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perspectives. It also analyzes whether digital transformation can significantly enhance enterprises’ value
through innovation. The findings are presented as follows: first, digital transformation has a positive and sig-
nificant impact on enterprise innovation, and this finding holds true when we conduct robustness testing
and endogeneity processing. Second, the influence of digital transformation on enterprise innovation varies
significantly according to enterprise size, ownership, and industry. Third, risk-taking plays an intermediary
role between digital transformation and innovation. Fourth, the innovation incentive effect of digital trans-
formation has a value enhancement function with a two-year lag, while it lacks a value enhancement func-
tion in the current year, following year, or next three years. In the modern era of innovation-driven and
cross-border integration, this study deepens the theoretical understanding of innovation-driven and digital
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Introduction year. The digital economy has led to profound changes in enterprises’

With the development of emerging technologies, such as artificial
intelligence, blockchain, cloud computing, and big data, data have
become the seventh factor of production after land, labor, capital,
knowledge, technology, and management (Wang et al., 2020; Siachou
et al.,, 2021; Alnuaimi et al., 2022). Data are “the oil of the future soci-
ety” and the new driver for economic and social development. Chi-
na's 2035 Vision Outline proposed the development of a digital
economy by building a “digital China” and promoting the deeper
integration of real and digital economies. China’s digital economy is
developing steadily, and its pace of digitization has accelerated sub-
stantially. A white paper on the development of China’s digital econ-
omy (2021) issued by CAICT reports that, in 2020, the added value of
China’s digital economy reached 39.2 trillion yuan, up from 14.2% of
the gross domestic product (GDP) in 2005 to 38.6% of the GDP in
2020, and 2.4% higher in 2020 than in the same period in the previous

* Corresponding author at: Room 9115, 1/F, Ganxun Building, Shandong University
of Finance and Economics, No. 40, Shungeng Road, Jinan city, Shandong Province, Zip
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external environment, and digital technologies have substantial
effects on organizational form, mode of production, operation, man-
agement, and sales methods (Nambisan et al., 2017; Verhofe et al.,
2021; George & Schillebeeckx, 2022). Enterprises occupy the “main
position” vis-a-vis industrial digitization, and the ability to success-
fully seize the development opportunities ensuing from the construc-
tion of the digital economy and transformation is related not only to
the direction of enterprises’ strategic development, survival, and col-
lapse but also to whether China can reach new heights and seize new
development opportunities in the new digital economy era. There-
fore, enterprises should seek to grasp the new opportunities and
challenges engendered by the digital economy and technological rev-
olution by increasing investment in digital construction. This is not
only a requirement for innovation-driven development in the new
era of digital economies but also the focus of China’s “creation strat-
egy” (Kusiak, 2017; Furr & Shipilov, 2019; Hilali et al., 2020).

In December 2020, China’s 14th Five-Year Plan proposed the
implementation of an innovation-driven development strategy,
improvement of the national innovation system and mechanism, and
enhancement of enterprises’ technological innovation capabilities.
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Throughout the development trends of the global economy, this
innovation-driven model, with digital transformation at its core, has
flourished. Digital transformation based on innovation-driven devel-
opment has become a realistic choice for most enterprises, and it has
also become a hot topic in the realms of government, business, and
academia. Studies on digital transformation and enterprise innova-
tion have focused on three main dimensions. The first is the impact
of information technology or systems on enterprise innovation. Some
studies trace this problem to the historical root of the paradox of
information technology production efficiency and extend the prob-
lem to the absorption and diffusion of knowledge using new-genera-
tion information technology (Schwarzmuller et al., 2018; Yeow et al.,
2018), which affects enterprise innovation. Some scholars regard
new-generation information technologies as infrastructure, as they
believe that information systems can improve enterprises’ abilities to
absorb knowledge, especially explicit knowledge, thereby promoting
innovation (Vial, 2019; Peng & Tao, 2022; Zhang et al., 2022). The sec-
ond focus of the literature is on the Internet and enterprise innova-
tion. The Internet has enabled greater access to and dissemination of
information, thus improving enterprises’ innovation performance. By
“connecting everything,” innovation based on the Internet business
model can target customers’ personalized and differentiated needs at
a deep level, resulting in improved enterprise innovation ability (Furr
& Andrew, 2019; Ghezzi & Cavallo, 2020). The third focus is on digital
transformation and innovation. Ferreira et al. (2019) survey 938
enterprises in Portugal and find that digital transformation can pro-
mote enterprises’ service and process innovation. However, there
seems to be no consensus in the literature on the effects of digital
transformation on innovation. In addition, few studies have exam-
ined the effects of digital transformation on enterprise innovation.
There is no in-depth research on how digital transformation affects
enterprise innovation, which typically does not match the innovation
effects brought about by digital transformation (Nambisan et al.,
2017; Kuester et al., 2018; Simsek et al., 2019; Baiyere et al., 2020).
This leads to two basic theoretical questions: Is digital transformation
conducive to promoting enterprise innovation? If so, what is its spe-
cific mechanism? These problems, which arouse great concern for
governments, businesses, and academia, constitute the basis of the
issues examined herein.

