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Technology  licensing  has  become  an  important  way  to  adopt  external  technology  in  the growing  markets
for  technology.  This  study  examines  the  effect  of licensing-in  on innovative  performance  and  identifies
the  boundary  conditions  when  this  effect  is greater  in  terms  of  technological  regime.  We  employ  the
propensity  score  matching  approach  and compare  the innovative  performance  between  firms  that  engage
in  licensing-in  and  firms  that  do not  to  control  for the endogeneity  issue.  Based  on  the  empirical  results
from  the  Korean  Innovation  Survey,  this  study  finds  evidence  that adopting  external  technology  through
arket for technology
icensing
echnological regime
nnovative performance
ropensity score matching

licensing-in  does  not  always  enhance  innovative  performance.  Additionally,  the results  show  that  the
effectiveness  of licensing-in  varies  with  technological  regimes.  Adopting  licensing-in  practices  improves
innovative  performance  in industries  with  relatively  (1)  high  levels  of  technological  opportunities,  (2)
low  levels  of  cumulativeness,  and  (3)  high  levels  of  appropriability.  We  also  discuss  the  implications  of
these  findings  for  research  on  the  market  for  technology  and  licensing  strategies.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

The emergence of the market for technology has a consider-
ble influence on firms’ innovation process through the division of
nnovative labor and technology transactions in this market (Arora
t al., 2001a, 2001b). Traditional perspectives on innovation have
egarded the innovation process from idea generation to commer-
ialization as being wholly conducted within the boundary of a firm.
owever, the growing market for technology implies that firms can
rofit from licensing their technologies and that formal licensing-in
ecomes a window of access to external technologies (Arora et al.,
013; Laursen et al., 2010).

Recently, the literature on the market for technology has mainly
ocused on the supply side of the market. The demand side of the

arket also deserves scholarly attention to elucidate the nature
f the market for technology (e.g., Arora and Gambardella, 2010;
aursen et al., 2010). From the licensee’s perspective, previous
tudies suggested several reasons for firms adopting external tech-
Please cite this article in press as: Lee, J.-S., et al., The effects of licensing
Res. Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.12.002

ologies through licensing-in. By engaging in licensing-in, firms
an reduce the risks and costs associated with the innovation
rocess, keep up with technological advances, and facilitate tech-
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nological learning (Atuahene-Gima, 1993; Johnson, 2002; Lowe
and Taylor, 1998). Additionally, firms sometimes enter into a
licensing-in agreement to acquire industry standards or freedom-
to-manufacture (Grindley and Teece, 1997; Lowe and Crawford,
1984). Prior studies examined how licensing-in affects various out-
comes, such as financial performance, innovation, and the speed of
invention (Laursen et al., 2010; Leone and Reichstein, 2012; Tsai
and Wang, 2007; Wang and Li-Ying, 2014; Wang et al., 2013a).

Despite the considerable body of literature, we ensured that
value exists in highlighting whether adopting external technology
through licensing-in is always beneficial for innovative perfor-
mance and when does this effect become stronger according to the
technological environment. First, in response to the academic need
for a better understanding of the demand side of the market for
technology, this study examined the treatment effect of licensing-
in on innovative performance (Arora and Gambardella, 2010;
Kani and Motohashi, 2012). Furthermore, this study attempted
to contribute to the literature on the market for technology by
identifying the boundaries or environmental contingency factors
for licensing-in practices that are advantageous to firms’ inno-
vative performance (e.g., Lichtenthaler, 2011; Natalicchio et al.,
2014). A technological regime reflects a significant environment
that affects firms’ innovative activities and performance (Nelson
-in on innovative performance in different technological regimes.

and Winter, 1982). Technological regimes are characterized by
three dimensions: technological opportunity, cumulativeness, and
appropriability conditions (Malerba and Orsenigo, 1993). These
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hree dimensions influence firms’ innovative activities and the ben-
fit from participating in the market for technology. The effects of
icensing-in may  vary with the technological regimes under which
rms operate.

Overall, this paper attempts to answer the question of whether
ngaging in licensing-in is always beneficial to firms’ innovative
erformance and when the effects of licensing-in on innovative
erformance are more fruitful in terms of the technological regime.
he findings of this study show that adopting an external technol-
gy through licensing-in does not always have positive effects on

nnovative performance. Additionally, our results show that tech-
ology regimes are significant boundary conditions for licensing-in
ffects. Firms that engage in licensing-in perform better than firms
hat do not in industries characterized by relatively high levels of
echnological opportunity, low levels of cumulativeness, and high
evels of appropriability.

The remainder of this paper is organized as follows. The next
ection discusses theoretical perspectives and hypotheses devel-
pment. The data and the empirical methods are subsequently
escribed. We  then report our results and findings, and the final
ection concludes and provides limitations of this study.

. Theory and hypotheses

.1. Implication of the market for technology on firm innovation
rocess

The firm innovation process entails a resource-intensive search
o discover valuable new combinations of knowledge (Fleming and
orenson, 2004; Hargadon and Sutton, 1997; Stuart and Podolny,
996). Thus, firms need to collaborate with and exchange knowl-
dge from various actors beyond their organizational boundaries
Katila, 2002; Laursen and Salter, 2006; Shan et al., 1994). As a
ay to achieve their innovation goals, firms are increasingly par-

icipating in markets for technology (Arora et al., 2001a), in which
transactions for the use, diffusion and creation of technology”
Arora et al., 2001a: 423) are occurring, such as those involving
echnology packages (patents and know-how), patent licensing,
nd non-patentable knowledge (e.g., design, software).

Among mechanisms that facilitate inter-firm technology trans-
ctions in the market for technology, licensing is an ordinary and
ignificant method for technology transfer between firms (Anand
nd Khanna, 2000; Arora and Fosfuri, 2003). Previous studies on
his research domain largely focused on the supply side of the mar-
et (e.g., Arora and Fosfuri, 2003; Arora et al., 2013; Gambardella
nd Giarratana, 2013). For example, on the supply side of licensing
ransactions, a licensor usually encounters a “licensing dilemma”
Fosfuri, 2006) resulting from the conflict between two  licensing
ffects: the revenue effect and the rent dissipation effect. Recently,
he demand side of the licensing phenomenon has also attracted
cholarly attention from management and innovation researchers
ho seek to understand the nature of the market for technology

Arora and Gambardella, 2010; Kani and Motohashi, 2012). In this
aper, we attempt to contribute to this research trend by provid-

ng valuable insights into the research on the market for technology
rom the licensee’s perspective.

Previous studies argued that sellers’ and buyers’ incentives to
articipate in technology transactions are conditioned by vari-
us factors (Conti et al., 2013; Jensen et al., 2015). The literature
ooted in organizational and management theory investigated the
nfluence of a firm’s capability on their likelihood of engaging in
Please cite this article in press as: Lee, J.-S., et al., The effects of licensing
Res. Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.12.002

echnology transactions, which is known as absorptive capacity
Cohen and Levinthal, 1990). For example, Arora and Gambardella
1994: p. 93) distinguished between two dimensions of this capa-
ility, which are the “ability to evaluate” and the “ability to utilize”
 PRESS
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technological information. They showed that firms with a greater
“ability to utilize” seek more external technologies. In other words,
they are more likely to license-in technologies. Firms with greater
“ability to evaluate” seek fewer external technologies (i.e., less
likely to license-in technologies), although the technologies they
pursue are more valuable. In contrast, researchers who are closely
related to economic tradition are interested in the institutional
factors that increase actors’ incentives to engage in technology
transactions, such as intellectual property rights (Gans et al., 2002),
contract effectiveness (Arora, 1996), and industry structures (Anton
and Yao, 1994; Fosfuri, 2006). In summary, firms’ incentives for
licensing-in technologies in the market for technology are affected
by the environmental factors and internal capabilities.

