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1. Introduction

With the rapid development of science and technology and the increasing com-
petition of technology, the inter-organization innovation cooperation network is
playing a more and more important role in the process of firm’s technological
innovation. Cooperative innovation can help firm quickly master cutting-edge
technology, reduce the cost of firm’s R&D and control innovation risk, so as to
effectively enhance the innovation output of firms. In the international trend of
cooperative technology innovation becoming the main form of firm’s technolo-
gical innovation activities, firms are faced with strategic opportunities to join the
technology innovation network, acquire new knowledge, and enhance the tech-
nological innovation ability of firms [1].

The network position characteristics will affect the technological innovation
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performance of the firms in the cooperative technology innovation network, and
the firms occupying the superior network position can easily obtain valuable in-
formation and resources in the network. In addition to the network position, the
technology distance between firms and their partners (ie, the difference of
technology space between the two firms) will also affect the technology spillover
mechanism of innovation networks, and then affect the performance of coopera-
tive innovation. Scholars have conducted some independent research on the
impact of network position and technological distance on enterprise innovation.
But the research on how the network position and technology distance work to-
gether on the firm’s innovation output is still limited.

Based on the analysis of cooperative patent data of 189 firms in electronic in-
formation, power and equipment manufacturing industry in China during the
past 2003-2013 years, this paper discusses the impact of network position and
technology distance and the interaction between them on the performance of
cooperative technology innovation. This research is great significance for firms
to choose technology innovation partners and build technological innovation
network.

The reminder of the paper is organized as follows. In the next section, we de-
velop the research model and propose hypotheses. Then, we report data collec-
tion, variable measurement, and the results of the data analysis. Finally, we dis-

cuss the major findings and their implications for research and practice.

2. Theory and Hypothesis

2.1. Network Structure and Firm’s Cooperative Innovation Output

1) Network centrality and firm’s cooperation innovation output

Because of the rich information channels and information sources, firms with
high centrality can integrate this information to form unique and novel know-
ledge [2]. From the perspective of organizational learning theory, new informa-
tion and access to more business contact, more able to enhance their ability to
identify and study, so that firms can be more easily to obtain accurate and valua-
ble information, and will obtain external information and existing knowledge
integration, assimilation and absorption, the formation of new knowledge, fur-
ther to improve the performance of firm’s innovation [3].

Therefore, the following hypotheses are proposed:

Hypothesis 1a: the network centrality of firms has a positive impact on their
collaborative innovation output.

2) Structural holes and firms’ cooperative innovation output

According to the theory of structural holes, the concepts and behaviors be-
tween groups are heterogeneous compared to the ideas and behaviors within the
group [4]. Thus, individuals across multiple groups can acquire the ideas and
behaviors of another group more quickly. The firm’s structure hole in the net-
work is equivalent to an intermediary, plays a very important intermediary role,

will be responsible for each other without link connected firms, strategic posi-
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tion in a multi group information gathering, is the critical path of network in-
formation flow, so that the firm can control all kinds of key information and the
key resources, and may have some degree of control and information resources
in network and the flow way, enjoy the benefits of control structure caused by
the hole [5].
Accordingly, this paper proposes the following research hypotheses:
Hypothesis 1b: the position of the structural holes occupied by the firm has a

positive impact on its collaborative innovation output.

2.2. Technology Distance and Firm’s Cooperation Innovation
Output

Gilsing et al. (2008) argued that technology distance has a negative effect on ab-
sorptive capacity of firms in cooperative innovation networks, but has positive
effects on firm’s information value [6]. Therefore, when the distance is very
small, with the distance gradually increased, gradually improve the cooperative
innovation performance, when the distance exceeds a certain point, with the in-
crease of distance, cooperation and innovation network in firms cannot effec-
tively absorb knowledge, will lead to a gradual decline in the performance of
technological innovation. Mutual understanding is the foundation of establish-
ing the relationship of cooperative technological innovation, but firms may not
get heterogeneous information because they are too familiar with and under-
stand each other, which is not conducive to technological innovation. As a re-
sult, companies seek a partner who is not very familiar with them to learn new
knowledge, but it is too difficult to build a cooperative relationship with each
other through too much technical distance.