This study employs A-share enterprises listed in China’s Shanghai
and Shenzhen exchanges from 2013 to 2019 as the research sample
to analyze the impact of digital transformation on enterprise innova-
tion and its mechanism from theoretical and empirical perspectives
and to examine whether digital transformation can significantly
enhance enterprises’ value through innovation. This study makes the
following theoretical and practical contributions: first, this study
uses text mining technology in combination with policy documents,
research reports, and enterprise annual report information to con-
struct enterprises’ digital transformation indicators. In addition, this
study considers the scope of digital transformation keywords
obtained through text mining technology and invites digital transfor-
mation experts to supplement the keywords created via text mining
to measure enterprises’ digital transformation more comprehen-
sively. This provides a reference for measuring enterprise digital
transformation and evaluating its economic benefits. Second, this
study uses a mediation effect model to identify and test the path of
“digital transformation—risk-taking—enterprise innovation” and
opens the “black box” of the impact of digital transformation on
enterprise innovation. It not only expands research on the economic
effects of digital transformation and their mechanisms but also
enriches research on the factors influencing enterprise innovation,
which meets the needs of high-quality innovation-driven develop-
ment in the context of the digital economy era. Third, most studies
on the factors influencing enterprise risk-taking focus on the internal
characteristics of the enterprise and external environment. This study
starts with the digital transformation of enterprises and theoretically
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analyzes and empirically tests the impact of digital transformation on
enterprise risk-taking. This provides a new explanation for the factors
influencing enterprise risk-taking. Fourth, this study examines the
heterogeneous effects of digital transformation on enterprise innova-
tion based on enterprise- and industry-level characteristics and
empirically provides a more refined understanding of the economic
benefits of enterprise digital transformation and the formulation of
differentiated policies. Fifth, this study analyzes the impact of digital
transformation on enterprise innovation and the value enhancement
function of the innovation incentive effect of digital transformation.
These findings deepen our understanding of the enterprise innova-
tion chain in terms of research content and have profound policy
implications for further deepening digital construction and maximiz-
ing the use of digital dividends to stimulate enterprises’ innovation
potential. The remainder of this paper is organized as follows: Section
2 presents the theoretical analysis and hypotheses. Section 3 presents
the data sources and research design. Section 4 empirically tests the
influence of digital transformation on enterprise innovation. Section
5 tests the influence mechanism of digital transformation on enter-
prise innovation. Section 6 explores the value enhancement function
of the influence of digital transformation on innovation incentives.
Finally, Section 7 presents the conclusions and implications of this
study.

Theoretical analysis and hypothesis development
Digital transformation and enterprise innovation

Digital transformation can reduce enterprises’ transaction, opera-
tion, agency, and marginal costs; increase consumers’ participation in
the innovation process; and aggregate various innovation elements
(Yoo et al., 2010; Li, 2020; Wijenayaka, 2022).

(1) Digital transformation can reduce transaction, operation, agency,
and marginal costs, thus promoting enterprise innovation. First,
digital transformation can reduce transaction costs. New-genera-
tion technologies can break the constraints of time and space by
allowing information to spread explosively, thereby reducing
transaction costs caused by information asymmetry (Huang et al.,
2017; Ferreira et al., 2019; Matarazzo et al., 2021). Second, enter-
prises can reduce the operational costs of innovation by using
new-generation digital technologies to transform and upgrade
their old technology and operational processes. In addition, con-
trol systems based on data analysis improve the timeliness and
accuracy of decision-making (Loebbecke & Picot, 2015; Golzer &
Fritzsche, 2017; Guo et al., 2022). Third, enterprises can reduce
the agency costs of innovation through digital transformation,
which can improve the timeliness and openness of information
dissemination, thereby increasing enterprise information disclo-
sure and reducing the agency costs of innovation (Ilvonen et al.,
2018; Solberg et al., 2020; Sousa-Zomer et al., 2020). Fourth, digi-
tal transformation can reduce the marginal costs of innovation, as
it reduces information transmission costs to almost zero, and the
intermediate-link and depreciation costs are relatively low. There-
fore, the marginal cost of each additional product is either low or
even zero. Reducing the cost of innovation motivates enterprises
to invest more in research and development (R&D), accelerate
product upgrading, and promote enterprise innovation.

