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This study analyzes how knowledge-based network affects the dual innovation performance. Dual innovation includes 

exploratory and exploitative innovation, and knowledge-based network represents the relationships among knowledge-based 

elements. We take 269 enterprises having gone public in Shanghai and Shenzhen stock markets of the electronic information 

industry of China as samples and get the patent data for 5 years from 2014 to 2018. We consider building the knowledge-

based network structure based on social network analysis method, and measure three features of the knowledge-based 

network, that are density, centralization and structure hole. We test the relationship between three network features and dual 

innovation performance through negative binomial regression method. The results indicate that there is an inverted U-Curve 

relationship between density and exploitative innovation performance. There is an inverted U-curve relationship between 

centralization and exploratory innovation performance. There is an inverted U-curve connection between the structure hole 

and the dual innovation performance.  

 

Keywords: Knowledge–Based Network; Density; Centralization; Structure Hole; Exploitative Innovation; Exploratory 

Innovation. 

 

Introduction 

As the contradiction between resource environment and 

economic development is increasing prominently, people 

gradually realize that ecological carrying capacity has 

become the endogenous variable and rigid constraint 

condition of sustainable economic development. With the 

rapid development of manufacturing technology, the 

uncertain market environment and excessive ecological 

pressure force enterprises to carry out technological 

innovation. Innovation is the foundation of industrial 

development, so the purpose of innovation is to use less 

resources to create more performance. 

Global externalization can be an effective approach to 

acquire access to worldwide knowledge. Nowadays 

manufacturing industry technology is developing rapidly 

and the uncertain market environment forces enterprises to 

carry out technological innovation. The “dualism” points 

out that under this scenario, the enterprise must take into 

account multiple activities at the same time (Gibson & 

Birkinshaw, 2004). In the process of technological 

innovation, manufacturing enterprises face the contradiction 

of developing new technologies or utilizing existing 

technologies. If enterprises cannot weigh the development 

and utilization of new and old technologies better, it is 

difficult to achieve performance goals (Fan & Liu, 2014). 

This is consistent with the “dualism” in organizational 

management. Enterprise knowledge base is the premise of 

technological innovation activities.  

Knowledge-based theory states that new knowledge can 

be generated through the utilization and recombination of 

the accumulated stock of knowledge to form new 

technologies. This is the process of technological innovation. 

Knowledge is an important resource for enterprise 

development and has an important impact on enterprise 

technological innovation. Knowledge base theory defines 

knowledge base as the combination of R&D investment and 

human capital, but more and more research is beginning to 

pay attention to the internal structure of knowledge-based 

elements. Modern technological innovation theory 

emphasizes the importance of knowledge structure, that is, 

in the process of technological innovation of enterprises, the 

importance of knowledge-based structure far exceeds the 

importance of knowledge-based element itself. 

The knowledge-based structure reflects the enterprise's 

use of resources, the enterprise's existing core technology, 

mailto:lclbbsyh@163.com
http://dx.doi.org/10.5755/j01.ee.33.1.25899


Hao Jia-Jia, Li Chunling, Yuan Runsen, Khansa Pervaiz, Muhammad Asif Khan, Sun Xiaoran. Dual Innovation…  

- 48 - 

enterprise’s organization structure and production process. 

By optimizing the enterprise’s knowledge-based structure, 

it can improve the efficiency of knowledge reorganization, 

create new knowledge, and ultimately improve the dual 

innovation performance. Knowledge-based network is the 

product of the integration of knowledge-based theory and 

modern technological innovation theory. Therefore, the 

knowledge-based network not only emphasizes the 

importance of knowledge-based elements, but also includes 

the importance of knowledge architecture. 

Therefore, this article studies the relationship between 

the knowledge-based network and the dual innovation 

performance so that it can clarify how enterprises use the 

knowledge-based elements to carry out technological 

innovation and can also discover the effect path of the 

enterprise knowledge-based structure on the dual innovation 

performance. The study can provide purposeful and 

effective reference and method to improve enterprise 

innovation performance scientifically. 

Firstly, we define enterprise exploratory and 

exploitative innovation performance intuitively using 

invention patents. Secondly, through the social network 

analysis method we construct the enterprise knowledge-

based network structure using the industrial patent data and 

visualize it. We analyze the relationship between network 

density, centralization, structural hole, exploitative 

innovation, and exploratory innovation. Finally, we 

summarize the suggestions of improving knowledge 

management efficiency and improving enterprise dual 

innovation performance from the perspective of optimizing 

knowledge-based network. 

 
Literature Review and Hypothesis  
 

Knowledge Base and Dual Innovation 
 

According to the development and utilization of new 

and old technologies the technological innovation activities 

of enterprises are divided into exploratory innovation and 

exploitative innovation. The two sides are called dual 

innovation which is contradictory parties that need to be 

weighed by innovation management. The exploitative 

innovation refers to the enterprise to conduct more in-depth 

mining based on current knowledge. The purpose is to make 

the existing technology more useful. The exploratory 

innovation means the process through which enterprises 

break the limit of the stock knowledge and increase the types 

of knowledge to acquire new knowledge and apply it 

successfully (Guan & Liu, 2016) . To conduct exploitative 

innovation the different ways of acquiring knowledge, 

enterprises takes the fully advantage of original knowledge, 

reduce innovation costs, reduce innovation risks and at the 

same time improve the competitive advantage in the original 

technology fields and markets. The result is an increase the 

economic benefits of enterprises. When enterprises engage 

in exploratory innovation, they start to enter other technical 

fields as well and need to find new breakthroughs in 

technology. It will increase innovation costs and risks but at 

the same time it will also get rid of the dependence on the 

original technology trajectory and help enterprises explore 

new ways. Its core competitiveness makes it a new 

economic growth pole (Garcia-Vega, 2006). Therefore, dual 

innovation has an essential supporting role for the 

sustainable development of enterprises and improving the 

dual innovation performance of enterprises has become the 

development direction of enterprise technological 

innovation. 

The theory of modern technological innovation believes 

that knowledge architecture is more important than 

knowledge component (Henderson & Cockburn, 1996; 

Henderson & Cockburn, 1994). In the process of 

technological innovation, the importance of knowledge-

based elements is far less important than the inherent 

relationship formed between knowledge-based elements. 

