manufacturing activities of local subsidiaries or to adapt products and

technologies developed in their home countries to local market conditions (“home base exploiting” or “adaptive” R&D). A

second major motivation for international R&D is to develop new technologies overseas by accessing foreign R&D resources and

local technological and scientific strengths (“home base augmenting” or “innovative” R&D). Empirical studies have suggested

that home base augmenting R&D is gaining importance (e.g., Ambos, 2005; Ambos & Ambos, 2011; Florida, 1997; Kuemmerle,

1997; OECD, 2007; Todo & Shimizutani, 2008; Von Zedtwitz & Gassmann, 2002). The rise in home base augmenting R&D

has drawn renewed attention to the question to what extent home country operations can benefit from overseas R&D through

“reverse” technology transfer and the development and sharing of complementary technologies. Although some studies have



BELDERBOS ET AL. 693

indicated that knowledge flows from foreign affiliates back to headquarters have remained limited (Fors, 1997; Frost, 2001;

Gupta & Govindarajan, 2000), recent evidence suggests that there are knowledge flows from host country organizations to

foreign affiliates of MNEs (Singh, 2007) and that foreign R&D can have a positive impact on MNE productivity (e.g., Griffith,

Harrison, & Van Reenen, 2008; Harhoff, Mueller, & van Reenen, 2014; Iwasa & Odagiri, 2004; Lahiri, 2010; Nieto & Rodriguez,

2011; Penner-Hahn & Shaver, 2005; Todo & Shimizutani, 2008).

A large number of studies have examined the factors that contribute to the explanation of the location and intensity of foreign

R&D conducted by multinational firms (e.g., Belderbos, 2003; Kuemmerle, 1999; Kumar, 2001; Shimizutani & Todo, 2007).

These studies have shown that the presence of foreign R&D is closely related to the extent of local manufacturing activities of

the firm and often follows Foreign Direct Investment (FDI) in manufacturing with some time lag. Proximity to manufacturing is

often required for applied engineering and product development in order to appropriately adapt products to local markets (e.g.,

Kenney & Florida, 1994). Foreign R&D is also attracted to large and sophisticated local markets with high per capita income

levels. R&D in proximity to lead users helps companies to stay at the forefront of market and technological developments and

to recognize and respond to changing customers’ demands (Cantwell & Mudambi, 2005; Von Zedtwitz & Gassmann, 2002).

Prior studies suggest that the technological strength of host countries in fields in which the multinational firm is active is a

factor that influences location decisions. Patel and Vega (1999) and Le Bas and Sierra (2002) examined patent portfolios of a

large sample of firms and showed that in a majority of technological fields, firms tend to locate foreign R&D in host countries

that are specialized in those fields. Related evidence by Chung and Alcacer (2002) suggested that technical capabilities of U.S.

states attract foreign manufacturing activities if these firms are active in R&D intensive industries. Other factors that have been

found to attract foreign R&D are large pools of engineers and scientists at relatively low cost (e.g., Booz Allen Hamilton and

INSEAD, 2006; Frost & Sullivan, 2004; Lewin, Massini, & Peeters, 2009; Thursby & Thursby, 2006) and strong intellectual

property right regimes (Allred & Park, 2007; Branstetter, Fisman, & Foley, 2006).

2.2 Academic research and industrial (foreign) R&D
Universities may influence firms’ innovation activities in several ways. They educate and supply firms with a skilled labor force

of scientists and engineers, supply consultants on expert issues, serve as collaboration partners in applied or basic research, and

transfer new prototypes and embryonic technologies to firms (Cassiman et al., 2008; Hall, Link, & Scott, 2003). Last but not

least, they perform academic research. Academic research generates (basic) scientific knowledge on which firms can draw in their

applied R&D activities (Klevorick et al., 1995; Mansfield, 1995, 1998). Firms that are aware of, and can assimilate, developments

in relevant scientific fields may be able to develop a deeper understanding of the technological landscape in which they search for

new inventions (Fleming & Sorenson, 2004; Rosenberg, 1990). This can provide several benefits. Firms may better anticipate the

outcomes of research experiments, helping them to prioritize research avenues, and to avoid costly and time-consuming research

trials that lead to low-value outcomes (Fabrizio, 2009; Fleming & Sorenson, 2004). In addition, scientific knowledge may help

firms to evaluate the outcomes of their applied research activities and to better assess the (economic) implications (Rosenberg,

1990). Finally, revolutionary scientific discoveries can open up completely new areas of applied research and development, and

firms that are closely following scientific research may be among the first to translate basic research results in applied technology

development (Fabrizio, 2009). Although these are different mechanisms through which multinational firms could benefit from

scientific research in host countries, we note that our analysis is not able to distinguish the individual mechanisms, but relates

R&D location decisions to the strength or relevant scientific research in host countries.

In order to capture the multiple benefits of academic research, firms often need a local R&D presence. This allows the firms’

researchers to participate in local science networks and acquire tacit knowledge through frequent interactions, and it facilitates

R&D collaboration, R&D contracting, and hiring of local scientists and engineers. A large number of empirical studies has

shown that proximity to, and involvement in, academic research, as well as collaborative research with academia, increases the

innovative performance of firms (e.g., Acs, Audretsch, & Feldman, 1991, 1994; Cassiman et al., 2008; Cockburn & Henderson,

1998; Cohen et al., 2002; Fleming & Sorenson, 2004; Gambardella, 1992; Jaffe, 1989; Leten, Landoni, & Van Looy, 2014; Link

et al., 2007; Mansfield, 1995; Zucker et al., 2002). Zucker et al. (2002) found that firms can improve their R&D productivity

by collaborating with academic “star” scientists in their fields of expertise. Empirical studies have, furthermore, shown that

academic research stimulates the growth of industrial R&D and the setup of new research-intensive ventures in the region (e.g.,

Anselin et al., 1997; Bania et al., 1992; Jaffe, 1989). Bania et al. (1992) showed that industrial R&D laboratories in the United

States were more likely to locate in metropolitan areas with university research as well as state supported science and technology

programs. Zucker et al. (1998) demonstrated that the location of new biotech enterprises was closely related to the presence of

“star” university scientists. Abramovsky et al. (2007) found that the presence of excellent university research departments in

U.K. regions led to the expansion of industrial R&D activities in these regions.
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Despite the demonstrated importance of academic research linkages for industrial R&D, studies of foreign R&D locations by

multinational firms have given little attention to the role of host countries’ university research strengths. There is some prima
facie evidence that this role is important, as the strength of local universities, and opportunities to collaborate with academia,

rank high as factors determining the attractiveness of future foreign R&D locations in surveys of multinational firms (Thursby

& Thursby, 2006). In addition, Florida (1997) reported that more than two-thirds of foreign-affiliated R&D laboratories in the

United States were collaborating with U.S. universities. Only a handful of empirical studies have examined the relationship

between public research and foreign R&D, but these have done so at an aggregate level or in a single country setting. Cantwell

and Piscitello (2005) found a positive relationship between public R&D employment and the aggregate R&D activities of foreign-

controlled firms across European regions. Hegde and Hicks (2008) found a positive correlation between industry aggregates of

U.S. multinational firms’ foreign R&D in host countries and host countries’ and science and engineering publications. Alcacer

and Chung (2007) demonstrated a positive influence of the local presence of patenting universities on foreign firms’ propensity

to locate FDI in U.S. regions, but their analysis was concerned with manufacturing rather than with R&D activities. Belderbos,

van Roy, Leten, and Thijs (2014) found a positive influence of academic research strength on foreign firms’ R&D investment

location decisions for a sample of R&D investments in European regions.

Even less is known about the role of corporate scientific research in increasing a location’s attractiveness for (foreign) R&D

investments. On the one hand, if firms engage in “open science” and contribute to local knowledge pools, this may increase

local knowledge spillovers and increase agglomeration economies of R&D. On the other hand, Furman et al. (2010) found that

local firms’ scientific research exhibits a negative correlation with innovative performance. They attribute this to the differential

characteristics of corporate scientific research, which in general may be more applied in nature (e.g., Hicks, Ishizuka, Keen,

& Sweet, 1994; Lim, 2004), while new scientific insights due to corporate research are more likely to be covered by patents,

limiting their use to other firms. In our analysis, we will contrast the effects of university scientific research and corporate

scientific research.

