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Abstract—Based on the structural hole theory, this paper takes China's A-share automo-
bile manufacturing listed companies in 2021 as the research object, builds a mediation
effect model, and explores the impact mechanism of digital technology on enterprise inno-
vation performance. The results show that, first, Digital technology has a significant posi-
tive impact on enterprise innovation performance; second, structural holes have a positive
impact on enterprise innovation performance; third, structural holes play a part of the in-
termediary role in the role of digital technology on enterprise innovation performance. This
research conclusion expands the discussion boundary between digital technology and en-
terprise innovation performance, enriches the element analysis of the internal mechanism,
and provides guidance and reference for the innovation of manufacturing enterprises.
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1. Introduction

According to the report to the 20th National Congress of the CPC, we must continue to imple-
ment the strategy of innovation-driven development, create new drivers and advantages for de-
velopment, and accelerate efforts to achieve self-reliance in high-level science and technology.
With the rapid development of digital technology, enterprises should fully grasp the opportunity
of digital transformation, and actively use digital technology to enhance the creation of data
value to stimulate the innovation power of enterprises. Therefore, how to apply digital technol-
ogy to improve innovation performance has become a hot issue for enterprise managers and
academic circles. For example, Ye Dan et al. (2022)1, based on the Resource-based view and
Theory of institution, believes that the acquisition of digital technology is the premise of enter-
prise innovation.

In recent years, Chinese automobile industry has been making continuous progress in self-re-
search and innovation in technology, products, supply chain and other aspects, and its position
in the global automobile industry chain becomes more and more prominent. As an important
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means to optimize the development mode of enterprises and industries, digital-technology-
driven innovation has become the key to the transformation and upgrading of the global auto-
mobile manufacturing industry.

Individuals are fragile, but networks are robust. When there is no direct connection between two
or more entities, there will be structural loopholes in the social network®l. Enterprises occupying
the structural holes can master more abundant information resources than other enterprises and
obtain information advantages in business communication, thus affecting the improvement of
enterprise innovation performance (EIP). Therefore, the discussion on improving the innovation
performance of enterprises from the perspective of structural holes has gradually attracted the
attention of the academic circle. One view holds that enterprises occupying more structural holes
can access different types of information, which is conducive to the innovation activities of
enterprises!‘®l. However, another view holds that there is an inverted U-shaped relationship be-
tween structural holes and enterprise innovation performance, that is, when an enterprise occu-
pies too many structural holes, other network members will become too dependent on them,
which will inhibit enterprise innovation outputf®l,

2. Theoretical basis and research hypothesis

2.1  Digital technology and enterprise innovation performance

The reason for the uneven innovation capability among enterprises is that tangible resources,
intangible resources and accumulated knowledge are different among enterprises, and these re-
sources are usually of high value, scarcity and unrepeatability™. Digital technology is charac-
terized by editability, expansibility, openness and relevancel®l. Among them, openness refers to
the degree to which exponential word technology allows other enterprises to participate in and
share, while relevance refers to the function of exponential word technology to promote the
realization of functions through multi-subject link and interaction. Therefore, digital technology
can make up for the deficiency of enterprises' ability to obtain resources and contribute to the
improvement of EIP.

H1: Digital technology has a significant positive impact on enterprise innovation performance.
2.2  Digital technology and enterprise structure hole

Structural hole refers to the gap between two groups with complementary resources and
knowledge. If the third-party intermediary can connect the two groups to fill the gap, it can gain
a competitive advantage. Structural holes exist in a large number of social networks, innovation
networks, knowledge networks and other networks!l. In the Internet information age, with the
development of digital technologies, Resource interaction is gradually transferred from the real
interaction to the network exchange, and the social network presents the characteristics of digi-
talization [, The application of digital technology promotes the enrichment of social networks
and helps enterprises to occupy structural holes and gain competitive advantages.

H2: Digital technology has a significant positive impact on enterprise structural holes.



2.3 Structural holes and enterprise innovation performance

Structural hole theory is often applied to the analysis of relationships among individuals, organ-
izations or other entities occupying social networksl®l, People who are familiar with the opinions
and behaviors of different groups are more likely to be the ones who approach the structural
hole. These people will have more opportunities to choose and synthesize different opinions and
behaviors, so that good ideas and innovative thinking will emergefl. Therefore, only enterprises
with more structural holes in the market transaction network can have a strong social network,
and obtain abundant resources from the social network for the development of innovative think-
ing and capability, so as to improve the innovation performance of enterprises.

H3: Corporate structural holes have a significant positive impact on corporate innovation per-
formance.

2.4 The mediating role of structural holes

According to the structural hole theory, two enterprises without direct connection must ex-
change information, resources and technologies through the enterprises in the position of struc-
tural holes. Therefore, enterprises with more structural holes in the network have more ad-
vantages in terms of information and resources than other enterprisest’l. On the one hand, digital
technology has realized data visualization, promoted the transparency of information resources
between enterprises, improved the speed and efficiency of information resource exchange, and
promoted the perfection and extension of social network. Therefore, enterprises in marginal
positions can obtain rich resources through connection after other enterprises fill the gaps in the
structure, thus facilitating enterprise innovationfl. On the other hand, digital technology has
improved enterprises' capability to obtain and screen resources, and promoted enterprises to
acquire more key resources.