Because the intrinsic relationship formed between the 

knowledge-based elements can reflect the reorganization 

and exploit of knowledge in the process of technological 

innovation which reflects the technological innovation path 

of enterprises. The coupling degree between enterprise 

innovation strategy and knowledge structure is positively 

related to enterprise innovation performance. When 

enterprise knowledge structure is in the state of high element 

and low structure, enterprises should adopt exploitative 

innovation strategy. On the other hand, when enterprise 

knowledge structure is in low element and high structure, 

enterprises should adopt an exploratory innovation strategy 

(Yao & Li, 2014). With regard to knowledge management, 

scholars have used bibliometric methods to analyze the 

knowledge structure and its evolution process of exploratory 

and exploitative innovation (Jia, Wang & Cao, 2019; Liu, 

Lu & Mei, 2018) . Scholars have analyzed the evolution of 

the characteristics of knowledge structure from the 

perspective of patents (Xu, Z & Chen, 2019). Technological 

innovation relies on knowledge search, both the breadth and 

depth of knowledge have a positive impact on internal 

knowledge search. At the same time structural holes can 

promote this positive effect (Wang et al., 2019). Excessive 

knowledge search depth will have a negative effect on the 

innovation performance, but the width of the knowledge 

base will buffer this negative effect. Excessive knowledge 

search will have a negative effect on the innovation 

performance of the enterprise and at the same time the width 

of the knowledge base will increase this negative effect. 

Knowledge-Based Network Structure and Innovation 

Performance 

Of course, knowledge management is important but the 

impact of knowledge-based structure on corporate 

innovation performance cannot be ignored. Some scholars 

have studied how the knowledge-based scale and 

knowledge-based characteristics can improve innovation 

performance (Colombelli, 2014; Dibiaggio, Nasiriyar & 

Nesta, 2014; Wang et al., 2014). Enterprise network 

centrality positively affects new product development 

performance through knowledge width and knowledge 

depth; structure holes positively affect new product 

development performance through knowledge width (Chen 

& Zeng, 2019). In the context of technology mergers and 

acquisitions, there is an inverted U-shaped relationship 

between the similarity of knowledge structure and corporate 

innovation performance. There is also an inverted U-shaped 

relationship between the complementary of knowledge 

structure and corporate innovation performance (Mao, Shi 
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& Chen, 2019). The network centrality and network scale 

can improve the efficiency of external knowledge 

acquisition and knowledge transfer along with the network 

diversity promotes the efficiency of external knowledge 

acquisition (Zhan, 2019). 

The complex knowledge–based network structure 

represents the complex process of enterprise knowledge 

integration. Enterprises can create more new knowledge to 

improve corporate innovation performance (Guan & Liu, 

2016). There is an inverted U-shaped relationship between 

the aggregation of the knowledge-based elements that 

constitute the knowledge-based network and innovation 

performance (Yayavaram, Srivastava & Sarkar,  2018). 

Knowledge–based network can play a role as a structural 

coupling between countries and countries, which can 

promote the coupling between knowledge and the market. 

The degree of coupling depends on the innovation model 

and geographic scale of the knowledge-based network  
Tsouri, Hanson & Normann, 2021). The goal of knowledge 

management is to establish a regional knowledge-based 

network to achieve regional sustainable development 

(Shahraki, 2019). Knowledge-based network as a policy 

mechanism plays an important role in the growth of regional 

knowledge (van Aswegen & Retief, 2020). The average path 

length and agglomeration coefficient of the industry-

university-research cooperation network have an important 

impact on c innovation, and the width of the knowledge base 

has a moderating effect on the relationship between the two 

(Yi & Junhui, 2017). The threshold effect of four knowledge 

acquisition methods on innovation under the depth and 

breadth of the knowledge base. It proves that the depth and 

breadth of knowledge base have a threshold effect in the 

influence of knowledge acquisition on innovation 

performance (Zibiao, Keyuan & Jingjing, 2021). The 

structure hole of the industry-university-research cooperation 

network has an important influence on the dualistic 

innovation of enterprises, and the knowledge base has a 

moderating effect in it (Junhui & Yi, 2020). The density of the 

knowledge-base network has a negative effect on the 

company becoming a key developer. The knowledge-based 

network centralization presents a U-shaped relationship, 

while the disaggregation presents a positive correlation. 

Knowledge integration ability has an intermediary effect in 

the influence of knowledge-based network density and 

centralization on enterprises becoming key developers (Yan, 

Hong & Cong, 2020). 

The impact of both knowledge management and 

knowledge-based structure on innovation performance is 

directly or indirectly affected by the knowledge-based 

structure. Therefore, exploring the impact of the knowledge-

based structure on the innovation performance has become 

a hot topic. However, the nature of the knowledge-based 

individual network cannot reflect the overall structure of the 

knowledge-based network. At the same time, enterprises 

that implement different innovation development strategies 

use knowledge differently. The domain to which the 

enterprise's knowledge base belongs has a great influence 

whether the enterprise conducts exploratory innovation or 

utilization innovation. 

 
 

Knowledge-based Network Density and Dual 

Innovation Performance 

In social network, the relationship among individuals 

can be explained by network characteristics (Scott, 1988). 

Network density is one of the important attributes of social 

network which refers to the close connection among the 

points of the network diagram. As the connection increases 

of fixed-scale network, the connections between nodes 

become closer and the network density also become higher. 

The actions and attitudes of nodes are largely influenced by 

other nodes that is; the greater the density of the network the 

more similar the characteristics of the nodes and stronger 

the consistency of the nodes (Scott, 2016) . 

Knowledge-based network density refers to the 

correlation among knowledge elements in the process of 

technological innovation. The greater the density of the 

knowledge-based network, the richer the experience 

accumulated by the enterprise on the basis of existing 

knowledge as well as stronger the enterprise’s confidence in 

recombining knowledge for exploitative innovation. In 

addition, the greater the density of the knowledge-based 

network of the enterprise, the more in-depth the enterprise 

can know the relationship between the elements. The 

outcome is better grasp of the market demand for 

exploitative innovation resulting from the recombination of 

knowledge which can improve the exploitative innovation 

performance and create value faster (Scott, 2016). However, 

when the density of the knowledge-based network exceeds 

a certain value, the greater the similarity between the 

knowledge the less likely it is that enterprises will generate 

new technologies through recombination of the knowledge 

base. The exploitative innovation performance will decline, 

and the enterprise will fall into the “technology dependence” 

predicament. 