2.2.1 Firm heterogeneity
Prior studies have given relatively limited attention to the possibility that firms may react heterogeneously to the presence of

academic research. The benefits of academic research are likely to differ across firms, as these possess different capacities to

recognize, absorb, and utilize academic scientific knowledge (Cockburn & Henderson, 1998; Cockburn, Henderson, & Stern,

1999; Cohen & Levinthal, 1990; Fabrizio, 2009; Gambardella, 1992; Liebeskind et al., 1996). Scientific research findings are not

a free input to firms’ own research activities. As Cohen and Levinthal (1990) have noted, learning is a cumulative, incremental

process, which is influenced by capabilities that are already present at the individual and organizational level. The ability of

organizations to learn from external research findings depends on the commonality of the organizations’ internal knowledge

base and the external research findings that firms intend to exploit in their technology activities (Teece, Pisano, & Shuen, 1997).

Hence, firms that want to take advantage of research conducted outside their organizations need to invest in an “absorptive

capacity” in the sense of accumulating knowledge and skills to understand and utilize this externally generated knowledge

(Cohen & Levinthal, 1990). The creation of an absorptive capacity for external scientific knowledge involves the employment

of a cadre of scientists, granting them resources, and providing the right organizational structures for the scientists to identify

and absorb external scientific knowledge (Rosenberg, 1990; Pavitt, 1991). Employing scientists in-house (as “gatekeepers” and

“boundary spanners”) is important to establish a reputation in academia and to form a bridge with this scientific world (Allen,

1977; Cockburn & Henderson, 1998; Liebeskind et al., 1996).

Hence, effectively drawing on the external science base is not costless but conditional on human capital within the firm as well

as on the adoption of adequate organizational practices (Cockburn & Henderson, 1998; Cockburn et al., 1999). The extent to

which firms have been able to organize their R&D activities in a way that they can draw on, and benefit from, external scientific

developments is likely to be reflected in the degree to which their prior technology development activities have actually drawn

on contributions to the scientific literature. We argue that firms with such a more outspoken science orientation in their prior

R&D activities are more likely to benefit from academic scientific research, and are therefore likely to attach greater value to

host countries’ scientific research strengths in their foreign R&D location choices.

We contrast this hypothesis on firms’ science orientation with an alternative hypothesis that technology leadership is a

main source of heterogeneity in R&D location decisions (Alcacer, 2006; Alcacer & Chung, 2007; Belderbos, Lykogianni, &

Veugelers, 2008a, 2008b; Shaver & Flyer, 2000). Technologically leading firms may have a greater absorptive capacity for

academic research in their technology field of specialization due to their experience in applied research and knowledge of the

opportunities to use academic research in development activities. At the same time, technologically leading firms may be less
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attracted to locations with industrial R&D due to concerns about outflows of knowledge and appropriability (Alcacer & Chung,

2007; Shaver & Flyer, 2000).

3 DATA, VARIABLES, AND EMPIRICAL METHOD

We examine foreign R&D location choices at the microlevel, using patent-derived information on new or extended R&D activ-

ities at the technology field level (30 fields) for 175 R&D intensive European, U.S., and Japanese multinational firms in the

chemicals, pharmaceuticals, engineering, IT hardware, and electronics industries in 40 host countries for the periods 1995–

1998 and 1999–2002. We infer R&D locations from inventor information on EPO patent application documents and identified

277 cases where firms recorded substantive R&D activities in particular technology fields in one of the host countries for the first

time. This method necessitates the observation of patenting activities in multiple years in order to identify new R&D activities

with a sufficient degree of accuracy, as we will explain later. Our empirical strategy to isolate the effect of university research

strength on R&D location choices of firms is to utilize variation in host countries’ relevant university research strength across

the 30 technologies, while the time variation is limited to the two periods. In order to rule out potentially confounding effects

of idiosyncratic country characteristics, the analyses include country fixed effects throughout. The main competing explanation

for R&D location decisions at the technology level is the attraction of concentrated industrial R&D (patenting) activities in the

host country. We measure technological strength at the country and technology level as the number of patents applied for in the

field by host country inventors, and examine its relative explanatory power compared with university research strength.

3.1 Data and dependent variable
We collected data on the location of technological activities of 175 high-technology firms in 40 host countries and 30 technology

fields in two four-year periods (1995–1998 and 1999–2002). These firms are the most important R&D spenders in their sectors

and are roughly equally divided over home regions (Japan, Europe, and the United States) and five industries (engineering and

general machinery, pharmaceuticals and biotechnology, chemicals, IT hardware, and electronics and electrical machinery). The

“2004 EU Industrial R&D Investment Scoreboard” was used to identify the sample firms: for each region (the United States,

Japan, and Europe) the top 12 firms with the largest R&D budgets in each of the industries were selected.2 The 175 firms were

responsible for roughly 30% of the European patent applications during the 1995–2002 period and spent on average 644 million

U.S. dollar on R&D in 2002. The smallest yearly R&D budget amounted to 21 million dollars (Vaisala), and the largest reached

almost 6 billion dollars (Pfizer). We note that our selection criteria imply a focus of analysis on technology intensive industries

and relatively large firms. This focus is purposeful as this ensures that we observe significant numbers of cross-border R&D

activities. At the same time, we note that this focus limits the generalizability of our findings.

Two criteria were used to select the 40 host countries: (i) they record a minimum level of technological activity (50 patents)

over the combined period 1995–2002 and (ii) data on country-level regressors (e.g., IPR protection, engineering wages) are

available. The list of 40 host countries includes all major developed countries and the largest developing economies in South-

East Asia and South America, plus South Africa (see Table I). The minimum number of patents ensures that host countries can

be considered “at risk” of receiving R&D investments, because patents invented in the host country are also used to identify

foreign R&D activities.

We use information on inventor addresses on patent documents to infer (new) locations of firms’ R&D activities. Patent data

have the advantage of being easy to access, covering long time series and containing detailed information on the technological

content, owners, and inventors of patented inventions. They also have shortcomings. For instance, not all inventions are patented

and patent propensities vary across industries and firms (Basberg, 1987; Griliches, 1990), although this concern may be mitigated

by the fact that patent propensities in the industries that we examine tend to be relatively high (Arundel & Kabla, 1998). Given

the novelty requirement for patents, patent-based indicators of foreign R&D are perhaps more likely to represent foreign research

activities than foreign development activities directed at local adaptation. In the context of our research, a disadvantage is that

patents are a form of “intermediate output” of the R&D process rather than an input measure. Patent counts not only differ due

to differences in the scale of R&D operations, but also because of differences in R&D productivity. Despite these drawbacks,

patents are extensively used as indicator of the location of foreign inventive activities (Allred & Park, 2007; Cantwell & Piscitello,

2005; Guellec and Van Pottelsberghe, 2001; Le Bas & Sierra, 2002; Patel & Vega, 1999), given that systematic data (certainly

at the firm level) on R&D expenditures by location are either not collected or not generally available for analysis. An additional

advantage of the use of patent data relevant for our research is the detail that they provide on the different technological fields

in which the patenting firms conduct R&D. This allows for a more fine-grained analysis of the relationship between R&D
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T A B L E I Distribution of new foreign R&D activities over countries and main technology fields