From the point of view of licensee firms’ innovation strategy,
numerous reasons exist for why  firms decide to acquire exter-
nal technologies through licensing-in. First, licensing-in allows a
firm to reduce the costs and uncertainties related to expensive
and risky innovations. From the traditional view of innovation,
a firm ought to conduct an entire R&D process by itself to pro-
duce novel innovations. However, the existence of a market for
technology, in particular for licensing-in, enables a firm to save con-
siderable investments in internal R&D (Wang et al., 2013a). Firms
are able to utilize already developed solutions that enable them
to make up for what their technology lacks through licensing-in
(Lowe and Taylor, 1998). Second, firms could catch up with state-of-
the-art technological advances through licensing-in. Licensing-in
enables firms to access ready-made and proven technologies
(Atuahene-Gima, 1993). Acquiring external technology in a well-
developed market for technology could reduce transaction costs
and assist firms in remaining at the technological frontier in a
given industry. Third, licensing-in facilitates technological learning
(Johnson, 2002). Technology transfers may  provide opportunities
for technical learning (Lin, 2003). With respect to organizational
search, licensing-in external technologies could foster exploring
and adopting external knowledge, leading to an expansion of
firms’ technological search space (Laursen et al., 2010). Fourth,
firms choose to license-in external technologies to facilitate
entry into new markets (Lieberman and Montgomery, 1988)
or to unlock existing technologies (Lowe and Crawford, 1984).
Lastly, firms license-in technologies to acquire industry standards
(Lowe and Crawford, 1984) and sometimes they need to engage
in cross-licensing arrangements to ensure “design-freedom” or
“freedom-to-manufacture” (Grindley and Teece, 1997).

Based on these motivations to engage in licensing-in practices,
prior studies examined various outcomes of adopting external
technologies through licensing-in. For example, Tsai and Wang
(2007) tested that inward technology licensing enhances the finan-
cial aspect of firm performance measured as value added. Other
studies used various measures to investigate whether adopting
licensing-in has a positive effect on Chinese firms’ innovative per-
formance. They examined the effect of licensing-in on the number
of patents applied, new product introductions, and new product
development performance (Wang and Li-Ying, 2014; Wang et al.,
2013a). Additionally, Laursen et al. (2010) suggested that licensing-
in could moderate the relationship between absorptive capacity
and explorative innovation such that licensing-in reinforces the
positive relationship between assimilation/monitoring absorptive
capacity and exploration. Leone and Reichstein (2012) focused on
the speed of innovation and showed that licensing-in can shorten
the time taken to innovate.

Although previous studies examined that licensing-in could
affect the various aspects of financial and innovative outcomes,
-in on innovative performance in different technological regimes.

questions remain as to whether adopting licensing-in always has
a positive effect on innovative performance, and how the effect
of licensing-in differs across surrounding environments. Because
the effectiveness and efficiency of firms’ internal innovations and

dx.doi.org/10.1016/j.respol.2016.12.002
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he acquisition of external innovations can differ depending on
echnological environments, we expect that the characteristics of
echnological regimes within a certain industry may  act as boundary
onditions for the effect of licensing-in on firm innovation perfor-
ance.

.2. The influence of technological regimes on the performance
ffect of licensing-in

A technological regime defines a technological environment,
hich represents the framework conditions in which firms

mplement innovation (Nelson and Winter, 1982; Winter, 1984).
echnological regimes consist of at least three dimensions (Malerba
nd Orsenigo, 1993): technological opportunity, technological
umulativeness, and appropriability. The technological opportu-
ity dimension refers to “the ease of innovating for given amount
f money invested in search” (Malerba and Orsenigo, 1993: 48).
echnological cumulativeness indicates that “today innovations
nd innovative activities form the base and the building blocks
f tomorrow innovations and that today innovative firms are
ore likely to innovate in the future in specific technologies and

long specific trajectories than non-innovative firms” (Malerba and
rsenigo, 1993: 48). The appropriability condition reflects “the pos-

ibilities of protecting innovations from imitation and of extracting
rofits from innovative activities” (Malerba and Orsenigo, 1993:
8). These three dimensions characterize learning environments

n which firms develop and implement their innovative activities.
n other words, the extent to which firms’ internal innovations (or
he acquisition of external innovations) are valuable to them may
iffer across industries because industries differ with respect to the
roperties of technological regimes (Park and Lee, 2006; Song et al.,
014b). Thus, the effectiveness of firms’ licensing-in strategy also
aries depending on the technological regime in which they oper-
te because firms’ internal innovations are more important than
he acquisition of external innovations under certain technological
nvironments. Hence, we suggest that the effect of licensing-in on
nnovative performance is altered by technological regimes under

hich the firm operates.

.2.1. Technological opportunity
Technological opportunity refers to firms’ access to technolog-

cal inputs from different sources such as suppliers, customers,
nd other organizations (Breschi et al., 2000). Thus, a high level of
echnological opportunity reflects that firms reach greater fruition
fter any given amount of R&D investment because, from relatively
bundant possibilities, they can choose for their own innovations
he most effective ones with the lowest costs (Song et al., 2014a).

Based on this definition of technological opportunity, we  posit
hat firms that engage in licensing-in bear more fruits in industries
ith abundant technological opportunities for several reasons.

irst, in such industries, it is important for firms to gain a win-
ow onto new technologies to keep up with technological progress
Breschi et al., 2000). Higher levels of technological opportunity
ndicate that numerous fruitful technological advances exist in the
xternal environment of firms, thus favoring an open approach to
nnovation and enabling firms to rely heavily on external ideas
nd knowledge (Zeng et al., 2010). The information gained through
icensing-in can play a significant role in searching for external
echnological advances. Previous studies suggested that adopting
icensing-in enables firms to access technological advances and
rovides proven technologies (Atuahene-Gima, 1993; Leone and
Please cite this article in press as: Lee, J.-S., et al., The effects of licensing
Res. Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.12.002

eichstein, 2012). Therefore, by adopting licensing-in, firms can
ccess state-of-the-art technological advances and achieve rapid
nnovation, allowing them to improve innovative performance in
ndustries with significant technological opportunities.
 PRESS
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Second, firms can foster radical search and knowledge recombi-
nation by adopting licensing-in practices in industries with greater
technological opportunities. Knowledge recombination is one of
the most important sources of innovation (Fleming, 2001). High
levels of technological opportunity indicate that numerous pos-
sibilities exist for knowledge recombination in either internal or
external knowledge. Radical search, namely exploration, is more
critical to increasing the possibilities for knowledge recombination
in industries with better technological opportunities. Licensing-in
helps firms search more distantly and expand the search space
(Laursen et al., 2010). Thus, firms can exploit better opportunities
for novel combinations between internal and external knowledge
by engaging in licensing-in activities than in the case of only in-
house investments.

