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Abstract 
In the era of digital innovation, regional innovation plays a driving role in promoting 
regional high-quality integrated development. Based on the characteristics of 
innovation network, which includes three dimensions as network size, network 
relationship and network environment. This study explores the impact of digital 
innovation factors on regional innovation and takes the Yangtze River Delta region as an 
empirical sample to build a relationship research model. The results show that the 
network relationship and network environment of regional innovation network have a 
significant effect on promoting regional innovation capability, while the network size 
has no obvious effect on promoting regional innovation capability, and even has a 
negative effect. The government or other innovation subjects should pay attention to the 
improvement efficiency of innovation capability brought by the change of network scale 
when carrying out innovation activities and cooperation and interaction, so as to build 
higher quality regional development. 
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1. Introduction 

According to the 19th CPC National Congress report, the strategy of coordinated regional 
development will be implemented to realize innovation leading in the eastern region. In 2019, 
the Outline of the Yangtze River Delta Regional Integrated Development Plan proposed to 
promote high-quality integrated development of the Yangtze River Delta, enhance the 
innovation and competitiveness of the region, and improve regional connectivity and policy 
coordination efficiency. Therefore, it is imperative to build a networked and integrated 
development pattern and vigorously promote the deep integration of regional innovation 
chains and industrial chains. 
In the era of digital innovation, regional innovation capability becomes the strongest vitality of 
regional high-quality integrated development [1]. With the complexity of interaction among 
various subjects in the region, regional innovation activities show the characteristics of 
network development. Regional innovation network refers to the network interaction between 
regional innovation subjects based on common interests and mutual trust. Exploring the 
characteristics of regional innovation network to promote the improvement of regional 
innovation capacity is of great practical significance to the construction of regional innovation 
system and the promotion of high-quality integrated development of regional innovation [2]. 
The existing research on innovation capability based on the perspective of network holds that 
the linkage between agents in innovation network can realize the knowledge exchange, sharing 
and creation of the system, so as to improve the innovation capability of the system. Moreover, 
the structural characteristics of innovation network, such as network size, network openness 
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and structural hole, also affect the system innovation efficiency. Based on the perspective of 
social network, most scholars describe the network characteristics from the two dimensions of 
network structure and network relations, and lack of investigation on the internal 
environmental factors of the network when constructing the capacity impact indicators [3]. 
Therefore, based on the impact index of regional innovation capability, this study empirically 
explores the driving effect of network characteristics on the high-quality integrated 
development of regional innovation from three dimensions of innovation network size, 
network relationship and network environment. To deepen the existing research and provide 
theoretical support for regional high-quality integrated development strategy formulation. 

2. Literature Review and Theoretical Framework 

2.1. Regional Innovation Capability and Regional High-quality Integration 
The concept of regional integration was proposed by The Dutch economist Tinbergen in his 
book International Economic Integration in 1954. Since then, many scholars have analyzed the 
connotation of regional integration. In recent years, many scholars have explored the deep 
connotation of regional integration development from the perspectives of economy, system and 
innovation. It is widely acknowledged that regional innovation capability is an important way 
to improve regional competitiveness and achieve high-quality regional integration 
development [4]. 
Regional innovation capability is the comprehensive embodiment of innovation capability 
possessed by enterprises, universities, scientific research institutions and natural persons in a 
region. In relevant studies at home and abroad, scholars have found that research funds and 
R&D personnel investment, knowledge base, interaction connections between innovation 
network subjects, and innovation environment have an impact on regional innovation 
capability and innovation performance [5]. Scholars believe that knowledge base and 
intelligence characteristics in network will affect network relations. Strong network 
relationships help enterprises obtain synergistic benefits from cooperative relationships. In 
addition, some researchers analyzed the direct or indirect impact of trade relations, 
transportation infrastructure and passenger volume, foreign direct investment and other 
factors on regional innovation capacity. 
The above research indicates that the regional resource base, the input of innovation resources 
and the network relationship among innovation subjects play an important role in the process 
of improving regional innovation capability. In addition, the innovation environment in the 
network, such as policy support and institutional guarantee, also has an effect on the 
improvement of regional innovation capability through mobilizing the initiative of innovation 
subjects. 