1995–2002 1995–2002

Country 1995–1999 1999–2002
Electrical
Engineering Instruments

Chemistry/
Pharmaceuticals

Process
Engineering

Mechanical
Engineering New Entries

Argentina 0 0 0 0 0 0 0 0

Australia 2 0 0 1 1 0 0 2

Austria 5 3 2 0 4 1 1 4

Belgium 3 11 5 1 4 2 2 10

Brazil 0 0 0 0 0 0 0 0

Canada 4 15 12 2 2 2 1 11

China 0 9 4 0 4 1 0 9

Colombia 0 0 0 0 0 0 0 0

Denmark 3 4 5 1 0 1 0 6

Finland 4 2 3 0 1 1 1 6

France 7 16 5 7 5 5 1 11

Germany 9 14 10 2 4 2 5 11

Greece 0 0 0 0 0 0 0 0

Hong Kong 0 1 1 0 0 0 0 1

Hungary 1 2 3 0 0 0 0 3

India 1 1 1 0 1 0 0 2

Indonesia 0 0 0 0 0 0 0 0

Ireland 3 3 3 0 2 1 0 5

Israel 4 3 4 2 0 1 0 5

Italy 9 5 3 0 5 4 2 9

Japan 7 18 5 5 7 7 1 16

Luxembourg 0 0 0 0 0 0 0 0

Malaysia 0 0 0 0 0 0 0 0

Mexico 0 0 0 0 0 0 0 0

Netherlands 6 9 2 4 7 2 0 5

Norway 1 3 1 1 2 0 0 3

Philippines 0 0 0 0 0 0 0 0

Poland 0 1 1 0 0 0 0 1

Portugal 0 0 0 0 0 0 0 0

Republic of Korea 0 4 2 0 1 1 0 4

Russian Federation 2 1 0 1 1 1 0 3

Singapore 1 4 4 1 0 0 0 3

South Africa 0 0 0 0 0 0 0 0

Spain 0 5 3 2 0 0 0 2

Sweden 4 6 7 0 1 1 1 8

Switzerland 3 5 1 0 0 2 5 6

Taiwan 0 1 1 0 0 0 0 1

Thailand 0 0 0 0 0 0 0 0

United Kingdom 8 13 7 3 4 1 6 8

United States 18 13 9 8 4 7 3 14

Total 105 172 104 41 60 43 29 169

Note: New entries are those new R&D activities in a country and technology field where the firm has no prior R&D activities in other fields.
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location choices and academic strengths of host countries, as the latter also differ across science disciplines and related relevant

technology fields. The patent data that we use in the current study are drawn from the EPO. We consider applications a more

encompassing indicator of the presence of foreign R&D activities than patent grants, as the latter exclude R&D efforts and

inventions that do not result in grants.3

We constructed patent data sets of firms at the consolidated level, that is, all patents of the parent firm and its consolidated

(majority-owned) subsidiaries were retrieved. We used information on the addresses of the patent inventors to determine the

country of origin of patented inventions, assuming that inventors live in the country of their workplace, or provide their workplace

address in applications to the patent office. Inventor addresses give a much more accurate indication of patents’ geographic origin

than company addresses as firms tend to register the headquarter address with the patent office instead of the address of the

subsidiary or unit where the invention originated as assignee address (Deyle & Grupp, 2005; Khan & Dernis, 2006). If a patent

lists multiple inventors based in more than one country, we assigned the patent to each country. Finally, patents are assigned

to technology fields based on their International Patent Class (IPC) technology codes and a technology concordance table that

links each eight-digit IPC code (more than 64,000) to one of 30 technology fields. The concordance table has been jointly

elaborated by Fraunhofer-Gesellschaft-ISI, Institut National de La Propriété Industrielle (INPI) and Observatoire de Sciences et

des Techniques (OST) and combines IPC classes that represent similar technical functions or applications in broader technology

fields. When a patent is assigned to different technology fields, it is counted in each of the fields.

We infer new R&D activities abroad from information on the number of patent applications by each of the 175 firms in

30 technology fields, originating in 40 host countries. As our analysis seeks to establish whether there is an influence of host

countries’ academic research on R&D location choices, we construct the dependent variable with the aim to measure the location

of new R&D activities. New R&D activities and their locations are inferred from company patent data by applying two criteria.

First, there are at least five patent applications by the firm in a country and field during a four-year time period. This threshold

provides a reasonable assurance that we are measuring real R&D activity and that the patent data do not pick up the odd cases

of expatriate company inventors mentioning their home address instead of the laboratory address. The four-year period helps to

identify R&D establishments that do not apply for patents in every year; it also allows for a time lag of (maximum) five years

between R&D investments and patent applications.4 Second, we require that the firm did not record any patent applications in

the host country and technology field during the eight years prior to the observation period.5 Hence, we examine cases where

the firm for the first time records substantial technology development activities in a host country and technology. This provides

relatively strong assurances that existing R&D activity is excluded and that we are examining first time R&D activities in the

field.6 The dependent variable, R&D location choice, is constructed following this procedure for two subsequent four-year

periods (1995–1998 and 1999–2002) and takes the value one if a firm records five patent applications in a host country and

technology in which the firm did not record prior patent activities. Given the fine-grained analysis at the technology level, the

occurrence of new R&D activities by a firm in a field and host country does not preclude that the firm is already active in R&D

in a host countries in a different technology field. We control for such existing R&D activities in the analysis.7

The twin criteria approach has a notable impact on the R&D locations that we include in our analysis. If we would judge

foreign R&D locations simply from the presence of a single patent application by a firm in a host country and technology, the

175 sample firms record altogether more than 5,000 foreign R&D activities at the combined host country–technology field level;

in addition, all firms would have foreign R&D activities. Application of the twin criteria reduces the number to just 277 locations

for which we infer the presence of new substantive R&D activities in one of the technology fields. This implies that on average,

the firms in the sample recorded 1.5 new R&D activities abroad over the two periods combined. Among the 175 firms, 83 have

at least one new R&D activity, and these firms on average recorded 3.3 new foreign R&D activities. The firms with new R&D

activities have on average a similar science orientation as firms for which new R&D activities are not observed, and robustness

analysis does not suggest the presence of sample selection bias.8

Table I shows the geographic distribution of the 277 cases over the 40 host countries and the main technology fields of the

R&D activities. Each of the 30 technology fields in the Fraunhofer/OST classification falls under the heading of one of five

main technology fields: chemistry and pharmaceuticals, process engineering and special equipment, mechanical engineering

and machinery, electrical engineering, and instruments. Table I shows that the largest number of new R&D activities is recorded

for the United States (31), followed by Japan (25), the large European countries (Germany, France, and the United Kingdom), and

Canada. Particularly in the second period, new R&D activities are also found in Asian countries such as China, South Korea, and

Singapore. No new R&D activities are recorded in Luxembourg and Portugal in Europe, the ASEAN countries except Singapore,

the Latin American countries, and in South Africa. Table I also shows that the importance of the different main technology

fields varies by country, with some countries recording a relatively high share of new R&D activities in electrical engineering

(such as Canada, Singapore, Denmark, and Hungary) and others in chemistry and pharmaceuticals (the Netherlands, Japan).

R&D activities focusing on instruments are relatively more frequent in France and the United States, mechanical engineering
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in Germany and Switzerland, and process engineering in Japan and Italy. The last column of Table I also shows that there are

169 cases of first-time R&D activities by the firm in the particular host country, whereas there are 108 cases of R&D extensions

into new fields by firms that had prior R&D activities in the host country in other technology fields.

3.2 Explanatory variables
3.2.1 Host country university research strength
The main explanatory variable of interest is university research strength. We use information on scientific articles with university-

affiliated authors published in peer-reviewed journals recorded in the Web of Science (WoS) publication database to assess the

university research strengths of countries at the level of technology fields. Publications are extracted from yearly updates of the

WoS database of Thomson Scientific and only papers of the document-type article, letter, note, and review have been selected. We

measure the university research strengths of host countries in t – 1 (years 1994 and 1998), and extracted all WoS publications

(approximately 2 million) that were published in these years, which had at least one author’s address in one of the 40 host

countries.

