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Abstract

Why are some alliances more productive than others in terms of creating new technology? Using a novel measure of alliance

performance, that is, joint patents, this study aims to tackle this question. Our results from the global pharmaceutical industry show that

joint invention has an inverted U-shape relationship with a path-dependent technology base, with the level of joint patents initially

increasing and then decreasing beyond a certain level of path dependence. The results also show that joint patents are more numerous

when the alliance partners have had prior ties with each other. Overall, the finding suggests that creating new technology through

alliances can be facilitated by ensuring the positive side of absorptive capacity, while avoiding its downside.

r 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Firms frequently use partnerships to acquire new
technology (Powell et al., 1996), to pool complementary
technologies (Teece, 1992), or to share the costs of
exploiting a certain form of technology (Nakamura et al.,
1996). In some rapidly evolving sectors, where the locus of
proprietary knowledge is dispersed across companies and
shifts quickly over time, the pooling of resources can lead
to superior and faster technological development than
would be possible internally (Doz and Hamel, 1997). In
addition, collaborative R&D arrangements have been
rapidly growing since the 1980s in high-tech industries
(Hagedoorn, 2002).

Although the notion is well accepted that alliances can
be useful for collaborative innovation, there is scant
empirical evidence to support it. This lack of evidence
reflects the difficulty in evaluating innovation output
resulting from alliances. Recent studies of alliances,
especially technology-based alliances, have investigated
e front matter r 2007 Elsevier Ltd. All rights reserved.
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the association between alliances and innovation by
looking at patents of individual firms as an indicator of
innovation output (e.g. Ahuja, 2000; Stuart, 2000).
However, output measured at the level of the individual
firm is difficult to attribute to alliance-related activities
because various exogenous factors influence the innovation
output of individual firms. We attempt to remedy this
situation by examining joint patents resulting from the
collaborative efforts of alliances.
We argue that if firms engage formally in collaborative

R&D, and if the output of the R&D is measurable by
patent indicators, then patents which are co-assigned to
both partners in an alliance should be good measures of
innovative output resulting from the alliance. By definition,
the co-assigned patent that we call the joint patent is
assigned to and jointly owned by more than one inventor.
To constitute a co-assigned patent, it is necessary that all
the inventors involved make some contribution to the final
invention. Here we focus our attention on inter-firm joint
patents, tracking only patents owned jointly by two or
more alliance partners.
According to Hicks and Narin (2001), co-assigned

patents accounted for about 0.2% of US patents in the
early 1980s, but the percentage rose to 1.4% in 1999. The
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percentage of co-assigned patents varies across sectors,
with the two highest being 7% for biotechnology and 5.6%
for pharmaceuticals. This salience of joint patents in these
areas may be explained by the considerable scientific and
technological interdependence among firms in pharmaceu-
tical R&D. Modern pharmaceutical R&D is increasingly
complex and demands an ever-widening range of skills. No
single firm possesses all the knowledge, skills and
techniques required (Powell et al., 1996). Accordingly,
joint invention (and the collaboration that precedes it)
often results from the need for complementary expertise.

This study is one of the early attempts to use joint
patents as a measure of the innovation output of alliances.
Hence, there are few studies which identify factors which
predict the existence of joint patents. We therefore draw
upon the literature on absorptive capacity and alliance
learning, wherein it is argued that alliances provide a
platform for learning and innovation. We focus on both
the technological and relational aspects of alliance part-
ners, and their effects on learning and innovation.
Specifically, using patent citation data, we identify two
key technology-related variables: path dependencies and
pre-existing technology overlap between alliance partners.
In addition, given many firms’ aversion to sharing the
ownership of proprietary technologies (Hagedoorn, 2003),
we also introduce the variable of ‘‘repeated’’ alliance ties as
a proxy for achieving a threshold level of trust, which is
necessary to ease the appropriability risks of sharing
proprietary technologies. Using a negative binomial
regression model, we examine the impacts of these
technological and relational variables on joint patenting
in the context of the global pharmaceutical industry.