Accordingly, this paper proposes the following assumptions.

Hypothesis 2: there is an inverted U type relationship between technological

distance and technological innovation performance among firms.

2.3. Interaction between Network Structure and Technology
Distance

Occupying the superior network position is advantageous for the firm to obtain
the more valuable information, more convenient and quick searches the network
the resources, provides the condition for the firm’s technical innovation activity.
Technology distance is the precondition of knowledge spillover effect among
firms, so the interaction between network position and technology distance will
affect the cooperative innovation performance of firms. Firms with low network
centrality are at the edge of the network. There is less opportunity for them to
establish direct cooperation relationship with other firms, and obtain new in-
formation from outside. Therefore they can choose high technology distance
partners to enrich their technical knowledge. Thence the network center and
technology distance has a substitution effect. Firm’s structure holes play the role
of a bridge and an important intermediary role in the dense network, if we can

choose the high technology distance partners, will further promote the flow of

DOI: 10.4236/ajibm.2018.811145

2182 American Journal of Industrial and Business Management


https://doi.org/10.4236/ajibm.2018.811145

J.Y. Chi, L. Sun

technical knowledge in the heterogeneous network, enjoy higher gain new
knowledge and new knowledge to control income, so the firm’s structure holes
and technology the distance have complementary effect.

Accordingly, this paper proposes the following research hypotheses:

Hypothesis 3a: the interaction between technology distance and network
centrality has a negative impact on the cooperative technological innovation
performance of firms.

Hypothesis 3b: the interaction between technology distance and structural
holes has a positive impact on the cooperative technological innovation perfor-
mance of firms.

Based on the theoretical research of the above conceptual model, this paper
puts forward the relevant research hypotheses, and finally obtains the research

model and related assumptions as shown in Figure 1.

3. Research Design and Research Methods

3.1. Data Collection

The data of this study include the main sources: 1) the patent retrieval platform
of the State Intellectual Property Office, the platform covers the detailed infor-
mation of the eight key industries of patent application and authorization; 2) the
web sites of provinces and cities” Industrial and Commercial Bureau, these web-
sites can some obtain basic information such as the registered capital, registra-
tion time, and type of business of each company.

This study uses snowball sampling method to collect the sample data, the first
100 companies in 2013 Chinese electronic information industry hundred firms
on the list as the sample as the core of the firm’s cooperation innovation network;
and to identify these firms based on cooperation for invention patents of the firm;
finally through the analysis of patent data of all samples of firm’s cooperation the
identification of technical cooperation between firms. Three times through the
snowball method and implementation of the screening criteria, the cooperation
between firm’s technology innovation network consists of 189 companies, mainly

from electric and electronic information, equipment manufacturing

Technological Distance

Network Structure ~ Hypothesis 3 Hypothesis 2

I Hypdthesis 3b

Network centrality J\I\
Flypothes1s a Firm’s Cooperative

| Innovation Output
Structural holes ypothesis 1b

Figure 1. Research models and related hypothesis.
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and other three industries, these firms cooperation for 294 patents in 2003-2013.

3.2. Measurement of Dependent Variable

The dependent variable of the study is the firm’s cooperative innovation output.
The total number of cooperative patents granted by a firm and all other joint
patent companies during the 2003-2013 years is taken as the measurement index

of the firm’s cooperative innovation output.

3.3. Measurement of Independent Variable

1) Network centrality: Degree centrality is the most appropriate index to
measure the external information and knowledge ability of individual actors in
the measurement network. In this study, degree centrality is used as a measure
of centrality of firm’s networks [7].

2) Structural holes: The limit degree is a widely used index to measure struc-
tural holes, which represents the degree of scarcity of structural holes. In this
study, the difference between the 1 and the limit is used as the measurement
value of the number of structural holes [8].