(2)Digital transformation increases consumer participation in the
innovation process and shortens the distance between enterprises
and consumers. Accordingly, enterprises can better understand
consumers’ potential and differentiated needs and make more
effective decisions related to new product development. This
decision-making process reduces the possibility that enterprises’
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innovative products will not meet consumers’ needs and will not
be fully accepted by the market (Kusiak, 2017; Li et al., 2018;
Heredia et al., 2022). First, enterprises use intelligent marketing
scenarios, models, and methods to achieve online and offline inte-
gration. The construction of online channels has increased con-
sumers’ participation in the innovation process, and enterprises
can directly reach consumers, win consumers’ loyalty more effi-
ciently, understand consumers’ diverse needs more deeply, make
decisions related to new product development on this basis, and
improve the efficiency of enterprise innovation (Abrell et al.,
2016; George & Schillebeeckx, 2022). Second, the application of
digital technologies enables enterprises to capture and respond
quicker to changes in consumer demand, thereby realizing rapid
product iteration and continuous optimization and promoting
enterprise innovation (Bajari et al, 2015; Boone et al., 2019).
Extreme, differentiated, and personalized consumer demands are
emerging in large numbers. Only by obtaining and responding to
these demands in a timely manner can enterprises gain a foothold
in the market. The application of digital technologies enables
enterprises to meet consumer needs more quickly, tap customers’
potential and differentiated needs, adjust product innovation
strategies in a timely manner according to the differences and
dynamic changes in users’ demand preferences, identify market
opportunities for new products and services, and improve innova-
tion efficiency (Boone et al., 2019; Matarazzo et al., 2021).

(3) Digital transformation can enable the quick aggregation of many
innovation elements and promote enterprise innovation. How-
ever, the integration of internal and external innovation elements
is accompanied by information asymmetry and high search costs.
New-generation information technologies can create conditions
for enterprises to build cooperative networks in specific links or
processes and even to reallocate resources and aggregate funds
and talents worldwide (Ferreira et al., 2019; Kohli & Melville,
2019). First, digital transformation can overcome time and space
constraints, thereby improving the efficiency of an enterprise’s
resource allocation (Yoo et al., 2012; Sousa-Zomer et al., 2020).
Second, digital transformation can expand the breadth and depth
of knowledge. With digital transformation, enterprises can evalu-
ate, absorb, and utilize new information more effectively, which is
beneficial to their various innovative activities (Simsek et al.,
2019; Sandberg et al., 2020). Third, digital transformation can
enable the construction of communication platforms to enable
internal R&D teams to communicate and cooperate within and
even across industries (Nambisan et al., 2017; Siachou et al,
2021).

Therefore, this study proposes the following hypothesis:

H;: Digital transformation can promote enterprise innovation.

Digital transformation, risk-taking, and enterprise innovation

As previously mentioned, digital transformation can significantly
promote enterprise innovation, but what path does it follow? Risk-tak-
ing is the most important part of enterprise strategic decision-making,
reflecting enterprises’ willingness and inclination to pay a price in the
pursuit of profit, which is further reflected in decision-making regard-
ing venture capital projects (Simon & Houghton, 2003; Hanelt et al.,
2021; Al-Mamary & Alshallaqi, 2022). Venture capital projects have a
high degree of uncertainty, and decision makers must master relevant
information to avoid risks. According to principal—agent theory, man-
agement’s self-interested behavior and risk aversion tendencies are
caused by information asymmetry and reduce enterprise risk-taking.
The information effect brought about by digital transformation can
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increase management’s enthusiasm, alleviate the above mentioned
problems, and improve enterprise risk-taking. The specific analysis is
presented as follows: first, with the support of a variety of new techno-
logical models, enterprises can deal with massive amounts of data at a
lower cost and improve the breadth and depth of information absorp-
tion (Chania et al., 2019; Ghezzi & Cavallo, 2020), reduce management
processing and access costs for critical decision information, decrease
management’s risk aversion, and enhance enterprises’ risk-taking. Sec-
ond, enterprises can use text mining technology to convert unstruc-
tured information into structured information so that they can
promptly obtain external key information and capitalize on various
investment opportunities by quickly obtaining vital information for
management, and they can avoid missing out on investment opportuni-
ties due to information asymmetry (Baiyere et al., 2020; Caputo et al.,
2021). The use of new-generation technologies can also reduce infor-
mation search costs, thus restraining management’s opportunistic
behavior. Mobilizing management’s enthusiasm and reducing manage-
ment’s conservativeness regarding investment decisions enhance
enterprise risk-taking.
In summary, this study proposes the following hypothesis:

H,: Digital transformation can promote enterprise risk-taking.