2. Theory and hypotheses

As a general rule, there are two ways of building R&D
capabilities: through internal development or external
acquisitions (Pisano, 1990). The extent to which firms can
source external knowledge is determined, in part, by the
nature of the knowledge to be sourced (Zander and Kogut,
1995) and by firm-specific capabilities (Cohen and
Levinthal, 1990). State-of-the-art technologies are often
developed from tacit knowledge that is built internally
through experience (Cohen and Levinthal, 1990; Song,
2002) or ‘‘learning by doing’’ (Teece, 1982). Because this
knowledge belongs to individuals within a firm and cannot
be easily transferred across firms, organizational bound-
aries serve as ‘‘knowledge envelopes.’’ Thus, valuable
knowledge is much more likely to be diffused within an
organization than outside it (Zucker et al., 1996). For
example, Almeida et al. (2002) show that, in general,
multinational firms transfer knowledge across countries
more effectively than do firms within alliances or compe-
titive markets because they not only have more internal
mechanisms for knowledge transfer at their disposal, but
can also use those mechanisms flexibly without worrying
about misappropriation.
There are, however, several mechanisms that firms use to
access external knowledge. Almeida (1996) highlights the
advantages of co-location in technology-intensive regions.
Similarly, Shan and Song (1997) show that foreign direct
investments are used to source external knowledge that is
embedded in foreign countries. Licensing agreements
provide a formal means of acquiring external knowledge;
they require firms which possess key knowledge to permit
its transfer. Recently, Song et al. (2003) showed that
engineer mobility is an important mechanism in inter-firm
knowledge transfer, in a process that they call ‘‘learning by
hiring.’’
Most importantly for our purposes, Mowery et al. (1996)

point to the use of alliances in acquiring external knowl-
edge. Verspagen and Duysters (2004) find that technology
alliance networks indeed show small-world properties
which are characterized by an efficient flow of information
and knowledge. However, technology acquisition by
alliance is not a substitute for, but a complement to
internal development, as a new external technology
brought into a firm builds upon existing internal technol-
ogies (Cohen and Levinthal, 1990). Researchers have
identified an upsurge in R&D alliances since the 1980s
(Hagedoorn, 1993, 2002). The most common reason given
for the increasing popularity of collaborative R&D is that
fewer firms are able to ‘‘go it alone’’ in technological
development (Teece, 1992; Powell et al., 1996). In addition,
alliances can speed up learning and innovation processes
(Doz and Hamel, 1997). In these types of alliances, benefits
can extend beyond the life of the alliance, as firms learn
from their partners and increase their capabilities (Hamel,
1991; Mowery et al., 1996).
Inter-firm cooperation in the form of licensing, R&D

contracts and joint ventures are of central importance
especially to the pharmaceutical sector. For instance, 38%
of new chemical entities approved by the FDA between
1963 and 1999 were based on licensing deals. In addition,
the average number of biotechnology alliances formed per
pharmaceutical company increased from 1.4 per year in
1988–1990 to 5.7 per year, per firm in 1997–1998
(Nicholson et al., 2002). In the context of the global
pharmaceutical industry, we investigate the conditions
under which alliances are more likely to produce joint
patents. We develop hypotheses by focusing on both
technological and relational aspects of alliances. When we
develop hypotheses regarding technological aspects, we
draw primarily on evolutionary economics (Nelson and
Winter, 1982).

2.1. Path-dependent technologies and joint invention

Schumpeter (1961) argues that, in general, innovations
arise from new combinations of existing technologies. This
suggests that the creation of new technology does not occur
in the absence of current technology. Evolutionary
economics proposes that the search for new knowledge is
often localized or path-dependent, i.e., it is influenced by a
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firm’s experiences (Nelson and Winter, 1982). The organi-
zational capability required for the generation and
application of technology normally becomes embodied in
a set of routines within a firm, which then shape and
constrain further choices regarding technology develop-
ment (Nelson and Winter, 1982). Technological ‘‘local
searching’’ is thus produced by the smooth functioning of
organizational routines (Stuart and Podolny, 1996).

The path-dependent accumulation of new knowledge
leading to technological development reflects the areas of a
firm’s core competence (Leonard-Barton, 1992; Doz and
Hamel, 1997), in which it has conducted a substantial
amount of in-house R&D and has accumulated technology
and capabilities. To some extent, each firm is influenced by
the trajectory of its technological development in the past,
in that the development of new technology requires the
internally accumulated technology to have an absorptive
capacity (Cohen and Levinthal, 1990). As such, internally
accumulated technologies are positively related to a firm’s
ability to generate new technology, even jointly with other
firms.

However, path-dependent technologies may manifest a
sense of self-sufficiency and ‘‘inertia’’ (Nelson and Winter,
1982) or ‘‘rigidity’’ (Leonard-Barton, 1992). When firms
perform well, they may be satisfied with their current
programs of innovation and thus less motivated to access
other firms’ expertise to improve their own performance
(Levitt and March, 1988). As organizations experience
success, their routines and products become more standar-
dized, and it may become more difficult and costly for them
to integrate technologies from other firms. Moreover,
under the conditions of uncertainty that often characterize
innovation, the results of past searches become the natural
starting points for new searches, and firms continue to
build on their own established knowledge, thus becoming
path-dependent (Nelson and Winter, 1982; Stuart and
Podolny, 1996).

