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Abstract A firm can improve its innovation either by its internal research and devel-
opment (R&D) efforts or by forming external collaborative R&D alliances. While pre-
vious studies on R&D collaboration and knowledge diffusion mainly focus on various
external sources of R&D collaboration, little effort has been made to investigate the joint
impact of competitive and non-competitive R&D collaborations on firm innovation
simultaneously. By examining the data of 165 Taiwanese firms in the information and
communication technology industry, we find that: (1) non-competitive R&D collabora-
tions with universities have a positive direct impact on firm’s innovation performance;
and (2) both non-competitive and competitive R&D collaborations have a positively
moderating effect on the relationship between a firm’s internal R&D efforts and firm
innovation and the positive moderating effect is higher for non-competitive R&D col-
laborations than that of competitive R&D collaborations. These findings suggest that
R&D collaborations, either non-competitive or competitive, exhibit the nature of a win—
win situation. We also derive implications for firms’ selection of R&D alliance partners
and government policies.
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1 Introduction

Facing fast technological changes and global competition, inter-organization collabora-
tions have become increasingly important for firms to enhance their competitiveness. Inter-
organizational collaborations are critical for a firm’s innovation, particularly when firms
lack sufficient internal R&D resources (Lin 2003). A major objective of vicarious learning
in the context of inter-organizational collaborations, alliances, or joint ventures is to absorb
deeply embedded knowledge from partners (Hamel 1991). Particularly in the high-tech
industry, research and development (R&D) collaborations with other organizations have
been regarded as means of competitive strategy. Hagedoorn (1993) asserts that strategic
alliances have become an important strategic tool for firms to exchange and share
knowledge as well as resources in different industries. An increasing number of firms,
particularly for the latecomers, use these alliances or collaborations as vehicles for
accessing advanced knowledge. In addition, how a firm can successfully use the knowledge
learned from different R&D collaborations has become increasingly important.

Inter-organizational collaborations can be differentiated into two types (Tsang 1999):
competitive and non-competitive collaborations. A competitive collaboration is defined as
the partners in a collaboration racing to learn. The firm that learns fastest dominates the
relationship and becomes a more formidable competitor via cooperation (Parkhe 1991).
The partner that first internalizes the knowledge obtained in the collaboration will gain a
competitive advantage over the other partner. The outcome of competitive collaborations is
therefore depicted as a win—lose situation (Tsang 1999). On the other hand, for a non-
competitive collaboration, the partners are not direct competitors, or though the partners
are direct competitors, they do not bring along the competitive mentality to the collabo-
ration. The partners have no intention to compete in the same market in the foreseeable
future but just enhance their skills and strengthen their positions in their respective mar-
kets. The outcome of non-competitive collaborations is more likely to be a win—-win situ-
ation (Tsang 1999).

Prior studies have asserted that firms normally conduct R&D collaborations with dif-
ferent partners simultaneously (Belderbos et al. 2006; Un et al. 2010). How the synergy
effect of competitive and non-competitive R&D collaborations contributes to a firm’s
innovativeness has not yet been fully investigated. As mentioned earlier, while non-
competitive collaborations are more likely to be a win—win outcome, competitive col-
laborations are more likely to be a win—lose outcome. Thus, our research attempts to
examine whether firms can gain more for innovation from non-competitive and competi-
tive R&D collaborations.

To meet the research objective, a secondary data together with a questionnaire survey of
165 Taiwan’s manufacturing firms in the information and communication technology
(ICT) sector were collected. Then the negative binomial regression models were conducted
to examine the research hypotheses. The empirical results supported our hypotheses,
suggesting that both non-competitive and competitive R&D collaborations positively
moderate the relationship between a firm’s in-house R&D and its innovation performance
and the positive moderating effect is higher for non-competitive R&D collaborations than
that of competitive R&D collaborations.

After the introduction, the second section reviews the literature and develops the
research hypotheses. The third section describes the research methodology while the fourth
and fifth sections present and discuss the statistical findings respectively. The last section
concludes the paper.
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2 Theoretical background and hypothesis development
2.1 Non-competitive and competitive R&D collaborations and firm innovation

An increasing complexity and variability of technologies amplify the need for external
collaborations for complementary resources in recent years (Belderbos et al. 2006;
Nooteboom 1999). Firms not only need external sources of competence to complement
their in-house capability but also need inter-organizational linkages to advance existing
knowledge into new types of knowledge or to develop new products, processes and ser-
vices (Nonaka and Takeushi 1995; Un et al. 2010). Particularly, external R&D collabo-
rations have been recognized as an important source of technology learning when firms
have limited resources (Lin 2003).