Enterprises’ choice of innovation projects is affected by many fac-
tors, and the level of risk is a key consideration in their innovation
decision-making, as it directly affects their willingness to innovate (Li
& Tang, 2010; Chrisman & Patel, 2012). The impact of risk-taking on
enterprise innovation is mainly reflected in the choice of risky inno-
vation projects. While enterprises that undertake innovative projects
experience long investment cycles and high risk, enterprises with
low risk-taking levels generally lack innovation motivation. This risk-
averse attitude is not conducive to the promotion of enterprise inno-
vation. In the pursuit of higher returns, enterprises with higher risk-
taking levels are more likely to invest in higher-risk projects to
actively seek opportunities for innovation, which is conducive to cor-
porate innovation (Simon & Houghton, 2003; Lou et al., 2022). The
higher an enterprise’s level of risk-taking, the more tolerant its man-
agers will be of innovation risks and uncertainties, and the greater
their confidence will be in undertaking high-risk innovation projects.
Managers actively pursue and seize existing innovation investment
opportunities, actively introduce new technologies, and acquire new
knowledge to cope with changes in the external environment,
thereby improving enterprise innovation (Brettel & Cleven, 2011;
Goranova & Ryan, 2014). Enterprises with high risk-taking levels can
optimize resource allocation; use resources effectively; allocate
resources to innovative projects with high uncertainty, long cycles,
and high risk; and stimulate innovative R&D behavior (Brown &
Osborne, 2013; Mao & Zhang, 2018). Thus, digital transformation
enhances the risk-taking willingness of enterprise management, and
ultimately improves enterprises’ risk-taking levels. The higher the
enterprise’s risk-taking level, the greater the acceptance and recogni-
tion of innovation, the more positive the innovation attitude, the
stronger the innovation motivation, and the greater the willingness
to increase innovation R&D investment, thereby enhancing enter-
prise innovation. Therefore, this study hypothesizes that the level of
risk-taking mediates the relationship between digital transformation
and enterprise innovation, that is, enterprises’ digital transformation
affects their level of risk-taking and thus their innovation. Accord-
ingly, this study proposes the following hypothesis:

Hs: Risk-taking plays an intermediary role between digital transfor-
mation and enterprise innovation.

In summary, this study proposes an intermediary effect model for
the impact of digital transformation on enterprise innovation, as
shown in Fig. 1.
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Fig. 1. Mechanism roadmap.

Research design
Sample selection and data sources

This study uses Chinese Shanghai and Shenzhen A-share listed com-
panies from 2013 to 2019 as the research sample. Since 2013, with the
development and progress of the new generation of digital technologies,
such as the Internet, big data, and artificial intelligence, an upsurge in
the digital transformation of enterprises has occurred, making this study
possible. The sample data are screened and processed according to the
following criteria. (1) Securities, banks, and other financial listed compa-
nies are excluded. (2) Listed companies classified as ST, *ST, or PT
because of abnormal financial systems during the sample period are
excluded. (3) Listed companies with missing variables during the sam-
ple period are excluded. In addition, this study uses a 1% tail reduction
for all the continuous variables and ultimately employs 15,949 data
points from 4057 companies as the research sample. The data mainly
include digital transformation, using annual report information on Chi-
nese listed companies in both the Shanghai and Shenzhen markets
from 2013 to 2019, for which text mining is used to construct an index
of enterprise digital transformation, and enterprise innovation, risk-tak-
ing, and other variable data, which are obtained from the China Stock
Market & Accounting Research database.

Variable definitions

Independent variable: digital transformation (Digital)

Digital transformation involves many aspects of organizational
change. In this study, digital transformation is defined as in-depth
changes in the internal structure, process, business model, and
employee capabilities of enterprises using new-generation digital
technologies, such as the Internet of things, big data, cloud comput-
ing, and artificial intelligence (Hess et al., 2016; Ilvonen et al., 2018).
This study identifies keywords through text analysis and uses Python
to capture keywords related to digital transformation in the annual
reports of Chinese listed companies in Shanghai and Shepnzhen. The
frequency of digital transformation keywords, that is,LN[(>_ keyword
occurrence frequency + 1], is used to measure enterprise§*'degree of
digital transformation.

75
LN [(Z keyword occurrencef requency
i=1

x number of words in keyword)/Number of wo

rds in enterprise annual report + 1]

is used for the robustness test. In addition, experts on digital transfor-
mation are invited to supplement the keywords created from the text
analysis in this study to measure enterprise digital transformation
indicators more comprehensively. Finally, a robustness test is

performed with 127 keywords substituted for the 75 enterprise digi-
tal keyword measures.

Dependent variable: enterprise innovation (INV)

This study measures innovation from the perspectives of innova-
tion input and output. Innovation input is expressed by R&D inten-
sity, measured as the ratio of an enterprise’s annual R&D expenses to
its total assets. Innovation output is expressed as the natural loga-
rithm of the number of patent applications plus one, and the natural
logarithm of the number of patents granted plus one.