For these reasons, we  suggest the hypothesis that licensing-in
brings better innovative performance in industries with significant
technological opportunities, as follows.

Hypothesis 1. In industries with higher levels of technologi-
cal opportunity, firms that engage in licensing-in exhibit higher
innovative performance than firms who that do not engage in
licensing-in.

2.2.2. Technological cumulativeness
Technological cumulativeness refers to the fact that today’s

technological innovation activities build the foundation for tomor-
row’s innovations. An innovation generates a stream of subsequent
innovations that are gradually developed upon the original one or
it creates new knowledge that is employed for other innovations in
relevant technological domains (Breschi et al., 2000; Malerba and
Orsenigo, 1993). Although increasing multidisciplinarity of inven-
tive activities and rising product complexity also lead firms to use
external technologies (Granstrand et al., 1997; Pavitt, 1991), we
expect that the cumulativeness condition as a dimension of the
technological regime can significantly affect the performance of
firms engaging in licensing-in practices as well as their incentives
toward such practices. By considering the technological regime in
terms of cumulativeness of technical knowledge, we  argue that
firms engaging in licensing-in agreements exhibit higher innova-
tive performance than firms that do not adopt those agreements
when the degree of technological cumulativeness is relatively low.

First, firms’ access to external knowledge through licensing-in
agreements is particularly beneficial to their innovative activities in
the lower cumulativeness regime because the internal innovations
previously implemented become less important in that regime.
Firms often engage in licensing-in practices as a tactical reaction to
a technological shortfall (Lowe and Taylor, 1998). To complement
these technological shortfalls, firms have to either develop nec-
essary technologies by themselves or acquire them from external
technology markets. Because prior innovations developed inter-
nally are less required for firms to create new innovations in a
relatively low cumulativeness environment, acquiring necessary
technologies from outside, rather than developing them internally,
is a more efficient way for firms to introduce new innovations in
a timely manner. In fact, regardless of the level of technological
cumulativeness, introducing innovations to a market in a proper
time is one of the critical factors for firms to achieve a competi-
tive advantage (Markman et al., 2005). However, we  expect that
acquiring external technologies through licensing-in practices is a
more time efficient way for firms to release their innovations in
the low cumulativeness regime because they don’t need to invest
substantial time and resources to gain all technologies necessary to
-in on innovative performance in different technological regimes.

generate new innovations in such regime. Specifically, firms’ acqui-
sition of external technologies through licensing-in agreements can
accelerate their innovation processes by allowing them to save
time during technological developments by averting possible mis-

dx.doi.org/10.1016/j.respol.2016.12.002
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akes (Gomory, 1989) and to reduce the number of tasks required
or developing new technologies (Leone and Reichstein, 2012). In
urn, this reduction dampens the risks involved with innovative
ctivities and shortens innovation time (Markman et al., 2005).
dditionally, lower cumulativeness conditions can be favorable for
rms that want to stay at the technological frontier in an industry, a
ain objective of firms engaging in licensing-in activities. Because

rms can accelerate their own innovation processes by obtaining
eady-made and proven external knowledge through licensing-in
greements (Atuahene-Gima, 1993), firms engaging in licensing-in
ractices can not only keep up with state-of-the-art technological
dvances but also hold other competitors at bay in a relatively low
umulativeness environment.

In contrast, when technological knowledge is highly cumulative,
rms often engage in licensing-in or cross-licensing agreements to
nsure “design freedom” or “freedom-to-manufacture” (Grindley
nd Teece, 1997). Because overlaps are more likely among newly
ntroduced products from different firms in the regime of high
umulativeness, firms tend to enter licensing agreements to avert
he risk of infringing other firms’ patents (Grindley and Teece,
997; Scotchmer, 1991). Indeed, their ultimate purpose of engag-

ng licensing-in agreements is to promote the development and
ommercialization of their innovations, such as licensing essen-
ial patents (e.g., communication standards or image compression
echnologies) to develop new electronic devices in the mobile
hone industry. Yet, in a relatively high cumulativeness regime,
rms engaging in licensing-in agreements are often situated at

 disadvantaged position in terms of bargaining those contracts
ith licensors, which have essential technologies to develop

roducts in the industry. In other words, transaction costs for
icensee firms can be higher in the regime of high cumulative-
ess. Therefore, we infer that it is limited for firms engaging in

icensing-in agreements to add value in the development and
ommercialization of their innovations in the high cumulative-
ess condition. In summary, from the perspective of enhancing
rm innovation, the contributions of these licensing-in agree-
ents are somewhat limited in a relatively high cumulativeness

egime because the reason for engaging in licensing-in in these
ettings is to reduce the patent enforcement costs or to secure the
reedom of operations rather than to add value for firm innova-
ion.

Thus, we expect that firms that engage in licensing-in agree-
ents show higher innovative performance than firms that do not

ngage in those agreements in a relatively low cumulativeness
egime.

ypothesis 2. In industries with lower levels of cumulativeness,
rms that engage in licensing-in exhibit higher innovative perfor-
ance than firms that do not engage in licensing-in.

.2.3. Appropriability
The appropriability condition indicates how well innovations

re protected from imitation and firms can derive profits from
nnovations. We  expect that the benefits of licensing-in exist in
ndustries with high levels of appropriability, all other factors
eing equal. At first, how firms benefit from licensing-in largely
epends on how well the technologies are transferred. Technol-
gy licensing entails not only the transaction of codified knowledge
uch as patent, blueprints, and specifications, but also the transfer
f tacit knowledge and know-how around the licensed technol-
gy. However, effective technology transfers through licensing are
ighly vulnerable to the risk of opportunistic behavior because
Please cite this article in press as: Lee, J.-S., et al., The effects of licensing
Res. Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.12.002

icensing agreements are inherently arm’s length and incomplete
ontracts (Arrow, 1962). For example, the possibility exists that
icensors may  neglect their duties to provide their best engi-
eers or scientists to licensees, as well technical services after
 PRESS
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the licensing fee has been paid (Arora et al., 2001b). Oppor-
tunism is one of the main determinants of the transaction costs
involved in market transactions, and uncertainty about oppor-
tunistic behavior cannot be resolved ex ante (Williamson, 1985).
Regarding mitigating opportunistic behavior, several studies sug-
gest that a strong appropriability regime can make licensors
behave less opportunistically because a high level of appropri-
ability reduces imitation risk, uncertainty, and transaction costs
involving enforcement and monitoring costs (Han and Lee, 2013;
Kim, 2009). For instance, Arora (1995) showed that licensors do
not need to behave opportunistically in a strong appropriability
regime because they can withdraw the licensing of the patent if
licensees’ behavior is not satisfied. Therefore, a high level of appro-
priability reduces double-sided opportunistic behavior between
licensors and licensees, which allows for more effective transfer of
tacit knowledge and know-how on the licensed technology (Arora,
1995; Teece, 1998).