The primary purpose of conducting R&D alliances is to acquire essential technologies.
Such technologies may be any process by which basic understanding, information, and
innovations moving from universities, research institutions, or government laboratories to
firms (Parker and Zilberman 1993). Collaborations with universities or research institutions
are non-competition oriented since they do not compete with a firm in the same market in
the foreseeable future but enhance their own skills and strengthen their positions in their
markets (Tsang 1999). A number of prior studies have focused on the collaborative pro-
jects between universities and firms (Arvanitis et al. 2008; Bayona et al. 2002; Niosi 2006;
Perez and Sanchez 2003; Shane 2002; Steffensen et al. 2000; Zhang 2009). These results
suggest that firms with R&D collaborations with universities outperform those without
such collaborations in terms of innovation performance (Lockett et al. 2003; Powers 2003;
Zucker et al. 2002). In addition to the university-industry alliances, another type of non-
competitive R&D collaborations can be conducted with research institutions (Heher 2006;
Kassicieh et al. 2002; Sakakibara and Dodgson 2003). Empirical studies suggest that firms
conducting collaborative R&D alliances with research institutions have better technolog-
ical performance (Blau 1999; Herbert 1995; Kennedy and Holmfeld 1989).

On the contrary, competitive collaboration, such as inter-firm R&D alliances, may also
influence a firm’s innovation performance. An inter-firm R&D alliance is formed because
none of the firms has sufficient resources necessary to achieve the target specification
within a limited schedule. It is made possible if heterogeneous and complimentary
resources possessed by different firms are combined in supplemental manners (Mothe and
Quelin 2001). Particularly for some start-up firms, collaborative R&D alliances help
partner firms to share knowledge and experience with each other (Inkpen 1996). There are
abundant empirical studies investigating how inter-firm R&D alliances help firms to
improve their innovation performance and most these studies find that firms conducing
inter-firm R&D alliances tend to have better innovation performance (Harding 2001;
Hemmert 2003; Koichi et al. 1990; Peters and Becker 1998; Walker 1995).

Prior studies suggest that firms can benefit from various types of R&D alliances at the
same time. For instance, Hoang and Rothaermel (2005) suggest that experience learning
from multiple external R&D alliances or collaborations can enhance a joint R&D project
performance. According to Hoang and Rothaermel (2005), partner-specific alliance expe-
rience, defined as repeatedly having alliances with the same partners, has a negative effect on
joint project performance. This implies that the more alliances with the same partners, the
less joint project performance. Belderbos et al. (2006) examine a firm’s productivity of
simultaneous engagement in R&D cooperation with different partners, such as competitors,
clients, suppliers, and universities and research institutes. Nieto and Santamaria (2007) also
suggest that collaborations with suppliers, clients, and research organizations (including
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universities and technology research institutions) have a positive impact on innovation
whereas collaborations with competitors have a negative impact. However, most of these
studies emphasize the direct effect of multiple R&D alliances on firm innovation perfor-
mance and treat in-house R&D efforts as a control variable. In fact, based on the concept of
absorptive capacity (Cohen and Levinthal 1990; Muscio 2007; Zahra and George 2002),
firms with better capabilities of acquiring, assimilating, transforming and exploiting
knowledge from external partners may better incorporate the acquired knowledge into
innovation. This implies that a firm’s in-house R&D efforts or absorptive capacity interacted
by R&D collaborations may affect its innovation performance. Thus, in this study, we were
more interested in examining the moderating effect of R&D collaborations on the rela-
tionship between a firm’s in-house R&D and innovation performance.

2.2 The moderating role of R&D collaborations on firm innovation

While previous studies has advanced our understanding of the impact of R&D collabo-
rations by investigating a casual relationship between a firm’s R&D collaborations and
intermediate research outputs or performance indicators (Baum et al. 2000; Deeds and Hill
1996; Kotabe and Swan 1995; Lerner et al. 2003; Shan et al. 1994), they mainly investigate
the relationship between R&D collaborations and firm innovation performance by
assuming that firms engage in a single type of R&D collaborations once at a time.
However, in fact, firms engage in multiple R&D alliances with different types of partners
simultaneously. How the synergistic effect of simultaneous R&D collaborations contrib-
utes to a firm’s innovation has not yet been fully investigated. Though Belderbos et al.
(2006) examine firm productivity of simultaneous engagement in R&D cooperation with
different partners, they do not investigate how the interaction effects of these external
R&D collaborations with in-house R&D efforts influence a firms’ innovativeness. Simi-
larly, Un et al. (2010) also investigate the interaction effect among four types of external
R&D collaborations (including universities, suppliers, customers, and competitors) on a
firm’s product innovation. However, their studies are more interested in explaining how the
joint effect of different types of R&D collaborations on firm innovation. Therefore, derived
from the concept of absorptive capacity, the primary objective of this paper is to provide an
investigation how a firm’s external R&D collaboration interacted by in-house R&D efforts
on its innovation performance.

According to Cohen and Levinthal (1990), absorptive capacity is defined as ability to
value, assimilate, and utilize new external knowledge. A firm with better absorptive
capacity can better utilize external knowledge obtained from R&D collaborations. It is
widely agreed that absorptive capacity is the result of cumulatively path-dependent R&D
investments by a firm (Baum et al. 2000; Cohen and Levinthal 1990; Powell et al. 1996).
Thus, in-house R&D efforts can be regarded as the extent of absorptive capacity. In-house
R&D efforts, such as training programs, intensify interaction among individuals or orga-
nizations, which in turn amplify knowledge exploration and exploitation (Caloghirou et al.
2004). Thus, a high R&D spending firm characterized by greater absorptive capabilities is
more likely to exploit knowledge synergy by making use of the external resources. As a
result, a firm’s in-house R&D together with external resources may affect the level of its
innovation. Prior studies also conclude that a firm’s internal R&D efforts can improve its
technological competence and innovation (Caloghirou et al. 2004; Hitt et al. 2001; Pisano
1990).