Mediating variable: risk-taking (Crt)

Prior studies have used two main methods to measure corporate
risk-taking: earnings volatility and stock return volatility. Determin-
ing earnings volatility requires the use of corporate financial indica-
tors. However, stock return volatility can eliminate this restriction
and accurately reflect a company’s risk-taking situation. Therefore,
this study adopts stock return volatility to measure enterprises’ risk-
taking, using stock daily return volatility, stock weekly return volatil-
ity, and stock monthly return volatility to measure enterprises’ risk-
taking. The formula used is given as follows:

1 1 2
Crti.[ =1In \/j Zj:] (T,‘_’[‘j — _72;:1 Tj_u) (1)

Control variables

The control variables used in this study are mainly indicators of
corporate characteristics, capital structure, and corporate gover-
nance. These indicators affect both the independent and dependent
variables in the model. If these variables are not controlled for, the
estimation results may be biased. The control variables are enterprise
size, number of employees, age, asset—liability ratio, return on net
assets, market concentration, management shareholding ratio, insti-
tutional investor shareholding ratio, profitability, total compensation
(of directors, supervisors, and senior executives), concurrent posi-
tions, number of independent directors, shareholding concentration,
and equity checks and balances. This study also controls for the
impact of industry and annual factors on firm innovation. Table 1
presents the definitions of the main variables in this study.

Descriptive statistical analysis of variables

The descriptive statistics of the main variables used in this study
are listed in Table 2. The mean value of digital transformation for
enterprises is 2.929, the minimum value is 0, the maximum value is
7.0917, and the variance is 1.3571. These results indicate obvious dif-
ferences in digital transformation across enterprises. Additionally,
some companies have not yet undergone digital transformation. The
mean value of the innovation input of enterprises is 0.0217, the mini-
mum value is 0, the maximum value is 1.0701, and the variance is
0.0273, indicating apparent differences in innovation input across
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Table 1
Definitions of the main variables.
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Variable type Variable name Variable symbol Variable definitions
Independent variable R&D intensity Rd R&D expenses/Total assets
Patent applications Apply Ln(1+number of patent applications)
Patent grants Grant Ln(1+number of patents grants)
Dependent variable  Digital transformation Digital Ln (the total frequency of 75 keywords + 1)
Mediating variable ~ Stock-daily-return volatility Crty Crti; = In [\/ 1 ZL ; (ri-rJ _ }ZL] rw‘)z]
Stock-weekly-return volatility Crt;
Stock-monthly-return volatility Crts
Control variable Enterprise size Size Ln(total assets)
Number of employees Emp Ln(Number of employees+1)
Age of the enterprise Age Ln(Time of the year - time of establishment+1)
Asset-liability ratio Lev Liabilities/Total Assets
Return on net assets Roe Net Profit/Net Assets
Market concentration Market Hoffindahl Index
Managements’ shareholding ratio Manhold Total managements’ Shares/Total Shares
Institutional investors’ shareholding ratio Inhold Institutional investor holdings/Total shares
Profit ability Eps earnings per share
Total compensation Ip Ln(Total compensation of directors, supervisors and senior executives)
Concurrent position TwoOne 1 if the chairman is also the general manager ; otherwise, 0
Number of independent directors Board Ln(Number of independent directors)
Shareholding concentration Share
The shareholding ratio of the largest shareholder
Equity checks and balances Equity The shareholding ratio of the second-largest shareholder/shareholding ratio of
the largest shareholder
Industry factors IND Control for industry factors
Year factor YEAR Control for year factor
Data source: organized according to the data in this paper
Table 2
Descriptive statistical analysis of variables.
Variable name Variable symbol N Mean Median Std Min Max
R&D intensity Rd 15,949 0.0217 0.0168 0.0273 0.0000 1.0701
Patent applications Apply 15,949 0.5755 0.0000 1.4448 0.0000 9.6738
Patent grants Grant 15,949 0.7392 0.0000 1.5079 0.0000 8.3973
Digital transformation Digital 15,949 2.9290 2.8904 1.3571 0.0000 7.0917
Stock-daily-return volatility Crty 15,949 —3.6035 -3.6167 0.3321 -8.2325 0.8551
Stock-weekly-return volatility Crt; 15,949 -2.8322 -2.8633 0.3953 —4.2656 1.6618
Stock-monthly-return volatility Crt3 15,949 —2.1698 —2.1860 0.4564 -3.9193 1.7351
Enterprise size Size 15,949 22.3373 22.1676 1.2963 14.9416 28.1935
Number of employees Emp 15,949 7.7708 7.7044 1.2641 1.9459 13.0206
Age of the enterprise Age 15,949 2.8375 2.8904 0.3377 1.0986 3.9512
Asset-liability ratio Lev 15,949 0.4318 0.4209 0.2172 0.008 8.6118
Return on net assets Roe 15,949 0.0801 0.0731 1.5658 —65.376 127.0001
Market concentration Market 15,949 0.0672 0.0584 0.1852 —2.7788 3.8559
Managements’ shareholding ratio Manhold 15,949 0.1235 0.0044 0.1875 0.0000 1.3142
Institutional investors’ shareholding ratio Inhold 15,949 43,9566 46.3587 24.2146 0.0005 101.1401
Profit ability Eps 15,949 0.3425 0.2500 0.7440 —6.6910 32.8000
Total compensation Ip 15,949 15.3588 15.3395 0.8941 0.0000 18.9415
Concurrent position Two 15,949 0.2529 0.0000 0.4347 0.0000 1.0000
Number of independent directors Board 15,949 0.3758 0.3636 0.0558 0.1818 0.8000
Shareholding Concentration Share 15,949 343102 32.2800 14.8286 0.2900 89.9900
Equity checks and balances Equity 15,949 0.3687 0.2666 0.3280 0.0019 2.7307

