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Global R&D and Firm Innovation

Abstract

This study explores how firms can strategically overcome the challenges of global innovation
by capitalizing on scientific connections of their home country to the host countries of their
R&D locations. We focus on the scientific connectedness fostered by the countries’ joint
participation in learning-oriented Inter-Governmental Organizations (IGOs). We propose that
when a firm locates its R&D units in countries with greater scientific connectedness to its
home country, greater commonality in knowledge approaches among the firm’s R&D units
allows it to capitalize on diverse sources of knowledge for greater innovation. We expect firm
collaborative capability to moderate this relationship as it allows firms to derive greater value
from accessed knowledge resources. A sample of U.S. semiconductor firms from 2000-2005
provide support for our hypotheses.
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Introduction

Establishing overseas R&D locations offers a firm the opportunity to access diverse, distinct,
and useful knowledge (Bartlett and Ghoshal, 1986; Almeida and Phene, 2004). Combining
and utilizing knowledge from different national contexts can play a vital role in the creation of
new technologies and products (Kuemmerle, 1997; Blomkvist, Kappen and Zander, 2010). As
a result, firms internationalize their R&D in an attempt to create a competitive advantage over
their rivals (Lahiri, 2010; Berry, 2014).

However, to derive innovation benefits from global R&D, it is necessary to
successfully unify, integrate, and co-ordinate locally developed knowledge and capabilities
from the dispersed sites (Dellestrand and Kappen, 2012). This is a significant challenge for
firms. As a growing literature indicates, realizing synergies between R&D locations and
managing dispersed knowledge activities within the firm pose substantial difficulties
(Capozzi, Biljon and Williams, 2013; Mors, 2010; Gupta and Govindarajan, 2000; Nobel and
Birkinshaw, 1998).

In this paper, we explore how firms can strategically overcome the difficulties
associated with global R&D. In particular, we examine how firms can enhance their
innovation by capitalizing on scientific connections of their home country to the host
countries of their R&D locations. We focus on the scientific connectedness fostered by the
countries’ joint participation in learning-oriented Inter Governmental Organizations (IGOs).
Prior research has indicated that such scientific connectedness promotes the development of
similar rules, practices, and common frames in knowledge based activities among participants
(Meyer, Boli, Thomas and Ramirez, 1997; Drori, Meyer, Ramirez and Schofer, 2003). Thus,
when a firm locates its R&D units in countries with greater scientific connectedness to its
home country, a foundation of commonality in approaches to knowledge creation is

established among the firm’s R&D units. This facilitates leveraging novel foreign knowledge
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(Levin and Barnard, 2013). Consequently, the firm can enhance innovation by capitalizing on
foreign sources of knowledge.

We extend our analysis by examining how firm collaborative capability can moderate
the above relationship. Prior research indicates that collaborative capability enables the
creation of rich mechanisms and routines that facilitate the utilization and integration of
complex knowledge (Rosenkopf and Almeida, 2003; Davis and Eisenhardt, 2011). We
propose that collaborative capability of the firm complements the commonality advantage of
scientific connectedness, by enabling the firm to derive greater value from accessed
knowledge resources through better utilization and mobilization.

We test our hypotheses in a panel of U.S. semiconductor firms observed over the
period 2000 to 2005. We find that firms with R&D centers in host countries that are
scientifically connected countries to the home country are more innovative. We also find that
firm collaborative capability positively moderates this relationship and strengthens the effect.

Theory

The attraction of cross-border knowledge for the firm is evident - the presence of diverse set
of technical inputs, varying expertise, and embedded capabilities enable worldwide operations
to generate new innovations and technologies (Berry, 2014; Blomkvist et al, 2010).
Consequently firms often establish overseas R&D subsidiaries to access foreign knowledge
(Almeida and Phene, 2004). However, in order to enable the development of technological
and cognitive capabilities that permit better knowledge sourcing and absorption, firms
encourage subsidiaries to specialize in the technological areas that represent national
advantages of the host country (Belderbos, 2003; Zander, 1997), and the firm’s R&D units
become embedded in their host environments.

Since the manner in which knowledge is formed and used within an organization is

powerfully shaped by its institutional context (Lam, 2000; Boisot, 1995), overseas
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subsidiaries develop distinct roles, routines, capabilities, and technological expertise and
become differentiated across countries (Pearce, 1989; Frost et al, 2002). Despite the common
organizational context, the practices of foreign subsidiaries reflect the regulatory, cognitive,
and normative aspects of the institutional environment of their host country (Scott, 1995;
Kostova, 1999; Busentz, Gomez and Spencer, 2000). This includes the manner in which
external stimuli are perceived, interpreted, understood, and evaluated, as well as approaches
to knowledge and information (Nooteboom, 2009; Bertrand and Mol, 2012). For example, De
Camprieu, Desbiens and Feixue (2007) demonstrate that participants in the same project
management program located in China and Canada relied on different factors to assess the
risk of a large electricity project. Similarly, managers based in China and Finland working
together on a project for the same company developed separate and distinct responses to an
unexpected event in the project (Tukiainen, Aaltonen and Murtonen, 2010). Thus individuals
and managers in different countries within a firm may demonstrate varying approaches and
practices. As a result, the firm has been conceptualized as consisting of semi-autonomous
entities in dispersed locations taking on various missions and controlling heterogeneous
stocks of knowledge (Bartlett and Ghoshal, 1989; Foss and Pedersen, 2002).

While subsidiary differentiation within the firm is useful for accessing distinctive local
knowledge with the potential for recombination and innovation (Gupta and Govindarajan,
2000), it nonetheless poses difficulties for leveraging knowledge within the firm.
Differentiation and the underlying variation in approaches hinder the ability to understand and
engage in cross border knowledge transfers (Bhagat, Kedia, Harveston, Triandis, 2002). Lam
(1996, 1997) documents the differences in approaches to technical work and knowledge
organization in Japan and Great Britain. The two countries developed distinct approaches to
knowledge due to national differences in skill formation, education systems, labor market

structures, and technological heritage. Engineers trained in the British system tended to
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emphasize theoretical knowledge and specialized in conceptual design and development
activities. In contrast, Japanese engineers were more focused on practical knowledge with a
broader industry emphasis. She further demonstrates that these differences led to arduous
knowledge interactions, inhibiting collaboration and impeding knowledge transfer in global
co-operative ventures between Japanese and British high technology firms. Similarly, in a
case study of a learning alliance between Chinese and Singaporean teams to develop an
industrial park, Inkpen & Pien (2006) found that the knowledge transfer between the teams
was fraught with challenges despite the seeming similarities of culture and language. The two
sides emphasized different norms and criteria reflecting their respective national systems. The
Singapore team aimed to transfer the ‘software’ of how to do things the Singaporean way,
with their emphasis on financial discipline, long-term master planning and continuing service
to investors. The Chinese side, however, was looking for the “hardware’ such as buildings,
roads, infrastructure that they could build to attract foreign investors as Chinese government
officials were often evaluated on the FDI they brought to their cities. As a result, the initial
years were a struggle for both sides. As these examples indicate, the incompatibility between
the knowledge approaches across countries leads to poor communication, misunderstanding
of specifications, and clashes in approaches to development. Correspondingly, diverse
subsidiaries are less receptive to knowledge from other parts of the firm (Ambos & Ambos,
2009; Berry, 2014). Such differences limit internal transfer and deployment of knowledge
within the firm, challenging transnational product development (Subramaniam and
Venkatraman, 2001).