3) Technical distance: Jaffe propose the concept of technical distance [9]. This
study uses the correlation coefficient method of firm’s patent portfolio proposed
by Bar et al to measure the technical distance between firms, which can be cal-

culated by the following formula [10].

Z DDk
_ x

D, =
(25) (57

Among them, 7D, represents the technical distance between firm 7and firm /|

and P, and Py represent the number of invention patents under class K patents
of firm /and firm /in a certain period of time. If the value is closer to 1, the
smaller the technical distance between the two firms, the closer the value is to 0,
the greater the technical distance between the two firms. In this paper, 1 — 7D;is
used as the measurement value of technical distance, and the average technical
distance between the firm and all partners is taken as the technical distance

measurement index of the node firm.

3.4. Measurement of Control Variable

The control variables included firm size, firm age and firm type. In this study,
the registered capital represents the size of the firm and the age of the firm is the
number of years experienced by the firm from the registration date to the date of
the data collection. In this study, the types of firms are divided into state owned
or state holding firms, wholly foreign-owned firms, Sino foreign joint ventures,
private firms and others, and 4 dummy variables are set up for the five types of

firms.
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4. Results and Discussion of Empirical Analysis

Using UCINET®6.0 social network analysis software, this paper constructs the
cooperative innovation network among firms, calculates the parameter value of
network position, and uses Stata 11 software to test the above hypothesis by us-
ing the method of hierarchical regression.

Table 1 shows the mean, standard deviation and correlation coefficient of all
variables. As shown in Table 1, network centrality, structural holes and coopera-
tive innovation output are significantly positively correlated with p < 0.1% level.

Table 2 lists the regression analysis results of the network structure and tech-
nology distance on the relationship between firm’s cooperation and innovation.
The data results show that model 1 to model 5 are statistically significant (p <
0.001). The model 1 goodness of fit statistic Pseudo R2, which only considers the
control variables, is 0.0551, which shows that the explanatory variables of the
control variables are relatively low in the cooperative technology innovation
performance.

In model 2, the network center of cooperative technological innovation per-
formance of the regression coefficient is 0.303 and significant at the 1% level, in-
dicating that the network centrality has significant positive effect on the perfor-
mance of technical innovation cooperation, which is in the center position of
network cooperative innovation performance of firms is higher, to verify the
hypothesis H1a.

From model 3 the regression coefficient of structure holes on the performance
of technical innovation cooperation is 1.671 and significant at the 1% level, in-
dicating the structure holes has significant positive effect on the performance of
technical innovation cooperation, namely the firm more rich in structural holes
occupy the network position, firm’s cooperation innovation performance is
higher, by verifying the hypothesis H1b.

From the model 4, 0.603 and significant at the 1% level is the regression coef-
ficient of technology distance, —0.872 and significant at the 1% level is the square
of the distance of the regression coefficient, indicating the existence of signifi-
cant inverted U relation performance of cooperative technology innovation and
firm’s technology distance between firms, technology distance is too large or too
small is not conducive to cooperation in technological innovation activities of

firms, there is an optimal value, through the verification of hypothesis 2.

Table 1. Descriptive statistics and correlation coefficients.

Mean standard Cooperative ~ Network  Structural —Technical
value deviation innovation centrality holes distance
Cooperative
. 4.05 8.24 1
Innovation
Network
ewor 0.18 0.41 0.694%%* 1
Centrality
Structural Holes 0.07 0.34 0.459*** 0.589 1
Technical
. 0.71 1.24 0.133 0.106 0.178 1
Distance

Note: *, * *, * * means p < 0.1, p < 0.05, p < 0.01, single tail test (the same below).
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Table 2. Regression analysis results of network structure and technology distance on
firm’s cooperative innovation output.