When the density of the enterprise knowledge-based 

network is small, the enterprise's technological innovation 

capability is insufficient. In turn, the exploratory innovation 

performance is low. Increasing the density of the 

knowledge-based network can promote enterprises to 

overcome the limitation of knowledge deficiency to carry 

out exploratory innovation and increase the variety of 

technologies. However, when the density of the knowledge-

based network structure exceeds a certain value, it indicates 

that the existing technologies of the enterprise are highly 

correlated and the existing product market of the enterprise 

is relatively mature. The enterprise is unwilling to increase 

costs and enter new technology fields. Performance of 

exploratory innovation performance declined. 

Based on the above analysis, the following hypotheses 

are proposed: 

Hypothesis (1a): There is an inverted U-Curve 

relationship between the density of enterprise knowledge-

based network and exploitative innovation performance. 

Hypothesis (1b): There is an inverted U-Curve 

relationship between the density of enterprise knowledge-

based network and exploratory innovation performance. 
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Knowledge-based Network Centralization and Dual 

Innovation Performance 

The centralization is another important indicator to 

describe the social network. It refers to the degree to which 

the network structure is built around a certain point or points 

(Miller, 2002). If the centralization of the network structure 

is larger it indicates that the social relationship of the graph 

is formed around one or several subjects. For example, the 

organizational structure of an organization is formed around 

departmental leaders. The central character will exist in a 

small group whose role is to connect scattered individuals if 

the central character in the small group withdraws, the group 

will disappear. 

Centralization of knowledge-based network refers to 

whether the generation of new knowledge elements depends 

on one or some knowledge-based elements. When the 

enterprise's knowledge-based network structure has a 

central point, the enterprise has core technologies that can 

survive for a long time in a highly competitive market. Other 

technologies are based on core technologies and are 

extension of core technologies. When the enterprise's 

knowledge-based network structure does not have a central 

point, that is, when the knowledge-based network has a low 

centralization, the enterprise does not have core 

competitiveness, and the enterprise has a low degree of 

“technical dependence”. Enterprise will not be limited by 

the initial investment in technological innovation, and it will 

have more energy and capital for exploitative innovation 

and exploration innovation. 

However, as the market scope of the enterprise expands 

and business volume increases over time, enterprises begin 

to respond to fierce market competition. Currently, the 

centralization of the enterprise's knowledge-based network 

continues to increase beyond a certain range, and the 

enterprise focuses on the existing technology product 

market and has to reduce investment in exploitative 

innovation and exploration innovation. At this time, the dual 

innovation performance is reduced. 

Based on the above analysis, the following hypotheses 

are proposed: 

Hypothesis (2a): There is an inverted U-Curve 

relationship between the centralization of the enterprise 

knowledge-based network and the exploitative innovation 

performance. 

Hypothesis (2b): There is an inverted U-Curve 

relationship between the centralization of the enterprise 

knowledge-based network and exploratory innovation 

performance. 

Knowledge-based Network Structure Hole and Dual 

Innovation Performance 

The well-known professor of sociology and strategy at 

the University of Chicago's School of Business Ronald Burt 

(1992) defined structural holes. He pointed out that the 

structural hole (SH) is a buffer, which is equivalent to the 

insulator in the wire line. As a result, the benefits of the two- 

relationship people who have structural holes with each 

other contribute to the network can be accumulated but not 

overlapping (Burt, 1992). The essence of a structural hole is 

the non-repetitive relationship between two contacts. 

The knowledge-based network structure hole refers to 

the hub-type knowledge node used by the enterprise in 

technological innovation. A hub-type knowledge node 

refers to the ability to spread radioactively in another 

technology area by breaking through one technology. When 

the structural hole is small, there are fewer network structure 

bridge nodes formed by the basic knowledge elements of the 

enterprise, and the technical fields to which the basic 

knowledge elements belong are similar, so whether the 

enterprise carries out exploitative innovation or exploration 

innovation, knowledge base can be absorbed and 

transformed well to create new knowledge and improve dual 

innovation performance; but with the increase of 

knowledge-based network structure hole, the distance 

between knowledge-based element increases and the 

similarity decreases. The infinite increase of structure holes 

results in each knowledge-based element becoming isolated 

node, there is no connection between nodes, and the cost and 

risk of enterprises carrying out exploitative innovation and 

exploratory innovation have greatly increased, which leads 

to a decrease in the dual innovation performance of 

enterprises. 

Based on the above analysis, the following hypotheses 

are proposed: 

Hypothesis (3a): There is an inverted U-Curve 

relationship between the knowledge-based network 

structure hole and the exploitative innovation performance. 

Hypothesis (3b): There is an inverted U-Curve 

relationship between the knowledge-based network 

structure hole and exploratory innovation performance. 

Method 

Sample and Data  

The technology of the electronic information industry 

has developed rapidly and has extensive experience in 

innovation. This article takes the enterprises having gone 

public in shanghai and Shenzhen stock markets of the 

electronic information industry of China as the research 

objects and referring to previous research on the knowledge-

based network structure obtains patents for five years from 

2014 to 2018 from the “National Key Industry Patent 

Information Service Platform” database. Other data are 

obtained from the CSMAR database. The samples with 

missing values are excluded, a total of 269 valid samples are 

obtained.  

Measures  

Dependent Variables 

This paper refers to the measurement method of dual 

innovation performance proposed by Guan & Liu, the 

technical categories included in all patents of enterprises 

from 1985–2011 is as the basis, then we count the patents in 

the same technology category and the patents in the new 

technology category between 2014–2018 respectively. The 

exploitative innovation performance is measured by the 

increased number of the same type of patents compared to 

1985–2011. The exploratory innovation performance is 

measured by the number of the new type of patents 

compared to 1985–2011 (Guan & Liu, 2016). 
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Independent Variables 

Drawing on the research of Yayavaram & Ahuja, the 

knowledge base is regarded as a network, the nodes 

represent the knowledge-based elements, the edges 

represent the connections between the knowledge-based 

elements (Yayavaram & Ahuja, 2008). According to the 

International Technology Classification Standard (IPC), 

patent technology is divided into parts, divisions, large 

classes, small classes, main groups, and groups. This paper 

classifies them according to the technical standards of large 

classes. If an enterprise's patented technology belongs to 

two large classes, there is a connection between the 

knowledge-based elements, in other words there is a 

connection between the two nodes. As shown in Figure 1, 

nodes 1, 2, 3, and 4 respectively represent the types of large 

classes in the technical classification standard, which are 

called knowledge-based elements. When a patent 

technology belongs to both 1 and 3 categories, a connection 

will be formed between the two knowledge-based elements. 