This path dependence impedes a firm’s receptivity to
external knowledge (Song and Shin, Forthcoming), by
reducing the motivation to seek, recognize, and assimilate
knowledge that may be too different from current practice
(Song et al., 2003), thereby inhibiting the development of
knowledge-sharing routines in alliances. In other words,
path-dependent firms highly value knowledge that is close
to existing technological and market conditions, and
devalue more distant knowledge that is available outside
of the firm. This practice can manifest itself in a ‘‘not-
invented-here’’ syndrome (Levitt and March, 1988).
Furthermore, successful external knowledge acquisition
requires a change in internal organizational routines
(Argyris and Schon, 1978); therefore, firms that have
developed strong internal routines are less likely to be open
to new knowledge brought in by alliance partners.

Based on this discussion, we can hypothesize that
internally accumulated technologies at low to moderate
levels of path dependence influence joint invention
positively due to their absorptive capacities, but this
relationship is negative at higher levels of path dependence
due to the low motivation to source external knowledge
from alliance partners.

H1. There is an inverted U-shape relationship between
joint invention and the combined path dependence of
alliance partners.

2.2. Technology overlap and joint invention

Variations in technology across firms are a result of the
idiosyncratic development of their paths or trajectories
(Cantwell, 1994). For instance, in the pharmaceutical
industry, firms race toward the creation and commercia-
lization of similar end products, but each firm takes a
distinctive path toward that end. This explains the
variation in technologies across firms, a variation that
alliances seek to bridge. Furthermore, alliances offer
learning opportunities that internal development does
not, because external technology is not subject to the
specificities of path dependence (Ahuja and Lampert,
2001). However, the cost of pooling and managing
knowledge brought into a firm by alliance partners may
be too high to bear unless the partners share some common
ground in terms of knowledge (Cantwell and Barrera,
1998). Obviously, firms sharing similar knowledge and
experience inherently will have an easier time working
together (Inkpen, 2000; de Man and Duysters, 2005).
We use the term ‘‘technology overlap’’ to indicate the

extent to which firms build on related technological
antecedents (Mowery et al., 1996). Technology overlap
between alliance partners can influence the level of knowl-
edge sourcing from one to the other. Lane and Lubatkin
(1998) showed that firms with greater overlap in basic
technology have greater relative absorptive capacity, and
hence are more likely to learn from each other. It follows
that technological overlap between alliance partners is
likely to make it easier for them to learn with and from
each other and create new knowledge jointly. Thus, we
expect that the extent of learning from and with partners
increases with the amount of overlap in terms of knowl-
edge.
However, when alliance partners are too similar, there is

little that they can learn from and with each other (Mowery
et al., 1998; Hansen, 1999). There may be an optimal
amount of technology overlap between alliance partners
that influences both the potential benefits (higher when
these firms are technologically distant) and the ability to
collaborate (higher when these firms are close). This
reasoning can be applied as well to the case of creating
new technology jointly. When alliance partners’ existing
technologies are too distant, the level of synergy might be
lower due to the partner firms’ inability to work with each
other’s technology. At the same time, if alliance partners’
technologies are too similar, then a firm either has little
value to add, or the cost of doing so is relatively high.
Thus, we posit a non-monotonic relationship between
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technology overlap and joint invention, with the level of
joint invention first increasing and then decreasing with
increasing technology overlap.

H2. There is an inverted U-shape relationship between
joint invention and the pre-existing technology overlap of
alliance partners.
2.3. Prior alliance ties and joint invention

Establishing an alliance for the purpose of invention
enables the creation of new technology through the
combination of similar but still distinct technologies.
Technology sharing is best achieved through wide-ranging,
continuous, and intense interactions between parties
(Kogut, 1988a). Through the history of their partnership,
firms can learn about each other’s ways of doing business,
and interpret meaning from each other’s actions. This is
part of the process of developing relational routines that
are necessary to create a successful alliance (Dyer and
Singh, 1998). Firms that have worked together in the past
will have basic understandings of each other’s skills and
capabilities (Heide and Miner, 1992), which provides the
impetus for mutual learning. In addition, experienced
partners can forgo the relationship-building processes that
are necessary for partners working together for the first
time (Inkpen, 2000).

Repeated working relationships can generate an initial
base of inter-partner trust (Gulati, 1995; Hagedoorn et al.,
2003). Although expectations of trust ultimately arise from
individuals, it is possible to think of inter-firm trust in
economic transactions (Zucker, 1986). The idea of trust
emerging from repeated partnerships is based on the
premise that through ongoing interaction, firms learn
about each other, including how to understand and predict
each other’s patterns of behavior (Dyer and Chu, 2000). As
knowledge between partners increases, information asym-
metries decrease, thereby reducing behavioral uncertainty
(Casciaro, 2003). Trust begins where prediction ends
(Lewis and Weigert, 1985).