Prior studies conclude that R&D collaborations with research organizations, including
technology research institutions and universities, have a direct and positive impact on firm
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innovation (Nieto and Santamaria 2007). Research institutions and universities are not
direct competitors and have no intention to compete with the firms they are cooperating
with in the same markets in the foreseeable future (Tsang 1999). As a result, knowledge
obtained from these non-competitive partners can further strengthen and complement a
firm’s in-house efforts on innovation. Therefore, we expect that a firm’s in-house R&D
efforts together with its non-competitive R&D collaborations will have a positive impact
on the firm’s innovation performance. We then derive Hypothesis 1 as the following:

Hypothesis 1 Non-competitive R&D collaborations positively moderate the relationship
between a firm’s in-house R&D and its innovation performance.

While R&D alliances with research institutions and universities may have a positive
impact on firm innovation, inter-firm alliances, particularly with competitors, may have a
negative impact on firm innovation (Nieto and Santamaria 2007). Prior evidences suggest
that cooperation with direct competitors is more difficult to manage (Hamel et al. 1989)
and more likely to spark learning races (Hamel 1991). The firm that learns fastest can
dominate the relationship and becomes a more formidable competitor via cooperation
(Parkhe 1991). The partner that first internalizes the knowledge obtained in a collaboration
will gain competitive advantage over the other partner (Tsang 1999). This implies that
partner firms in competitive R&D collaborations face the risk of knowledge diffusion.
Because of the knowledge sharing or spillover effect, partner firms will implement some
mechanisms to safeguard their knowledge (e.g., one partner does not assign the best
engineer to a project). Without such mechanisms, competitive R&D collaborations raise
the concern of opportunism (Hagedoorn 1993; Hagedoorn et al. 2000; Powell et al. 1996).
It is very likely that both parties in a competitive R&D collaboration take safeguarding
measures which lead to unsatisfactory results on a project base. However, when the
engineers from two partner firms work together, the engineers of one firm is still capable of
accessing useful information or knowledge to some extent through interaction with the
engineers of the partner firm in a competitive R&D collaboration. Therefore, even a
competitive R&D collaboration may not be successful on a project base, on a firm base, the
learning of the engineers from both firms can be diffused at their own home institutions and
create value in other R&D projects. How big the spillover effect is depends on how a firm
exploits the knowledge learned. The acquired information or knowledge may be useful for
this firm’s in-house R&D development and then leads to a higher innovation performance.
Of course this effect holds for both parties in R&D collaborations. Thus, we expect that a
firm’s competitive R&D collaborations exert an indirect effect on innovation, i.e., they
positively moderate the relationship between in-house R&D and innovation performance.
Hypothesis 2 is then derived as following:

Hypothesis 2 Competitive R&D collaborations positively moderate the relationship
between a firm’s in-house R&D and its innovation performance.

The moderating effect of R&D collaborations on the relationship between in-house
R&D and innovation performance should be more significant for non-competitive R&D
collaborations than for competitive R&D collaboration. As mentioned earlier, opportu-
nistic behaviors in competitive collaboration prevent partner firms from committing
resources to collaborations, and even worse, on partner firm may attempt to lure away the
other partner firm’s outstanding scientists or researchers. These actions hinder the positive
effect of in-house R&D capability on firm innovation. In contrast, common interests and
goals of non-competitive R&D collaborations encourage partners to exchange information
and knowledge as much as possible. We therefore expect that the positive moderating
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impact on the relationship between a firm’s in-house R&D and its innovation performance
is higher for non-competitive R&D collaborations than that of competitive R&D
collaborations.

Hypothesis 3 The moderating impact on the relationship between a firm’s in-house R&D
and its innovation performance is higher for non-competitive R&D collaborations than that
of competitive R&D collaborations.

Figure 1 provides the research framework of this study. First, we expect that the direct
impacts of in-house R&D on innovation performance which is in line with the literature.
We then test different moderating effects of R&D collaborations on the main effects.

3 Research method

To empirically test the research hypotheses, a data set composed of secondary data and
primary data based on a questionnaire survey of 165 Taiwan’s information and commu-
nication technology (ICT) firms was constructed. After data collection, the negative
binomial regression was employed for data analysis.