H4: Corporate structure hole plays an intermediary role in the relationship between digital tech-
nology and corporate innovation performance.
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FIGURE 1 Theoretical model

3. Research design

3.1  Sample selection and data sources

This paper selects Chinese A-share automobile manufacturing listed companies in 2021 as re-
search samples. In order to further improve the quality of research data, samples were screened
according to the following criteria: (1) samples of listed companies with less than one year of



listing and delisted companies were excluded; (2) samples with missing or ambiguous data of
important variables were excluded. (3) Samples of companies with major business changes dur-
ing the study period were excluded. Finally, a total of 1310 cross-sectional samples of 100 listed
manufacturing companies were obtained. Relevant sample data mainly came from the annual
reports of listed companies, supplemented by the CSMAR Database.

3.2 Variable measurement
3.2.1 Dependent variable: Enterprise Innovation Performance (EIP)

Referring to the innovation performance measurement method adopted by FANG et al.l’}, this
paper uses the number of new Patents applied for each year to measure the innovation perfor-
mance of enterprises.

3.2.2 Independent variable: Digital Technology (DT)

Referring to the research of Haihua Wang et al.l®l, the relevant expressions of digital components,
digital platforms and digital infrastructure disclosed in corporate annual reports and corporate
social responsibility reports are used to measure the application degree of enterprises' digital
technologies. If any of the three occurs, the digital technique is assigned a value of 1; If any two
of the three are present, the digital technology value is 2; If all three are present, the digital
technique is assigned the value 3; If none of the three appear, the digital technique is assigned a
value of 0.

3.2.3 Mediating variable: Structural Hole (SH))

According to Burt's structural hole theory, the executive team must keep its network rich in
structural holes, so that the team is in a position of structural autonomy in the network. So that
enterprises have more abundant social capital conducive to the improvement of innovation per-
formance™, Executive members play an important role in enterprise decision making. The ex-
ecutive social network structure can increase or overlap the structural holes in the enterprise
value network. Therefore, the strength of corporate structural holes is measured by the number
of part-time executive members of sample enterprises in government, enterprises, industries and
social organizations.

3.2.4 Control variable (Con)

Referring to relevant research®l, the control variables selected in this paper include: @
Enterprise size(SIZE), namely the total assets of the enterprise; @Ownership structure (OS),
that is, the shareholding ratio of corporate executives; (®Asset-liability ratio (AIR), that is, the
ratio of total liabilities to total assets; @Establishment years (AGE), that is, the period from the
establishment of the enterprise to the current year; &The size of the senior management team
(TMTS) refers to the total number of the senior management team. All relevant data comes from
CSMAR database and corporate annual reports.

3.3 Model selection

This paper establishes a multiple regression model to examine the relationship between digital
technology, structural holes and EIP. Model (1) and Model (2) are the relationship models be-
tween digital technology, structural hole and EIP, Model (3) is the relationship model between



digital technology and structural hole, and Model (4) is the mediating effect model of structural
hole in the relationship between digital technology and EIP.

EIP; 141 = Bo + B1DTi + o X Conyy + &4 @8]
ElP;ty1 = Po + B3SHip + Bo X Conyp + & )
SHiy = Bo + BsDTi + Po X Conyp + & ©))
EIP; 41 = Po + B7DTr + PaSHir + Po X Conyy + & 4)

EIP is enterprise innovation performance; DT is digital technology; SH is structural hole; Con
is control variable, including enterprise size (SIZE), equity structure (OS), asset-liability ratio
(AIR), age of establishment (AGE), size of senior management team (TMTS), B0 is constant
term, € is error term, i represents enterprise, t represents year.

4. Empirical Analysis

4.1  Descriptive statistics and correlation analysis

In this paper, correlation analysis of variables was carried out by Pearson correlation analysis
method, and the mean value, standard deviation and correlation coefficient of research variables
were obtained as shown in Table 1. It can be seen from the table that the standard deviations of
the richness of structural holes and the degree of digital technology are 3.992 and 0.927 respec-
tively, indicating that there are differences between structural holes and digital technology
among enterprises. There is a significant correlation between digital technology and enterprise
structure hole and enterprise innovation performance.