Publications are classified in three categories, reflecting the type of organization to which authors are affiliated. We distinguish

between universities, firms, and other institutions (individuals, government, hospitals, etc.). Publications can be assigned to

multiple categories when different types of institutes are listed on the paper. The classification is made by processing information

on authors’ affiliations that are listed on publications. We classify the 200,000 different affiliations listed on the publications in

two steps. First, we used search strings that contain keywords indicating universities or firms. The search string for universities

contains keywords such as university, college, school, polytechnic, institute of technology, and their name variants in other

countries. The search string for firms contains keywords that refer to legal forms in the various countries (such as incorporated,
inc., plc, gmbh, and many others). The remaining group includes individuals and all other institutions (government organizations,

hospitals, and other nonprofit organizations). Second, we manually checked affiliations that were not classified by the search

strings (giving priority to affiliations listed on multiple publications), until we could classify for each host country 95–99% of

the countries’ publications. The results of this exercise showed that universities are listed on 76% of all the publications. The

share of universities differs across countries, with low shares (<60%) for the Philippines, Indonesia, India, and Hungary, and

high shares (>90%) for Singapore and Hong Kong. Firms are listed on 7% of all the publications. Low shares of firm publications

(<1%) are found for Poland, Russia, China, and Portugal; high shares (>10%) are observed for Switzerland, Denmark, and Japan.

Based on the organizational classification of author affiliations, we calculated for each country the number of publications with

university-affiliated authors at the level of 240 scientific disciplines. The scientific disciplines of publications can be determined

by using information on the journals (and journal issues) in which publications are published and the ISI science classification

table that assigns journal issues to one or more scientific disciplines (on average journals are assigned to 1.5 disciplines). The

number of university publications relevant for each of the 30 technology fields is calculated by applying a detailed science–

technology concordance table. We use a concordance table (Van Looy et al., 2004) based on citation frequencies to publications

in each of the 240 scientific disciplines as observed on patent documents classified in the different technology fields. This

concordance attaches to each scientific discipline probabilities that it is of relevance to each technology field, and is based on

citations to scientific articles in WoS covered journals (500,000) that are found in more than 1 million granted United States

Patent and Trademark Office (USPTO) and EPO patents filed between 1996 and 2001.

The variable university research strength of a country, measured at the technology field level, is the number of publications

with university-affiliated authors in the country weighted by the probability that they are relevant to the technology field. As the

WoS only includes journals that are peer-reviewed, adhere to standards of editorial policy, and have a threshold impact factor,

the number of “relevant” university publications can be considered as a measure of the output of academic research of good

quality. In addition to publications by university-affiliated authors, we also examine the role of scientific publication efforts by

firms in attracting foreign R&D: relevant publications with only firm-affiliated authors (corporate scientific research).

3.2.2 Other host country characteristics
A reliable estimate of the role of countries’ university research strengths in attracting foreign R&D activities of firms requires

controlling for other host country variables that may impact on foreign R&D location choices of multinational firms. We include

a broad set of host country factors that have been found to be relevant in previous empirical work, as reviewed in the theory

section. In addition, we include a full set of host country fixed effects (alternative-specific constants) to control for unmeasured

or unobserved time-invariant host country characteristics attracting firms’ foreign R&D activities.
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The most important control variable is the host country’s technological strength in a field, measured by the number of patent

applications originating in the host country in the technology field (30 fields). Further, the analysis takes into account the host

country’s level of IPR protection, by inclusion of the patent rights index from Park and Wagh (2002). This index is constructed

based on five aspects of patent laws such as coverage, duration, and enforcement, ranging between 0 and 5, with high scores

for IPR systems that are highly aligned with international standards. IPR data are available for the years 1995 (period 1995–

1998) and 2000 (period 1999–2002). Both technological strength and IPR protection are expected to have a positive effect on

multinational firms’ R&D location choices (e.g., Belderbos et al., 2008a, 2008b; Branstetter et al., 2006; Chung & Alcacer,

2002). Countries with large and sophisticated markets, measured, respectively, by market size and GDP per capita levels, have

also been found to attract foreign R&D (e.g., Kuemmerle, 1999; Kumar, 2001; Shimizutani & Todo, 2007). Market size is

measured at the level of the main industry of the focal firm (due to data unavailability at the more detailed technology field

level). It is defined as the sum of host country production and imports minus exports in the industry. Data are drawn from the

OECD STAN database and UNIDO industrial yearbooks and are primarily defined at the ISIC two-digit level, distinguishing

pharmaceuticals, chemical products, office machinery, electrical machinery, and machinery and equipment.

Locating R&D activities in a host country is more likely when firms already have manufacturing or sales operations in the

country, as manufacturing and sales operations call for product and process adaptations and adaptive R&D (Kenney and Florida,

1994; Von Zedtwitz and Gassmann, 2002). We include a dummy variable (manufacturing or sales subsidiary) that takes the

value one if a firm has at least one manufacturing or sales subsidiary in the host country. We draw on data from the early

“Directories of Japanese Overseas Investments” published by Toyo Keizai for Japanese firms, and corporate annual reports and

company web sites for European and U.S. firms. The likelihood that a host country attracts foreign R&D will also be related to

the geographic and language distance between the host and home country of the focal firm, as the cost of R&D coordination and

doing business abroad rises with distance (e.g., Belderbos et al., 2008a, 2008b; Nobel & Birkinshaw, 1998). Geographic distance
is measured in kilometers between the capital cities of both countries. Language similarity is a dummy variable that takes the

value 1 if both countries share at least one official language. The wage costs of R&D personnel in the country is also expected

to affect its attractiveness for inward foreign R&D. Yearly gross income levels of engineers are taken as indicator of these wage

costs. Data are taken from the UBS “Price and Earnings” reports, with 1994 wage levels assigned to period 1995–1998 and

1997 wage levels assigned to 1999–2002 (the closest year for which earnings reports were available). We prefer this variable

to average (manufacturing) wage data drawn from other sources because we can expect that engineering wage levels are more

representative of the wage levels of researchers to be employed for R&D activities. We add a dummy variable for European host
country to control for a potential propensity to patent bias in our data. Firms may be more likely to choose the EPO to apply for

patent protection on inventions if these inventions originate in Europe, in particular if R&D activities focus on applications of

products and processes for the European market. The propensity to patent European-based inventions at the EPO may even be

greater for European firms, because these are most likely to focus on the European market. Therefore, we also include a dummy

variable, intra-European R&D, taking the value one for European host countries in case the focal firm is based in Europe. In

Section 4, we report on further robustness checks for the use of EPO data.

Finally, the analysis controls for the presence of existing R&D activities of the firm in a host country. The variable existing
R&D activities in other fields measures the extent to which firms conduct R&D activities in other technology fields in the host

country. We infer the existence of such prior R&D activities if the firm applied for five patents in technologies different from the

focal field in a prior four-year period. We calculate existing R&D activities in other fields as the number of patent applications in

this prior four-year period. In addition, the variable R&D experience in the host country measures the number of years since the

first evidence of inventive activity by the firm in a host country, indicated by the year of filing of the firm’s first patent with an

inventor in the host country. Inclusion of these variables allows for experience and scope effects in local R&D, which are likely

to increase the probability that new R&D activities are assigned to the host country. Together with the manufacturing or sales
subsidiary dummy, these variables control for residual firm and host country unobserved heterogeneity prior to the period of

analysis. All the continuous explanatory variables are taken in natural logarithms. One-year lagged values (1994 and 1998) are

taken for all host country explanatory variables, except for the engineering wage and IPR protection levels, as discussed above.