3.1 Sample firms and data collection

The sample firms of this research were Taiwanese manufacturing firms in the information
and communication technology sector. Due to dissimilarities between manufacturing firms
and trade-only firms, the trade-only firms were excluded from our sample selection.
Moreover, only firms with seven or more years of operations were included in our sample.
Based on the above selection criteria, 415 sample firms were selected. The firms were
selected on the basis of the stock code compiled by the Taiwan Stock Exchange Corpo-
ration (TSEC) and the Over-The-Counter (OTC). The codes starting with 23, 24, and 30, in
the TSEC and 53, 54, 61, and 80 in the OTC were selected as sample firms. All other
publicly held firms were identified by the code starting with 23 compiled by the Ministry of
Economies Affairs (MOEA), Taiwan.
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The questionnaire asked respondents whether firms had engaged in R&D collaborations
between 1996 and 2002, including non-competitive R&D collaborations with universities
and research institutions, and competitive R&D collaborations such as inter-firm alliances.
The names of the intended respondents were collected in advance of the mailing. Recip-
ients of the survey package were CEOs or senior executives of the sample firms. The first
mailed survey was conducted in September 2002 while the second mailed survey was
conducted in January 2003. Meanwhile, recognizing that it was more receptive for face-to-
face interviews, we attended three trade exhibitions related to the information and com-
munication technology industry in Taiwan between September 2002 and October 2002 to
do some interviews. The numbers of respondents for the first mail survey, the second mail
survey, and face-to-face survey, were 81, 58, and 30, respectively. After excluding four
invalid responses, the total number of valid sample firms was 165, making a response rate
of 40%. Recognizing a selection bias might be caused by the different data collection
methods, a one-way ANOVA was taken to test the three sub-samples in terms of firm size
and the result shows no significant difference between the three sub-sample (F = 1.230,
P > 0.1). This suggests that selection bias might not be a problem.

In this study, secondary data, such as number of patents, was gathered via the official
government publications, governmental databases maintained by the MOEA, and corporate
financial statements.

3.2 Variable measurement
3.2.1 Dependent variable: innovation performance

Previous studies have used several intermediate research outputs or performance indica-
tors, such as patenting tendency (Baum et al. 2000; Shan et al. 1994), level of product
innovativeness (Kotabe and Swan 1995), products under development (Deeds and Hill
1996), or milestone stages reached (Lerner et al. 2003), to measure a firm’s innovation
performance. However, due to different purpose of research, these indicators are used to
measure different stages of innovation process. Among these indicators, patent is widely
used in prior research (Miyazaki 1995). Particularly for the manufacturing firms in this
study, patents in terms of process improvement can protect their innovative manufacturing
processes. Thus, patent was used to measure firm innovation performance in our study.
Considering a possible lag between R&D efforts and innovation outputs, firm innovation
performance was measured by the total number of applied patents between 1996 and 2005
as an indicator of patent stock. Since firms usually have already used such technologies in
their operations when they apply for patents, such un-granted but applied patents should be
regarded as the outcomes of innovation. Almeida and Phene (2004) also use patent
application number to measure innovation performance.

3.2.2 Independent variable: in-house R&D

A firm’s in-house R&D efforts can be measured either by R&D expenditures or by R&D
personnel. R&D expenditures include all kinds of investment on facilities and equipments
as well as on the costs of employing R&D personnel. Since this study focused on a firm’s
in-house R&D capability to collaborate with external partners, the percentage of R&D
personnel can better reflect the firm’s in-house R&D capability or absorptive capacity
(Fritsch and Lukas 2001). Thus, we used the number of R&D personnel to total personnel
as the measure of in-house R&D.
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A firm’s in-house R&D was measured by the number of full-time scientists and engi-
neers in this research. According to Miyazaki’s (1995), human capital is one attribute for
the success of a firm’s innovation. Scherer (1965) applied R&D employment as an indi-
cator of inventive input. OECD also employs the number of scientists and engineers as an
indicator for measuring a country’s technological human resources (OECD 2002). Hen-
derson and Cockburn (1996) find that there is a positive relationship between research
efforts and research productivity in the pharmaceutical industry. Thus, the number of
scientists and engineers can be used to measure a firm’s in-house R&D productivity. The
question, ‘how many full-time scientists and engineers were employed in your firm from
1996 to 2002, was asked the respondents to respond. In-house R&D (IRD) was then
measured by R&D intensity (i.e., the number of full-time scientists and engineers divided
by the number of total employees from 1996 to 2002) (Pfirrmann 1994).

3.2.3 Moderating variables: competitive and non-competitive R&D collaborations

The types of R&D collaboration are our moderator variables. Since this study attempted to
investigate the influence of multiple R&D collaborations on the relationship between in-
house R&D and firm innovation performance, based on prior studies (Belderbos et al.
2006; Nieto and Santamaria 2007; Un et al. 2010), three types of external R&D collab-
orations were identified, including R&D collaborations with universities and with research
institutions for non-competitive R&D collaborations, and inter-firm R&D collaborations
for competitive R&D collaborations. Traditionally, the contribution of external R&D
collaborations is measured by the number of collaborations formed by a firm (DeCarolis
and Deeds 1999; Deeds and Hill 1996). However, Un et al. (2010) use a single-item
question to measure whether a firm conducts external collaborations. Thus, in this study,
we asked respondents that ‘Whether your firm conducted the three types of external R&D
collaborations, namely, research institution collaborations (RIC), university collaborations
(UC), and inter-firm collaborations (IFC), between 1996 and 2002.” A dummy variable was
used to measure this variable: 1 for having collaborations and O for no collaborations
during this period.