Furthermore, as an indirect effect, a strong appropriability
regime can reduce the problems caused by information asym-
metry such as the “market for lemon,” referring that inferior
products and services are mostly placed on the market (Akerlof,
1970). When licensees consider acquiring external technologies
through licensing, one of their fears is that technologies on the
market may  not be superior enough to be exploited and com-
mercialized in-house (Pisano, 1997, 2006). In the case of the
market for technology, information asymmetry can exist because
licensors have more information on the scope and value of
technology, and licensees may  be at risk of adverse selection.
However, a strong appropriability regime reduces the uncer-
tainty of the scope and value of technology, which results in
fewer problems due to information asymmetry and adverse
selection (Gans et al., 2008). Also, if the appropriability condi-
tion is high enough, licensors could put more of their valuable
technologies on the market because of less concern over imi-
tation and knowledge expropriation (Arora and Fosfuri, 2003;
Gans et al., 2002). Thus, we  could expect that, in industries
with high levels of appropriability, the value of technologies
in the market is relatively high in general (Katz and Shapiro,
1987; Rockett, 1990). In well-functioning markets for technology,
licensees can identify and acquire the ready-made technology that
they need, which allows them to enhance their innovative perfor-
mance.

In contrast, in industries with lower appropriability, effec-
tive technology transfer through licensing might be hindered by
licensors’ increased opportunistic behavior. Additionally, potential
licensors might hesitate to put useful technologies on the mar-
ket due to information asymmetry and fear of imitation in weak
appropriability conditions. From the licensees’ perspective, in a
weak appropriability regime, licensees are at higher risk of invol-
untary infringement of third parties’ technologies or engaging in
patent litigations. This increased risk will reduce incentives to
develop new technologies based on the licensed technology which
is not helpful for innovative performance. For these reasons, acquir-
ing external technologies through licensing-in might not be as
helpful as expected for innovation if appropriability is not high
enough.

Given that acquiring external technologies through licensing-
in has some benefits to firms’ innovative performance, we suggest
that in industries with a strong appropriability regime, it would be
better for firms to engage in licensing-in than in non-licensing.
-in on innovative performance in different technological regimes.

Hypothesis 3. In industries with higher levels of appropriability,
firms that engage in licensing-in exhibit higher innovative perfor-
mance than firms that do not engage in licensing-in.

dx.doi.org/10.1016/j.respol.2016.12.002
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. Methods

.1. Data and sample

This study utilizes the Korean Innovation Survey (2008) from the
cience and Technology Policy Institute (STEPI), one of the surveys
pproved by the Korean National Statistical Office as a designated
tatistic. The survey provides information on the innovative activi-
ies of manufacturing firms in Korea for the period 2005–2007. The
urvey is based on the Community Innovation Survey (CIS) and the
ethodology and questionnaires follow the OECD Oslo manual. The

ommunity Innovation Survey has been widely used in studies on
conomics, strategic management, and innovation (e.g., Cassiman
nd Veugelers, 2006; Klingebiel and Rammer, 2014; Laursen and
alter, 2006; Laursen and Salter, 2014; Love et al., 2014).

The advantages of using the Korean Innovation Survey are that
t captures firms’ licensing activities that might be confidential and
hat it allows a comparison of the inter-industry heterogeneity of
nnovative activities. Initially, because the disclosure of licensing
ctivities is not an obligation, firms may  not reveal information
n licensing activities. However, the Korean Innovation Survey

ncludes firms’ activities on licensing because the Korean National
tatistical Office ensures the survey’s confidentiality. Additionally,
e are able to compare the differences in the effects of licensing-in

mong industries because the survey is large-scale and contains all
anufacturing areas.

The Korean Innovation Survey includes information on 3081
rms in 22 industries. The sample covers manufacturing firms
ith more than 10 employees. For the analysis, we restricted our

ttention to firms that reported that they had conducted prod-
ct innovation during the observation period. Some industries are
xcluded because they lacked a licensee, which makes a probit
stimation for the licensing-in decision impossible. The final sam-
le contains 776 firms with non-missing variables. Among the 776
rms, 57 firms reported that they had experience with licensing-in
ctivities during last three years. We  assume a partial lag between
he independent variables and the dependent variable by relat-
ng innovative performance in 2007 to the explanatory variables

easured for the period 2005–2007. Although some limitations
f a cross-sectional nature exist in the data when interpreting the
esults, this assumption is in accordance with prior CIS studies (e.g.,
lingebiel and Rammer, 2014; Laursen and Salter, 2006).

.2. Measurement

.2.1. Dependent variable
Innovative performance is measured as the proportion of

urnover attributable to product innovations that were new to the
arket or new to the firm during the previous three years. This

ariable indicates firms’ ability to introduce innovative products
o the market as well as short-term commercial success (Love
t al., 2014). This indicator reflects the impact of product inno-
Please cite this article in press as: Lee, J.-S., et al., The effects of licensing
Res. Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.12.002

ations on firms’ overall turnover and degree of innovativeness
OECD/Eurostat, 2005).1 In prior studies, this variable is widely
sed as one of the most appropriate measures of innovation output

1 The Oslo manual mentioned that there are some interpretation problems when
esearchers use this type of operationalization. First, this indicator might be affected
y  the length of the product life cycle. Firms with products that have short life cycles
re  expected to experience more frequent product innovation, and they may have
igher shares of sales from product innovations. Additionally, the possibility exists
hat younger firms might have a higher share of sales from product innovations than
lder firms because younger firms generally have a smaller product portfolio. Lastly,

f  firms’ objective of innovation is to replace products being phased out, these firms
ight have a higher share of sales from product innovations than do firms that want

o  extend their product range.
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(Laursen and Salter, 2006; Leiponen and Helfat, 2010; Love et al.,
2014).

3.2.2. Independent variable
The Korean Innovation Survey includes information on firms’

licensing activities, such as licensing-buy, licensing-sell, licensing-
in, licensing-out, and cross-licensing. We  define licensing-in as a
binary variable that takes the value of 1 if firms adopt external tech-
nology through licensing-in during three years, and 0 otherwise.
This variable does not include licensing-buy or cross-licensing.

This study includes three characteristics of technological
regimes: technological opportunity, cumulativeness, and appro-
priability. Technological opportunity is defined as “the ease of
innovating for any given amount of money invested in search”
(Malerba and Orsenigo, 1993: 48). Higher levels of technologi-
cal opportunity reflect a powerful incentive to conduct innovative
activities. Thus, this variable indicates the efforts and resources
invested in innovative activities. Previous studies generally used
R&D investment in innovation activities as a proxy for techno-
logical opportunity (Castellacci and Zheng, 2010; Peneder, 2010).
This study measures technological opportunity at the industry
level based on the OECD industry classification (Czarnitzki and
Thorwarth, 2012). OECD classifies manufacturing industries into
high, medium-high, medium-low, and low technology categories
based on R&D expenditures divided by value added and R&D
expenditures divided by production (OECD, 2003). Industries are
classified into these four categories after ranking them based on
their average compared with aggregate OECD R&D intensities. Tech-
nological opportunity takes the value of 1 for industries with high
or medium-high technology, and 0 for industries with medium-low
or low technology.