When a patent technology belongs to both 1 and 4 categories, 

a connection will be formed between the two knowledge-

based elements, and the formation principle of other 

connections is the same. This paper builds an enterprise 

knowledge-based network through UCINNET 6.0 and 

calculates the structure eigenvalues of the knowledge-based 

network (Liu, 2009). 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic Diagram of Knowledge-based Network Structure 

 

(1) Density. Network density is one of the important 

characteristics of the network structure. It is the ratio of the 

actual number of connections in the network to the 

maximum number of possible connections. The calculation 

formula is: 

(n 1) / 2

l
density

n



                      (1) 

Among them, l denotes the actual number of 

connections in the knowledge-based network, and n denotes 

the number of nodes in the knowledge-based network. 

Because the network density expressed by this formula is 

determined by the number of nodes, the knowledge-based 

networks density of different scales is not comparable. This 

paper uses the research of Kesselheim (Kesselheim & Avorn, 

2010) to calculate the absolute network density. The 

calculation formula is as follows:  

3(4 / 3 )

l
density

cr d
                       (2) 

Among them, l denotes the actual number of 

connections in the network; C denotes the longest path in 

the network; d denotes the possible shortest path between 

the two points with the longest path; r denotes the radius of 

the network, that is, r= (1/2) d. 

(2) Centralization. The centralization r indicates 

whether the formation of the enterprise knowledge-based 

network structure revolves around one or several points. The 

calculation formula is as follows:  

*

1

*

1

(n ) (n )

max (n ) (n )

n

D D i

i
D n

D D i

i

entralization

C C

C

C C





  


  





       (3) 

Among them, 
*(n )DC  is the maximum absolute 

degree of node in the knowledge-based network, (n )D iC  

is the absolute centralization of each node, N is the number 

of nodes in the knowledge-based network. Numerator 

represents the sum of the difference between the maximum 

absolute centrality and the absolute centrality of all nodes in 

the knowledge-based network. Denominator represents the 

possible maximum of numerator. The greater the 

centralization of enterprise knowledge-based network 

structure, the more the enterprise depends on one or more 

knowledge-based elements. 

(3) Structure hole. Structure hole represents "bridge" 

nodes connecting two unrelated knowledge elements, and 

each "bridge" represents a structure hole. Enterprise 

knowledge–based network with structure hole can help 

enterprises obtain more information, and can occupy more 

differentiated information for information integration 

(Mcevily & Zaheer, 1999). Butt's structure hole index has 

four dimensions: effective scale, efficiency, limitation, and 

grade. To explain the role of structure hole in the process of 

dual innovation, this paper uses the effective scale to 

measure, and the formula is as follows: 
 

1 iq jq

j q

c p m
 

  
 

                      (4) 

Among them, 
iq jq

q

p m   represents the redundancy 

of knowledge-based network structure. The sum of the 

individual size of all knowledge-based elements minus the 

redundancy of the network is the effective scale of the 

knowledge-based network structure. 

Control Variables 

To reduce the impact of other factors on the dual 

innovation performance, combined with previous research 

on innovation performance, this paper regards enterprise 

size, R&D intensity, knowledge-based scale, enterprise 

establishment period, enterprise location and enterprise 

nature as control variables. Among them, enterprise size is 

1 2

3 4
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expressed by the logarithm of their business income; the 

R&D intensity is expressed by the proportion of their annual 

R&D investment to their annual business income; the 

knowledge-based scale is expressed by the number of patent 

types of enterprises in the previous year; enterprise 

establishment period is expressed by the number of years of 

establishment of enterprises; and enterprise location belongs 

to the eastern, central and western parts of the country 

according to the location of enterprises registered, which is 

expressed by three virtual variables: 0, 1 and 2. The 

enterprise nature includes two cases: non-state-owned and 

state-owned, which are represented by two virtual variables: 

0 and 1. 

The dependent variable is non-negative counting. 

According to Hausman et.al (Hausman, Hall & Griliches, 

1984), we use the negative binomial regression model for 

analysis, which is realized by stata14.0. Continuous numeric 

variables are winsorized at 99 % level. 

 

 

 

 

 

 

Results 

Regression Model 
6

2

0 1 2 3

1

j i i i i i m m i

m

y x x z    


        (5) 

Among them, jy
 denotes the dependent variable, ix

 

denotes the independent variable, 
mz  denotes the control 

variable, and i  denotes the random error term. 

Descriptive Statistics 

The correlation coefficients and mean values of all 

variables are shown in table 1. The correlation coefficient of 

all variables does not exceed 0.6. Knowledge-based scale is 

expressed by the number of patent types of enterprises in the 

previous year, it will be affected by R&D investment, it has 

high correlation with the enterprise’s R&D investment, so 

knowledge-based scale’s VIF is to 9.470, but not more than 

10. The VIF of other variables are less than 2.5. So, there is 

no serious multiple collinearity among the variables. These 

variables can be added to the regression equation for 

regression analysis. 
Table 1 

Correlation Coefficient and Descriptive Statistics of Main Variables 

variable 1 2 3 4 5 6 7 8 9 

1exploitative innovation 1         

2exploratory innovation 0.0790 1        

3 density -0.1070* 0.0520 1       

4 centralization -0.0950 0.0940 -0.1330** 1      

5 structure hole 0.1160* 0.0510 -0.2700*** 0.0620 1     

6 enterprise size -0.1340** -0.035 0.0740 -0.22*** -0.0270 1    

7 R&D investment -0.0130 -0.11* -0.0120 0.0310 -0.139** -0.0350 1   

8 establishment period 0.0850 0.0890 -0.1870*** -0.0270 0.172*** -0.0210 -0.0330 1  