3.2.4 Control variables

Firm size. Empirically, firm size is observed as having an impact on a firm’s innovation
performance (Freeman 1982; Scherer 1965; Symth et al. 1975). Thus, this research needed
to control for firm size. Following other studies (Bates and Nucci 1989; Mitton 2002), firm
size (SIZE) was measured by the logarithm of 7-years averaged total assets between 1996
and 2002.

Industry difference. Industry difference is related to innovation outcomes since the
competitive intensity and R&D activities may vary across industries (Lichtenthaler 2007).
Industry difference was measured by the types of core business instead of the SIC code.
Since all sample firms were in the ICT industry and Taiwan’s stock exchange corporation
did not differentiate the ICT industry into sub-sectors, we could only distinguish sub-
sectors by examining sample firms’ core businesses. As a result, five sub-sectors of the ICT
industry were identified, including semiconductors (13.9%), computers and peripherals
(46.1%), optical electronics (12.7%), communications (6.1%), and others (21.2%). Four
dummy variables were created (i.e., Industry 1-Semiconductors, Industry 2-Computers,
Industry 3-Optical, and Industry 4-Communications) and the sub-sector “others” was the
base industry.
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Competitive intensity (CI). Competitive intensity can affect a firm’s innovative activity
(Aghion et al. 2006). We used the item “Competition is intense in our product markets”
(1 = “strongly disagree”, 5 = “strongly agree”) to measure competitive intensity and
added it to our models.

Intellectual property protection (IPP). Following Rapp and Rozek’s (1990) study, we
used a scaled variable to measure how institutional environment affected a firm’s patent
application (from 1 = “inadequate protection laws/no law prohibiting piracy” to 5 = “IP
protection and law enforcement fully consistent with minimum standards proposed by the
Government”). In this way, we controlled the possible effect of IP protection on patent
application.

3.3 Statistical method

Since our dependent variable, innovation performance (measured by patents), is a count
variable and has a non-negative integer value, the Poisson regression is normally suggested
to deal with such dependent variable (Hausman et al. 1984). However, Poisson regression
assumes that the mean and variance of the counts are equal. If the variance exceeds the
mean, it results in the problem of over-dispersion, which tends to bias downward the
estimated standard errors (Haunschild and Beckman 1998; Kogut and Zander 1992).
Therefore, the negative binomial model has been used in prior studies (e.g., Keil et al.
2008), which can overcome the over-dispersion problem and also accounts for omitted
variable bias. We followed their suggestions by using the negative binomial regression to
examine our hypotheses. In order to test the moderating effect, four regression models
were constructed. The first regression model was the base model, which was to establish a
baseline against which the added contribution of the predictor variables could be estimated.
The second regression model was used to examine the main relationships between firm
innovation performance and in-house R&D. Models 3, 5, and 7 were used to examine the
direct effect of three types of external R&D collaborations on firm innovation. Models 4, 6,
and 8 were used to investigate whether the external R&D collaborations exhibits moder-
ating effects.’ Finally, we used an across-equation r-test to test the difference of the
moderating effect of non-competitive and competitive R&D collaborations.

4 Analysis
4.1 Descriptive statistics and correlations

Our descriptive results show that more than 60% of Taiwanese firms had R&D collabo-
rations with universities, research institutions, and other firms (with the number of 118,
104, and 106, respectively). Table 1 presents the cross-tabulation of three types of R&D
collaborations. Firms with all three types of R&D collaborations accounted for 48.5% of
total firms while there were 17.6% of firms had at least two R&D collaborations simul-
taneously, showing that more than 60% of the Taiwan’s ICT firms conducted multiple
R&D collaborations simultaneously.

! Since IRD has high correlations (above 0.8) with the interaction terms (i.e., IRD x UC, IRD x RIC, and
IRD x IFC), in order to deal with the possible multicollinearity problem between interaction terms and
independent variables, we re-examined the negative binomial regression models for each type of R&D
collaboration and its interaction term separately.
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Table 1 Cross-tabulation of firms with three types of R&D collaborations

Inter-firm collaborations Research institution collaborations
No Yes Total
No
University collaborations
No 26 4 30
Yes 13 16 29
Total 39 20 59
Yes
University collaborations
No 13 4 17
Yes 9 80 89
Total 2 84 106

Table 2 provides the descriptive statistics for 165 firms in our study. The firm size in
Table 2 was the logarithms of total assets and its mean was 14.84. The mean for in-house
R&D (measured by full-time scientists or engineers divided by total employee) was 0.17.
Table 2 also presents the correlation matrix among the variables. The results show that
there were some moderate correlations among the variables such as three types of external
R&D collaborations. In order to examine whether these moderate correlations would cause
the multicollinearity problem, we ran each type of R&D collaboration separately (shown as
Models 3, 5, and 7 in Table 3) and compared them with the full model (i.e., Model 9 in
Table 3). The results show that the coefficients of each type of R&D collaborations were
consistently significant between the individual models (Models 3, 5, and 7) and the full
model (Model 9). This suggests that multicollinearity did not significantly influence the
stability of the parameter estimates.