A related, but different, stream of literature also highlights similar challenges of
knowledge integration in firms. The absence of prior related knowledge or absorptive capacity
hinders knowledge absorption and transfer (Hansen, Mors and Lovas, 2005; Lane and

Lubatkin, 1998) within the firm (Song and Shin, 2008). Absorptive capacity is the ability to
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recognize the value of new information, assimilate it, and apply it to commercial ends (Cohen
& Levinthal, 1990). It depends not only on a stock of related scientific or technological
knowledge, but also on similarities in the organization and processing of knowledge, reflected
in problem solving approaches and heuristics (Cohen and Levinthal, 1990). Drawing an
analogy, Lane and Lubatkin (1998) note that just as a computer program functions correctly
only on other computers using the same operating system on which the program was built,
knowledge transfer between (or within) firms is enhanced in the presence of similar ground
rules or knowledge processing systems. Similarly, Dyer & Singh (1998) propose that in
addition to overlapping knowledge bases, socio-technical interactions that develop common
ground rules are an important component of knowledge transfer. Common approaches and
norms for organization and processing of knowledge not only facilitate access to new
information, but also provide a shared conceptual apparatus for evaluating the likely benefits
of exchange and combination (Nahapiet & Ghoshal, 1998).

Thus, as firms internationalize their R&D functions, they are faced with a particular
challenge of enabling commonality in approaches to knowledge processing across their
subsidiaries in order to successfully leverage and share knowledge acquired and developed by
R&D subsidiaries. Our study explores the role of scientific connectedness across countries in
establishing this critical foundation for commonality. We propose that firms with R&D
structures that build on this foundation are able to overcome barriers to knowledge transfer
and are more effective at leveraging distinctive knowledge thereby enhancing innovation. We
further posit that firms with greater collaborative capability are better able to derive greater
value from the knowledge accessed through the common foundation of scientific

connectedness, increasing innovation.
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Firm R&D locations and home-host country scientific connectedness
Studies in world polity and international business have shown that actors in countries with
dense international ties tend to adopt similar behavior, policies, and practices (Simmons and
Elkins, 2004; Meyer et al, 1997). The global links provide an avenue for communication and
interaction among actors across countries and establish a common regulatory, cognitive and
normative framework (Perez-Aleman, 2011; Finnemore and Sikkink, 1998). As a result, an
important source of commonality across countries arises from international connectedness.

Intergovernmental organizations (IGOs) have been identified as one of the key
institutions facilitating global integration and connectedness (Dobbin, Simmons and Garrett,
2007; Meyer et al, 1997). With countries as members (Pevehouse, Nordstrom and Wanke,
2004), IGOs serve as venues for information exchange and where people come to appreciate
others’ points of view (Dorussen and Ward, 2008). Through activities like workshops and
meetings, they not only promote repeated interactions among actors from different member
countries, but also shape values and norms, create social knowledge, and coordinate
government policy (Cao, 2009; Barnett and Finnemore, 1999; Finnemore, 1993).

We explore IGO linkages between the firm’s home country and host countries of its
R&D locations. This is because the home country exerts an important influence on R&D
operations of firms by shaping their capabilities, outlook, and practices (Belderbos, Leten and
Suzuki, 2013; Kogut, 1991) and home country 1GO linkages have been shown to have an
important influence on the strategic behavior of firms (Soule, Swaminathan and Tihanyi,
2014). Further, firms concentrate a vast majority of their R&D activities in their home
countries (Berry, 2014). Thus, firms typically need to integrate knowledge of their overseas
R&D units with that at the home country location.

Given our focus on innovation, we examine the scientific connectedness of the home

country to the host countries of firm R&D locations, by considering their joint participation in
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learning-oriented 1GOs. Learning-oriented 1GOs have a specific mandate for knowledge
sharing and transfer, by enhancing information access among members, or increasing
international linkages in the scientific realm, or facilitating economic transactions (Jandhyala
and Phene, 2013).

Learning-oriented 1GOs foster a similar approach to science and technology among
participants (Drori, Meyer, Ramirez and Schofler, 2003).As Jandhyala and Phene (2013) note,
country connectedness through learning-oriented IGOs facilitates the development of shared
science and technology related policies and practices in several ways. First, connectedness
creates convergence across legal, regulatory and contractual issues across member countries.
Participant countries establish similar science bureaucracies (Finnemore, 1993) and
coordinate science policy responses. They also normalize technological standards® and
intellectual property protection. For example, the common terms of intellectual property
protection for layout designs of integrated circuits are established through the Agreement on
Trade Related Aspects of Intellectual Property Rights (TRIPS) of the World Trade
Organization and the Washington Treaty facilitated by the World Intellectual Property
Organization. Second, IGO connectedness creates greater cognitive overlap among members.
This is facilitated through the organization of regular and repeated interactions for the purpose
of policy formulation and technology development and exchange, via scientific meetings,
conferences, and other events that bring together a group of diverse constituents, including
policy makers and representatives from national laboratories and firms from member
countries. Third, IGO bureaucracies also help to develop shared normative frames. The
bureaucracies consist of a permanent secretariat and a staff of international civil servants that

not only embody institutional, scientific, and technical knowledge but also control the flow of

1By establishing industry wide procedures and standards, 1GOs fulfill functions similar to cooperative technical
organization (CTO) identified by Rosenkopf & Tushman (1998). However, they also differ from CTOs in that
they typically have a broader agenda than technical coordination, membership is limited to countries (rather
than firms, academia, etc.), and members (governments) have the sovereign authority to implement
coordinated rules or standards through legal, institutional or bureaucratic means.

9
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information, values, and cultures among participants through administrative, scientific, and
diplomatic activities. Training and professionalization programs push forth these common
norms among diverse participants. Scientific connectedness across countries, through
participation in learning-oriented 1GOs, therefore reflects the extent to which constituents in
these countries share science and technology related policies, practices, and values.

The development of shared policy, cognitive and normative frames facilitated by IGO
activities is important to creating a foundation of scientific commonality and shared
understanding across actors from participating countries. This common frame of reference
improves the salience of cross-border knowledge and increases diffusion of knowledge and
practices across countries. Nonetheless, the literature has shown that diversity among
countries is far from extinct, even among internationally connected countries (Guillen, 1994;
Berry, Guillen & Hendi, 2014). As a result, establishing R&D centers even in scientifically
connected countries provides access to unique, distinct, and useful knowledge to the firm
which can be leveraged for greater innovation.

Consequently, we posit that when a firm’s overseas R&D centers are located in
countries that have more scientific connections to its home country, the common frames of
reference lower the barriers to integrating overseas knowledge. As a result, such firms are
better able to exploit the distinctive knowledge from the overseas R&D units for increased
innovation. In contrast, firms with R&D centers in less connected countries have to overcome
significant barriers to leveraging knowledge, and are less innovative. Thus, we propose the
following
H1: Firms with R&D locations in host countries that have greater learning-oriented 1GO

connections to their home country are more innovative than firms with R&D locations in
host countries with fewer learning-oriented 1GO connections.