3.3 Firm science orientation
The presence of relevant academic research in host countries is expected to weigh more heavily for the R&D location choices

of firms with a more pronounced science orientation in prior R&D activities. The extent to which firms draw on academic

knowledge depends partly on their technological focus, but also varies across firms active within similar technology fields. We

measure a firm’s science orientation through references to scientific literature in firms’ prior patent applications. Surveys of

patent inventors (Fleming & Sorenson, 2004; Tijssen, 2001) have shown that inventors are aware of a significant part of the
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scientific papers cited in their patents, qualifying scientific nonpatent references as (imperfect) indicators of the “usage” of

science by firms in their R&D activities. Patents cite a variety of nonpatent literature (journals, books, newspapers, company

reports, industry-related documents, etc.) that do not all refer to scientific sources (Callaert, Van Looy, Verbeek, Debackere, &

Thijs, 2006; Harhoff, Scherer, & Vopel, 2003). In line with Fleming and Sorenson (2004) and Cassiman et al. (2008), we only

consider nonpatent references to scientific journals listed in the WoS database as scientific references. We identified scientific

nonpatent references by using an elaborate algorithm to link nonpatent references to ISI WoS journals. We included all 10,216

journals listed in the SCI between 1973 and 2006 and in the SSCI from 1986 to 2006. In order to get a more representative

estimate of science citations, we examined three years of patent data of the firms prior to the investigation periods. We only use

patents of inventions that are made in firms’ home countries (80.5% of all patents of the sample firms) to avoid possible feedback

effects from R&D activities abroad on the science orientation variable. The firms made 61,330 references to nonpatent literature

in the two three-year periods of patent applications. Around half (48.9%) of these nonpatent references cited WoS journals and

were classified as scientific references. This number is comparable to those reported in prior studies on the nature of nonpatent

references (Callaert et al., 2006; Harhoff et al., 2003; Narin & Noma, 1985; Van Vianen et al., 1990). The variable firm science
orientation is the average number of scientific references per patent in the firm’s patent applications during the three years prior

to the investigation period. The sample firms cited, on average, 0.4 scientific articles per patent, with values ranging from zero

to five. The extent to which firms draw on scientific knowledge differs across industries but also varies substantially across firms

within the same industry. Science orientation is, on average, highest for pharmaceuticals (average of 1.18) followed by the IT

sector (average of 0.36), chemicals (average of 0.24), electronics (average of 0.18), and is the lowest for nonelectrical machinery

(average of 0.07) At the same time, there are firms lacking a science orientation (zero references) in all five industries, while in

each industry there are firms with high science orientation values (0.6–1.6). Descriptive statistics and correlations are relegated

to the Appendix.

3.4 Empirical methods
To examine the influence of university research strength on the location choice of new foreign R&D activities in specific technol-

ogy fields, we use a conditional logit model. Conditional logit models are commonly used in the literature to study the location

choices of firms (Alcacer & Chung, 2007; Chung & Alcacer, 2002; Head, Ries, & Swanson, 1995; Nachum et al., 2008). In

the conditional logit model, characteristics of a potential choice (in this case: countries in which to locate new R&D activities)

determine its relative attractiveness and hence the probability that it is chosen for investment from among a set of alternatives.9

The choice set consists of all host countries with existing patenting activity in the field,10 with the exclusion of countries in which

the firm is already active in the technology field, indicated by patent applications in a prior eight-year period. The functional

form of the conditional logit model is given in equation (1):

𝑃
𝑖,𝑓 ,𝑐,𝑡

=
exp(𝜇𝑐 + 𝛼𝐻𝑓,𝑐,𝑡−1 + 𝛽𝐻

𝑖,𝑐,𝑡−1 + 𝛾𝐻
𝑐,𝑡−1 + 𝛿𝛾𝐻

𝑐,𝑠,𝑡−1)
𝑍∑

𝑐=1
exp(𝜇𝑐 + 𝛼𝐻𝑓,𝑐,𝑡−1 + 𝛽𝐻

𝑖,𝑐,𝑡−1 + 𝛾𝐻
𝑐,𝑡−1 + 𝛿𝛾𝐻

𝑐,𝑠,𝑡−1)
, (1)

where 𝑃𝑖,𝑓 ,𝑐,𝑡 is the probability of firm i in industry (sector) s to locate new R&D activities in technology field f in country

c at time t (t = 1995–1998, 1999–2002), rather than in any other country c in the choice set Z. The independent variables

include country fixed effects 𝜇𝑐 , variables that vary over host countries and technology fields (𝐻𝑓,𝑐,𝑡−1: university research
strength, corporate scientific research, technological strength), variables that vary over firms and host countries (𝐻𝑖,𝑐,𝑡−1, e.g.,

language similarity, host country R&D experience), variables that vary over host countries (𝐻𝑐,𝑡−1, such as GDP per capita,
IPR protection, engineering wage levels), and a variable varying over host countries and sector (market size, 𝐻𝑐,𝑠,𝑡−1).

In conditional logit models, chooser (firm) attributes are not included if these are not interacted with choice attributes: if

chooser traits do not vary between countries, they cannot as such determine which country is chosen. Firm characteristics do

have an impact on choices if they systematically alter the response to certain choice characteristics. We examine the moderating

effect of such a firm characteristic—the science orientation of firms’ R&D—on host country attractors by conducting split

sample tests around the sample median of the firm characteristic (cf. Alcacer & Chung, 2007). A split sample analysis is the

more general test specification when comparing coefficients between groups of observations, that is, firms (Hoetker, 2007). A

split sample test does not assume that the unexplained variance is identical between groups of firms and allows for the influence

of other country characteristics to differ systematically between the groups, ensuring consistent within-group estimates.11 We

cluster error terms by firm to control for correlations in error terms due to unobserved firm traits favoring certain locations over

others.
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As the (continuous) explanatory variables are included in logarithmic form, this implies that the estimated coefficients of

the host country variables have a direct interpretation as indicators of the importance of these variables in attracting foreign

R&D activities. The average elasticity of the probability of location choice with respect to a logarithmic transformed variable

is calculated as (Z – 1)/Z times the coefficient of the variable, where Z is the total number of choices (Greene, 2003, p. 723;

Head et al. 1995, p. 237). In our model, there is a maximum of 39 choices. Due to the exclusion from the choice set of country–

technology pairs for which no host country patents were recorded, or in which firms had existing R&D activity in specific

technology fields, the average number of choices is close to just above 32. With choice sets of this size, the estimated coefficients

approximate the average elasticities.

4 EMPIRICAL RESULTS

The results of the conditional logit analyses are reported in Table II. We first estimate models on the full sample for comparison,

and subsequently estimate models separately for firms with an above median (“high”) science orientation and firms with a below

median (“low”) science orientation. The sample split is based on the median science orientation in each observation period.

In the full sample model (model 1), the university research strength variable has a positive and significant coefficient, confirm-

ing that firms take countries’ university research strengths relevant to their technology field into account in their foreign R&D

location choices. The coefficient implies an average elasticity of about 0.95: a doubling in relevant university research strength

increases the probability that a country is chosen as the location of new R&D activities by 95%. Corporate scientific research,

on the other hand, has a negative sign but is not significantly different from zero. Host countries’ technological strength in the

technology field and relevant market size also have significantly positive coefficients. The estimated coefficient on technological

strength implies an elasticity of about 0.23—substantially smaller than the elasticity of university research strength.

For variables that vary only by host country and not by firm, industry, or technology (IPR protection, GDP per capita, engi-

neering wage), no significant coefficients are estimated. This may be explained by their limited variation: given the inclusion of

host country fixed effects, identification of host county effects has to rely on only two observations, one for each time period. The

significant coefficient of language similarity shows that firms are more likely to locate foreign R&D activities in countries that

share a similar language with their home country. There is no further significant effect of geographic distance between home and

host countries. The variables controlling for potential differences in the propensity to patent by European firms and for European

inventions by European firms are not significant either, indicating that there is no apparent systematic bias in the location anal-

ysis stemming from the use of EPO data. All firm-specific host country control variables are positive and significant, indicating

that locations where firms have prior manufacturing or sales affiliates, R&D activities in other technology fields, and a longer

history of inventive activity are more likely to attract new R&D activities.