Alliances usually involve significant uncertainty about
future costs and benefits due to the possibility of
opportunistic behavior and the lack of clear relationships
based on a single authority. Moreover, alliances entail a
risk of technology leakage, as there are inherent risks of
unilaterally losing proprietary technologies to the partner
(Hladik, 1988) unless trust has been built between allies.
The relational routines and trust that have been developed
over time through prior partnership efforts reduce the fear
of opportunistic behavior, allow for greater openness, and
facilitate the coordination of each partner’s respective
technologies (Kale et al., 2000). Hence, we hypothesize a
positive relationship between joint invention and prior
alliance ties between partners.

H3. The prior ties of partner firms have a positive effect on
their joint invention.
3. Research design

3.1. Sample and data

This study focuses on the pharmaceutical industry, an
industry rich in information, for over a decade and a half,
on alliances and technological developments. Co-develop-
ment of new technologies is well accepted as a major
motive of collaborative R&D efforts (Koza and Lewin,
1998). This is especially true in the pharmaceutical
industry, where the technology is complex and expanding,
where future revenue streams originate from current R&D,
and where R&D is time-consuming, uncertain, and costly
(Powell et al., 1996). Even established pharmaceutical firms
must ally with, and learn from, technology start-ups and
global competitors with complementary R&D strengths
and strategies (della Valle and Gambardella, 1993).
The sample of allied firms in the pharmaceutical industry

was drawn from the Securities Data Company (SDC)
database. The SDC database provides archival information
on alliance activities, types, and industries. The SDC
obtains this information from publicly available sources,
including SEC files, trade publications and national and
international news and wire sources. Although the
database goes back to 1985, the SDC appears to have
initiated systematic data collection only around 1988. We
started by building a list of all alliance cases in the
pharmaceutical industry between 1988 and 1995, resulting
in 2952 alliances.
Next, we obtained firm-level patent data from CHI

Research Inc. CHI is internationally recognized as a
leading research organization that specializes in the
development and analysis of patent indicators (Bierly and
Chakrabarti, 1996). CHI corrects for company re-namings
due to mergers, acquisitions, spin-offs, etc., and reassigns
patents accordingly. It allows one to trace patents
consistently no matter what their current ownership
structure. The CHI database covers 1025 companies (460
US and 565 non-US companies) that were selected due to
the relatively large numbers of patents registered with the
US patent office since the 1980s. Of the 1025 companies,
315 belong to Standard Industrial Classification (SIC) code
28—the chemical and pharmaceutical sector.
The CHI data was next compared and combined with

the alliance data obtained from the SDC. The sample
selection was as comprehensive as possible in that all
possible firms resulting from the combination of the
alliance (SDC) and patent (CHI) data sets were included.
However, because we needed complete data on both
alliances and patents, and our data was coming from two
separate databases, the selection was restricted to alliances
in which both parent firms belonged to the CHI database.
Hence, the number of firms was considerably reduced. We
identified 414 alliances (from the SDC database) involving
102 firms (from the CHI database) from 1988 to 1995.
Although patent data was available up to the year 2001, we
confined the alliance sample up to 1995 to ascertain
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Table 1

Variables and measurement

Variable name Definition Measurement

Joint invention (t+1 to t+6) Number of co-patents between firms i and j for the first 6 years after the alliance

formation

Jointly filed (and assigned) patents

Path-dependent

technologies(t)

Self-citation ratio ¼ (firm i’s self-citations/total firm i’s other citations)+(firm

j’s self-citations/total firm j’s other citations)

Patent self-citation ratio

Technology overlap(t) Cross-citation ratio ¼ (firm j’s patents cited by firm i’s patents/total firm i’s

citations)+(firm i’s patents cited by firm j’s patents/total firm j’s citations)

Patent cross-citation ratio

Prior alliance ties(t�5 to t�1) Number of alliances between firms i and j with a 5-year moving window Prior ties

Alliance type(t) Set to 1 if the alliance is joint R&D agreements and 0 otherwise R&D vs. other alliances

Alliance governance mode(t) Set to 1 if the alliance is equity joint ventures (JVs) and 0 otherwise Equity JVs vs. non-equity contracts

Inter-sectoral pairs(t) Coded as chemicals and pharmaceuticals. Set to 1 if the alliance partners belong

to different sub-sectors and 0 if they belong to the same sub-sector

Sub-sectoral composition

International alliances (t) Set to 1 if the alliance partners have different nationalities and 0 if they have the

same nationality

International vs. domestic alliances
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whether alliances produced any joint patents in the 6 years
after the alliance formation. We chose the 6-year time
frame based on the alliance life cycle (lasting between a few
months to several years, depending on the alliance’s success
and maintained commitment) and the time lag between
patent application and grant (typically 18–24 months).
3.2. Variables and measures

Table 1 lists all variables, dependent and independent,
used in our study and described below.