Cumulativeness reflects the concept that past innovations and
technological capabilities form the basis of current and future
innovations (Breschi et al., 2000; Malerba and Orsenigo, 1993).
According to Hölzl and Janger (2014), cumulativeness is measured
as the ratio between (a) the sum of the scores of the importance of
information sources from internal firms and affiliated firms, and (b)
the sum of the scores of the importance of information sources from
suppliers, customers, competitors, trade associations, consulting
firms, universities, research institutes, conferences, and journals.
Then, we aggregated this value at the two-digit KSIC industry level.
The variable takes the value of 1 for industries with cumulativeness
higher than the median value, and 0 for industries with cumulative-
ness lower than the median value.

Appropriability indicates the possibilities of protecting inno-
vations from imitation and profiting from innovative activities
(Malerba and Orsenigo, 1993). Several mechanisms are available
to protect innovations, including patents, utility models, design
rights, trademark rights, secrecy, complex designs, and lead time.
We calculate the mean values of the effectiveness scores of appro-
priability mechanisms at the two-digit industry level (Levin et al.,
1987). Then, the binary variable for appropriability takes the value
of 1 for industries with an appropriability condition higher than the
median value and 0 for industries with an appropriability condition
lower than the median value.

3.2.3. Explanatory variables to predict the licensing-in decision
To calculate the propensity score for whether or not firms

engage in licensing-in, we  include various factors that may  affect
licensee firms’ incentives toward such engagement. To control for
size effects, we measure firm size as the logarithm of the average
number of employees within three years. Profitability is defined as
-in on innovative performance in different technological regimes.

the average value of operating income divided by the total sales
during three years. To control for export orientation, we  measure
export intensity as the average value of export sales divided by
total sales within three years. R&D intensity is measured as the

dx.doi.org/10.1016/j.respol.2016.12.002
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Table 1
Description of variables.

Variable Description

Innovative performance The proportion of turnover due to product innovations that were new to the market or new the firm during the
previous three years

Licensing-in Dummy  indicating whether firms adopt external technology through licensing-in during three years
Technological opportunity Dummy  that takes the value of 1 if industries are high or medium-high technology industries based on OECD

classification
Cumulativeness Dummy  that takes the value of 1 if industries with higher cumulativeness than the median value at industry level

based  on the ratio between the importance of internal knowledge sources and the importance of external knowledge
sources

Appropriability Dummy  that takes the value of 1 if industries with higher appropriability condition than the median value at industry
level based on the effectiveness of appropriability mechanisms

Firm size Logarithm of the average number of employees
Profitability Operating income divided by total sales
Export intensity Export sales divided by total sales
R&D intensity R&D expenditure divided by total sales
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Search breadth The number of external knowle
Collaboration The number of types of partner
Patent stock Logarithm of the number of tota

verage amount of total R&D expenditures divided by the total
ales during three years. We  also include several factors related
o firms’ technological activities, such as search breadth, collabora-
ion, and patent stock. We  expect that if firms search more broadly
or knowledge, they are more likely to engage in licensing-in. The
orean Innovation Survey includes sources of knowledge that con-

ribute to innovation, such as affiliated firms, suppliers, customers,
ompetitors, trade associations, new employees, consulting firms,
niversities, research institutes, conferences, and journals. Follow-

ng Laursen and Salter (2006), each source is coded as a binary
ariable that takes the value of 1 for use of the given knowl-
dge source, and 0 for no use. Then, the sources of knowledge are
dded up to indicate search breadth, which reflects firms using more
ources of knowledge search more broadly. Similarly, several types
f potential collaboration partners exist, such as affiliated firms,
uppliers, customers, competitors, consulting firms, universities,
nd research institutes. These variables are assigned the value of

 if firms reported that they actually collaborated with each of the
otential partners, and 0 if they did not. Subsequently, collaboration

s measured as the total number of types of partners for innovation.
e expect that the more frequently firms engage in collaboration
ith various types of innovation partners, the more likely firms

dopt external technologies through licensing-in. We  define patent
tock as the logarithm of the total number of patents granted. Lastly,
ndustry dummies are included as two-digit KSIC codes to con-
rol for industry effects. Table 1 summarizes the definitions of the
ariables used in this study.

.3. Empirical approaches: propensity score matching method

The significant challenge to evaluating the effects of licensing-in
n innovative performance is that a decision to engage in licensing-

n is endogenous and self-selective (Shaver, 1998). The possibility
xists that some unobserved characteristics might simultaneously
nfluence firms’ decisions to engage in licensing-in and innova-
ive performance. In other words, inherently more innovative firms

ight choose to engage in licensing-in activities. Thus, we cannot
recisely assess the effect of licensing-in on innovative perfor-
ance through a simple comparison of licensee and non-licensee.

lthough comparing the innovative performance of participating in
icensing-in and not participating in licensing-in within the same
rm might be ideal, this type of randomized experiment is impos-
Please cite this article in press as: Lee, J.-S., et al., The effects of licensing
Res. Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.12.002

ible. To overcome this issue, this study employs propensity score
atching (Arnold and Javorcik, 2009; Imbens and Wooldridge,

009; Rosenbaum and Rubin, 1983), which compares the counter-
actual outcomes available.
urces that contribute to innovation
contribute to innovation
nts granted

We  chose the propensity score matching method for the follow-
ing reasons. First, the method allows us to estimate the effect of a
treatment on an outcome by reconstructing original observational
data in a quasi-experiment setting (Li, 2013; Titus, 2007). Although
the experiment is considered the gold standard for estimating the
causal effect (Antonakis et al., 2010), social scientists generally
depend on observational data for various reasons, such as an ethi-
cal problem. By adjusting covariates between the treatment and the
control groups, the propensity score matching method allows us to
reconstruct counterfactuals by using observational data. In other
words, this method can approximate randomization by balancing
“observable” characteristics and identifying the appropriate con-
trol group (Becker and Ichino, 2002). Furthermore, researchers can
more precisely estimate the treatment effect through the propen-
sity score matching method because doing so can eliminate outliers
by ensuring that the sole data on variables relevant to a person in
both treatment and control groups is used (Titus, 2007). Although
the propensity score matching method is limited in that unob-
served factors that can affect both the treatment and the outcome
are not accounted for, this method is known to produce the unbi-
ased causal effect under the assumption of ignorability (Rosenbaum
and Rubin, 1983; Wooldridge, 2002).

In propensity score matching, the central challenge is construct-
ing the treatment group and the control group. The treatment and
the control groups are constructed on the basis of similarity calcu-
lated from the propensity score. The propensity score is calculated
as the predicted probability of a treatment that results in the deci-
sion to engage in licensing-in. At first, we use a probit model to
estimate the predicted probability of firms’ decisions to engage
in licensing-in on the basis of various characteristics, such as firm
size, profitability, R&D intensity, export intensity, search breadth,
collaboration, patent stock, and industry. Propensity score match-
ing assumes that the treatment is randomized and exogenous in
terms of the propensity scores derived from observable firm char-
acteristics. We then match firms with licensing-in to firms without
licensing-in based on their predicted propensity scores for engag-
ing in licensing-in activities. Thus, in this study, the treatment group
consists of firms engaged in licensing-in and the control group con-
sists of firms that are not engaged in licensing-in, and they have
similar propensity scores for predicting the probability of the deci-
sion to engage in licensing-in. To determine the degree to which
propensity score matching makes a comparable sample of the treat-
ment and the control groups, we  conduct a hotelling test to ensure
-in on innovative performance in different technological regimes.

that the two  groups are not significantly different.
Subsequently, to compare the innovative performance differ-

ence between the treatment and the control groups, we calculated
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Table  2
Descriptive statistics and correlations.