10
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Moderating effect of collaborative capability

Although learning-oriented 1GOs can help to lower barriers to cross-border knowledge
transfer for all firms, we propose that the extent of the effect is likely to be higher in the
presence of firm capability to complement the process. In particular, we expect a firm’s
collaborative capability to play a moderating role. This capability arises from prior inter-
organizational relationships focused on joint technological development and indicates the
firm’s ability to manage different sets of innovation processes. Firms with greater levels of
collaborative capability have established rich supporting mechanisms such as social capital or
norms (Walker, Kogut and Shan, 1997) to govern and improve the coordination of technology
and knowledge sharing (Oxley and Wada, 2009). Collaborative capability also indicates
experience with reconciling decision making rules for managing R&D, aligning objectives,
and working with groups having different expertise (Brown & Eisenhardt, 1997; Davis and
Eisenhardt, 2011). This experience is likely to be useful in knowledge exchanges between
teams characterized by international differences (Haas and Cummings, 2014). Thus, firms
with high collaborative capabilities are not only better able to access and leverage external
knowledge, but are also better positioned to take advantage of the lowered barriers to cross-
border knowledge transfer arising from IGO connectedness. By enabling better usage of
accessed knowledge resources, collaborative capability can serve as a useful complement to
the commonality advantage of scientific connectedness and result in stronger innovation
outcomes.

H2: Firm collaborative capability strengthens the relationship proposed in H1, such that
firms with R&D locations in host countries that have greater IGO connections to their
home country are more innovative the greater the firm’s collaborative capability.

Data and Methods

Our data setting is firms from the U.S. semiconductor industry. Innovation is very important
in this industry (Sorenson and Stuart, 2000) and there has been a movement towards global

R&D by semiconductor firms who seek to utilize knowledge from across the world (Almeida,

11
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Grant and Song, 2002). Patenting is actively pursued in this industry and every major firm
regardless of national origin has an extensive portfolio of patents granted under the U.S.
patent system (Almeida and Kogut, 1999) that include innovations created in the U.S. and
overseas (Phene and Almeida, 2008). Although there are limitations associated with using
patent data to represent innovation, patent portfolios of semiconductor firms provide an
accurate representation of their innovation (Almeida and Phene, 2004). We utilize data from
the Fleming Patent Dataverse Network (Lai, D’Amour, Yu, Sun and Fleming, 2011),
Compustat North America, the Correlates of War dataset, the Yearbook of International
Organizations and the UN Comtrade dataset. To construct our sample, we first used the
Fleming Patent Dataverse Network to identify U.S. firms? that filed for at least one patent in
one of the semiconductor technology classes® during the period 2000 to 2005. Next, we
retained those firms that were matched to the semiconductor firms listed in Compustat North
America with primary SIC code 3674 or NAICS code 334413 (Ceccagnoli, 2009). This
resulted in a set of 92 firms that are observed from 2000 to 2005. Our unit of analysis is a
firm-year with a sample size of 362 observations”.

Variables

We use patent and citation data to construct several variables. We follow prior researchers
(Rosenkopf and Almeida, 2003; Phene and Almeida, 2008) in using information regarding the
geographic location of the first inventor to identify the country where innovation is created,
the assignee name to determine the firm that generates the innovation, and the application date

to represent the year of innovation.

% We used the USPTO classification on assignee type to identify a U.S. firm. USPTO classifies assignees into
several types, with assignee type 2 representing U.S. firms (Lai, D’Amour, Yu, Sun, Torvik and Fleming, 2011).

* Semiconductor technology classes included 25 primary classes categorized as belonging to the semiconductor
industry by the USPTO Technology Profile Report (Jiang, Tan and Thursby, 2011)

* We have an unbalanced panel because some firms had missing financial data in Compustat in some years and
not all firms began patenting in 2000.

12
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Dependent Variable

Firm innovation is measured as the total number of semiconductor patents applied for by (and
subsequently granted to°) the firm in year t. Patents are externally validated by patent
examiners, and provide a valid and robust representation of organizational innovation (Joshi
and Nerkar, 2011; Schilling and Phelps, 2007).

Independent Variables

We measure our independent, moderator and control variables at time t-1 to avoid
contemporaneous correlations.

Scientific connectedness of home country to host countries of firm R&D locations is
constructed as follows. We use patent data to identify all the foreign locations® in which the
firm undertakes R&D in a year, by determining if the firm filed for a patent with an inventor
location in the foreign country in that year. Next we collect data on all IGOs formed by the
home country of the firms (i.e the U.S.) from the Correlates of War Database, the most
extensive source on IGO memberships (Pevehouse, Nordstrom and Warnke, 2004). Since our
focus is on the sub-set of learning-oriented 1GOs, we collected additional data on each 1IGO’s
principal objectives/aims from the Yearbook of International Organizations’. We reviewed
these objectives/aims and classified IGOs as learning-oriented® if they had a specific mandate
for knowledge sharing and transfer, facilitating economic transactions, or enhancing
information access among members. IGOs that did not demonstrate these objectives were
classified as “others” and not included in our analysis. Our coding scheme and examples of

learning-oriented and other IGOs are indicated in Table 1.

* We follow prior research in using the patent application year to determine the year of innovation (Almeida,
Phene and Li, 2014; Rosenkopf and Almeida, 2003). Patents applied for by the firm could be granted in the
same or subsequent years (Popp, Juhl and Johnson, 2003)

® Since our sample includes only U.S. firms, all foreign countries are non-U.S.

” In cases where this information was not available in the Yearbook, we supplemented it with information from
the IGO website.

& Two independent coders read the primary aims of each IGO to classify it as a learning-oriented IGO with an
inter-rater reliability of ~0.75. The coders then discussed differences to come to a consensus.

13
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*kkkkkhkkhkhkkkikkhikhkkikkk

Insert Table 1 here
*hkkhkkhkhkhkhkkhkhkhkhkhkkihkikikiikkh
Next, we gathered information on the number of learning-oriented 1GOs existing between the
home country and each of the foreign countries identified as being part of the firm’s R&D
locations in the earlier step. We also collected information on the total number of learning-
oriented IGOs existing between the home country and all foreign countries (regardless of

whether they were part of the firm’s R&D locations for each year). Our measure of alignment

at time t-1 is then constructed as:

ZICV=O Kc,t—l
Nt—th—l

where K1 is the number of learning-oriented IGOs that the U.S. has with country c in year t-
1, c is a foreign country in which the firm undertakes R&D in year t-1 and ranges from O to N.
N is the total number of countries in which the firm undertakes R&D and K is the total
number of learning oriented IGOs formed by the U.S at time t-1°. A higher value on this
measure reflects greater scientific connectedness among a firm’s R&D locations.

Moderator variable

Collaborative capability of the firm: Collaborative capacity is measured as the percentage of
patents generated through collaboration in year t-1.Since collaborative R&D can take many
forms (Sakakibara, 1997) and can also include informal mechanisms, we focus on the
outcomes of such collaboration, i.e. by identifying collaborative patents or patents co-filed
with at least one other assignee firm (Lechevalier, Ikeda and Nishimura, 2011).

Control variables

Our model includes a number of control variables that have implications for firm innovation.

As a firm’s knowledge stock has implications for future innovation (Eggers, 2012), we control

° We create our measure by dividing by K, the total number of learning oriented IGOs that exist between the
U.S. and all other countries in that year, in order to scale our measure and account for the general increase in
IGO formation over the years.

14
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for this using *° the five year stock of patents generated by the firm till year t-1. Technological
breadth of firm knowledge enables the firm to pursue innovation (Miller, Fern and Cardinal,
2007) and is manifested in the firm’s patenting profile (Srivastava and Gynawali, 2011).
Following prior researchers we control for this using the distribution of the firm’s patents in
each year across the different semiconductor classes (Almeida and Phene, 2004). The measure

is calculated as follows:
N
1- <Z sz,t—1>
k=1

Where Fy+.1 represents the fraction of the firm’s patents filed in semiconductor patent class k
in year t-1, and k varies from 1 to N. High values of this variable represent greater
technological breadth.