9 knowledge-based scale 0.0780 0.0100 -0.4380*** 0.0620 0.344*** -0.0180 -0.16*** 0.171*** 1 

10 eastern 0.0620 0.0700 -0.0160 0.0510 0.0120 0.0260 -0.145** -0.0270 0.0100 

11 central -0.0370 -0.063 -0.0480 -0.0520 -0.0750 -0.0480 0.148** -0.0520 -0.0700 

12 western -0.0460 -0.030 0.0730 -0.0160 0.0630 0.0140 0.0440 0.0920 0.0590 

13 state-owned -0.0130 -0.079 0.311*** -0.0790 -0.296** -0.103* -0.0510 -0.216*** -0.242** 

14 non-state-owned 0.0130 0.0790 -0.311*** 0.0790 0.296*** 0.103* 0.0510 0.216*** 0.242*** 

mean 16.3200 0.7780 0.4860 1.4770 7.1180 4.2830 7.2780 18.340 9.405 

Standard deviation 10.2500 1.1570 0.3480 4.2290 5.8070 1.6790 5.4520 4.5280 8.946 

VIF    2.1100 1.0900 1.0720 1.0900 1.1000 1.1000 9.4700 

 

variable 10 11 12 13 14 

10 eastern 1     

11 central -0.592*** 1    

12 western -0.449*** -0.100* 1   

13 state-owned 0.0330 -0.0230 -0.0220 1  

14 non-state-owned -0.0330 0.0230 0.0220 -0.42*** 1 

Note：***p< 0. 01，** p< 0. 05，* p< 0. 1, enterprise location and enterprise nature are virtual variables, so , we do not report their mean, standard deviation 

and VIF  

 

Analysis of Regression Results 

Table 2 shows the regression results. Model 1 and 

model 2 examine the effects of control variables on 

exploitative innovation and exploratory innovation. Model 

3 to model 8 test the impact of independent variable on dual 

innovation performance.
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Table 2 

The Result of Negative Binomial Regression

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

 
Exploitative 

innovation 

Exploratory 

innovation 

Exploitative 

innovation 

Exploratory 

innovation 

Exploitative 

innovation 

Exploratory 

innovation 

Exploitative 

innovation 

Exploratory 

innovation 

R&D investment 
0.0447***

（4.4800） 

-0.0082（-

0.4200） 

0.000302 

（0.0400） 

-0.0286 

（-1.6300） 

-0.000710 

（-0.0900） 

0.00823 

（0.3900） 

0.000737 

（0.1000） 

-0.0236 

（-1.3200） 

Enterprise 

establishment 
period 

-0.0114（-

0.8800） 

0.0136 

（0.6900） 

0.0066 

（0.7400） 

0.0304 

（1.4800） 

0.0087 

（0.95） 

0.0102 

（0.4400） 

0.0107 

（1.1300） 

0.0322 

（1.5700） 

Knowledge-based 

scale 

0.0895***

（14.9900） 

0.0178* 

（1.9300） 

-0.0268 

（-1.6000） 

-0.0754** 

（-2.2100） 

-0.0181 

（-0.97） 

0.0539*** 

（3.1700） 

-0.0112 

（-0.5800） 

-0.0608* 

（-1.8000） 

Enterprise size 
0.0579

（0.8200） 

0.0494 

（0.3700） 

-0.0661*** 

（-2.8500） 

-0.0272 

（-0.5000） 

-0.0612** 

（-2.58） 

0.1180 

（0.6400） 

-0.0617*** 

（-2.6800） 

-0.0373 

（-0.6800） 

 eastern 
0.267 

（1.300） 

0.492 

（1.430） 

0.0584 

（0.430） 

0.259 

（0.820） 

0.148 

（0.970） 

-0.210 

（-0.560） 

0.103 

（0.680） 

0.284 

（0.840） 

central 
0.252 

（0.960） 

0.429 

（1.100） 

-0.0780 

（-0.400） 

-0.183 

（-0.410） 

0.0553 

（0.270） 

-0.908** 

（-2.140） 

0.0240 

（0.902） 

0.162 

（0.370） 

western 
0.143 

（1.610） 

0.223* 

（1.230） 

0.0431 

（0.327） 

0.112** 

（0.643） 

0.098 

（0.170） 

-0.112 

（-0.490） 

0.093 

（0.652） 

0.143** 

（0.754） 

state-owned 
0.337 

（2.340） 

0.257* 

（1.644） 

-0.0233 

（-0.654） 

0.217 

（0.850） 

-0.073** 

（-0.643） 

-0.352 

（-1.430） 

-0.0261 

（-0.137） 

-0.154* 

（-1.210） 

non-state-owned 
0.421***

（3.480） 

-0.368* 

（-1.740） 

-0.0394 

（-0.460） 

-0.207 

（-0.970） 

-0.00557 

（-0.0700） 

-0.442 

（-1.530） 

-0.0132 

（-0.150） 

-0.239 

（-1.150） 

Density   
2.2760** 

（2.4200） 

-1.9740 

（-0.9100） 

-0.1720 

（-0.9400） 

1.3230* 

（1.7600） 

0.0834 

（0.3700） 

1.6290*** 

（3.0200） 

Centralization   
-0.0225** 

（-2.2400） 

0.0396* 

（1.9400） 

-0.0640** 

（-1.6700） 

18.6700 

（1.3700） 

-0.0211** 

（-2.0400） 

0.0369* 

（1.7200） 

Structure hole   
0.0675** 

（2.0800） 

0.1280** 

（2.1500） 

0.0324 

（1.0200） 

-0.0381（-

0.6500） 

0.1000** 

（-2.1600） 

0.2910*** 

（2.9300） 

Density2   
-1.8790*** 

（-2.7200） 

2.3490 

（1.4200） 
    

Centralization2     
0.00256 

（1.1000） 

-1.4340* 

（-1.7200） 
  

Structure hole2       
-0.00296** 

（-2.1600） 

-0.00584* 

（-1.8600） 

Constant 
2.8880*** 

（9.9500） 

-1.5060** 

（-2.1700） 

2.2900*** 

（6.1500） 

-0.7670 

（-1.0100） 

2.8370*** 

（8.0200） 

0.5230 

（0.4000） 

2.3940*** 

（5.6500） 

-2.5620** 

（-2.5800） 

Log likelihood -999.1000 -317.1000 -996.4000 -316.2000 -998.7000 -185.200 -997.2000 -315.6000 

Wald chi2 

(p value) 

18.36 

(0.061) 

25.32 

(0.074) 

25.8 

(0.000) 

27.03 

(0.043) 

20.93 

(0.085) 

45.1 

(0.033) 

23.33 

(0.027) 

25.3 

(0.064) 

N 269 269 269 269 269 269 269 269 

Note：Density2 represents the square of Density, Centralization2 represents the square of Centralization, Structure hole2 represents the square of structure 

hole. ***p< 0. 01，** p< 0. 05，* p< 0. 1. 