4.2 In-house R&D, external R&D collaboration, firm size, and firm innovation

As shown in Model 2 (Table 3), in-house R&D is positively associated with firm innovation
performance (B = 2.379, p < 0.01), which is consistent with prior studies, suggesting that a
higher level of in-house R&D improves a firm’s innovation performance (Caloghirou et al.
2004; Henderson and Cockburn 1996; Sakakibara and Dodgson 2003). Previous studies have
concluded that the level of in-house R&D capacity, such as the number of R&D employees
(Gambardella 1992) or the qualification of employees (Caloghirou et al. 2004; Lundvall and
Nielsen 1999), is positively associated with firm innovation.

Models 5 and 7 indicate that R&D collaborations with research institutions and with
other firms are not significantly associated with firm innovation performance (B = 0.094,
p > 0.1; B=0.101, p > 0.1). Model 3 shows that R&D collaborations with universities
are significantly and positively associated with firm innovation performance (B = 0.413,
p < 0.05). Unlike previous studies, our results suggest that only university collaborations
exert a direct positive effect to increase firm innovation performance.

In all nine models, as shown in Table 3, firm size is positively associated with firm
innovation performance. The findings are consistent with prior studies (Freeman 1987,
Scherer 1965; Symth et al. 1975) suggesting that firm size has positive impacts on outputs
of firm innovation.
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4.3 Moderating effects of external R&D collaborations

In order to examine the moderating effects of R&D collaborations, our study used negative
binomial regression models with interaction term (shown as Models 4, 6, and 8). As shown
in Table 3, the interaction effect of in-house R&D and university collaborations as well as
in-house R&D and research institution collaborations are significantly associated with
innovation performance (B = 2.075, p < 0.01 in Model 4; B = 1.979, p < 0.01 in Model
6). Our results indicate that the moderating effects of non-competitive R&D collaborations
(research institutions and universities) have a positive impact on the relationship between
in-house R&D and firm innovation performance, which supports the Hypothesis 1.
Moreover, in-house R&D by inter-firm collaborations interaction is positively significant
(B = 1.740, p < 0.01 in Model 8). This could be interpreted that inter-firm R&D col-
laborations may enhance a firm’s internal R&D capability on innovation, which also
supports the Hypothesis 2. We thus can conclude that firms’ R&D personnel can benefit
from learning during the progress of competitive or non-competitive collaborations, which
in turn enhances their innovation.

We employed an across-equation #-test to further examine the moderating effects of
non-competitive and competitive R&D collaborations on the relationship between in-house
R&D and firm innovation. The results show that the interaction effect of R&D collabo-
rations with universities (UC) by in-house R&D (IRD) is higher than that of inter-firm
R&D collaborations with competitors (IFC) by in-house R&D (IRD) (r = 1.928, p < 0.05,
one-tailed). However, no significant difference in the moderating effect is found between
R&D collaborations with research institutions and with inter-firm collaborations with
competitors (t = —0.090, p > 0.1). The results support the Hypothesis 3.

5 Discussion
5.1 In-house R&D and R&D collaborations

Our empirical findings suggest that in-house R&D (measured by the number of full-time
engineers and scientists divided by total number of employees) is positively correlated with
a firm’s innovation performance. This indicates that a firm is capable of fostering its
innovation by enhancing its in-house R&D resources. In-house R&D are important to a
firm’s innovation since in-house R&D efforts can enhance a firm’s learning experience
(Reed and DeFillippi 1990) and absorptive capacity (Cohen and Levinthal 1990), which
better improves its capabilities of acquiring, assimilating, transforming and exploiting
knowledge (Zahra and George 2002). As a result, firms with a higher level of in-house
R&D are more innovative.

Our empirical results show that firm innovation performance is not improved by
research institution-firm collaborations (Model 5) but improved by university-firm col-
laborations (Model 3), which is partially consistent with prior research. However, there is a
possibility of reverse causality in the relationship between R&D collaborations with uni-
versities and firm innovation, i.e., researchers at universities initiating R&D collaborations
with the most innovative firms in the industry. Indeed, a university may decide which firms
in an industry to cooperate with. However, in Taiwan, university-industry collaborations
are usually initiated by firms and firms choose the professors or scientists to work with.
This supports the causality assumed for this type of collaboration. Therefore, firms
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conducting R&D collaborations with universities lead to better innovation performance
and our empirical result supports this argument.