Prior research has also indicated that firms with extensive internal and external
linkages — i.e. firms with high within-firm and external citations — can better access
knowledge resources to be used for innovation (Phene and Almeida, 2008). Thus, we control
for these two factors as follows. Firm internal linkages are measured as the percentage of
within firm cross country citations, to total citations made by the firm patent portfolio at time
t-1*. Firm external linkages are measured as the percentage of citations to external
constituents by the firm, to total citations made by the firm patent portfolio at time t-1.

The technological richness of the foreign countries in which the firm has global R&D
locations can enhance firm innovation (Almeida and Phene, 2004). We therefore control for

the technological richness of the firm’s global R&D locations™ in the prior year, as follows:

Ywe present means and correlations for the actual five year stock of patents in Table 2 and 3. For the
regression analysis in Tables 4 and 5, we use a scaled measure dividing patent stock by 100 to obtain
meaningful coefficients.

" Within-firm citations do not include pure self-citations, i.e. citations by patents filed by the firm in one
country to itself. As an example, our within firm citations do not include Texas Instruments (TI) France citing
itself. They do include TI France citing Tl Japan or Tl U.S. citing Tl Japan.

2 Since we are interested in the technological richness of the overseas locations in the firm’s R&D network, we
do not include the technological richness of the home country, i.e. the U.S.
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N
Zc:O Pc,t—l
Nt—l

Where P.1 is the percentage of world semiconductor patents filed by country c in year t-1, ¢
is a foreign country in which the firm undertakes R&D in year t-1 and ranges from 0 to N. N
is the total number of countries in which the firm undertakes R&D in year t-1.

In addition, we control for firm size measured as the natural log of total assets, with
larger size reflecting greater access to resources to support innovative efforts. Firm R&D
intensity, the percentage of R&D expenses to total sales, influences the extent to which the
firm pursues innovation (Cohen and Levinthal, 1990). Firm leverage, measured as the ratio of
long term debt to common equity, is included to control for the firm’s risk orientation and
propensity to engage in innovation. Finally, firm profitability, reflected by the percentage
return on equity, can influence availability of resources for innovation.

Methods

Negative binomial regression models are particularly well suited to dependent variables such
as patent counts that take on only non-negative integer values (Hausman, Hall & Griliches,
1984). We follow prior researchers (Lahiri, 2010; Phene and Almeida, 2008) and use a
negative binomial regression with a random effects specification® that includes firm effects
and year controls.

Results
The summary statistics for our variables are presented in Table 2 and our results in Table 3.

k*kkkikkkhkkhkkkikikkhkkikkikx

Insert Tables 2 and 3 here

*kkkikkkhkkhkkkikkikkhkkikkikx

13 We conducted a Hausman test to determine whether a random or fixed effects specification is appropriate.
The test with a Chi square statistic of 10.15 and a p value of 0.8971, indicated that a random effects
specification was appropriate for our data. Nonetheless, we include a fixed effects specification in our
robustness tests.

16
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We find a significant and positive effect of scientific connectedness of the home
country to the host countries of the firm’s global R&D locations on innovation. Thus, H1 is
supported. Locating R&D sites in countries with greater scientific connectedness increases
firm innovation. Examining the co-efficient of scientific connectedness reveals that a one
standard deviation increase in this measure, while holding other variables at their mean
values, results in an increase in firm innovation by 13%. This corresponds to about 11
additional patents for an average firm whose R&D units are in highly scientifically connected
countries compared to a firm with R&D units in countries with average scientific
connectedness.

We also find support for the positive moderating effect of firm collaborative
capability, which enhances the effects of scientific connectedness on innovation. H2 is
supported. Brambor, Clark and Golder (2006) suggest that true interaction effects between
continuous variables in non-linear models need to be assessed by performing additional
analysis of marginal effects. We adopt this approach and conduct additional analysis of the
marginal effects at different levels of firm collaborative capability. Figure 1 presents these

results.

*kkkkkhkkkhkkhkkkikkhikkkikkk

Insert Figure 1 here
*hkkhkkhkhkhkkkhkhkhkhkhkihkikiikikkh
We find that the average marginal effect of scientific connectedness on innovation is
higher as firm collaborative capability increases. Figure 1 validates the significance for our
interaction term. We consider the magnitude of our interaction effect at different levels of
collaborative capability. A one standard deviation increase in scientific connectedness (Model
3, holding all other variables including collaborative capability at their mean values) results in
an increase in innovation of 13%. However, a similar one standard deviation increase in

scientific connectedness when collaborative capability is high (1 SD above the mean for

collaborative capability, other variables at mean values), results in an increase in innovation
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of 17%. Thus firm collaborative capability serves as a complement to the commonality
provided by scientific connectedness, with a stronger effect of scientific connectedness on
innovation at higher levels of collaborative capability.

Our control variables demonstrate expected patterns with positive and significant
effects of firm characteristics - collaborative capability, knowledge stock, technological
breadth, internal linkages through citations and size — as well as the technological richness of
the host countries of firm R&D locations.

Robustness tests
We conduct a series of additional robustness tests and present these in Table 4.

*hkkkkkhkkkkhkhkkkkhkkhkhkikkikikk

Insert Table 4 here
*hkkkhkhkhkkkhkhkhkhkhkhkhkhkkiiik
Two of our variables, firm size and firm external linkages, have variance inflation

factors above the commonly recommended value of 10 (Kennedy, 1992). We therefore run
our regression by omitting each of these variables in Models 4 and 5 and find that our results
are the same. Second, firm innovation may be a consequence of the global dispersion of R&D

activity rather than the scientific connectedness of R&D. We construct a control that measures

global dispersion of R&D activity as follows:
N
1 - (Z Sg,t—l)
c=0

Where S .1 represents the fraction of the firm’s patents filed in country c in year t-1, and ¢
varies from 0 to N. We add this control in Table 4, Model 6 and find that our results stay the
same. Third, in order to ensure that the outcomes are attributable to scientific connectedness
and not to other forms of international connections such as through exports or imports, we
construct two additional controls that determine trade connectedness between the home

country and host countries of R&D locations. We collected additional data on a) total trade
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and b) trade in semiconductors'* between the home country and each of the countries in
which the firms in our sample had R&D locations, by using the UN Comtrade database. We
then constructed a measure of trade connectedness in a manner similar to that used for our

independent variable as follows:

N
Zc:O Tc,t—l
Nt—l

where Tc,t-1 is the share of trade between the U.S. and country ¢, compared to total U.S. trade
in year t-1, c is a foreign country in which the firm undertakes R&D in year t-1 and ranges
from 0 to N; and N is the total number of countries in which the firm undertakes R&D in year
t-1. An additional measure of trade connectedness was similarly constructed by using trade in
semiconductors. We add each of these controls, trade connectedness to Model 7 and
semiconductor trade connectedness to Model 8, and present our results. We find that our
results are robust to the inclusion of these controls.

Fourth, we drop the observations of firms that do not have overseas R&D and retain
only those observations of firms with at least one overseas R&D location in the prior year,
resulting in a reduced sample of 48 firms and 230 observations, in Model 9. Again we find
that our results are robust. Finally, we include a negative binomial regression with fixed
effects (in Model 10). We also use a quasi-maximum likelihood model with fixed effects (in
Model 11) that is a good alternative to the negative binomial regression model (Kaul, 2012)
and overcomes drawbacks associated with conditional fixed effects negative binomial
regression (Allison and Waterman, 2002). Our results remain robust.