2.2. The Influence of Characteristics of Innovation Network on Regional 
Innovation Capability 

The innovation network is composed of several nodes, namely innovation subjects. The 
interaction, cooperation and interaction between subjects constitute the edges of nodes, and 
the weight of edges is usually used to indicate the strength of the connection relationship. The 
characteristics of multi-dimensional innovation network can be described by describing the 
related conditions of various elements in the network [6]. The research on the characteristics 
of regional innovation network mainly focuses on three aspects: spatial characteristics, 
structural characteristics and relational characteristics. 
In terms of the characteristics of network space, the different spatial distribution of each subject 
in the innovation network will affect the tightness of the correlation and thus affect the 
performance of network innovation. At the same time, the structural characteristics of the 
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innovation network, such as network size, network density and centrality, and other node 
characteristics, will also have varying degrees of influence on network innovation performance. 
In terms of network relationships, the strength, breadth and stability of relationships can exert 
varying degrees of positive influence on innovation performance through the mediation of 
environmental uncertainty [7]. Research on the impact of network features on innovation 
performance often focuses on the investigation of multiple network features. For example, from 
the perspectives of geographic proximity, regional location, structural characteristics and 
relationship characteristics, the impact of network characteristics on innovation performance 
of inter-enterprise alliance network is explored [8]. Through the review, it is found that the 
characteristics of network scale, network relationship and network environment have different 
impacts on network innovation performance [9]. 
For the research on regional innovation capability, although the view that developing regional 
innovation network can improve regional innovation capability has been recognized by most 
scholars. However, the existing researches focus on the theoretical level and still have 
limitations [10]. On the one hand, empirical studies can discuss the influence of various 
characteristic factors in innovation network on regional innovation capability, but the degree 
and effect of the influence have not been verified [11]. On the other hand, although some 
existing studies have constructed the impact indicators of regional innovation capability from 
the perspective of network, the selected dimensions are relatively single for a single study. As 
a whole, the investigation of characteristic factors mainly focuses on network structure and 
network relationship, ignoring the key point of regional innovation network environment. The 
goal of the environment is to create a good network innovation environment, to promote the 
initiative of the activities of the main body in the network, to help build long-term formal or 
informal cooperation and exchange relations between the main body, and ultimately improve 
the regional innovation capability and competitiveness. 
Based on the existing research, this paper argues that the characteristics of innovation 
networks promoting regional integration can be analyzed from the three dimensions of 
network scale, network relationship and network environment. The size of the network 
determines the basic resources and potential available resources in the network. Network 
relationship affects the difficulty of resource flow among innovation subjects, and thus affects 
innovation cost, knowledge sharing and innovation efficiency. The network environment 
involves investment in innovation. The greater the importance and support of regional 
innovation activities, the more regional innovation vitality will be stimulated. 

3. Variable Selection and Model Construction 

3.1. Explained Variable 
For the measurement of regional innovation capability, most indicators involve the output of 
economy, science and technology and industry. The academic circle generally thinks that 
domain patent has strong representative to measure domain innovation, especially invention 
patent. Compared with utility model patent and design patent, invention patent has higher 
technical content and creativity, and is an important evaluation index to measure the 
independent innovation capability of a country or region. Based on this, the total number of 
invention patent applications in the region is used to measure regional innovation output. For 
example, the regional innovation capacity of Yangtze River Delta region in 2020 refers to the 
total number of invention patents applied in Yangtze River Delta region in 2020. 

3.2. Explanatory Variables 
(1) Network scale. Network scale is the most basic characteristic of regional network structure, 
including the number of innovation subjects in the network and the internal scale of innovation 
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subjects. As the resources available to a single agent are limited, this will affect the network as 
it expands[12]. As more resources can be shared in the network, more potential resources can 
be used under the interaction of multiple innovation subjects, which increases the possibility 
of improving innovation capability. Based on this, this paper selects the number of industrial 
enterprises above designated size and the number of scientific research personnel in ordinary 
universities in the region to measure the scale of regional innovation network by referring to 
existing studies. 
(2) Network relationship. Network relationship describes the connection strength between 
innovation subjects in the network. The greater the connection strength is, the more stable the 
relationship will be. Long-term and stable cooperation is conducive to enhancing mutual trust 
and cooperation depth and reducing innovation costs[13]. In this paper, the capital from 
enterprises and the turnover of technology market are selected as the index to measure the 
relationship of regional innovation network. The amount of R&D expenditure from enterprises 
can reflect the level of cooperation between innovation subjects. The turnover of technology 
market represents the transaction fluency of technology market in the region and reflects the 
relationship between market supply and demand. 
(3) Network environment. The network environment is considered to be the main factor that 
affects the initiative of innovation subjects to participate in innovation activities in the region. 
It is mainly manifested in the support and investment of regional government and the 
proportion of innovation subjects. Different from previous studies that set government 
scientific research investment as a control variable, this study adopts the proportion of local 
financial education expenditure in local financial expenditure, the proportion of local financial 
science and technology expenditure in local financial expenditure and the number of Internet 
users to measure the regional innovation network environment. The number of Internet users 
reflects the level of regional network information and development. 