Variables Mean s.d. Min  Max  1 2 3 4 5 6 7 8 9 10 11 12

1. Innovative Performance 33.41 27.06 0 100 1.00
2. Licensing-in 0.07 0.26 0 1 0.04 1.00
3.  Technological Opportunity 0.64 0.48 0 1 0.07* 0.07 1.00
4.  Cumulativeness 0.42 0.49 0 1 −0.05 −0.03 −0.29* 1.00
5.  Appropriability 0.33 0.47 0 1 0.01 0.02 −0.65* −0.06 1.00
6.  Firm Size 4.79 1.56 2.12 9.79 −0.13* 0.15* −−0.01 0.25* 0.01 1.00
7.  Profitability 0.06 0.11 −1.38 0.99 0.02 0.00 0.04 −0.06 −0.01 −0.04 1.00
8.  Export Intensity 0.19 0.27 0 1 −0.01 0.05 0.09* 0.08* −0.05 0.30* −0.00 1.00
9.  R&D Intensity 0.03 0.06 0 0.74 0.14* 0.00 0.13* −0.14* −0.04 −0.27* −0.10* −0.06* 1.00
10.  Search Breadth 6.91 3.77 0 11 −0.05 0.15* 0.14* 0.04 −0.06 0.39* 0.06 0.18* −0.05 1.00
11.  Collaboration 1.17 1.90 0 7 −0.02 0.20* 0.09* 0.01 −0.04 0.26* −0.00 0.10* 0.00 0.35* 1.00
12.  Patent Stock 1.84 1.65 0 9.39 −0.02 0.24* 0.15* 0.02 −0.12* 0.56* 0.02 0.19* 0.00 0.28* 0.23* 1.00
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 = 776.
p < 0.05.

he average treatment effect from the treatment (ATT) using the
ollowing formula:

TT = 1
n

∑
(Innovative performanceTreated − Innovative performanceControl)

The standard errors calculated confirmed that the differences
n innovative performance between the two groups are statically
ignificant. The ATT reflects the difference in the counterfactual per-
ormance between firms that engaged in licensing-in and that firms
id not. This process occurs through the “teffects psmatch” com-
and in the STATA 13 statistical package. To test the hypotheses

hat the effects of licensing-in differ according to the technological
egime, we construct subsamples that are high or low in techno-
ogical opportunity, cumulativeness, and appropriability. We  then
ompare the average treatment effects on the treatment in each
ubsample (See Appendix A for more detail information of industry
lassification).

. Results

.1. Descriptive statistics and results of propensity score
atching method

Table 2 provides the descriptive statistics and pairwise cor-
elations of the variables included in the probit analysis of the
icensing-in decision.

Table 3 displays the probit regression for a firm’s decision to
Please cite this article in press as: Lee, J.-S., et al., The effects of licensing
Res. Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.12.002

dopt licensing-in practices using the entire sample in our study.
he extent to which a firm utilizes various sources of knowledge,

.e., search breadth, has a positive relationship with its adoption of
icensing-in practices (r = 0.05, p < 0.05). This finding suggests that

able 3
robit model of licensing-in decision.

Dependent variable: Licensing-in Whole sample

Firm Size −0.02 (0.07)
Profitability −0.40 (0.71)
Export Intensity −0.12 (0.29)
R&D Intensity 0.31 (1.13)
Search Breadth 0.05** (0.02)
Collaboration 0.10*** (0.03)
Patent Stock 0.22*** (0.05)
Constant −2.24*** (0.50)
Industry dummy Yes
Pseudo R2 0.17
Log likelihood 69.71***

Observations 776

tandard errors in parentheses.
p < 0.10.
*p < 0.05.
** p < 0.01.
the more broadly the firm searches for knowledge for its innova-
tion, the more likely it adopts the licensing-in practice. The degree
of collaboration with outside actors also has a positive relationship
with the adoption of licensing-in practices (r = 0.10, p < 0.01), indi-
cating that the more a firm works with actors beyond its boundary,
such as suppliers, customers, and research institutions, the more
likely it adopts the licensing-in practice. Additionally, the number
of patents held by a firm has a strong positive relationship with its
adoption of licensing-in practices (r = 0.22, p < 0.01).

Using the result of the probit model in Table 3, we calculated the
propensity scores of a firm’s adoption of the licensing-in practice
to compose the matched sample for a comparison of innovative
performance after the adoption.

In Table 4, we display innovative performance for both the treat-
ment (the firm adopting licensing-in practices) and the control (the
firm not adopting licensing-in practices) groups. The average treat-
ment effect on the treated (ATT) stands for the difference in the
average outcome between the treatment group and the control
group, i.e., the innovative performance gap between the treatment
and the control groups. Additionally, we provide a summary of the
results of the hotelling test to balance between these groups for
each model (See Appendix B for more detailed information on the
matching result of the entire sample).

In Model 1, our matching procedure generated 57 matches
(N = 114) by adopting the licensing-in practice for the entire sam-
ple. The ATT of adopting the licensing-in practice for innovative
performance is 4.68 percentage points, but is not statistically signif-
icant. This result is somewhat interesting because previous studies
showed that firms that adopt the licensing-in practice outper-
form comparable firms that do not adopt this practice (Leone and
Reichstein, 2012; Wang and Li-Ying, 2014; Wang et al., 2013b).
As is subsequently discussed, this result has implications for the
empirical results for three hypotheses.

We obtained an indication of the performance effect of
licensing-in on firms’ innovation and further investigated whether
such a performance improvement depends on technological
regimes, such as technological opportunity, technological cumula-
tiveness, and the appropriability condition, as in Hypotheses 1–3.

For technological opportunity, we  classified firms into high and
low technological opportunity subgroups using our measurement
and repeated the same matching procedure on these subgroups,
respectively. Model 2 of Table 4 shows that the ATT of adopting the
licensing-in practice on the high technological opportunity sub-
group in innovative performance is 8.12 percentage points, and
is statistically significant at the 10 percent level. The results also
-in on innovative performance in different technological regimes.

show that the ATT of adopting the licensing-in practice on the low
technological opportunity subgroup in innovative performance is
−10.15 percentage points, and is not statistically significant. Thus,
this result is consistent with Hypothesis 1, thereby suggesting that
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Table 4
Innovative performance of firms of adopting licensing-in practices vs. firms of not adopting licensing-in practices.