Furthermore, no significant relationship is found between inter-firm R&D collaborations
and firm innovation performance (Model 7). Our findings are not completely inconsistent
with prior research. For instance, Nieto and Santamaria (2007) suggest that collaborations
with universities and research institutions have a positive impact on firm innovation but
collaborations with competitors have a negative impact on innovation. Our findings par-
tially support the prior proposition. Because the partners in non-competitive collaborations
are not direct competitors and they do not bring along the competitive mentality to the
collaboration (Tsang 1999), firms can better utilize spillover effects from these collabo-
rations, which in turn enhance their innovation performance. Nevertheless, the findings in
our study suggest that no direct and negative impact of competitive collaborations on firm
innovation performance. This result is not in line with prior research and implies that
although firms have the motivation to prevent other partners from imitating their core
technologies in competitive collaborations, this self-protection orientation seems to have
no direct impact on firm innovativeness in our study. A possible explanation is that the
negative effect of self-protection mentality on firm innovation may be offset by the gain
from the race to learn over the partner firms. We will further show that competitive R&D
collaborations may generate benefits to partner firms indirectly.

5.2 The moderating effect of competitive and non-competitive R&D collaborations

A resource-rich firm characterized by greater absorptive capabilities more likely acquires,
assimilates, transforms, and exploits knowledge synergies by making use of external
resources (Zahra and George 2002). Firms with higher in-house R&D capacity not only
can better conduct R&D activities internally, but also have better capability to incorporate
knowledge obtained from external R&D collaborations. Thus, we further examine how the
interaction effect of non-competitive and competitive R&D collaborations by in-house
R&D affects a firm’s innovation performance. Our findings suggest that in-house R&D by
non-competitive collaborations with both research institutions and universities as well as
by competitive collaborations (inter-firm collaborations) can further increase a firm’s
innovativeness. While the results of the moderating effect of non-competitive R&D col-
laborations support our Hypothesis 1, the result of the moderating effect of competitive
R&D collaborations supports our Hypothesis 2.

A positive moderating effect of competitive R&D collaborations on the relationship
between in-house R&D and firm innovation performance suggests that a firm’s innovation
performance will be more likely improved when the firm conducts competitive R&D
collaborations. This implies that competitive R&D collaborations may cause increasing
effect of existing in-house R&D efforts on overall firm innovation. This is an important
finding that firms seeking potential complementary resources from external competitors
may have an increasing impact of their existing internal resources on innovation. Our result
provides a different perspective from prior research. While prior research asserts that
competitive collaborations may have a direct negative impact on firm innovation (Nieto
and Santamaria 2007), our study finds that a positive impact of competitive collaborations
on firm innovation takes place indirectly on the relationship between in-house R&D and
firm innovation.

While earlier studies assert that firms select alliance partners because of the resources
they possess, recent studies suggest that firms also select partners that allow them to protect
their valuable resources and sustain competitive advantage (Li et al. 2008). This implies
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that to protect valuable resources, firms will avoid negative spillover of valuable resources
by selecting specific partners. Thus, a firm may send its R&D experts to learn particular
knowledge during the progress of a competitive R&D collaboration while protecting its
own valuable resources. This may lead to a positive spillover effect of competitive R&D
collaborations on a firm’s innovation, particularly for those firms with opportunistic
behaviors or with strong motivation to learn from their partners. For instance, in the 1980s,
both IBM and Microsoft were potential competitors in the operation system (OS) and they
collaborated with each other in the beginning of the development. In this collaboration, the
researchers from both sides learned from each other. Though the collaboration itself was
not so successful, in the end Microsoft was able to exploiting more value of the knowledge
learned from the collaboration. This example suggests that a positive effect in competitor-
oriented collaborations may take place indirectly through enhancing in-house R&D’s
capabilities and therefore improve innovation performance.

More importantly, while prior research suggests that non-competitive R&D collabora-
tions have a positive impact on firm innovation but competitive collaborations, particularly
with competitors, have a negative impact on firm innovation (Nieto and Santamaria 2007),
our findings suggest that R&D collaborations, either with competitors or non-competitors,
have indirect and positive impact on firm innovation. These findings depict a win—
win situation for R&D collaborations: working with non-competitors, partners enjoy direct
and indirect benefits on innovation, and, working with competitors, partners still enjoy
indirect benefits on innovation. This explains why firms, understanding the downside of
competitive R&D collaborations, still cooperate with competitors. They know that, due to
their safeguarding behaviors or less commitment, R&D collaborations may fail but they
expect to get something from their competitors which eventually lead to improved per-
formance in innovation.

Further, the impact on the relationship between in-house R&D and firm innovation is
stronger for non-competitive collaborations (i.e., collaborations with universities in this
study) than for competitive R&D collaborations. This is because firms in competitive
collaborations are more competitive-oriented and taking more safeguarding behaviors,
which hinder the flows of knowledge or information exchange between partners, than those
in non-competitive collaborations. Putting all the findings together, we may conclude that
R&D collaborations do enhance a firm’s innovation but the expectations should take into
account the nature of the collaborators.