We searched for alliances with joint patents in our
alliance sample and counted the number of joint
patents that each alliance had produced in the 6 years
after the alliance formation. The total number of joint
patents is used to measure our dependent variable, joint

invention.
As for independent variables, the self-citation ratio is a

measure of path-dependent technologies. Sorensen and
Stuart (2000) and Song et al. (2003) used self-citations in
a similar manner to evaluate path dependence. We
calculated patent self-citations as the ratio of the number
of self-citations to the total number of citations by each
firm, and then pooled the ratios by firms i and j.1
1The variable—path-dependent technologies—is a firm-level construct.

However, since we have a dyadic dependent variable, joint patents, we

pooled the self-citation ratios of the partner firms to make it dyadic-like.

However, this operationalization may be a problem when there exists a

strong path dependence asymmetry between partners, and such asym-

metry plays a role in the joint invention of alliances. Thus, we included the

following asymmetry measure in the regression to control for the problem:

absolute (self-citation ratio of firm i-self-citation ratio of firm j)/(self-

citation ratio of firm i+self-citation ratio of firm j). In the regression, the

asymmetry variable turned out insignificant for joint patenting. Including

this variable together with our combined path dependence variable did not

make significant changes in our regression results.
A patent cross-citation ratio between firms i and j

captures the extent to which firms i and j cite each other’s
patents. Thus, the cross-citation ratio reflects the degree to
which firms i and j are researching in similar technological
areas (Mowery et al., 1996), and is an indicator of the
technology overlap between firms i and j.

Prior alliance ties are measured by the number of
alliances between firms i and j in the 5 years prior to the
focal alliance. The presence of prior alliance ties means that
the tie occurring during the focal period is the repeated
one. We used a 5-year moving window based on previous
research, suggesting that the lifespan for alliances is usually
no more than 5 years (Kogut, 1988b; Gulati, 1995).
Because the SDC database on alliances prior to 1988 is
far from complete, we consulted additional sources, such as
LexisNexis, to count the prior ties.
We included controls for various alliance characteristics.

We first controlled for the type of alliance. Given that
R&D alliances are designed to generate new technology,
we expected a higher level of joint invention in R&D
alliances than other types of alliances. Some prior studies
(e.g. Hagedoorn, 2002) defined R&D alliances broadly as
partnerships where R&D is at least part of the purpose of
the alliance. More narrowly defined here, R&D alliances
refer to bilateral technology transfer modes such as joint
R&D projects and R&D joint ventures. We coded the
variable alliance type as 1, indicating R&D alliances
(including only joint R&D projects and R&D joint
ventures) and 0 for other alliances.2

We also controlled for alliance governance structure.
From a learning perspective, equity joint ventures provide
the highest level of partner interaction and are posited to be
the most effective means of knowledge transfer (Mowery
2Note that these other alliances may also have included R&D activity

and thus may have generated patents.
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et al., 1996; Anand and Khanna, 2000). The joint creation
of new knowledge requires considerable commitment of
time and effort, equal motivation from both firms, and
appropriate control mechanisms (Kogut, 1988a). Com-
paratively, long-term equity joint ventures served best for
those purposes. We coded 1 for alliances classified as equity
joint ventures and 0 otherwise.

We controlled for sub-sectoral combinations of firms
within the industry of the alliances. CHI Research (from
which patent data was obtained) counts patent totals for
particular firms and then groups them based on the firm’s
primary activity. Our firm sample consisted of two sub-
sectors in SIC 28: chemicals and pharmaceuticals. We
coded inter-sectoral pairs as 1 if the firms in an alliance
dyad belonged to different sub-sectors, and 0 if they
belonged to the same sub-sector. Pfeffer and Nowak (1976)
explained that inter-organizational ties were the result of
underlying resource dependence across industrial sectors,
and they suggested that firms belonging to different niches
(e.g. sectors) are likely to have greater interdependence
than firms belonging to the same niche. From the
absorptive capacity perspective, however, firms in the same
sub-sector tend to have similar or compatible operating
systems and practices, which makes it easier to evaluate,
communicate, and coordinate their cooperative activities
(Lane and Lubatkin, 1998).