3.3. Model Building 
In the process of model construction, most scholars have classified the influencing factors of 
regional innovation capability into capital input and talent input. Based on the above analysis 
and combined with the innovation network perspective, network characteristics can be taken 
as input factors to establish the following linear regression model to verify the impact of 
network characteristics on regional innovation capability: 
 

lnZt = αt + β1lnKt + β2lnLt + β3lnSt + β4lnRt + β5lnTt + β6lnVt + β7lnWt +εt.               (1) 
(t = 2007, 2008, 2009, ..., 2020) 

 
Where, T represents the year, Z represents the number of regional invention patent 
applications, lnK and lnL represent the number of industrial enterprises above designated size 
and the number of scientific research personnel in ordinary universities in the network scale 
respectively. lnS and lnR represent the funds from enterprises and the turnover of technology 
market in the R&D expenditure of colleges and universities in the network relationship. lnT, lnV 
and lnW represent the proportion of local financial education expenditure in local financial 
expenditure, the proportion of local financial science and technology expenditure in local 
financial expenditure, and the number of Internet users. β1 to β7 is the coefficient to be 
estimated in the model, αt is the intercept variable, and εt is the random disturbance term. 

3.4. Data Resource 
In this paper, the Yangtze River Delta region is taken as the research object and "China 
Statistical Yearbook", "China Statistical Yearbook of Science and Technology" and "Patent 
Statistical Annual Report" are taken as the standard data sources to collect relevant data from 
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2007 to 2020. Considering that there is a two-year lag between input and output in the 
innovation process, the data of invention patent applications from 2009 to 2020 shall prevail. 

4. Analysis and Results 

4.1. Variable Factor Analysis 
The raw data is standardized using IBM SPSS22.0. Then bartlett-KMO sphericity test was used 
to determine whether there was correlation between variables. Finally, dimension was reduced 
through principal component analysis, and common factors of network scale, network 
relationship and network environment were extracted. The operation results were shown in 
Table 1. It can be seen that each dimension contains only one common factor, factor load is 
above 0.8, total explanatory variance is above 0.75, and internal consistency test coefficient is 
above 0.7, indicating good reliability and validity of factor extraction. 
 

Table 1. Factor analysis results of different dimensions 

Factors Variables Standardized common 
factor variance 

Analysis results 

Network scale 

Number of industrial enterprises above 
designated size 

0.878 KMO: 0.624 
Total variance 

explained: 76.457% 
Cronbach’s α: 0.903 

Number of scientific research personnel 
in ordinary universities 

0.923 

Network 
relationship 

The R&D expenditure of universities 
comes from enterprises 

0.886 
KMO: 0.729 

Total variance 
explained: 85.036% 
Cronbach’s α: 0.952 

Technology market turnover 0.956 
Proportion of local government 

expenditure on education in local 
government expenditure 

0.867 

Network 
environment 

Proportion of science and technology 
expenditure in local financial 

expenditure 
0.934 

KMO: 0.697 
Total variance 

explained: 83.296% 
Cronbach’s α: 0.869 Number of Internet users 0.837 

4.2. Empirical Analysis 
Table 2. Descriptive statistics of variables 

Variables Maximum Minimum Average Standard 
deviation 

Number of industrial enterprises above designated size 161461 100460 125758.8 20706.41 
Number of scientific research personnel in ordinary 

universities 40.97 35.38 38.86 1.68 

The R&D expenditure of universities comes from enterprises 421113 75660 190982.1 114185.4 
Technology market turnover 1832.37 505.11 1055.98 422.1 

Proportion of local government expenditure on education in 
local government expenditure 16.8 13.17 14.86 1.18 

Proportion of science and technology expenditure in local 
financial expenditure 3.57 3.08 3.33 0.38 