5.3 A ‘win-win’ situation?

As shown in Table 4, our study provides a comprehensive research distinguished from
prior research. While prior studies suggest that both non-competitive and competitive
collaborations may have direct impact on firm innovation, our research finds that non-
competitive collaborations (particularly with universities) have a positive direct impact on

Table 4 Research findings Types of R&D collaborations

Non-competitive Competitive

Impact on firm innovation
Direct Positive Not significant

Indirect Positive Positive
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firm innovation while both non-competitive and competitive collaborations have a positive
moderating impact on the relationship between in-house R&D and firm innovation.
Without a doubt, non-competitive R&D collaborations can fulfill the interests of both
parties in the collaborations, more precisely, the channel of accessing the advanced
knowledge or technology for the firms and the possibility of commercializing the advanced
technologies for the universities or research institutions, which in turn leads to a ‘win-win’
situation.

However, our findings also illustrate a ‘win—-win’ situation for competitive collabora-
tions. Prior research suggests that the outcome of competitive collaborations, defined as the
partners in a collaboration racing to learn, is more likely to be a win—lose situation (Tsang
1999). We show that a negative direct impact of competitive collaborations is not found
but, instead, a positive indirect impact of competitive collaborations does exist. This
implies that, due to safeguarding behaviors, though the direct result of a competitive
collaboration may not be successful, the participating firms still can learn from each other
and exchange information and knowledge with each other during the process of the col-
laboration. As a result, all participating firms may enhance their innovation, which leads to
a possible ‘win—win’ situation in competitive collaborations.

6 Conclusion

This study helps to visit and to investigate the theories of the R&D collaborations and
innovation as well as provides empirical evidences for developing such concepts. Our
empirical investigation shows a mixed result for R&D collaborations. Non-competitive
R&D collaborations (particularly with universities) are found positively correlated with
firm innovation while competitive R&D collaborations are also found positively moder-
ating the relationship between in-house R&D and firm innovation. Moreover, another main
contribution of this study is helping us to understand that competitive R&D collaborations,
through interacting with a firm’s in-house R&D, can still contribute to a firm’s innovation.

Previous studies suggest that seeking complementary resource is a major motivation for
R&D collaborations (Nonaka and Takeushi 1995; Nooteboom 1999; Lin 2003), which
implies that R&D collaborations can bring firms complementary resource for enhancing
their innovation. Our findings suggest that competitive R&D collaborations may indeed
increase the contribution of the existing internal resource (in-house R&D) for a firm’s
innovativeness. This provokes an important issue—not only can the complementary
resource derived from non-competitive R&D collaboration improve a firm’s innovation,
but also competitive R&D collaboration may contribute to a firm’s in-house R&D to its
innovation. Our result also suggests that a firm is encouraged to conduct non-competitive
and competitive R&D collaborations to enhance its innovation though competitive R&D
collaborations may generate less benefit, in terms of innovation performance, to firms due
to safeguarding mechanisms to prevent the leakage of firm advantage.

Business practitioners can take lessons from this research to help them develop effective
R&D policies. According to the RBV researchers, a firm’s technological competence or
innovation is a source of competitive advantage (Dosi 1982; Prahalad and Hamel 1990;
Schumpeter 1934; Teece et al. 1990). A more innovative firm might enjoy surplus profits
and a firm’s level of innovation will determine its future profitability. In-house R&D in
terms of full-time scientists and engineers is a key factor for enhancing a firm’s innovation.
Our findings suggest that not only their technical expertise can contribute to R&D activ-
ities, but also their learning in R&D collaborations can contribute to firm innovation. Thus,
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if firms, particularly for the high-tech firms, would like to generate profits in the future,
they should pay more attention to attract and retain more skilled R&D employees to
engage in in-house R&D activities. Another important implication for business practice is
that non-competitive R&D collaborations are more helpful for accessing the needed
complementary resource to improve a firm’s innovativeness than competitive R&D col-
laborations. Therefore, firms with a higher level of in-house R&D shall engage in more
non-competitive collaborations, particularly with universities. Our findings also have
implications for policy makers. We showed that R&D alliances with certain external
partners (such as universities and competitors) are conductive to firm innovation. Because
the aggregation of all firms’ innovation determines the extent of a nation’s innovation,
which in turn affects a nation’s economic development (Freeman 1987; Lundvall 1992;
Nelson 1993), governments should develop policies to encourage firms to work with
external organizations to accelerate the pace of firm innovation.

Finally, our findings lead to several future research directions. First, future studies are
encouraged to explore how firms can develop mechanisms to guard their own technology
know-how while working with other firms on R&D projects. Second, researchers can also
further examine what the best portfolio of R&D collaborations is as firms conducting
multiple R&D collaborative projects simultaneously. Finally, future research can extend
this stream of research with an investigation on how open innovation can successfully work
in competitive and non-competitive R&D collaborative projects.

There are also some limitations in this research. First, since we used the 7-years data for
independent variable (R&D collaboration types) and 10-years data for dependent variable
(patents) to smooth out the possibility of fluctuation effect of yearly data, a time lag issue
between independent variables and dependent variable may not be appropriately dealt with.
Future studies can use annual data to investigate this time lag issue. Moreover, the ana-
Iytical unit of this research was at a firm level instead of at a collaboration (or project)
level, which limits our investigation of the performance of the partner firms involved.
Future studies are encouraged to investigate the impact on the basis of a collaboration and
to gather the data of both parties to compare the gains to each party.
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