Data source: Arranged based on the data of this study.

enterprises. The mean value of the number of patent applications is
0.5755, the minimum value is 0, the maximum value is 9.6738, and
the variance is 1.4448. The mean value of the number of patent grants
is 0.7392, the minimum value is 0, the maximum value is 8.3973, and
the variance is 1.5079. These results indicate notable differences in
innovation output across enterprises. Among the control variables,
there are differences in the values of corporate characteristics, capital
structure, and corporate governance across enterprises, indicating
that the innovation of these control variables may be affected.

Research model

This study constructs the following models to verify the impact of
digital transformation on enterprise innovation. The subscripts i and

t in Model (2) represent the enterprise and year, respectively. Inv;,
represents enterprise innovation, which includes innovation input
and output. It represents the digital transformation of enterprises, Co
ntrol;, is the enterprise control variables, " Year is the annual fixed
effect, " Ind is the industry fixed effect, and ¢;; is the random error
term. The size and direction o, reflect the impact of digital transfor-
mation on enterprise innovation.

Invi, = @y + aydigital;; + asControli + + > Year +> " Ind + & (2)

This study verifies the mechanism of the impact of digital trans-
formation on enterprise innovation using Models (3) and (4). These
models test the intermediary factor, risk-taking, which includes the
stock daily return volatility, weekly return volatility, monthly return
volatility, and other variable definitions from Model (2). If the
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Table 3
Digital transformation and enterprise innovation.

Variables Innovation input Innovation output
Rd Apply Grant
(1) () 3)
Digital 0.0050"" 0.0594"" 0.0758""
(0.0002) (0.0093) (0.0097)
Size -0.0072"" -0.0127 0.0041
(0.0003) (0.0150) (0.0156)
Emp 0.0055™" 0.1744™ 0.18317"
(0.0002) (0.0132) (0.0137)
Age —0.0069"" 02491 -0.3821"
(0.0006) (0.0376) (0.0390)
Lev —0.0067"" -0.2875"" -03117"
(0.0011) (0.0644) (0.0668)
Roe —0.0001 0.0060 0.0088
(0.0001) (0.0073) (0.0075)
Market 0.0004 -0.1523" —0.0992
(0.0012) (0.0713) (0.0739)
Manhold 0.0171™" -0.0941 032337
(0.0017) (0.1024) (0.1053)
Inhold 0.0001"" —0.0008 -0.0018*
(0.0000) (0.0009) (0.0009)
Eps 0.0025"" 0.0124 —0.0278
(0.0003) (0.0177) (0.0183)
Ip 0.0025"" 0.0396"" 0.04217"
(0.0002) (0.0144) (0.0149)
Two 0.0018™" 0.0396 ~0.0749™"
(0.0005) (0.0271) (0.0281)
Board 0.0064* —0.3884* 0.3179
(0.0035) (0.2046) (0.2122)
Share —0.0002"" —0.0022* 0.0020
(0.0000) (0.0013) (0.0013)
Equality —0.0015* -0.1045"" —0.0031
(0.0008) (0.0462) (0.0479)
Constant 0.1068™" -0.1418 —0.6225*
(0.0054) (0.3170) (0.3288)
Ind YES YES YES
Year YES YES YES
N 15,949 15,949 15,949
Adj-R? 0.2154 0.0328 0.0453

Note: *, **, and *** indicate levels of significance of 10%, 5%, and 1%, respectively.
Data source: organized according to the data in this paper.

following conditions are simultaneously satisfied, then risk-taking
plays an intermediary role between digital transformation and inno-
vation: 3, in Model (3) is significant, §, and §5 in Model (4) are signif-
icant, and &, in Model (4) is lower than $, in Model (3).