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Firm’s Scale 0.186*** 0.088*** 0.082*** 0.076*** —0.045**
(0.000) (0.002) (0.009) (0.009) (0.017)
Firm’s Age -0.003 —-0.004 0.000 0.003 0.002
(0.672) (0.547) (0.967) (0.672) (0.730)
State-Owned Enterprise ~ —0.511** —-0.104 —-0.097 -0.060 0.209
(0.044) (0.641) (0.677) (0.776) (0.316)
Foreign Enterprise —-0.609* -0.302 -0.324 -0.284 —-0.054
(0.093) (0.347) (0.327) (0.355) (0.859)
Joint Enterprise —0.948** -0.571 —-0.472 -0.418 -0.313
(0.036) (0.157) (0.253) (0.278) (0.415)
Private Enterprise -0.136 -0.026 0.081 -0.083 -0.081
(0.617) 0.912) (0.742) (0.712) (0.719)
Network Centrality 0.303*** 0.788*** 0.173%** 0.595%**
(0.000) (0.000) (0.000) (0.000)
Structural Holes 1.671%** 0.787*** 0.165**
(0.000) (0.001) (0.041)
Technical Distance 0.603*** 0.306***
(0.000) (0.002)
Technical Distance A2 —0.872*** 0.075
(0.001) (0.310)
Network Centrality x —0.304**
Technical Distance (0.038)
Structural Holes x 0.347*4**
Technical Distance (0.000)
Constant term —-0.094 0.109 0.208 0.174 1.323%**
(0.828) (0.771) (0.605) (0.588) (0.000)
alpha 0.727*** 0.462** 0.504*** 0.365** 0.349**
Log likelihood —464.463 —427.418 —437.586 —414.341 —411.255
LR Chi-square 54.17%* 138.26*** 107.92*** 154.41%* 160.5%**
Pseudo R? 0.0551 0.1305 0.1098 0.1571 0.1643

The Pseudo R* of model 5 was 0.1643, which was not only higher than that of
model 4 Pseudo R* (0.1571), but also the highest among all models, indicating
that the technology distance had significant moderating effect, so model 5 had
the best explanatory level for dependent variables. Compared with the results of
model 5 and model 4 shows that the network technology center distance is sig-
nificant at the 5% level, and the regression coefficient is —0.304, that technology

distance plays a negative moderating effect on the network centrality influence
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on the performance of technical innovation cooperation in technology when the
distance is, the impact of network centrality on cooperation the smaller the per-
formance of technology innovation. The interaction effect between structure
holes and technology distance is significant at the 1% level, the regression coeffi-
cient was 0.347, indicating the technology distance plays a regulatory role in the
impact of the structural holes on the cooperative technological innovation per-
formance. When the technology distance is bigger, the effect of structural holes
on cooperative innovation performance is more. Hypothesis 3a and hypothesis

3B were validated by regression analysis.

5. Discussion and Implications

5.1. Discussion

According to the collation and analysis of the empirical analysis results, this
study draws the following conclusions:

1) Both the location of the network center and the location of the structural
holes have a positive impact on the firms’ cooperative innovation output. When
the firm is in the central position of the network, it is easier to search the re-
sources in the network and obtain more valuable information, in order to iden-
tify the most appropriate partners with complementary skills, so as to promote
cooperative innovation. The firm occupies the structural hole position, means
that the firm plays the role of a bridge, because it can control all kinds of key in-
formation and key resources, you can quickly learn new market opportunities
and potential risk, improve the success rate of cooperative innovation activities,
promote cooperation and innovation output.

2) There is an inverted U relationship between technological distance and co-
operative technological innovation performance. The distance by a factor of two
absorption ability and information value influence the cooperative innovation
performance of firms, the greater the technology distance firms to provide more
abundant information flow, the higher the value, is conducive to cooperation
and innovation activities, but firms effectively absorb knowledge and technology
into production and technology innovation but the distance is negative correla-
tion.