Model 1 Model 2 Model 3 Model 4

Whole sample Technological opportunity Technological cumulativeness Appropriability

High Low High Low High Low

Treatment group (licensing-in) 38.02 42.68 29.40 32.09 41.48 42.61 35.34
Control group (no licensing-in) 33.34 34.56 39.55 33.44 27.13 28.80 36.46
ATT  4.68 8.12* −10.15 −1.35 14.34** 13.80** −1.11
S.E.  5.82 4.80 8.15 7.85 5.94 5.73 8.25
N  114 74 40 42 72 42 72

Hotelling test
F  0.59 0.66 0.33 0.45 0.38 0.31 0.38
p-value 0.75 0.69 0.93 0.86 0.90 0.94 0.90
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p < 0.10.
*p < 0.05.
**p < 0.01.

rms that engage in the licensing-in practice benefit more from it
han firms that do not engage in the practice in environments with
igher levels of technological opportunity.

Similarly, we implemented the matching procedure on high and
ow technological cumulativeness subgroups, respectively. Model

 of Table 4 shows that the ATT of adopting the licensing-in practice
n the high technological cumulativeness subgroup in innovative
erformance is −1.35 percentage points, but is not significant. The
TT of adopting the licensing-in practice on the low technological
umulativeness subgroup in innovative performance is estimated
t 14.34 percentage points, and is statistically significant at the 5
ercent level, thus providing support for Hypothesis 2. From this
esult, we can infer that firms that adopt licensing-in practices out-
erform those that do not adopt these practices under the condition
f lower levels of technological cumulativeness.

Model 4 of Table 4 shows that the ATT of adopting the licensing-
n practice on the high technological appropriability subgroup in
nnovative performance is 13.80 percentage points, and is sig-
ificant at the 5 percent level. The model also shows that the
TT of adopting the licensing-in practice on the low technological
ppropriability subgroup in innovative performance is −1.11 per-
entage points, and is not significant. This result provides support
or Hypothesis 3. Thus, the level of the appropriability conditions
ppears to be an important contingency factor for the effect of
icensing-in on firms’ innovative performance.

.2. Additional analysis

In Table 5, As is subsequently discussed, this result has implica-
ions for the empirical results for three hypotheses. appropriability

echanisms into two different types.2

In terms of technological opportunity, the number of patents at
he industry level might capture the level of technological opportu-
ities of that industry. We  divided industries according to whether
heir level of technological opportunity was high or low based
n the median value of the number of patents applied for within
he last three years at each two-digit KSIC industry. In Model 5,
he results also support hypothesis 1, which states that adopting
icensing-in increases innovative performance in industries with
igh technological opportunity (ATT = 13.67, p < 0.01), but not in
Please cite this article in press as: Lee, J.-S., et al., The effects of licensing
Res. Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.12.002

ndustries with low technological opportunity.
Additionally, we distinguished several appropriability mecha-

isms into formal and informal mechanisms. Formal appropriabil-
ty mechanisms include patents, utility models, design rights, and

2 We thank the anonymous reviewers for their helpful comments on this addi-
ional analysis.
trademark rights, whereas informal appropriability mechanisms
cover secrecy, complex designs, and lead time (Castellacci, 2007). In
Model 6 of Table 5, the ATT of adopting licensing-in in the highly for-
mal  appropriability subgroup for innovative performance is 11.48
percentage points, and is significant at the 1 percent level. The ATT
of adopting licensing-in has no significant effect on innovative per-
formance in industries with low formal appropriability. Similarly,
in Model 7, the results show that firms engaging in licensing-in
also exhibit higher innovative performance in industries with high
informal appropriability (ATT = 9.81, p < 0.05), but there is no sig-
nificant effect in industries with low informal appropriability. The
results confirm that adopting licensing-in is beneficial for innova-
tive performance in industries industries with high levels of both
formal and informal appropriability regardless of the type of appro-
priability mechanism.

5. Conclusion and discussion

5.1. Conclusion

This paper evaluated the treatment effect of licensing-in on
innovative performance and found some situations in which firms
that engage in licensing-in practices exhibit a higher innovation
performance than those that do not. Our results show that the
adoption of licensing-in practices is not always beneficial to firms’
innovative performance. Our study also revealed that technologi-
cal regimes are important contingency factors for the performance
effect of licensing-in on firm innovation. We  detected improve-
ments in the innovation performance of firms that engage in
licensing-in practices when they operate in higher technologi-
cal opportunities, lower technological cumulativeness, and higher
appropriability. In summary, our results suggest that the enhanced
innovation performance from licensing-in practices depends on the
properties of technological regimes under which firms operate.

5.2. Theoretical and managerial implications

This study offers several contributions to research on the firm
innovation process and the market for technology. First, this study
contributes to the research on the demand side of the market for
technology. As previously mentioned, recently, management and
innovation researchers have paid attention to the demand side
of licensing arrangements (Arora and Gambardella, 2010; Kani
and Motohashi, 2012). In line with this scholarly attention, we
-in on innovative performance in different technological regimes.

examined the effect of licensing-in on firms’ innovation perfor-
mance and the conditions under which that effect changes from the
licensee firms’ perspective. For the empirical analysis, we  employed
the propensity score matching method to control the endogenous

dx.doi.org/10.1016/j.respol.2016.12.002
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Table  5
(Additional analyses) Innovative performance of firms of adopting licensing-in practices vs. firms of not adopting licensing-in practices.

Model 5 Model 6 Model 7

Technological opportunity
(measured by patents)

Formal Appropriability Informal Appropriability

High Low High Low High Low

Treatment group (licensing-in) 37.29 38.68 37.92 38.10 43.81 34.65
Control group (no licensing-in) 23.62 30 26.44 35.65 34.00 30.89
ATT  13.67** 8.68 11.48*** 2.45 9.81** 3.76
S.E.  6.51 8.00 3.47 5.82 3.27 4.74
N  54 60 50 64 42 72

Hotelling test
F 0.68 0.15 0.73 0.39 0.14 0.66
p-value 0.68 0.99 0.64 0.90 0.99 0.70
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p < 0.10.
* p < 0.05.
** p < 0.01.

ature of a firm’s licensing-in decision. In particular, contrary to
he results of previous studies (e.g., Leone and Reichstein, 2012;

ang and Li-Ying, 2014; Wang et al., 2013b), our results showed
hat firms that engage in licensing-in practices do not always
mprove their innovative performance. Rather, their innovative
erformance is enhanced when they operate under specific tech-
ological regimes. Thus, this paper also contributes to the existing
esearch on the effect of licensing-in on firm innovation perfor-

ance.
In addition, we found several boundary conditions of the

reatment effect of licensing-in on innovative performance. Prior
tudies pointed out the theoretical importance of identifying
onditions under which licensing-in technologies are benefi-
ial to firm performance (e.g., Lichtenthaler, 2011; Natalicchio
t al., 2014). In this paper, we introduced the technological
egime, which is one of the most important situational factors
or firm innovation, to determine the boundary conditions of the
erformance effect of licensing-in. Our results showed that the per-

ormance effect of licensing-in is contingent on three technological
egimes: technological opportunity, technological cumulativeness,
nd appropriability. Thus, our study provides important impli-
ations for research on the market for technology because we
hed light on conditions under which the performance effect of
icensing-in is significant.