Crtye = B, + B,Digital;; + B;Controly, + Y Year+ Y Ind+&;  (3)

Invi; = 8, + 8,Digital; + 83Crt;; + 84Control;; + » _ Year
+3 Ind + & (4)

Table 4
Heterogeneity test based on firm size.
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Empirical test and result analysis
Digital transformation and enterprise innovation

Model (2) is used to test Hypothesis 1 empirically to verify the
impact of digital transformation on enterprise innovation. The regres-
sion results are presented in Table 3. As shown in Column (1) of
Table 3, the influence of the coefficient of digital transformation on
enterprise innovation input is 0.0050, which is significant at the 1%
level, indicating that digital transformation has a significant positive
impact on enterprise innovation input. As shown in Columns (2) and
(3) of Table 3, the influence coefficients of digital transformation on
the number of patent applications and the number of patent grants
are 0.0594 and 0.0758, respectively. Both are significant at the 1%
level, indicating that digital transformation positively affects enter-
prise innovation output. These findings support Hypothesis 1, that is,
digital transformation has a positive and significant impact on enter-
prise innovation.

Heterogeneity test of digital transformation on enterprise innovation

To clarify the heterogeneous impact of digital transformation on
enterprise innovation, this study conducts a subsample test based on
the scale and property rights of the enterprise as well as the technol-
ogy and competition levels of the industry in which the enterprise is
located.

Heterogeneity test based on firm size and property right attributes

The heterogeneity of the promotion effect of digital transforma-
tion on enterprise innovation is examined for enterprises of different
sizes. This study divides the sample into small, medium, and large
enterprises according to the Measures for the Classification of Large
and Medium-Sized Enterprises in Statistics (2017) by the National
Bureau of Statistics of China. The results of the grouped regression,
shown in Table 4, indicate that digital transformation significantly
impacts enterprise innovation, irrespective of enterprise size. There-
fore, there is no enterprise-scale threshold for promoting digital
transformation in enterprise innovation, and small and medium-
sized enterprises (SMEs) can also benefit from it. At present, the digi-
tal transformation of large enterprises is progressing relatively
smoothly, as multi-dimensional, multi-level, and multi-chain digital
transformation and innovation are being realized in production, R&D,
operation, marketing, management, and other areas, promoting not
only the rapid development of the enterprise itself but also the inno-
vation and development of industries, the economy, and society.
However, the vast majority of SMEs are distributed in the middle and
low ends of traditional industries and value chains, are in the explor-
atory stage of digital transformation, lack transformational thinking,
have a weak foundation for digital technology application, and have

Variables Innovation input Innovation output
Rd Apply Grant

small medium large small medium large small medium large
Digital 0.0054"" 0.0036"" 0.0027"" 0.0548"" 0.0924" 0.0654 0.0749"" 0.0938"" 0.1250""

(0.0002) (0.0003) (0.0008) (0.0112) (0.0151) (0.0540) (0.0155) (0.0165) (0.0627)
Control variables YES YES YES YES YES YES YES YES YES
Ind YES YES YES YES YES YES YES YES YES
Year YES YES YES YES YES YES YES YES YES
N 12,708 2944 297 12,708 2944 297 12,708 2944 297
Adj-R? 0.2011 0.2153 0.4568 0.0293 0.0427 0.0699 0.0403 0.0630 0.1200

Note: ", and * indicate levels of significance of 10%, 5%, and 1%, respectively.
Data source: Arranged based on the data of this study.
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Table 5
Heterogeneity test based on property rights attributes.
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Variables Innovation input Innovation output
Rd Apply Grant

state private foreign state private foreign state private foreign
Digital 0.0044™" 0.0152"" 0.0033™ 0.0330™ 0.1157™ 0.0737 0.0035™ 0.0873™ 0.0289

(0.0003) (0.0002) (0.0008) (0.0014) (0.0168) (0.0500) (0.0002) (0.0120) (0.0469)
Control Variables YES YES YES YES YES YES YES YES YES
Ind YES YES YES YES YES YES YES YES YES
Year YES YES YES YES YES YES YES YES YES
N 6390 9023 536 6390 9023 536 6390 9023 536
Adj-R? 0.1510 0.2181 0.2676 0.0433 0.0427 0.0421 0.0861 0.0361 0.0192

Note: ** and """ indicate levels of significance of 10%, 5%, and 1%, respectively.
Data source: organized according to the data in this paper.

insufficient management and digital capabilities. These factors hinder
SMEs’ digital transformation processes. Digital technology can
improve the automation and intelligence levels of enterprises’ pro-
duction and manufacturing processes, improve production efficiency,
facilitate the combination of production and sales, and improve
enterprise innovation. Therefore, SMEs should accelerate the process
of digital transformation to reshape their industrial processes and
decision-making mechanisms, thereby improving their efficiency.