Finally, we controlled for international alliances. The
question as to whether or not an alliance outcome is
affected by the fact that the partners originate in different
nations has been inadequately addressed in past literature.
On the one hand, international alliances, because they have
different technology bases, are more likely to bring diverse
resources and capabilities to the alliance table. To that
extent, ceteris paribus, international alliances can create
unique learning opportunities not typically available to
firms originating from the same country (Zahra et al.,
2000). On the other hand, international alliances also entail
higher technology transfer costs and may be less effective in
the joint effort of coordinating respective technologies. In
addition, the partners’ social links are more attenuated and
weaker, if they exist at all, compared with alliances
originating from the same country (Brannen and Salk,
2000). A priori the question remains open.
Table 2

Means, standard deviations, and correlations for variables

Variable Mean Sigma 1 2

1. Joint invention 0.140 0.836 —

2. Path-dependent technologies 0.727 0.222 0.112� —

3. Technology overlap 0.025 0.038 �0.022 0

4. Prior alliance ties 0.205 0.495 0.063 0

5. Alliance type 0.302 0.459 0.131� 0

6. Alliance governance mode 0.413 0.492 �0.045 �0

7. Inter-sectoral pairs 0.328 0.470 �0.012 �0

8. International alliances 0.618 0.486 0.012 �0

�po0.05.
3.3. Method

Joint patents are rare, though they are becoming more
frequent (Hagedoorn et al., 2003). Even in biotechnology,
which always had a high rate of joint patents, public sector
organizations (such as universities and government labora-
tories) are responsible for most of the growth in joint
patenting (Hicks and Narin, 2001). Firms, in contrast,
seem to have an aversion to sharing technologies through
joint patenting (Hagedoorn, 2003). We traced joint patents
among our 102 sample firms starting from 1996 to 2001, to
count the number of joint patents after alliance formation.
In the 6 years after alliance formation, 58 joint patents
were produced by our alliance pairs. The number of joint
patents for any alliance entity is a non-negative integer with
a limited range, and therefore violates the assumptions of
OLS—homoscedastic and normally distributed errors.
Under these conditions, Poisson or negative binomial
models are appropriate (Hausman et al., 1984). Unlike the
Poisson model, the negative binomial model does not
assume the mean-variance equality of the count-dependent
variable. We tested for over-dispersion of the number of
joint inventions, as suggested by Cameron and Trivedi
(1990), and found an over-dispersion problem (the para-
meter estimates were more than 1.0 and significant). We
thus employed the negative binomial model with the
number of joint patents as a dependent variable.
4. Results

Table 2 presents the means, standard deviations, and
correlations of the variables. The correlation matrix shows
significant correlations between control variables. In
particular, a dummy variable for alliance governance is
negatively and significantly correlated with alliance type
and the other two control variables. This may possibly
have something to do with a bias in the equity joint venture
sub-sample, where manufacturing and marketing activities
predominated, as opposed to ‘‘upstream’’ activities such as
joint R&D. To gauge potential biases from this control
variable, we estimated the main models without including
this variable. The results for hypothesis testing did not
3 4 5 6 7

.017 —

.0001 0.075 —

.019 0.063 0.004 —

.054 �0.065 0.088 �0.209� —

.014 �0.108� 0.011 0.044 �0.242� —

.003 0.051 0.065 0.040 �0.250� 0.094
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Table 3

Negative binomial estimates of joint invention

Variables Model 1 Model 2 Model 3 Model 4

Path-dependent technologies 6.418** (2.173) 6.426** (2.180) 6.186** (2.084)

The square of path-dependent

technologies

�14.770C (8.007) �15.525C (8.107) �13.658C (7.335)

Technology overlap �10.148 (11.272) �12.552 (11.191)

The square of technology overlap 13.228 (124.556) 38.056 (117.04)

Prior alliance ties 0.927C (0.516)

Alliance type 1.830** (0.606) 1.736** (0.604) 1.844** (0.614) 1.812** (0.588)

Alliance governance mode �0.348 (0.566) �0.167 (0.563) �0.194 (0.562) �0.274 (0.564)

Inter-sectoral pairs �0.804 (0.645) �0.787 (0.634) �0.816 (0.630) �0.498 (0.601)

International alliances 0.132 (0.609) �0.104 (0.606) �0.224 (0.615) �0.358 (0.595)

Intercept �2.557*** (0.699) �7.052*** (1.747) �6.776*** (1.759) �6.895*** (1.724)

N 414 414 414 414

Alpha (a) 15.74** 11.57** 11.04** 9.43*

Log-likelihood Functions �128.24 �121.87 �121.17 �119.40

Restricted log-likelihood �199.95 �178.75 �174.54 �171.02

w2 (d.f. ¼ 1) 143.42*** 113.75*** 106.74*** 103.22***

Standard errors are in parentheses. Cpo0.1 *po0.05 **po0.01 ***po0.001

C. Kim, J. Song / Technovation 27 (2007) 461–470 467
change. The results in Table 3 are thus based on models
controlling for alliance governance.

In Table 3, we present four models from the negative
binomial regression. Overall, the models are robust,
showing significant w2 statistics (with d.f. ¼ 1), and the a
values are also significant, supporting a good fit of the
binomial regression model with our data. The results
(coefficients and levels of significance) are also consistent
and stable across models.