Our study also provides managerial implications for under-
tanding the performance effect of licensing-in practices. The
esults revealed that the adoption of licensing-in practices is
ot always beneficial to firms that engage in these practices.
ecently, many firms attempted to improve their innovation com-
etitiveness by adopting various methods to internalize external
nowledge in the market for technology, such as formal licensing-

n agreements. However, our empirical results imply that firm
anagers need to be more cautious when considering whether to

ngage in licensing-in agreements because the effects of licensing-
n depend on other contingency factors. In this connection, our
esearch indicates that favorable situations exist in which firms can
mprove their innovative performance by engaging in licensing-in
ractices. Our paper examined conditions under which the effect of

icensing-in on firm innovation performance is realized. Based on
ur results, firm managers need to adopt licensing-in practices after
hey carefully consider their surrounding environments in terms of
echnological regime characteristics.
Please cite this article in press as: Lee, J.-S., et al., The effects of licensing
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.3. Limitations and future research directions

Although this research provides several implications for man-
gers as well as extant studies, it also has some limitations. First,
the cross-sectional nature of our dataset constrained our empir-
ical approach. Although some scholars used the same type of
cross-sectional dataset for their research (e.g., Garriga et al., 2013;
Laursen and Salter, 2014; Robin and Schubert, 2013), we cannot
investigate more dynamic aspects of the licensing-in practice’s
influence on firm innovation using this type of dataset. As pre-
viously explained, our dataset was  constructed from a survey
that gathered information on firms only from 2005 to 2007 (the
Korean Innovation Survey is not provided as a panel dataset). Thus,
we could not include a firm’s previous experience of adopting
licensing-in practices, i.e., whether a firm engaged in licensing-in
practices before 2005, when we calculated the propensity scores for
firms to engage in licensing-in practices. To verify the hypotheses,
we attempted to ensure robust results by employing the propensity
score matching method, which can mitigate the endogeneity issue
related to firms’ licensing-in decisions. However, our results do not
allow us to make a strong claim of causality because we rely on the
cross-sectional dataset. If using a panel dataset is possible, future
research might investigate the effect of licensing-in on innovative
performance more precisely.

Second, the generalizability of our findings may  be limited.
Although almost all manufacturing industries were included in our
study, our results were derived from a dataset of only one country.
Because the level of economic development and cultural character-
istics differ across countries, firms in each country may  also have an
idiosyncratic nature of innovative activities. Additionally, because
our dataset only pertains to the period from 2005 to 2007, repeating
the same research for different periods may  be required.

Third, contingency factors, besides technological regimes, that
significantly influence the effect of licensing-in on firm innova-
tion performance may  exist. For example, the performance effect of
licensing-in might vary with firm size because firms have different
incentives to innovate given their sizes and, thus, hold distinc-
tive characteristics of innovative activities (Ettlie and Rubenstein,
1987; Hansen, 1992; Lee and Sung, 2005; Shefer and Frenkel, 2005).
The extent to which the external technologies obtained through
licensing-in agreements overlap with the extant patent stock of
a firm may  also influence the effect of licensing-in practices on
a firm’s innovative performance (e.g., Mowery et al., 1998; Sears
and Hoetker, 2014). Unfortunately, for confidentiality reasons, the
dataset we used in this study does not provide detailed information
on a firm’s patent stock or acquired external technologies through
licensing-in agreements. However, it will be a fruitful research
avenue to considers detailed information on technology stocks
-in on innovative performance in different technological regimes.

when analyzing the effect of licensing-in agreements on a firm’s
innovativeness. Another limitation of this study on contingency
factors is that we did not consider the bargaining power in the
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arket for technology. The decision to participate in licensing or
he effect of licensing are largely influenced by bilateral contracts,
egotiations and bargaining power. In turn, this bargaining power

s determined by the relative size, the licensing experience, the rel-
tive number of sellers and buyers in the market for technology
nd generality of technology. Future studies can consider bargain-
ng power in the market for technology as a contingency factor in
he effectiveness of licensing-in. In summary, a future study should
etermine the various contingency factors that influence the effect
f licensing-in on firm innovation. Uncovering additional boundary
onditions of the performance effect of licensing-in can provide sig-
ificant implications for firm managers considering the adoption of
uch practices.

Finally, we measured innovative performance as the proportion
f turnover attributable to innovations of products that were new
o the market or to the firm. Although this measure has been widely
sed in previous studies (e.g., Laursen and Salter, 2006; Love et al.,
014; OECD/Eurostat, 2005), it may  not fully capture firms’ innova-
ive performance. For instance, if a firm introduces new products,
he sales of its existing products can be influenced by the product
nnovations. In other words, this measurement would not reflect a
annibalization of extant products or a firm’s strategic decision to
eplace prior products. However, employing data including sales
y product within a firm might be needed to circumvent these

imitations. Future research could measure a firm’s innovative per-
ormance more elaborately by using detailed information about
he change in each product’s sales caused by the introduction of
ew products within firms. Also, in terms of measuring innovative
erformance, future research can use other variables such as the
uality of innovation measured by weighted forward citation of
atents, new product introduction, and innovation efficiency mea-
ured by production frontier methodologies (Chen et al., 2015).

In summary, our study revealed several situations in which firms
hat engage in licensing-in practices can outperform firms that
o not. We hope that numerous researchers expand the research
n the market for technology by discovering the implications of

icensing-in practices for firm innovation.

ppendix A. Distribution of firm size and technological
egimes by industry classification.

SIC Industry Number of
firms

No. of firms 49
emp
or le

5 Food Products and Beverages 48 9 

7  Textiles, Except Apparel 31 15 

9  Tanning and Dressing of Leather, Manufacture of
Luggage and Footwear

22 10 

0  Wood Products of Wood and Cork; Except Furniture 11 6 

4  chemicals and chemical products 87 23 

5  Rubber and Plastic Products 51 21 

6  Other Non-metallic Mineral Products 47 12 

7  Basic Metal Products 42 10 

8  Fabricated Metal Products, Except Machinery and
Furniture

29 16 

9  Manufacture of Other Machinery and Equipment 85 44 

0  Computer and Office Equipment 31 19 

1  Electrical equipment 61 32 

2  Electronic Components, Radio, Television and
Communication Equipment and Apparatuses

80 13 

3  Medical, Precision and Optical Instruments, Watches
and Clocks

60 33 

4  Motor Vehicles, Trailers and Semitrailers 73 7 
Please cite this article in press as: Lee, J.-S., et al., The effects of licensing
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5  Other Transport Equipment 18 4 

Notes: Four industries were dropped from the original sample
ecause they do not included firms engaging in licensing-in, which
re KSCI 18 (wearing apparel and fur articles), 21 (pulp, paper and
 PRESS
cy xxx (2016) xxx–xxx

paper products), 22 (printing and reproduction of recorded media),
and 23 (coke and refined petroleum products).

Appendix B. Balancing tests for the whole sample.

Variables t-test on the mean of each variable.

Treatment Control t-stat p-value

Firm Size 5.68 5.83 0.46 0.64
Profitability 0.06 0.04 −1.14 0.25
Export Intensity 0.24 0.27 0.43 0.67
R&D Intensity 0.03 0.02 −1.27 0.20
Search Breadth 9.01 9.32 0.53 0.59
-in on innovative performance in different technological regimes.

6 8 High Low High
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