Number of Internet users 12657 4683 9515.1 2577.87 

 
This paper studies the data of the Yangtze River Delta region from 2007 to 2020. Before 
importing panel data into Eviews10 and conducting regression analysis on the model, 
descriptive statistics of the original data should be carried out. The minimum, maximum, mean 
and standard deviation of all indicators are shown in Table 2. 
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In order to avoid the influence of multicollinearity, data were standardized before empirical 
analysis. Stepwise regression was used to conduct regression analysis, and the regression 
results were shown in Table 3: 
 

Table 3. Regression analysis 
Factors Variables Model 1 Model 2 Model 3 Model 4 

 constant 2.786** 2.283*** 5.372*** 5.531*** 

Network 
scale 

Number of industrial enterprises above designated 
size 0.167   -0.082 

Number of scientific research personnel in ordinary 
universities -0.295*   0.353* 

Network 
relationship 

The R&D expenditure of universities comes from 
enterprises  0.564**  0.243** 

Technology market turnover  0.533***  0.379*** 
Proportion of local government expenditure on 

education in local government expenditure 
  0.672*** 0.297*** 

Network 
environment 

Proportion of science and technology expenditure in 
local financial expenditure 

  0.487*** 0.332*** 

Number of Internet users   -0.207 0.066* 
 R square 0.863 0.975 0.939 0.903 
 Adjusted R square 0.891 0.932 0.918 0.872 
 F 197.251 157.326 100.539 134.767 

 

As for the setting of control variables, this study considers them as relevant factors of the 
dimension of network environment, so no additional setting is required. The influence of 
network size on the explained variables was investigated in Model 1. It can be seen that the 
effect of network size is not significant or has the influence of reducing regional innovation 
capability at 10% confidence level. In Model 2, only network relationship dimension is added 
as explanatory variable. The results show that the positive effect of network relationship is 
significant at the confidence level of 1%, indicating that network relationship in innovation 
network has an effect on the improvement of regional innovation capability. Similarly, the 
coefficients of the network environment-related variables only included in Model 3 are all 
positive and have a significant impact, and the network environment also has a significant 
positive impact on regional innovation capability. 
All three dimensions are incorporated into Model 4 to consider the influence of interaction 
terms. The results show that network relationship and network environment can significantly 
improve regional innovation capability, but the effect of network size is not good. The reason 
may be that for the network, its internal resources are limited. Although the expansion of 
network scale will bring certain resource base and potential resources to the system, the 
addition of new subjects will also be accompanied by the consumption of resources in the 
network. With the continuous expansion of the network scale, the higher the homogeneity of 
the new subject and the resources in the original network, the promotion effect of the 
innovation capability is decreasing. 

5. Conclusion and Prospect 

Based on the characteristics of network and previous studies, this paper summarizes the 
promotion effect of regional innovation network on regional high-quality integrated 
development. It is concluded that the factors of innovation activities will affect the regional 
innovation capability through the three dimensions of network size, network relationship and 



Volume 3 Issue 2, 2022 

DOI: 10.6981/FEM.202202_3(2).0074 

619 

Frontiers in Economics and Management 

ISSN: 2692-7608 

network environment. The index system of three dimensions is established and the Yangtze 
River Delta region with outstanding economic performance is selected as an empirical sample. 
It is found that network relationship and network environment can enhance the promotion of 
regional innovation capability, while network size has no significant impact on the promotion 
of regional innovation capability, and even has a negative impact, and the possible reasons are 
explained. Therefore, the government or innovation subject should pay attention to the impact 
of network size on innovation capability when constructing network. Generally, too large or too 
small scale is not conducive to efficient utilization of resources in the network. 
In addition, on the basis of previous studies, this study sets government R&D investment, which 
is often used as a control variable, as the network environment factor, which is consistent with 
the regional development status. Effective government support for regional scientific research 
will help stimulate the innovation vitality within the region. On the one hand, the cooperation 
and interaction between innovation subjects should be fully mobilized. On the other hand, it 
can attract the germination and participation of more innovation subjects, so as to effectively 
improve the regional innovation capability. It is worth noting that the influence of network size 
on innovation capability should be paid attention to in terms of the inclusion of innovation 
subjects. It is generally believed that network size has an inverted U-shaped impact on regional 
innovation capability, which can be further studied in this paper. In addition to summarizing 
more comprehensive representative indicators, the data are deeply processed and analyzed. To 
better explore the influence mechanism of network characteristics on regional innovation 
capability, and provide better theoretical guidance and suggestions for regional high-quality 
integrated development. 
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