Table 1 Mean, standard deviation and correlation coefficient of variables

Variable X o 1 2 3 4 5 6 7 8
1LEIP 4.430 1.615 1

2.D0T 1.010 0.927 0.327™ 1

3.SH 10.400 3.992 0.197" -0.012 1

4.08 0.104 0.154 -0.177 -0.039 -0.019 1

5.S1ZE 22.749 1.477 o177 0039 -0.019 1 1

6.AIR 0.437 0.194 0.237 0.117 -0.06 0395 0490 1

7.TMTS 13.990 4.451 0.094 -0.125 0.815™ 0.012 0.153 -0.133 1

8.AGE 20.760 7.619 0.002 -0.053 0.319™  -0.229™ 0.228™ 0.198™ 0.401™ 1

Note: N=100, *, ** and *** are significant at the level of 10%, 5% and 1% respectively.
4.2  Direct and intermediate effect tests

This paper uses SPSS23.0 to test the relationship between digital technology, structural holes
and EIP, and the results are shown in Table 2. Model (1) shows that the regression coefficient
of digital technology on EIP is positive ($=0.238, p<0.01), H1 has been verified. Model (2)
shows that the regression coefficient of structural holes on EIP is positive (f=0.259, p<0.1), i,
H3 is verified. Model (3) shows that the regression coefficient of digital technology on structural
holes is positive (=0.08, p<0.2), indicating that digital technology provides a wider range of



information resources and sharing exchange platform for enterprise executives, which is con-
ducive to enterprises occupying more structural holes, and H2 is verified. Model (4) shows that
the regression coefficients of digital technology and structural holes on EIP are both positive.
Among them, the regression coefficient of digital technology on innovation performance in
model (4) is 0.221, which is greater than that of digital technology on innovation performance
in model (1), and the regression coefficient of structural hole on EIP in model (4) is positive,
indicating that structural hole plays a partial mediating effect in the influence of digital technol-
ogy on EIP.

Table 2 Regression analysis of DT, SH and EIP

Variable EIP SH EIP
Model (1) Model (2) Model (3) Model (4)
DT 0.238™" 0.08 0.221™
(2.638) (1.299) (2.443)
SH 0.259" 0.209"
(1.681) (1.384)
0s -0.027 -0.012 0.08 -0.025
(-0.272) (-0.123) (-0.123) (-0.256)
SIZE 0.412" 0.465™" 0.033 0.405™"
(3.793) (4.294) (0.45) (3.743)
AIR 0.042 0.033 0.027 0.036
(0.393) (0.297) (0.376) (0.341)
0.125 -0.125 0.835™" -0.05
TMTS (1.236) (-0.769) (12.152) (-0312)
AGE -0.144 -0.146 -0.027 -0.138
(-1.442) (-1.427) (-0.397) (-1.391)
R? 0.303 0.273 0.676 0.317
Adj.R? 0.258 0.226 0.655 0.265
Durbin Watson 1.796 1.791 1.969 1.808

Note: N=100, *, ** and *** are significant at the level of 10%, 5% and 1% respectively.

5. Discussion and Conclusion

5.1  Conclusion

Using the theory of structural holes, this paper takes China's A-share listed automobile manu-
facturing enterprises in 2021 as research samples, analyzes the relationship between digital tech-
nology, structural holes and enterprise innovation performance, and draws the following re-
search conclusions. The results are as follows:

(1) Digital technology has a significant positive impact on enterprise innovation performance.
Similarly, it shows that manufacturing enterprises can further transform and upgrade their digi-
tal technology application by making efforts in digital infrastructure, digital components and
digital platforms.

(2) Structural holes have a positive effect on EIP. The conclusion of this paper responds to Burt's
structural hole theory, demonstrating that enterprises occupying more structural holes can help
improve their centrality in social networks, improve their capability to build information



resource platforms with larger scale and higher freedom, and involve users and partners in the
network.

(3) After further considering the mediating effect of structural holes, part of the reason why
digital technology can improve innovation capability is that digital technology enables enter-
prises to have more convenient channels and communication tools, and can form more abundant
innovation ecological network system, which confirms the mechanism of digital technology
driving enterprises to occupy more structural holes and thus drive innovation capability.

Digital technology includes a variety of technical layers, involving the resource management of
each link of technological innovation, and can empower the whole process of enterprise tech-
nological innovation. For example, for the intangible resources of structural holes, enterprises
can use digital identification and other technologies to carry out information processing and
processing, so as to make the intangible resources that have not been fully utilized in the past
structured and explicit. Thus, the dynamic updating of resources can be realized and the tech-
nological innovation of enterprises can be enabled.

5.2  Limitations and Future Study Directions

This paper studies the mediating effect of structural holes in the influence of digital technology
on innovation performance, which enricfies the existing theoretical researches, but there are still
some research limitations and shortcomings:

@ In this paper, listed companies in the automobile manufacturing industry are selected as re-
search samples and the number of samples is relatively small. Although industry differences
and enterprise size differences are controlled to a certain extent, the applicability to other indus-
tries has yet to be tested. Future research is not limited to this field, and whether structural holes
in various fields produce mediating effects will be explored to enhance the universality of re-
search conclusions.

@This paper selects the number of patents obtained as the standard to measure the innovation
performance of enterprises, but does not measure the value of each patent innovation in detail.
Moreover, the innovation of enterprises is not only reflected in patents, but also may include
other aspects such as papers. In the future, the innovation performance of enterprises will be
measured in a more detailed and accurate way to make the research results more accurate.
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