The second and third columns in Table II report coefficients of the same specification, but then for the two subsamples of

firms with high and low science orientation. In the high science orientation subsample, the variable university research strength

is again highly significant and larger than in the full sample model, implying an average elasticity of about 1.50. In contrast,

for the low science orientation subsample, the university research strength variable is not significantly different from zero. The

coefficient of corporate scientific research is insignificant in both subsamples. Technological strength loses its significance in

both subsamples, which may be due to the reduction in degrees of freedom in subsample analysis. Other observations are that

the R&D location choices of less science-oriented firms are more strongly related to firms’ earlier R&D experience in a country,

while location decisions by firms with higher science orientation are more driven by the presence of prior manufacturing or sales

subsidiaries. A possible explanation for this pattern is that new R&D activities of the former firms are more of an incremental

nature, building on existing R&D activities, whereas R&D entries by firms with a high science orientation focus relatively more

on independent research activities. The counterintuitive weakly significant positive coefficient of engineering wage in the low

science orientation subsample may perhaps indicate that wages are correlated with the quality of human capital, for which the

analysis cannot sufficiently control.

The results reported in Table II are consistent with the notion that relevant university research strengths play a role in multi-

national firms’ foreign R&D location choices, but that firms are heterogeneous in the weight they give to countries’ academic

research in these choices. Firms do not value corporate scientific research activities in host countries as an additional factor in

their foreign R&D location choices.12

A possible alternative hypothesis related to firm heterogeneity in R&D location choices is that such heterogeneity stems from

firms’ technological strength. Technologically leading firms may have a greater absorptive capacity for knowledge stemming

from academic research and at the same time, they may be less attracted to locations with industrial R&D due to concerns

about outflows of knowledge and appropriability (Alcacer & Chung, 2007). We examined potential systematic differences in
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T A B L E I I Foreign R&D location choice and scientific research strengths

High Low
Full Sample Science Orientation Science Orientation

Host Country Fixed Effects Included Included Included

University Research Strength 0.9751*** 1.5504*** 0.6510

(0.3409) (0.5129) (0.4662)

Corporate Scientific Research −0.2433 −0.3008 −0.3250

(0.2465) (0.3641) (0.2540)

Technological Strength 0.2371* 0.1650 0.3138

(0.1426) (0.2510) (0.2130)

IPR Protection 0.2150 –1.7601 2.0156

(2.6663) (4.2697) (2.2854)

GDP per Capita −0.9716 1.7588 –6.2586

(3.1197) (4.4825) (4.2954)

Market Size 0.5265*** 0.4081** 0.5470*

(0.1818) (0.2063) (0.3044)

Engineering Wage 0.7021 0.1017 1.6664*

(0.8645) (1.6269) (0.9731)

Intra-European R&D 0.4986 0.6132 0.7183

(0.5204) (0.9069) (0.9854)

Language Similarity 0.7217** 0.5063 0.7992*

(0.3487) (0.5661) (0.4256)

Geographic Distance 0.0491 0.1899 −0.0162

(0.1904) (0.2954) (0.2828)

Manufacturing or Sales Subsidiary 0.8126*** 1.1697*** 0.3259

(0.3068) (0.4322) (0.3738)

Existing R&D activities in other fields 0.0109*** 0.0077 0.0136***

(0.0040) (0.0066) (0.0047)

R&D Experience in the Host Country 0.2946*** 0.1100 0.4899***

(0.1017) (0.1602) (0.1510)

No. of Observations 8,779 4,293 4,486

No. of R&D location decisions 277 134 143

No. of Alternative Choices (maximum) 39 39 39

No. of Firms 83 47 48

Log Likelihood –585.9601 –262.7905 –288.2893

LR chi-square 734.804*** 399.522*** 405.042***

Note: Estimation results of conditional logit models; robust standard errors, clustered by parent firm, in parentheses.

***, **, and * indicate significance at the 1%, 5%, and 10% level, respectively.

the drivers of R&D location choices between technology leaders and laggards by performing a split sample test at the median

worldwide share of patents of the firm in the respective technology field. In order to test whether science orientation or technology

leadership is the main source of firm heterogeneity affecting the response to university research strength, we further distinguished

subsamples of high science orientation firms and low science orientation firms for both technology leaders and technology

laggards, which results in four subsamples of observations. The results of the four models are presented in Table III. They

confirm the dominant role of firms’ science orientation. Both for technology leaders and technology laggards, the subsamples

of high science orientation firms show a significant effect of university research. The results suggest that it is heterogeneity due

to science orientation rather than an independent influence of technology leadership that matters for the influence of university

research strength on R&D location decisions. At the same time, we observe that within the group of high science-oriented

firms, the coefficient on university research is substantially larger for technology laggards than for technology leaders—with the
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T A B L E I I I Foreign R&D location choice and firm heterogeneity: technology leadership versus science orientation

Technology Leaders Technology Laggards
High Low High Low
Science Orientation Science Orientation Science Orientation Science Orientation

Host Country Fixed Effects Included Included Included Included

University Research Strength 1.1867** 0.8604 3.5704*** 0.2177

(0.5487) (0.6184) (1.1133) (0.7548)

Corporate Scientific Research 0.0109 −0.5018 −0.8353 −0.3763

(0.5363) (0.3953) (0.5599) (0.3533)

Technological Strength −0.0093 0.4047 0.3419 0.2933

(0.3059) (0.2738) (0.3631) (0.3446)

IPR Protection −0.4299 0.6594 –4.7680 2.2542

(5.0547) (3.9339) (7.0528) (4.0320)

GDP per Capita 2.8464 –3.9311 –6.5070 –2.4237

(5.3148) (6.8020) (7.6128) (8.1011)

Market Size 0.5483*** 0.1604 0.0911 1.4049***

(0.1777) (0.3122) (0.3970) (0.5233)

Engineering Wage 0.4540 1.8665* –1.4003 0.5112

(1.9979) (1.0557) (2.7198) (2.1695)

Intra-European R&D 0.7828 0.2708 0.6775 2.1712

(0.9540) (1.0163) (1.5676) (1.6066)

Language Similarity 0.4164 0.6463 0.8947 1.2005**

(0.6297) (0.5708) (1.0089) (0.6120)

Geographic Distance 0.1227 −0.1497 0.3164 0.3496

(0.3163) (0.3317) (0.4784) (0.4340)

Manufacturing or Sales Subsidiary 0.8316 −0.0670 2.0606*** 1.2050**

(0.5494) (0.4787) (0.7554) (0.6123)

Existing R&D activities in other fields 0.0042 0.0146** 0.0112 0.0125***

(0.0073) (0.0062) (0.0084) (0.0036)

R&D Experience in the Host Country 0.2652 0.2969 −0.2690 1.0009***

(0.1828) (0.1935) (0.3262) (0.2188)

No. of Observations 2472 2214 1821 2272

No. of R&D location decisions 82 75 52 68

No. of Alternative Choices (maximum) 39 39 39 39

No. of Firms 34 30 23 35

Log Likelihood –147.7201 –159.5715 –91.3948 –111.8925

LR chi-square 260.326*** 186.269*** 186.547*** 252.424***

Note: Estimation results of conditional logit models; robust standard errors, clustered by parent firm, in parentheses.

***, **, and * indicate significance at the 1%, 5%, and 10% level, respectively.

difference statistically significant (z = 2.05, p = 0.041). One explanation for this pattern is that among science-oriented firms,

access to university research is a particular way to catch up for technology laggards.