 

In Model 1, the regression coefficient of R&D 

investment is 0.0447. The regression coefficient of 

knowledge-based scale is 0.0895. Both regression 

coefficients are significant at the level of 1 %, which 

indicates that R&D investment and knowledge-based scale 

have a significant positive effect on the exploitative 

innovation of enterprises. The larger the knowledge-based 

scale is, the more knowledge elements the enterprise can 

refer to and the better the exploitative innovation 

performance will be. The more R&D investment is, the 

more resources the enterprise can obtain and the better the 

exploitative innovation performance will be. In Model 2, the 

regression coefficient of knowledge-based scale is 0.0178 

significant at the level of 10 %. So, the knowledge-based 

scale has positive effect on exploratory innovation. 

Enterprises have a certain dependence on the original 

knowledge base when carrying out exploratory innovation. 

The larger the knowledge-based scale, the better the 

exploratory innovation performance.  

 

In Model 3, the square of coefficient density is -1.8790 

significant at the level of 1 %. There is an inverted U-Curve 

relationship between the knowledge-based network density 

and the exploitative innovation. Hypothesis 1a is confirmed. 

In Model 4, the square of coefficient of the knowledge-

based network density is positive and not significant. There 

is no inverted U-Curve relationship between the density and 

exploratory innovation. In this article, hypothesis 1b is 

rejected. 

 In Model 5, the square of coefficient of centralization 

and exploitative innovation are not significant, so 

hypothesis 2a is rejected. In Model 6, the square of 

coefficient of centralization is -1.434 significant at the level 

of 10 %. There is an inverted U-shaped relationship between 

the centralization and exploratory innovation. Hypothesis 

2b is confirmed.  

In Model 7, the square of coefficient of structure hole is 

-0.00296 significant at the level of 5 %; in Model 8, the 

square of coefficient of structure hole is -0.00584 significant 

at the level of 10 %. The knowledge-based network structure 
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hole has an inverted U-Curve relationship with exploitative 

innovation and exploratory innovation. Hypothesis 3a and 

hypothesis 3b are confirmed.  

Robust Test 

To verify the robustness of the results, this paper verifies 

the robustness of the results from the perspectives of 

statistical methods and regression model. First, we redefine 

the basic patent window period and use the technology 

categories included in all patents of the enterprises in 2004–

2008 as a basis for judgment. Compared 2014–2018 to 2004–

2008, the same type of patents increasing each year is as 

exploitative innovation performance and the number of new 

types of patents increasing each year is as exploratory 

innovation performance. The regression results of Model 9 to 

Model 12 show that hypotheses 1a, 2b, 3a, and 3b are 

confirmed. Second, the hypothesis is tested using a fixed-

effect negative binomial regression model. The regression 

coefficients of Model 13 to Model 16 are in the same direction 

as the regression results above. Hypotheses 1a, 2b, 3a, and 

3b are confirmed. Table 3 shows the robustness regression 

results. 