As a baseline, Model 1 loads only the control variables.
Among control variables, only the alliance type turned out
to be significant. Alliances, as a strategic choice, can be
viewed as either exploitative or explorative (Koza and
Lewin, 1998). In an exploitation alliance, firms look for
additional sources of revenue by improving and refining
currently employed capital and assets. In exploration
alliances, firms pursue innovation, diversification, or other
risky activities to achieve long-term growth and viability
through access to new resources and skills. One of the
prototypical forms of exploration alliances is a joint R&D
alliance, which is designed to generate new technology.
Given that R&D alliances focus on the pursuit and
creation of new technology, it is not surprising to find a
higher level of joint invention in firms that formed R&D
alliances.

Model 2 adds path dependence variables. Hypothesis 1
predicts an inverted U-shape relationship between joint
invention and the ratio of path-dependent technologies.
The results show that joint invention is positively related to
path-dependent technologies (po0.05) and negatively
related to the square of them (po0.1), thus supporting
Hypothesis 1.

Model 3 adds technology overlap variables. According
to Hypothesis 2, a pair of allied firms with a pre-existing
technology overlap is more likely to produce joint patents,
with diminishing and negative returns. This relationship
was not proved by our results. Ex post, we speculate that
technology overlap is less relevant in the case of co-
development of new technology than the exchange or
learning of existing technology.
Model 4 as a full model adds a prior partnership

variable. The coefficient of prior alliance ties is positive and
significant, thus supporting Hypothesis 3, that prior
experience working together has a positive effect on joint
invention. We conjecture that inter-firm trust, which is
built through prior alliance relations, encourages alliance
partners to share their proprietary technologies for joint
invention. Overall, the significant improvement of the log-
likelihood functions from �128.24 to �119.40 (w2 ¼ 17.68;
po0.01) suggests that adding technological and relational
variables should result in a much better fitted model.
5. Conclusion and discussions

We began our search for jointly assigned patents on the
premise that the inventive output that presumably occurs
in an alliance should result in joint ownership. Previous
work investigating coassignees of patents found that joint
ownership of patents between firms is rare, except for cases
involving individual inventors from universities and
research laboratories (Hicks, 2000). It seems more likely
that behind each joint patent is a unique and substantive
story of firms coming to share technology despite their
natural distaste for doing so. What, then, makes indepen-
dent firms form alliances and file joint patents? We can
make a simple assumption that the observed growth in
joint patents is evidence of an increase in R&D collabora-
tions. However, there is a danger of assuming that all
partnerships lead to joint patents. A more realistic
assumption is that only successful partnerships generate
joint patents. Then we must ask, under what circumstances
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are alliances more successful in terms of generating joint
patents?

Our results suggest that prior alliance experience
between allies is one of the factors in providing an impetus
for joint patenting. Alliances are designed to meet the goals
both of individual firms and of the collective whole, and are
successful when the value of collective outcomes exceeds
the opportunity costs that are incurred by participants
(Jarillo, 1988). If firms have worked together in the past,
they will have a basic understanding about each other’s
collaborative ways. Furthermore, prior ties between
alliance partners can generate an initial base of inter-
partner trust. This is a process of developing the relational
routines necessary for allies to proceed further to the joint
ownership of technologies. A one-time partnership may not
be enough to develop such relational routines. Working
together repeatedly provides time for the development of
relational routines and inter-partner trust which, in turn,
provide an impetus for technology sharing and joint
ownership.

Our data did not support the technology overlap
argument, which points mainly at similarity benefits based
on the feasibility and ease of knowledge transfer and
acquisition. The problem of the similarity arguments is that
an enhanced efficiency of cooperation that cannot come
along with the diverse learning opportunity has little value.
According to a resource-based view, alliance partners seek
resources that are complementary to their own, and that
resource complementarity leads to value creation (Grant
and Baden-Fuller, 2004). Perhaps, similarity in resources
provides fewer new skills to learn and thus may be used for
exploitation rather than exploration.