Discussion and Conclusions

Our study complements research on globalization of innovation by the firm. Penner- Hahn

and Shaver (2005) argue that although global R&D can enable innovation, it appears to do so

" Trade in semiconductors was defined as trade in the Harmonized System (HS) category 85, which
encompasses semiconductor devices, light-emitting diodes, printed circuits, electronic integrated circuits,
carbon electrodes, electric resistors, transformers and capacitors, static converters, electromagnets, electric
storage batteries and primary cells
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only for some firms. Consequently they call for an exploration of the conditions under which
global R&D enhances firm innovation. We respond to this call and demonstrate that locating
R&D in countries that are scientifically connected to the home country increases innovative
output by creating a foundation of commonality. Since knowledge diffusion across national
boundaries is difficult (Jaffe, Trajtenberg and Henderson, 1993; Keller and Yeaple, 2009) and
these challenges exist even within the firm (Haas and Cummings, 2014), strategic choices
regarding the location of R&D centers are important for maximizing benefits from global
R&D. Our findings regarding R&D locations and scientific connectedness complement
existing research that suggests firm organizational design shapes interactions with external
knowledge sources to facilitate opportunity exploitation (Foss, Lyngsie and Zahra, 2013) and
innovation (Argyres and Silverman, 2004). We also demonstrate that firm collaborative
capability enables the firm to derive greater value from commonality and enhances the
relationship between scientific connectedness and innovation. Thus knowledge access and co-
ordination appears to be a complex process that operates at both the firm and country levels,
supporting the proposition of a more integrated framework for examining knowledge transfer
(Song, 2014).

By considering the firm’s global R&D network, our study leads to holistic insights that
would not be possible in an examination of individual elements (Gruber, Heinemann, Brettel
and Hungeling, 2010). Therefore our study complements the growing body of literature on the
important role of foreign subsidiaries in innovation (Almeida and Phene, 2004; Cantwell and
Mudambi, 2005), by examining their location in the context of a larger setting (IGOs that
encompass the home country and host countries of R&D locations of the home country) and
exploring the complementary relationships between firm collaborative capability and the
broader premise of scientific connectedness. Our finding regarding the utility of scientific

connectedness for firms in enhancing knowledge transfer and innovation offers an interesting

20



Global R&D and firm innovation

complement to studies that have focused on subsidiary characteristics and mechanisms that
enable knowledge flows (Minbaeva, Pedersen, Bjorkman, and Fey, 2013; Gupta and
Govindarajan, 2000). While there has been a significant emphasis in the literature on the
heterogeneity provided by knowledge from international sources and foreign innovation
systems (Bartholomew, 1997; Phene, Fladmoe-Lindquist and Marsh, 2006) our study takes a
unique approach by highlighting the importance of commonality in the sourcing and transfer
of knowledge and ultimately for innovation.

The evaluation of scientific connectedness and collaborative capability resonates with
the resource based view of the firm (Barney, 1991). Resource value is determined by how the
firm bundles its resources (Sirmon, Gove and Hitt, 2008). All resources do not hold equal
value for all firms and their value generation potential can be enhanced by enabling
complementarities with existing resources (Adegbesan, 2009). However we know little about
how firms can configure resources to achieve superior performance (Sheehan and Foss,
2007). Our study provides a step in this direction by exploring the location of R&D resources
and the complementarities enabled through scientific connectedness and collaborative
capability to generate greater value from innovation.

We also contribute to the broader study of how international institutions influence the
strategic behavior of firms. The globalization of the world economy has been accompanied by
the proliferation of international organizations — organizations which themselves transcend
national boundaries — to facilitate and govern cross-border activity. International
organizations are a part of a broader, evolving global environment; an additional level of
analysis beyond the single country shaped by states, economic actors and civil society
(Westney, 2011). Yet, only recently have researchers begun to examine how international
institutions influence the strategic choices of firms (see, for example, Soule et al, 2013;

Rangan and Sengul, 2009; Jandhyala and Weiner, 2014). By integrating the effects of IGO
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linkages between home and host countries and firms’ innovation outcomes, we contribute to
research on unpacking international institutions and their effects on firm behavior.

Our study has several limitations. We consider innovation to be the result of
knowledge access and transfer enabled by scientific connectedness and collaborative
capability. However we do not directly measure the intermediate step of knowledge access or
transfer. A within-firm analysis would help to test this step and is proposed for future work.
Further, determining the relative importance of scientific connectedness and collaborative
capability for knowledge transfer may be an interesting avenue for future work. While we
establish the role of scientific connectedness in influencing firm innovation, we are unable to
determine the type of connectedness (political, economic, social) that matters the most (or if
at all). We choose a setting that is likely to be important in the scientific realm. But the
empirical challenge of establishing this is that most measures of country connectedness are
highly correlated. Finally, our focus is on one sector, the semiconductor industry, leading to
issues of generalizability.

Our research offers practical implications for managers. R&D locations are very
important for firms that aspire to global strategies (Porter and Stern, 2001; Feinberg and
Gupta, 2004), but a key concern associated with managing global R&D, is enabling
innovation through the transfer and leveraging of diverse knowledge available to the firm
from its various sites (Mors, 2010). Our study offers new insights for managers in enhancing
innovation, by making strategic location choices for R&D centers and the development of

collaborative capability.

22



Global R&D and firm innovation

References

Adegbesan J. 2009. On the origins of competitive advantage: Strategic factor markets and
heterogeneous resource complementarity. Academy of Management Review 34 (3): 463-475.

Allison P, Waterman R. 2002. Fixed—effects negative binomial regression models.
Sociological Methodology 32: 247-265.

Almeida P, Kogut B. 1999. Localization of knowledge and the mobility of engineers in
regional networks. Management Science 45 (7): 905-917.

Almeida P, Phene A. 2004. Subsidiaries and knowledge creation: The influence of the MNC
and host country on innovation. Strategic Management Journal 25 (8): 847-864.

Almeida P, Song J, Grant R. 2002. Are firms superior to alliances and markets? An empirical
test of cross-border knowledge building. Organization Science 13 (2): 147-161.

Ambos T, Ambos B. 2009. The impact of distance on knowledge transfer effectiveness in
multinational corporations. Journal of International Management 15 (1): 1-14.

Argyres N, Silverman B. 2004. R&D, organization structure, and the development of
corporate technological knowledge. Strategic Management Journal 25 (8): 929-958.

Barnett M, Finnemore M. 1999. The politics, power, and pathologies of international
organizations. International Organization, 53: 699-732.

Bartholomew S. 1997. National systems of biotechnology innovation: Complex
interdependence in the global system. Journal of International Business Studies 28 (2): 241-
266.

Bartlett C, Ghoshal S. 1986. Tap your subsidiaries for global reach. Harvard Business
Review 64 (6): 87-94.

Bartlett C, Ghoshal S. 1989. Managing Across Borders: The Transnational Solution. Harvard
Business Press: Boston, MA.

Barney J. 1991. Firm resources and sustained competitive advantage. Journal of
Management 17(1): 99-120.

Belderbos R. 2003. Entry mode, organizational learning, and R&D in foreign
affiliates. Strategic Management Journal 24 (3): 235.

Belderbos R, Leten B, Suzuki S. 2013. How global is R&D? Firm-level determinants of
home-country bias in R&D. Journal of International Business Studies 44 (8): 765-786.