Table 3 

Robust Test 

 Model 9 Model 10 Model 11 Model 12 Model 13 Model 14fe Model 15fe Model 16fe 

 
Exploitative 

innovation 

Exploratory 

innovation 

Exploitative 

innovation 

Exploratory 

innovation 

Exploitative 

innovation 

Exploratory 

innovation 

Exploitative 

innovation 

Exploratory 

innovation 

R&D investment 
0.000212 

（0.0300） 

0.00815 

（0.400） 

0.000740 

（0.1030） 

-0.0233 

（-1.3310） 

0.000332 

（0.4680） 

0.00769 

（0.2770） 

0.000734 

（0.1120） 

-0.0245 

（-1.322） 

Enterprise 

establishment 

period 

0.00532 

（0.6800） 

0.0110 

（0.4510） 

0.0107 

（1.1410） 

0.0322 

（1.5660） 

0.00711 

（0.7550） 

0.0100 

（0.3670） 

0.0100 

（1.1520） 

0.0319 

（1.5730） 

Knowledge-based 
scale 

-0.0259 

（-1.8000） 

0.0541*** 

（2.9010） 

-0.0110 

（-0.6010） 

-0.0611* 

（-1.7990） 

-0.0273 

（-1.5000） 

0.0552*** 

（4.1600） 

-0.0125 

（-0.6210） 

-0.0587* 

（-1.8030） 

Enterprise size 
-0.0701*** 

（-2.7860） 

0.1200 

（0.6380） 

-0.0599*** 

（-2.7000） 

-0.0373 

（-0.6780） 

-0.0653*** 

（-2.9100） 

0.1000 

（0.6430） 

-0.0622*** 

（-2.6810） 

-0.0369 

（-0.6830） 

eastern 
0.135 

（1.601） 

0.500 

（1.334） 

0.0492 

（0.455） 

0.301 

（0.733） 

0.121 

（0.876） 

-0.201 

（-0.453） 

0.112 

（0.534） 

0.276 

（0.765） 

central 
0.134 

（0.876） 

0.433 

（1.112） 

-0.087 

（-0.398） 

-0.176 

（-0.321） 

0.054 

（0.241） 

-0.954** 

（-2.21） 

0.034 

（0.912） 

0.155 

（0.242） 

western 
0.133 

（1.534） 

0.232* 

（1.113） 

0.054 

（0.366） 

0.107** 

（0.564） 

0.101 

（0.098） 

-0.107 

（-0.500） 

0.075 

（0.599） 

0.164** 

（0.654） 

state-owned 
0.402 

（2.12） 

0.266* 

（1.532） 

-0.022 

（-0.543） 

0.123 

（0.176） 

-0.068** 

（-0.564） 

-0.234 

（-1.442） 

-0.323 

（-0.154） 

-0.132* 

（-1.233） 

non-state-owned 
0.432***

（3.760） 

-0.378* 

（-1.660） 

-0.0298 

（-0.501） 

-0.102 

（-0.863） 

-0.00476 

（-0.0699） 

-0.500 

（-1.470） 

-0.0122 

（-0.130） 

-0.265 

（-1.130） 

Density 
2.2690** 

（2.3990） 

1.3210* 

（1.7710） 

0.0841 

（0.3520） 

1.6300*** 

（3.0000） 

2.2800** 

（2.5100） 

1.3350* 

（1.8040） 

0.0830 

（0.3880） 

1.6110*** 

（3.0200） 

Centralization 
-0.0223** 

（-2.2380） 

17.9700 

（1.3660） 

-0.0210** 

（-2.0410） 

0.0372* 

（1.7160） 

-0.0216** 

（-2.1950） 

16.6700 

（1.2830） 

-0.0205** 

（-2.0330） 

0.0355* 

（1.7230） 

Structure hole 
0.0667** 

（2.1000） 

-0.0383（-

0.6440） 

0.1020** 

（-2.1550） 

0.3000*** 

（2.9250） 

0.0575** 

（2.2400） 

-0.03941（-

0.6660） 

0.1130** 

（-2.1640） 

0.2870*** 

（2.9350） 

Density 2 
-1.9010*** 

（-2.6940） 
   

-1.7990*** 

（-2.6850） 
   

Centralization 2  
-1.4220* 

（-1.7180） 
   

-1.5140* 

（-1.6890） 
  

Structure hole 2   
-0.00296** 

（-2.1600） 

-0.00591* 

（-1.8550） 
  

-0.00301** 

（-2.1570） 

-0.00580* 

（-1.7850） 

Constant 
3.0060*** 

（6.2000） 

0.4550 

（0.4130） 

2.4010*** 

（5.5900） 

-2.558** 

（-2.5800） 

2.3320*** 

（6.0190） 

0.6410 

（0.4000） 

2.3880*** 

（5.7320） 

-2.5700** 

（-2.5760） 

Log likelihood -985.4000 -179.2000 -989.2000 -320.6000 -988.4000 -180.2000 -996.2000 -323.6000 

Wald chi- square 
(p) 

25.5500 
(0.07) 

35.1000 
(0.03) 

23.4000 
(0.06) 

25.3000 
(0.00) 

25.7700 
(0.08) 

43.1300 
(0.005) 

23.3700 
(0.0004) 

25.3000 
(0.08) 

N 269 269 269 269 269 269 269 269 

Note：***p< 0. 01，** p< 0. 05，* p< 0. 1. 
 

Discussion  

This paper can help enterprises optimize of knowledge-

based network structure, help enterprises achieve sustainable 

development by improving dual innovation performance, and 

increase the ecological carrying capacity.  

(1) The essential function of science and technology is 

sustainable development. The sustainable function of science 

and technology mainly depends on the accumulation of its 

own energy and is exerted through technological innovation. 

Therefore, technological innovation has a huge positive effect 

on sustainable development. This positive effect is mainly 

reflected in the promotion of economic growth, the evolution 

of social forms, the protection and conservation of natural 

ecology and resources. The dual technological innovation has 

gradually enhanced the sustainable development capabilities 

of economic, social, and natural complex systems. First, 

exploratory innovation is the fundamental of economic 

growth. Exploratory innovation transforms the development 

mode of the enterprise, so that the production possibility 

boundary is expanded outward, and the sustainable 
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development capability of the enterprise is enhanced. Second, 

exploitative innovation breaks the limit of resource supply, 

improves resource utilization efficiency, saves production 

factors, reduces consumption of resources, and enhances 

ecological carrying capacity. Finally, continuous 

technological innovation has shifted the social production 

mode from labor to intelligence and has gradually 

transformed the industrial structure from labor-intensive to 

knowledge-intensive. 

(2) Innovation is the prerequisite for the survival of an 

enterprise. Innovation is the search, recombination of 

knowledge-based elements, and is also the creation of new 

knowledge by breaking through the original knowledge. A 

complete knowledge-based network structure is the 

foundation of a enterprise's technological innovation. The use 

method represents and determines the innovation direction of 

an enterprise. With different innovation development 

strategies, there are differences in the use of knowledge base. 

In the process of technological innovation, enterprises must 

change the concept if R&D investment increases, the 

innovation output will increase too. They must always pay 

attention to the correlation of knowledge-based elements, 

fully understand, and use the correlation of knowledge-based 

elements to improve the exploitative innovation performance 

and the exploratory innovation performance. 

(3) The scale of the knowledge-based is affected by the 

degree to which the enterprise attaches importance to 

knowledge, and it is also affected by ability to accumulate 

knowledge. The more an enterprise emphasizes the 

importance of knowledge, the more it can stimulate the 

potential of employees, especially scientific researchers to 

learn new knowledge, which can increase the knowledge 

reserve and improve the knowledge-based network structure. 

Therefore, enterprises can infiltrate the concept of full-

learning to employees, encourage employees to take the 

initiative to learn new knowledge and a corporate atmosphere 

of full-member innovation can form. In addition, scientific 

researchers are still the core of enterprise for technology 

innovation. The learning ability of scientific researchers 

directly determines the knowledge-based scale and the 

knowledge-based network structure, which indirectly affects 

the innovation direction of the enterprise. Therefore, 

enterprises can cultivate scientific researchers who can create 

and search knowledge base for innovation, and reserve dual 

innovative talents for enterprises. 

(4) A reasonable knowledge structure can enable 

enterprises to achieve the purpose of innovation though 

knowledge search and combination, but enterprises spend less. 

While innovation can create value for the enterprise, 

enterprise with excessive knowledge search in a single 

technology field will have "core rigidity", which will reduce 

the flexibility of the enterprise and make the enterprise lose 

the ability to explore new fields; too much technology field 

will disperse the enterprise's energy and the enterprise need to 

be ready to deal with fierce market competition without 

taking care of knowledge reserves and technological 

innovation. Therefore, when formulate an innovation and 

development strategy, an enterprise must have a detailed 

understanding of the knowledge base and the situation of 

scientific researchers and have a full grasp of the markets that 

have been involved and will be explored. 