4.1 Supplementary analyses
We conducted a number of sensitivity tests to examine the robustness of the empirical results. One important robustness test

relates to the country level of our analysis. The country-level analysis can be considered a relatively crude way to identify the

potential attraction of academic research, in particular in larger countries. Prior studies have suggested that knowledge flows

are positively related to geographic proximity (Anselin et al., 1997; Belenzon and Schankerman, 2012; Jaffe, 1989)—although

there is also evidence that firms value quality of research over proximity (Laursen, Reichstein, & Salter, 2011; Okamuro &
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T A B L E I V Foreign R&D location choice and scientific research strengths: regional level analysis

High Low
Full Sample Science Orientation Science Orientation

Host Region Fixed Effects Included Included Included

University Research Strength 0.7202* 1.5541** 0.4400

(0.3788) (0.6532) (0.5424)

Corporate Scientific Research −0.0614 −0.1598 −0.0025

(0.0903) (0.1067) (0.1560)

Technological Strength 0.4176*** 0.2755 0.4596***

(0.1238) (0.1865) (0.1575)

IPR Protection −0.4740 –3.7064 2.2075

(3.2667) (5.8093) (4.1611)

Regional GDP per Capita –2.7051 –6.6807 0.0251

(3.1195) (5.0343) (4.6046)

Market Size 0.5250 0.6726 0.4959

(0.3610) (0.4998) (0.4165)

Engineering Wage –2.4190 3.4447 –6.5306**

(2.1169) (3.2638) (2.9817)

Intra-European R&D −0.1273 0.7568 −0.0121

(0.7696) (1.6672) (0.8677)

Language Similarity 0.3985 0.2428 0.6538

(0.4649) (0.7918) (0.5200)

Geographic Distance −0.2370 0.1764 −0.1920

(0.3233) (0.7008) (0.3239)

Manufacturing or Sales Subsidiary 0.8450** 1.0723** 0.7604*

(0.3539) (0.5404) (0.4271)

Existing R&D activities in other fields 0.0189*** 0.0345*** 0.0097**

(0.0063) (0.0101) (0.0044)

R&D Experience 0.1302 −0.2159 0.4402**

(0.1490) (0.2049) (0.1759)

No. of Observations 8,644 4,199 4,445

No. of R&D location decisions 184 94 90

No. of Alternative Choices (maximum) 60 60 60

No. of Firms 74 42 42

Log Likelihood –610.3566 –288.7250 –269.5410

LR chi-square 191.021*** 134.615*** 160.587***

Note: Estimation results of conditional logit models; robust standard errors, clustered by parent firm, in parentheses.

***, **, and * indicate significance at the 1%, 5%, and 10% level, respectively. The choice set includes U.S. states, European NUTS-1 regions, and Japanese prefectures.

Nishimura, 2013). The importance of proximity may imply that relevant academic strength is overestimated in country-level

analyses, because it captures all academic research activity in a country, while firms are most likely to benefit from university

research that is located sufficiently proximate to their R&D establishments. Our empirical models at the country level assume

that all academic research is “within reach” and concentrated near the location of corporate R&D activities, or alternatively, that

there is no strong difference in academic specialization across regions within a country, such that differences across countries at

the aggregate level are representative of differences across regions at a more fine grained spatial level.

We examined the robustness of the empirical results to changing the geographic level of analysis by conducting an R&D

location analysis at the regional level. Regional data could be made available for the three major R&D locations in our sample:

the United States (state level), Europe (NUTS-1 regions) and Japan (prefectures). In this setup, we could include 184 of the set

of 277 identified new R&D activities. The regions with the largest number of new R&D activity cases are California, mainland
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Finland, and the Northwest of Italy. The choice set consists of 154 regions of which 60 have received at least one new R&D

activity.

There were a number of hurdles to take before regional location analysis at this global level could be conducted. The lack

of representative and comparable regional-level indicators and controls (e.g., market size, wage of engineers), does not allow

replicating a full-fledged country model at the regional level with region-specific regressors. Hence, we estimate conditional

logit models with regional fixed effects. In addition, we substituted GDP per capita by its regional equivalent, as GDP per capita

is one of the few variables that are readily available and comparable across regions globally. We regionalized the university

strength and corporate scientific research variables by identifying regions from address information on publication documents.

We regionalized patent data based on the OECD REGPAT database: for the technological strength variable as well as for the

dependent variable. The variables “other R&D activities” and “prior R&D experience” were also consistently redefined at the

regional level.

Results of the conditional logit analysis of the regional choice for the 184 new R&D activities are shown in Table IV. In the

full sample model, university strength has a (weakly) significant coefficient of 0.72: slightly lower than in the country model

of Table II. For the subsample of firms with a high science orientation, the coefficient increases to 1.55—almost identical to

the estimated coefficient in the country model (Table II) for the same subset of firms. For the subsample of firms with low

science orientation, the coefficient of university research strength is again insignificant. Regional technological strength has a

significant influence on regional R&D locations both in the full sample and in the low science orientation subsample, but not

in the high science orientation subsample. This is intuitive, because firms with a weaker science orientation are more likely to

draw more intensively on industrial R&D (other firms’ patents) in their technology development. The overall stronger effects of

technological strength may be due to greater specialization across regions within a country for industrial R&D activities, which

may make a regional-level analysis relatively more appropriate to identify the role of relevant technological strength. Among the

other variables, prior (R&D) activities of the firm in the region generally have a strong influence on location choice, and higher

wage costs discourage R&D investments in the low science orientation subsample. Overall, the empirical results are consistent

with the results obtained from the country model.

A second concern we addressed is potential selection bias stemming from the inclusion of only a subset of the 175 sample firms

in our location analyses. We estimated models in which most of the sample firms are retained by applying a less strict criterion to

establish new R&D activities: that is, all cases where firms record a minimum of one patent application in a field and host country

for the first time. This analysis included 4,001 “entries” by virtually all (171 of 175 firms) sample firms. Although coefficients

on university research strength were substantially smaller due to this lower threshold, an identical pattern of coefficients was

observed, with a significant effect for high science-oriented firms but no significant influence on R&D location decisions of

firms with a lower science orientation.

Finally, we explored models with extended sets of fixed effects, including sets of combined dummies for host country–period,

host country–technology field, and host country–home country, respectively. The core results were surprisingly consistent under

these circumstances. Hence, it appears that the identification of the effect of academic research strength derives from both

variation across technology fields and variation within technology fields over time, while controlling for investment propensities

at the bilateral level (host–home country) does not substantially affect inference.

5 CONCLUSION AND DISCUSSION

In this paper, we examined to what extent the scientific research strengths of (potential) host countries affect the probability

of multinational firms to locate R&D activities in these countries. We also explored whether there is firm heterogeneity in

the responses to host countries’ strengths of relevant academic research. We posited that firms possess different capacities to

recognize, absorb, and utilize academic knowledge, depending on the science orientation of their R&D activities. We examined

foreign R&D location choices at the microlevel, using data on the location of patented inventions at the technology field level

(30 fields) for 175 R&D intensive European, American, and Japanese firms in 40 host countries, during 1995–1998 and 1999–

2002. Inferring new R&D activities abroad from inventor information on patent documents, we identified 277 cases in which

firms recorded R&D activities in particular technology fields in one of the host countries for the first time. We measured the

strength of scientific research in host countries at the level of technology fields by counting publications of authors with host

country university (university research strength) or firm (corporate scientific research) affiliations in scientific disciplines that

are relevant to the specific technology fields. As indicator of the science orientation of firms’ research activities, we calculated

the frequency of citations to scientific literature on firms’ prior patent applications originating in their home countries.
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We find that the probability to locate R&D in a host country is on average positively affected by the host country’s uni-

versity research strength, after controlling for host country fixed effects and other host country characteristics that attract or

discourage inward R&D. The analysis reveals substantial firm heterogeneity in the importance attached to university research

in foreign R&D location choices. Firms with a relatively strong (above median) science orientation in their R&D activities

respond strongly to host country academic research, whereas for firms with a weaker (below median) science orientation, uni-

versity research strength has no significant influence on R&D location choices. These results are robust across a number of

alternative specifications, including analysis at the regional level and analysis using a different measurement of R&D activities.

The magnitude of the impact of host countries’ university research strength on the R&D location choices of firms is substantial,

with estimated elasticities ranging between 1.5 and 3.5 for firms with a strong science orientation.

Our results clearly demonstrate the importance of taking into account relevant aspects of firm heterogeneity when analyzing

firms’ location choices (Alcacer, 2006; Alcacer & Chung, 2007; Nachum et al., 2008), and support the notion that firms’ science

orientation is a key exponent of such heterogeneity. If we contrast science orientation with technology leadership as an alternative

form of firm heterogeneity affecting location decisions (e.g., Alcacer & Chung, 2007) we find that technology leadership does

not increase firms’ responsiveness to academic research in foreign R&D location choices. Rather, it is the group of technology

laggards among firms with a high science orientation that is most responsive to academic research, perhaps because access to

university research is a particular way to catch up with technology leaders.