Berry H. 2014. Global integration and innovation: Multicountry knowledge generation within
MNC:s. Strategic Management Journal, 35(6): 869-890.

Berry H, Guillén M, Hendi A. 2014. Is there convergence across countries? A spatial
approach. Journal of International Business Studies 45(4): 387-404.

23



Global R&D and firm innovation

Bertrand O, Mol M. 2013. The antecedents and innovation effects of domestic and offshore
R&D outsourcing. Strategic Management Journal 34 (6): 751-760.

Bhagat R, Kedia B, Harveston P, Triandis H. 2002. Cultural variations in the cross-border
transfer of organizational knowledge: An integrative framework. Academy of Management
Review 27 (2): 204-221.

Blomkvist K, Kappen P, Zander I. 2010. Quo vadis? The entry into new technologies in
advanced foreign subsidiaries of the multinational enterprise. Journal of International
Business Studies 41 (9): 1525-1549.

Boisot M. 1995. Information Space: A Framework for Learning in Organizations, Institutions
and Culture. Routledge: London.

Brambor T, Clark, Golder. 2006.Understanding interaction models: Improving empirical
analyses. Political Analysis, 14: 63-82.

Brown S, Eisenhardt K. 1997. The art of continuous change: Linking complexity theory and
time-paced evolution in relentlessly shifting organizations. Administrative Science Quarterly
42(1): 1-34.

Busenitz L, Gomez C, Spencer J. 2000. Country institutional profiles: Unlocking
entrepreneurial phenomena Academy of Management Journal 43: 994-1003.

Cantwell J, Mudambi R. 2005. MNE competence-creating subsidiary mandates. Strategic
Management Journal 26 (12): 1109-1128.

Cao X. 2009. Networks of Intergovernmental Organizations and Convergence in Domestic
Economic Policies. International Studies Quarterly 53(4): 1095-1130.

Capozzi M, Biljon V, Williams P. 2013. Organizing R&D for the Future. MIT Sloan
Management Review 54 (3): 19-20.

Ceccagnoli M. 2009. Appropriability, preemption, and firm performance. Strategic
Management Journal 30 (1): 81-98.

Cohen W, Levinthal D. 1990. Absorptive capacity: A new perspective on learning and
innovation. Administrative Science Quarterly 35 (1): 128-152.

Davis J, Eisenhardt K. 2011. Rotating leadership and collaborative innovation Administrative
Science Quarterly 56 (2): 159-201.

de Camprieu R, Desbiens J, Feixue Y. 2007. ‘Cultural’ differences in project risk perception:
An empirical comparison of China and Canada. International Journal of Project
Management, 25(7): 683-693.

Dellestrand H, Kappen P. 2012. The effects of spatial and contextual factors on headquarters

resource allocation to MNE subsidiaries. Journal of International Business Studies 43 (3):
219-243.

24



Global R&D and firm innovation

Dobbin F, Simmons B, Garrett G. 2007. The global diffusion of public policies: Social
construction, coercion, competition, or learning?. Annual Review of Sociology 33: 449-472.

Dorussen H, Ward H. 2008. Intergovernmental organizations and the Kantian peace. Journal
of Conflict Resolution 52: 189-212.

Drori G, Meyer J, Ramirez F, Schofer E. 2003. Science in the Modern World Polity:
Institutionalization and Globalization. Stanford University Press: Palo Alto, CA.

Dyer J, Singh H. 1998. The relational view: cooperative strategy and sources of
interorganizational competitive advantage. Academy of Management Review 23(4): 660-679.

Eggers J. 2012. Falling flat: Failed technologies and investment under
uncertainty. Administrative Science Quarterly 57 (1): 47-80.

Finnemore M. 1993. International organizations as teachers of norms: the United Nations
Educational, Scientific, and Cutural Organization and science policy. International
Organization 47: 565-597.

Finnemore M, Sikkink K. 1998. International norm dynamics and political
change. International Organization 52(04): 887-917.

Foss N, Lyngsie J, Zahra S. 2013. The role of external knowledge sources and organizational
design in the process of opportunity exploitation. Strategic Management Journal 34 (12):
1453-1471.

Foss N, Pedersen T. 2002. Transferring knowledge in MNCs: The role of sources of
subsidiary knowledge and organizational context. Journal of International Management 8(1):
49-67.

Frost T, Birkinshaw J, Ensign P. 2002. Centers of excellence in multinational
corporations. Strategic Management Journal 23 (11): 997-1018.

Gruber M, Heinemann F, Brettel M, Hungeling S. 2010. Configurations of resources and
capabilities and their performance implications. Strategic Management Journal 31 (12): 1337-
1356.

Guillen M. 199). The age of eclecticism: Current organizational trends and the evolution of
managerial models. Sloan Management Review 36: 75-75.

Gupta A, Govindarajan V. 2000. Knowledge flows within multinational
corporations. Strategic Management Journal 21 (4): 473.

Haas M, Cummings J. 2014. Barriers to knowledge seeking within MNC teams: Which
differences matter most? Journal of International Business Studies. doi:10.1057/jibs.2014.37

Hansen M, Mors M, Lovas B. 2005. Knowledge sharing in organizations. Academy of
Management Journal 48 (5): 776-793.

25



Global R&D and firm innovation

Hausman J, Hall B, Griliches Z. 1984. Econometric models for count data with an application
to the patents-R&D relationship. Econometrica 52 (4): 909-938.

Inkpen A, Pien W. 2006. An examination of collaboration and knowledge transfer: China—
Singapore Suzhou Industrial Park. Journal of Management Studies 43(4): 779-811.

Jandhyala S, Phene A. 2014. Intergovernmental organizations and national innovation. Paper
presented at the annual meeting of the Academy of International Business, Istanbul, Turkey.

Jandhyala S, Weiner R. 2014. Institutions sans frontiéres: International agreements and
foreign investment. Journal of International Business Studies 45(6): 649-669

Jiang L, Tan J, Thursby M. 2011. Incumbent firm invention in emerging fields: evidence from
the semiconductor industry. Strategic Management Journal 32 (1): 55-75.

Jaffe A, Trajtenberg M, Henderson R. 1993. Geographic localization of spillovers as
evidenced by patent citations. Quarterly Journal of Economics 108: 577-598.

Joshi AM, Nerkar A. 2011. When do strategic alliances inhibit innovation by firms? Evidence
from patent pools in the global optical disc industry. Strategic Management Journal 32 (11):
1139-1160.

Kaul A. 2012. Technology and corporate scope. Strategic Management Journal 33 (4): 347-
367.

Keller W, Yeaple S. 2009. The gravity of knowledge (No. w15509). National Bureau of
Economic Research.

Kennedy P. 1992. A Guide to Econometrics. Blackwell Publishing: Oxford, Great Britain.

Kogut B. 1991. Country capabilities and the permeability of borders. Strategic Management
Journal, 12(S1), 33-47.

Kostova T. 1999. Transnational transfer of strategic organizational practices: A contextual
perspective. Academy of Management Review 24: 308-324.

Kuemmerle W. 1997. Building effective R&D capabilities cbroad. Harvard Business
Review 75 (2): 61-70.

Lahiri N. 2010. Geographic distribution of R&D activity Academy of Management
Journal 53 (5): 1194-12009.