When we developed hypotheses regarding technology,
we drew primarily on evolutionary economics (Nelson
and Winter, 1982). A key argument of evolutionary
economics is the path-dependence argument: technology
develops locally. In other words, firms search for new
technologies in areas that enable them to build upon
their established technology bases (Stuart and Podolny,
1996). As a result, technological development is always, to
some extent, localized within firms and path-dependent
(Cantwell, 1994). We used the self-citation ratio as a
proxy for a path-dependent technology base, and hypothe-
sized that a path-dependent, internally accumulated
technology base facilitates the collective effort of joint
invention. However, the relationship between path-
dependent technology and joint invention is non-mono-
tonic. Specifically, although path-dependent technology
initially has positive effects on joint invention, this
relationship turns negative as firms develop a sense of
self-sufficiency and a tendency to look inward. At this
point, path dependence negatively influences a firm’s
engagement in joint invention. Firms that have established
a more solid, firm-specific technological trajectory are less
willing to search for new technology outside their
corporate boundary. Thus, the relationship between the
level of path-dependent technologies and joint invention is
an inverted U-shape, as supported by our regression
results.
In addition to addressing a previously unexplored

empirical question, this paper deepens our understanding
of how a firm can learn with and from alliance partners.
Our finding that the negative motivational effects of
existing technological capabilities within a firm exceed the
positive effects of absorptive capacity beyond a certain
threshold level, has implications for research in the
management of innovation, which stresses the importance
of external knowledge. Although absorptive capacity is
viewed as a source of competitive advantage (Cohen and
Levinthal, 1990), most research that advances this perspec-
tive downplays the potential negative consequences of such
capabilities. Because a firm with a strong existing knowl-
edge base is more likely to have established idiosyncratic
technological trajectories, and thus to exhibit path-
dependent search behavior, its knowledge base may reduce
its receptivity to externally sourced knowledge. Firms that
fit this description face the challenge of balancing and
building their own exploitative and exploratory abilities
(March, 1991). Our result suggests that the fostering of
invention through alliances can be facilitated by ensuring
positive path dependence, and thus avoiding the limitations
that arise from path dependence.
Our use of a joint patent variable as a measure of

alliance performance deserves some explanation. One
measure of innovative outcomes from alliances that has
been used in the past is the change in the number of patents
held by an individual firm. However, the link between the
change in the number of patents and a specific alliance is
tenuous at best, as attributing a change in a firm’s
patenting activity to any specific alliance is difficult
(Steensma and Corley, 2000). Taking a different tack on
patent data, Mowery et al. (1996) introduced patent
citation-based measures of technology flow between firms,
on the premise that an increase in citations is indicative of
the degree to which the citing firm is acquiring technology-
based capabilities from the cited firm. This measure of
change in patent citations, compared to the measure of the
number of patents, is more alliance-specific, since it is
directly related to the two firms in an alliance. However, we
note that citation typically takes place impersonally, and
can be nothing more than the acknowledgement of the debt
to prior technology which is available to be cited.
Furthermore, the association between alliances and patent
citations is more complex: depending on the motives and
forms, participation in alliances may produce either an
increase or decrease in the cross-citation ratio (Mowery
et al., 1996).
We attempted to overcome these limitations by measur-

ing joint patents subsequent to alliance formation.
Presumably a joint patent involves a qualitatively different
kind of interaction compared to that of a citation. Joint
patenting is often a result of successful joint R&D
collaboration, wherein researchers from different firms
interact face-to-face, exchange their ideas, and solve



ARTICLE IN PRESS
C. Kim, J. Song / Technovation 27 (2007) 461–470 469
problems jointly. Thus, joint patents between firms are
interesting examples of collective innovation output arising
from formal inter-firm collaboration. We argue that joint
patents are better indicators of the difference in inventive
output across alliances, compared to the number of patents
filed or citation of patents by a single alliance partner.
However, the joint patent measure is not without limita-
tions. Inter-firm joint patenting is a rare event (Hicks and
Narin, 2001). Alliances oftentimes do not lead to a joint
patent (Hagedoorn et al., 2003). Most importantly, the
indivisibility of single inventions from small scale and
informal collaborations is responsible for the growth of
joint patenting (Hagedoorn, 2003).3 While recognizing the
limitations, it is nevertheless generally accepted that inter-
firm joint patenting signifies the completion of a coopera-
tive R&D, and the opening of another step toward
subsequent developments and commercialization.

This research suggests potentially fruitful venues for
future research. That joint invention is a possible motive
for collaborative arrangements is generally accepted in the
alliance literature. Despite the well-accepted maxim that
‘‘invention breeds collaboration,’’ few studies have exam-
ined whether ‘‘collaboration breeds invention.’’ With
emphasis on this causality, we argue that collaborative
arrangements, if they are to produce anything of substance,
should produce a joint invention, and the joint invention
should result in joint ownership, i.e. a joint patent.
Historically, joint patents are rare, but their numbers have
increased in recent years, especially in the pharmaceutical
industry, due to the increasing technological interdepen-
dence among firms in pharmaceutical R&D. However, only
a much larger investigation that includes various industries
could definitely establish the relationship between alliances
and joint invention. Given the natural aversion of firms to
sharing their intellectual property rights, including patents,
and the recent increase in joint patents, the possibility of a
relationship between collaborative arrangements and joint
patenting deserves further investigation.
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