3) The interaction between technology distance and network centrality has a
negative impact on the technological innovation performance of firm’s coopera-
tion. For firms with high technology distance, the positive impact of network
centrality on cooperative technology innovation performance is relatively weak,
while for firms with low technology distance, network centrality has a positive
impact on cooperative technology innovation performance. This shows that
when the firm’s technology distance with other partners is large, rich informa-
tion resources of firms through technological distance brought to replace the
center position in the firm’s cooperation in the network information resources,
so as to reduce the effect of network centrality on cooperative innovation per-

formance. And when the technical distance between firms is relatively small, it is
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necessary to obtain the information resource revenue through the central posi-
tion of the dominant position in the network, so as to improve the performance
of cooperative innovation.

4) The interaction between technology distance and structural holes has a
positive impact on the technological innovation performance of firm’s coopera-
tion. When the technical differences between firms and their cooperative firms
are relatively large, the positive influence of structural holes on cooperative
technological innovation performance is strong, otherwise it is relatively weak.
This shows that if the establishment of technical cooperation firms and technol-
ogy is very close to the firm, even if the firm is on structure holes position, the
network for the firm to provide novel information potential is very limited, and

cannot effectively the network position advantage into technological innovation.

5.2. Implications for Practice

According to the conclusions of the empirical analysis, this study has some en-
lightenment for the management practice of domestic and foreign firms:

1) Taking advantage of the location of the network center and the location of
the structure holes are beneficial to enhance the performance of cooperative
technology innovation. Therefore, firms should consciously and actively expand
the potential partners, and strive to maintain the existing cooperative firms, to
build a wide range of cooperation between firms to enhance their own network,
in the network center, and access to the network more innovative resources, en-
hance the ability of cooperative innovation.

At the same time, firms should actively establish cooperation relationship with
different types of firms, try to act as the bridge of different cooperation groups,
and absorb heterogeneous technology knowledge extensively, so as to occupy the
structural holes position which is beneficial to cooperative innovation perfor-
mance.

2) The technical distance between firms is too large or too small to help firms
to cooperate in technological innovation performance, and there is an optimal
technology distance to maximize the technological innovation performance of
firms. Firms can adjust firm’s development strategy and partner selection strate-
gies according to their actual situation: when the firm is in mature stage, in a
technical field has been at the leading level, has the strong ability of scientific re-
search and technology knowledge absorptive capacity, firms can choose different
technology firms establish a technology partnership, contact technical know-
ledge more in other areas, and actively expand the field of firm’s technology, the
required technical innovation search firm’s external resources, the pursuit of
more radical product innovation value, and promote the technological innova-
tion performance of firms; when the firm is in the initial stage, the technical level
of firms is still relatively low, the firm can establish technical cooperation and
technology selection comparison of small firms, new technology and knowledge
more to learn and absorb external firm, actively enhance the technical level of

firms, and gradually enhance the competitiveness of firms in the market, and
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strive to catch up with the industry leader in the market.

3) The relationship between technology distance negatively regulating net-
work centrality and cooperative technology innovation performance positively
moderates the relationship between structural holes and cooperative technology
innovation performance. When the firm is not in the network center, the firm
acquired from the network information resources are limited, the firm can
properly select firm’s technology gap to establish technical cooperation, to make
up for the firms in the network position advantage, actively acquire new know-
ledge in order to promote the technology on the development of the firm’s co-
operative network. When the firm is in the structure holes position of the coop-
erative network, firms can obtain more heterogeneous knowledge and commu-
nication and control of heterogeneous knowledge in the network, if the estab-
lishment of cooperative relationship between firms and the selection of technol-
ogy is large, the value of information and control of income will be further en-
larged. Therefore, this paper provides guidance for firms to build cooperative
technology innovation network, select the location of firms in the network and
how to select partners.

The shortcomings of this study are that it has only 189 nodes in its coopera-
tive network. So the network is only enough for the perspective of the overall
network construction the static network of firm’s cooperative innovation.
Therefore, future research can consider to construct a larger firm’s collaboration
network, and examine the impact of firm’s network position in local network on
firm’s collaborative innovation, and can collect panel data for further dynamic
test.
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