Conclusions 

This article studies the influences of the knowledge-

based network structure on dual innovation. The impact of 

knowledge-based network centrality, density, and structural 

hole on the performance of exploitative innovation and 

exploratory innovation are explored. The national strategy of 

“Strengthening Independent Innovation Capability and 

Building an Innovative Country” guides enterprises to 

continuously improve their innovation capabilities. 

Increasing R&D input can certainly increase innovation 

output. In the long run, increasing the input-output ratio has 

become the focus of enterprises. Knowledge base is the key 

to innovation, affecting the innovation direction and 

efficiency of enterprise innovation. The internal connection 

of knowledge-based elements can not only reflect the 

utilization of knowledge base by enterprises, but also reflect 

the innovation and development strategy of enterprises. 

Through empirical analysis of panel data of 269 enterprises 

in the electronic information industry, we find that 

knowledge-based network density, centralization, and 

structure holes have important effects on the dual innovation 

performance of enterprises. 

First, there is an inverted U-Curve relationship between 

the density of knowledge-based networks and exploitative 

innovation. Similar to the study of the inverted U-shaped 

relationship between knowledge structure similarity, 

knowledge structure complementarity and enterprise 

innovation performance (Mao, Shi & Chen, 2019), this paper 

studies the inverted U-shaped relationship between network 

density in knowledge structure and innovation performance 

When enterprise implements exploitative innovation 

development strategies, they pay attention to the knowledge 

base more and they understand fully the knowledge base，and 

some scholars also believe that knowledge base can improve 

innovation performance (Wang et al., 2014; Dibiaggio, 

Nasiriyar & Nesta, 2014; Colombelli, 2014). In this case, 

enterprises can create new knowledge through knowledge 

search and combination at a small cost. Meanwhile, 

enterprises are more confident on innovation. In addition, 

when the relevance of knowledge is high, the enterprise can 

grasp the existing technology and understand the market 

demand of the exploitative innovation resulting from the 

recombination of knowledge, at the same time the enterprise 

can also create value fast. However, as the similarity of 

knowledge increases, the possibility of enterprises wanting to 

create new technologies through knowledge search and 

combination is reduced due to the limitation of technical 

personnel's ability and the increase of development costs, that 

is, the performance of exploitative innovation declines, and 

the enterprise falls into "technology dependence" dilemma. 

When the enterprises face an unstable market environment, 

too high knowledge-based network density will become a 

burden for enterprises to innovate. On the one hand, 

enterprises do not want to give up their existing knowledge, 

on the other hand, enterprises have no ability to develop new 

markets. Innovation activities have become inelastic and 

innovative performance declines. 

Second, there is an inverted U-Curve relationship 

between the centralization of knowledge-based networks and 

long-term exploratory innovation performance. When the 

enterprise implements the development strategy of 
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exploratory innovation, the knowledge is not highly relevant 

to the new technology areas that the enterprise is about to 

break through, and knowledge base can make smaller 

contribution to new technology research and development. 

Therefore, the knowledge base has no obvious impact on 

exploratory innovation in the short term. In the initial stage of 

exploratory innovation, enterprises need to overcome the 

problem of lack of knowledge and limitation of technical staff 

to capture new technical fields. With the deepening of 

research, enterprises have broken through technical 

bottlenecks and accumulated a certain knowledge base 

around existing research directions in new technology fields. 

Enterprises can continue to carry out exploratory innovation 

in this field around this core technology; however, with the 

amount of business increasing, enterprises need to consider 

the creation of new knowledge and maintain a competitive 

advantage in multiple technology areas. At this time, 

enterprises have to reduce their investment in creating new 

knowledge and developing new technologies, which leads to 

a decline in corporate innovation performance.  

Third, different from the research on the indirect effect of 

knowledge-based network structure holes on innovation 

performance, this paper studies the direct relationship 

between knowledge-based network structure holes and 

innovation performance (Wang et al., 2019; Chen & Zeng, 

2019). There is an inverted U-Curve relationship between the 

structure hole of knowledge-based network and exploitative 

innovation, this U-Curve relationship is between the structure 

hole of knowledge-based network and exploratory innovation. 

When enterprises implement dual innovation strategies, with 

the high similarities of knowledge base in the technical fields, 

enterprises can more accurately use and combine knowledge-

based elements for innovations. At the same time, enterprises 

only need to enter new technology fields with fewer key 

technologies, and the enterprise's existing technology and 

market are relatively concentrated, it will not distract the 

enterprise's energy to explore innovation.  

 

Therefore, the lower knowledge-based network structure 

hole can positively promote the dual innovation performance 

of enterprises. With the enhancement of the enterprise's 

ability to explore and innovate, enterprise's ability to create 

new knowledge improves and the connection between 

knowledge-based elements decreases and even isolated 

knowledge-based elements may appear. This means that the 

level of enterprise technology diversification has increased, 

and market competition has increased fiercely. Currently 

enterprises have to cope with fierce market competition. 

Hence, no matter whether they carry out exploitation 

innovation or exploratory innovation, innovation costs and 

risks will increase, and dual innovation performance will be 

negatively affected. 

This paper studies the relationship between knowledge-

based network structure and dual innovation and finds the 

relationship between the characteristics of knowledge-based 

network structure and dual innovation performance, but there 

are also shortcomings. Firstly, Patent is explicit knowledge, 

which can reflect the innovation ability of an enterprise, and 

patent is studied in this research. Some explicit knowledge 

can also reflect the innovation ability of an enterprise, but tacit 

knowledge is not discussed in this study. Secondly, the 

industry selected in this article is the electronic information 

industry with obvious innovation, while other high-

innovation products can also be used as samples to explore 

the relationship between the knowledge-based network 

structure and innovation performance. Finally, the enterprise 

knowledge-based network structure changes with 

thechanging of the enterprise's knowledge reserve. Different 

development stages of the enterprise correspond to different 

knowledge-based network structures. In the future, we will 

continue to study the impact of the knowledge-based network 

structure of different industries on the dual innovation 

performance which is reflected by tacit knowledge of 

enterprises. At the same time, we will study the relationship 

between the dynamically changing corporate knowledge-

based network structure and dual innovation. 
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