We find that university research strength matters for R&D location choices, but that firms are not responding to host countries’

corporate scientific research strengths. One explanation is that corporate scientific research may generate fewer spillovers as

research outcomes are more likely to be protected by patents, limiting their use to other firms (e.g., Furman et al., 2010), while

incumbent firms will also compete with entrants for qualified engineers. Another explanation for the differential effect of pure

academic and corporate scientific research strengths on firms’ R&D location choices may be that universities and firms focus

on a different type of scientific research. Universities are likely to conduct scientific research that is more “basic” in nature than

the scientific research conducted by firms. Although the outcomes of applied scientific research may have direct commercial

applications, basic scientific research may generate insights and ideas that have stronger (although more long-term) effects on

the efficiency of the technology activities of firms that absorb and exploit basic scientific research findings (Fleming & Sorenson,

2004; Rosenberg, 1990). Future research could investigate which type of scientific research is valued most by firms in their R&D

location choices, by differentiating publications and journals by the degree of “basicness” (e.g., Lim 2004).

Our research contributes to the literature on location choices by multinational firms. First, we suggest that knowledge sourcing

from universities is an important motivation for international R&D location decisions, and that firms that locate in host countries

with strong academic capabilities effectively draw on local scientific knowledge. Second, we show that in this context a key

source of heterogeneity that has not been considered in previous studies is firms’ science orientation and capacity to draw on

scientific knowledge in their R&D and technology development activities. These two related findings have implications for the

literature on R&D internationalization and performance (e.g.,Griffith et al. 2008; Lahiri, 2010; Singh, 2008; Todo & Shimizutani,

2008). Although a number of prior studies have taken host countries’ technological strength into account in predicting positive

performance effects of geographic dispersion of R&D, university research strength and knowledge sourcing from universities

has not been taken into consideration. Future research could explore whether, conditional on the science orientation of firms

R&D activities, locating new R&D activities in countries with strong relevant academic scientific capabilities holds the promise

of improving technological performance.

Taken together, our findings are consistent with the premise that policies to strengthen university research can be effective in

attracting R&D activities of multinational firms. We emphasize, however, that our findings should not be taken to suggest that

publication output itself is creating this attraction to foreign firms’ R&D. Rather, the presence of a critical mass of academic

research, as indicated by publication output in peer reviewed journals, proxies for opportunities of firms to link up to strong

local scientific networks of university researchers, collaborate with university research groups and university spinoffs, or hire

capable doctoral researchers from these universities. A limitation of our study is that we cannot distinguish between all these

different mechanisms of industry–university linkages in detail. Further research should aim to disentangle the industry science

knowledge transfer mechanisms and the university characteristics that are most effective in attracting foreign R&D.

Future research could also address other limitations of our study: the use of patent data to identify new R&D activities abroad

and the focus on large firms in technology intensive industries. The reliance on patent data to infer R&D activities necessarily

suffers from a number of imperfections. Although validity checks and alternative specifications did not suggest that this reduced

the reliability of our estimates, analysis of R&D expenditure data by firms at the country and technology (or industry) level

would have obvious advantages. We do hope that future empirical work could investigate R&D location and allocation patterns

by using alternative data sources measuring foreign R&D activities and by expanding analysis to smaller firms in a broader set

of industries.
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NOTES
1 There are a number of partial exceptions suggesting that academic research may be of importance to the presence of foreign R&D. These have,

however, focused on foreign R&D at the aggregate industry level (Cantwell & Piscitello, 2005; Hegde & Hicks, 2008), on differences in foreign

(manufacturing) presence across regions in a single host country (Abramovsky et al., 2007; Alcacer and Chung, 2007), or on R&D investments

confined to European regions (Belderbos et al., 2014).

2 A few of these firms dropped out because they experienced major mergers during the period, which hampered systematic analysis.

3 The patent grant rate at the EPO is 59% (Van Pottelsberghe de la Potterie, 2007).

4 Prior work at the consolidated firm level has suggested that R&D to patent application lags are on average two years (Hall, Griliches, & Hausman,

1983). A five-year maximum lag appears conservative against this background.

5 We limit the window of no inventive activity to eight years because going back further would render our consolidation exercise at the firm level less

representative.

6 In a partial validity analysis comparing the R&D locations with published information on Japanese firms’ (R&D conducting) affiliates, we found

broad confirmation that the dependent variable reflects the presence of actual R&D activities of the firms.

7 One possible concern is that the number of patents applied for in the host country by the investing firm is itself influenced by the university strength

in the host country due to potential positive spillover effects, creating a spurious correlation between the two measures. We examined this issue in

detail through an auxiliary analysis of the determinants of postentry patent counts. Although technological strength of the firm and the host country

were significant drivers, host country university strength was not. This is likely to be related to the relatively long lags with which university research

is translated into patented research. Further analysis of the characteristics of patents due to new R&D activities showed that, in host countries with

substantial university strengths, patents tended to cite local university publications, while the average citation lag was 5.5 years.

8 The average science orientation in the group of 83 firms with new R&D activities is 0.38, compared with an average value of 0.41 for the group

of 92 firms without new R&D activities. The mean difference is 0.032 and the t-statistic is 0.51 that implies a p-value of 0.6. We discuss concerns

related to potential sample selection bias in the supplementary analysis section.

9 Belderbos (1992) and Belderbos, Fukao, Ito, and Letterie (2013) derive the role of relative locational utility in international investment allocation

models.

10 The exclusion of specific country–technology pairs for which no patent activity is recorded primarily occurs in countries with limited overall patenting

activity (such as Luxemburg, the Philippines, Indonesia, and Columbia). These cases are excluded because the absence of local patents directly

implies the absence of new R&D activities measured through patent data, creating a tautological relationship between technological strength and

entry.

11 Allowing coefficients of other variables to vary between firms with high and low science orientation has practical empirical relevance. The coefficients

on the control variables in the two subsamples are jointly significantly different, and the bias introduced by restricting the coefficients to be equal

(e.g., by only estimating one interaction term between university strength and firm science orientation) hampers identification of the differential

influence of university strength. Estimating a single interaction term produced a positive but insignificant coefficient.

12 We observed that the insignificance of corporate scientific research remains even if technological strength is omitted from the model.
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APPENDIX
Descriptive statistics and correlations

Variable Name Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13
1 R&D Location Choice

(Dep. Var.)

0.03 0.17

2 University Research

Strength

5.34 1.80 0.16

3 Corporate Scientific

Research

1.90 1.54 0.24 0.77

4 Technological Strength 2.37 1.83 0.24 0.62 0.82

5 IPR Protection 1.22 0.26 0.13 0.34 0.47 0.62

6 GDP per Capita 2.52 0.70 0.12 0.25 0.43 0.55 0.82

7 Market Size 1.50 1.44 0.17 0.37 0.40 0.44 0.15 0.17

8 Engineering Wage 3.30 0.93 0.10 0.03 0.31 0.41 0.64 0.79 0.14

9 Intra-European R&D 0.24 0.42 0.04 −0.02 0.04 0.14 0.28 0.27 0.00 0.17

10 Language Similarity 0.10 0.30 0.05 −0.02 0.06 0.05 0.05 0.03 −0.02 0.06 0.01

11 Geographic Distance 3.88 1.02 −0.06 −0.06 −0.13 −0.22 −0.29 −0.27 −0.03 −0.11 −0.85 −0.06

12 Manufacturing or Sales

Subsidiary

0.51 0.50 0.11 0.16 0.19 0.19 0.12 0.11 0.16 0.13 0.00 0.06 −0.01

13 Existing R&D activities in

other fields

2.29 15.30 0.20 0.12 0.19 0.20 0.12 0.12 0.14 0.10 0.07 0.05 −0.09 0.11

14 R&D Experience in the

Host Country

0.51 0.97 0.18 0.25 0.32 0.31 0.24 0.20 0.24 0.16 0.17 0.09 −0.18 0.21 0.33

Note: SD = standard deviation.
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