Lai, A, D’Amour, A. & Fleming, I. 2009. The careers and co-authorship networks of U.S.
patent-holders, since 1975. http://hdl.handle.net/1902.1/12367
UNF:5:daJuoNgCZIcYY8RqU+/j2Q== Harvard Business School; Harvard Institute for
Quantitative Social Science [Distributor] V2 [Version]

Lam A. 1996. Engineers, management and work organization: A comparative analysis of
engineers’ work roles in British and Japanese electronics firms. Journal of Management
Studies 33(2): 183-212.

26



Global R&D and firm innovation

Lam A. 1997. Embedded firms, embedded knowledge. Organization Studies 18 (6): 973.

Lam A. 2000. Tacit knowledge, organizational learning and societal institutions: An
integrated framework. Organization Studies, 21(3), 487-513.

Lane P, Lubatkin M. 1998. Relative absorptive capacity and interorganizational
learning. Strategic Management Journal 19 (5): 461.

Levin D, Barnard H. 2013. Connections to distant knowledge: Interpersonal ties between
more and less developed countries Journal of International Business Studies 44(7): 676-698.

Lechevalier S, Ikeda Y, Nishimura J. 2011. Investigating collaborative R&D using patent
data. Managerial & Decision Economics 32 (5): 305-323.

Meyer J, Boli J, Thomas G, Ramirez F. 1997. World society and the nation-state. American
Journal of Sociology 103 (1): 144.

Miller D, Fern M, Cardinal L. 2007. The use of knowledge for technological innovation
within diversified firms. Academy of Management Journal 50 (2): 307-326.

Minbaeva D, Pedersen T, Bjorkman I, Fey C. 2013. A retrospective on: MNC knowledge
transfer, subsidiary absorptive capacity, and HRM. Journal of International Business
Studies 45(1): 52-62.

Mors M. 2010. Innovation in a global consulting firm: when the problem is too much
diversity. Strategic Management Journal 31 (8): 841-872.

Nahapiet J, Ghoshal S. 1998. Social capital, intellectual capital, and the organizational
advantage. Academy of Management Review 23(2), 242-266.

Nobel R, Birkinshaw J. 1998. Innovation in multinational corporations. Strategic
Management Journal 19 (5): 479.

Nooteboom, B. 2009. A cognitive theory of the firm. Edward Elgar Publishing.

Oxley J, Wada T. 2009. Alliance structure and the scope of knowledge transfer Management
Science 55 (4): 635-649.

Pearce, R. 1989. The internationalization of research and development of multinational
enterprises. London: Macmillan.

Penner-Hahn J, Shaver J. 2005. Does international research and development increase patent
output? Strategic Management Journal 26 (2): 121-140.

Perez-Aleman P. 2011. Collective learning in global diffusion: Spreading quality standards in
a developing country cluster. Organization Science 22:173-189.

Pevehouse J, Nordstrom T, Warnke K. 2004. The correlates of war 2 International
Governmental Organizations Data Version 2.0. Conflict Management & Peace Science
(Routledge), 21: 101-119.

27



Global R&D and firm innovation

Phene A, Fladmoe-Lindquist K, Marsh L. 2006. Breakthrough innovations in the U.S.
biotechnology industry: the effects of technological space and geographic origin. Strategic
Management Journal 27 (4): 369-388.

Popp D, Juhl T, Johnson D. 2003. Time in purgatory: Determinants of the grant lag for US
patent applications (No. w9518). National Bureau of Economic Research.

Rangan S, Sengul M. 2009. The influence of macro structure on the foreign market
performance of transnational firms: The value of IGO connections, export dependence, and
immigration links. Administrative Science Quarterly 54(2): 229-267.

Rosenkopf L, Almeida P. 2003. Overcoming local search through alliances and
mobility. Management Science 49 (6): 751-766.

Sakakibara M. 1997. Heterogeity of firm capabilities and cooperative research and
development. Strategic Management Journal 18 : 143-164.

Schilling M, Phelps C. 2007. Interfirm collaboration networks. Management Science 53 (7):
1113-1126.

Scott W. 1995. Institutions and organizations. Sage: Thousand Oaks, CA.

Sheehan N, Foss N. 2007. Enhancing the prescriptiveness of the resource-based view through
Porterian activity analysis. Management Decision 45 (3): 450-461.

Simmons B, Elkins Z. 2004. The globalization of liberalization: Policy diffusion in the
international political economy. American Political Science Review, 98(01): 171-189.

Sirmon D, Gove S, Hitt M. 2008. Resource management in dyadic competitive
rivalry. Academy of Management Journal 51 (5): 919-935.

Song J. 2014. Subsidiary absorptive capacity and knowledge within multinational
corporations. Journal of International Business Studies 45(1): 73-84.

Song J, Shin J. 2008. The paradox of technological capabilities: a study of knowledge
sourcing from host countries of overseas R&D operations. Journal of International Business
Studies 39(2): 291-303.

Sgrensen J, Stuart T. 2000. Aging, obsolescence, and organizational
innovation. Administrative Science Quarterly 45 (1): 81-112.

Soule S, Swaminathan A, and L. Tihanyi. 2014. The diffusion of foreign divestment from
Burma. Strategic Management Journal 35(7): 1032-1052.

Srivastava M, Gnyawali D. 2011. When do relational resources matter? Academy of
Management Journal 54 (4): 797-810.

Subramaniam M, Venkatraman N. 2001. Determinants of transnational new product
development capability: Testing the influence of transferring and deploying tacit overseas
knowledge. Strategic Management Journal 22(4): 359-378.

28



Global R&D and firm innovation

Tukiainen S, Aaltonen K, Murtonen M. 2010. Coping with an unexpected event: Project
managers' contrasting sensemaking in a stakeholder conflict in China. International Journal
of Managing Projects in Business 3(3): 526-543.

Walker G, Kogut B, Shan W. 1997. Social capital, structural holes and the formation of an
industry network. Organization Science 8 (2): 109-125.

Westney D. 2011. Global strategy and global business environment: changing models of the
global business environment. Global Strategy Journal 1(3-4): 377-381.

Zander 1. 1997. Technological diversification in the multinational corporation--historical
evolution and future. Research Policy 26 (2): 209.

29



Table 1: Coding Scheme for IGO Function

IGO Type

Description of Organizations

Examples

Learning-oriented

Education, scientific research & technology

organizations; provide standards and harmonization of

transactions; protect property rights; technical
exchange or cooperation; facilitate information
exchange

Monitor, enforce, and help process international
economic transactions; perform trade related

functions; enhance information access; address issues

of structure and operation of specific industries

Council for Technical Cooperation in South &
South-East Asia; Latin American Center for
Physics; World Intellectual Property Organization;
World Meteorological Organization

International Cotton Advisory Committee, World
Trade Organization, African Petroleum Producers
Association

Others

Umbrella organizations that focus on administration
of governments, perform multiple functions, or
administer international agreements

Regional political or military alliances; organizations

for military/security/defense purposes

Address health, disease, disaster, or social welfare;

cultural or humanitarian organizations; environmental

conservation

UN, Nordic Council, South Asian Association for
Regional Cooperation

Council of Baltic Sea States, Euro-Atlantic
Partnership Council, Wassenaar Arrangement

International Labor Organization, International
Coral Reef Initiative; African Cultural Institute;
International Organization for Migration

Source: Adapted from Ingram et al (2005); Jandhyala and Phene (2013)
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Table 2: Summary Statistics and Correlations

Sr. Variables 1 2 3 4 5 6 7 8 9 10 11 12
No
Mean 84.18 | 0.10 0.47 364 0.53 0.28 60.02 | 1.44 2.85 16.42 | 0.12 8.16
Std. Dev 222.40 | 0.12 1.83 1008 | 0.25 0.92 17.39 | 3.85 0.79 7.75 1.58 63.92
Dependent Variable
1 Firm innovation 1.00
Independent Variable
2 Scientific connectedness of 0.39 1.00
firm global R&D locations
Moderators
3 Firm collaborative capability | 0.09 0.03 1.00
Controls
4 Firm knowledge stock 0.95 0.38 0.09 1.00
5 Technological breadth of firm | 0.34 0.42 0.10 0.32 1.00
knowledge
6 Firm internal linkages 0.14 0.33 0.0002 | 0.12 0.21 1.00
7 Firm external linkages 0.02 -0.29 |-0.01 | 0.01 -0.05 |-0.15 | 1.00
8 Technological richness of 0.31 0.53 0.12 0.30 0.21 0.05 -0.09 | 1.00

countries of firm’s global
R&D locations

9 Firm size 0.55 0.57 0.16 0.54 0.51 0.20 -0.16 | 0.32 1.00

10 Firm R&D intensity -0.10 | -0.07 |-0.02 | -0.07 | 0.06 -0.02 | 0.20 -0.13 | -0.12 | 1.00

11 Firm leverage 0.04 0.01 0.04 0.04 -0.01 | 0.05 0.01 0.03 0.09 -0.04 |1.00

12 Firm profitability 0.03 0.07 -0.03 | 0.02 -0.06 | 0.01 -0.03 | 0.12 0.07 -0.21 | -015 | 1.00
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Table 3: Scientific Connectedness, Collaborative Capability and Innovation

Dependent Variable: Firm Innovation

Model 1 Model 2 Model 3
Independent Variable
Scientific connectedness of firm global H1 2.001*** 1.751%**
R&D locations (0.416) (0.422)
Moderating effect
Scientific connectedness * Firm H2 0.404***
collaborative capability (0.117)
Control variables
Firm collaborative capability 0.035* 0.049*** 0.023
(0.014) (0.014) (0.018)
Firm knowledge stock 0.011* 0.010* 0.011*
(0.005) (0.005) (0.005)
Technological breadth of firm knowledge 0.546** 0.458* 0.449*
(0.196) (0.195) (0.191)
Firm internal linkages 0.140*** 0.118*** 0.121***
(0.033) (0.032) (0.031)
Firm external linkages -0.002 0.000 -0.000
(0.003) (0.003) (0.003)
Technological richness of countries of 0.018** -0.004 -0.005
firm’s global R&D locations (0.007) (0.008) (0.008)
Firm size 0.625*** 0.530*** 0.531***
(0.102) (0.101) (0.101)
Firm R&D intensity -0.003 -0.005 -0.005
(0.006) (0.006) (0.006)
Firm leverage 0.006 0.020 0.022
(0.021) (0.021) (0.021)
Firm profitability 0.000 0.001 0.001
(0.000) (0.000) (0.000)
Firm, random effects Yes Yes Yes
Year dummies Yes Yes Yes
Wald Chi Squared 100.04*** 131.43*** 161.15***
# of firms 92 92 92

Notes: Standard errors in parentheses
*p<0.05, **p<0.01, ***p<0.001

32



Table 4: Robustness Checks

Dependent Variable: Firm Innovation

Global R&D and firm innovation

Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11
Robustness check Omitting Omitting Adding Adding trade | Adding trade Subsample — | Negative QML
firm size firm global connectedness | connectedness | Drops firms | binomial Poisson
internal dispersion | based on total | based on with purely | regression regression
linkages of firm trade semiconductor | domestic with fixed with fixed
R&D trade innovation effects effects
Method Xtnbreg, re | Xtnbreg, re | Xtnbreg, re | Xtnbreg, re Xtnbreg, re Xtnbreg, re | Xtnbreg, fe | Xtpgml, fe
Independent
Variable
Scientific 2.145*** 1.754*** 2.096*** 2.022%** 2.002*** 1.457%** 1.532%** 1.237*
connectedness of firm | (0.424) (0.417) (0.461) (0.500) (0.494) (0.442) (0.430) (0.610)
global R&D locations
Moderating effect
Scientific 0.441%** 0.404*** 0.402*** 0.406*** 0.406*** 0.407*** 0.396** 0.403*
connectedness * Firm | (0.128) (0.117) (0.116) (0.117) (0.117) (0.122) (0.124) (0.192)
collaborative
capability
Control variables
Firm collaborative 0.025 0.023 0.022 0.022 0.022 0.020 0.022 0.058
capability (0.018) (0.018) (0.018) (0.018) (0.018) (0.019) (0.018) (0.031)
Firm knowledge 0.016** 0.011* 0.011* 0.011* 0.011* 0.011* 0.004 -0.006
stock (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.006) (0.006)
Technological 0.578** 0.449* 0.455* 0.433* 0.432* 0.565* 0.227 0.203
breadth of firm (0.189) (0.191) (0.191) (0.191) (0.192) (0.266) (0.184) (0.269)
knowledge
Firm internal linkages | 0.108*** 0.121*** 0.130*** 0.122%*** 0.123*** 0.113** 0.102** 0.125***
(0.033) (0.031) (0.032) (0.032) (0.032) (0.034) (0.033) (0.036)
Firm external -0.002 Omitted -0.001 -0.000 -0.000 0.001 -0.002 -0.003
linkages (0.003) (0.003) (0.003) (0.003) (0.004) (0.003) (0.004)
Technological -0.014 -0.005 -0.006 -0.003 0.000 -0.004 -0.009 0.014
richness of countries | (0.009) (0.008) (0.008) (0.009) (0.010) (0.009) (0.009) (0.015)
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of firm’s global R&D
locations

Firm size Omitted 0.532*** 0.527*** 0.536*** 0.535%** 0.460*** 0.257* (0.074)
(0.100) (0.100) (0.101) (0.101) (0.136) (0.124) (0.262)

Firm R&D intensity -0.006 -0.006 -0.006 -0.005 -0.005 -0.007 -0.003 -0.007
(0.006) (0.006) (0.006) (0.006) (0.006) (0.007) (0.007) (0.007)

Firm leverage 0.040 0.022 0.018 0.023 0.022 0.027 0.023 0.001
(0.022) (0.021) (0.021) (0.021) (0.021) (0.022) (0.020) (0.033)

Firm profitability 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.001)

Additional controls

Global dispersion of -0.554

firm R&D (0.321)

Trade connectedness -1.313

(total trade) (1.336)

Trade connectedness -0.020

(semiconductors) (0.020)

Firm effects Random Random Random Random Random Random Fixed effects | Fixed effects
effects effects effects effects effects effects

Year dummies Yes Yes Yes Yes Yes Yes Yes Yes

Wald ChiSquared 107.59*** | 161.10*** | 165.86*** | 162.81*** 163.03*** 98.37*** 72.76%** 764.68***

N 362 362 362 362 362 230¢ 3479 347°

Notes: Standard errors in parentheses

*p<0.05, **p<0.01, ***p<0.001
@Sample sizes are different in these models because firms with only domestic innovations are dropped in Model 9 and fixed effects models (Model
10 and Model 11) drop observations of firms that contribute a single year
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Figure 1 Interaction Effect of Scientific Connectedness and Firm Collaborative Capability

Average Marginal Effects of Scientific Connectedness of Firm Global R&D with 95% Cls
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