The heterogeneity of the promotion effect of digital transforma-
tion on enterprise innovation in different property rights is examined
by dividing the sample into state-owned, private, and foreign-owned
groups. The results of a grouped regression are shown in Table 5. The
results indicate that the positive impact of digital transformation on
enterprise innovation is more significant in private than in state-
owned enterprises. This result may be because the state entrusts pri-
vate enterprises with fewer political tasks and social responsibilities,
making these enterprises more attentive to the use of new-genera-
tion digital technologies for internal and external information
exchanges. This facilitates digital transformation, reduces innovation
costs and risks, and promotes enterprise innovation. Therefore, com-
pared to state-owned enterprises, the positive impact of digital trans-
formation on enterprise innovation is more significant in private
enterprises.

Heterogeneity test based on industry technology level and competition
level

We examine the heterogeneity of the promotion effect of digital
transformation on enterprise innovation across industries’ techno-
logical levels. This study divides the sample into high- and low-tech
industry enterprises according to the Technology Industry
(Manufacturing) Classification (2013) issued by the National Bureau
of Statistics of China. The results of the grouped regression are shown
in Table 6. Evidently, digital transformation has a more significant
role in promoting innovation among high-tech industry enterprises

Table 6
Heterogeneity test based on industry technology level.

than among low-tech ones. This study argues that the main orienta-
tion of the production and operation of high-tech industry enter-
prises lies in technological innovation and that digital technology
innovation and transformation, which occupy a central position in
the era of the digital economy, are naturally key areas of high-tech
industry enterprises. Additionally, digital transformation requires
strong innovation foundation support, and a strong information
infrastructure can provide high-tech industry enterprises with strong
support for digital transformation, which is conducive to building a
digital ecosystem in the industry and enhancing the relationships
between enterprises in the industry and the market. Interactions
between enterprises reduce the cost of external knowledge acquisi-
tion, promote the digital integration of external innovation resources,
reduce the cost of enterprise innovation, and improve enterprise
innovation, thereby increasing the positive effect of digital transfor-
mation on enterprise innovation. In contrast, the orientation of pro-
duction and operation of low-tech industry enterprises is not based
on technological innovation, as the development and decision-mak-
ing orientation of such enterprises are not sensitive enough to digital
transformation, and their information infrastructure and digital busi-
ness ecosystem are relatively undeveloped. Digital transformation is
unable to effectively integrate external innovation resources; reduces
enterprises’ sensitivity to internal and external interactions, which
weakens the promotion effect of digital transformation on innova-
tion; and finally makes the positive effect of digital transformation on
enterprise innovation less substantial than that for high-tech indus-
try enterprises.

The heterogeneity of the promotion effect of digital transformation
on enterprise innovation is examined according to industries’ competi-
tion levels. This study divides the sample into low-, medium-, and
high-competition industry enterprises according to the market con-
centration of the industries in which the enterprises are located. The
results of a grouped regression are shown in Table 7. Accordingly, digi-
tal transformation has a positive and significant impact on enterprises’

Variables Innovation input Innovation output
Rd Apply Grant

High Low High Low High Low
Digital 0.0067"" 0.00117" 0.0467"" 0.0213* 0.0936"" 0.0033

(0.0003) (0.0002) (0.0151) (0.0116) (0.0151) (0.0127)
Control variables YES YES YES YES YES YES
Ind YES YES YES YES YES YES
Year YES YES YES YES YES YES
N 6814 9135 6814 9135 6814 9135
Adj-R? 0.2023 0.1590 0.0529 0.0312 0.0370 0.0555

Note: *, **, and *** indicate levels of significance of 10%, 5%, and 1%, respectively.
Data source: organized according to the data in this paper.
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Table 7
Heterogeneity test based on industry competition level.
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Variables Innovation input Innovation output
Rd Apply Grant

low med high low med high Low Med high
Digital 0.0074™" 0.0023™ 0.0013™ 0.0183 0.0738"" 0.0603™" 0.0588™" 0.1059™ 0.0349*

(0.0003) (0.0002) (0.0002) (0.0156) (0.0165) (0.0500) (0.0157) (0.0169) (0.0192)
Control variables YES YES YES YES YES YES YES YES YES
Industry YES YES YES YES YES YES YES YES YES
Year YES YES YES YES YES YES YES YES YES
N 5392 5265 5292 5392 5265 5292 5392 5265 5292
Adj-R2 0.1982 0.2440 0.1518 0.0478 0.0371 0.0335 0.0323 0.0506 0.0695

Note: *, **, and *** indicate levels of significance of 10%, 5%, and 1%, respectively.
Data source: organized according to the data in this paper.

innovation in all three groups. From this perspective, the degree of
industry competition does not affect digital transformation’s ability to
promote innovation. In both the free competition and monopolized
markets, digital transformation can significantly and positively impact
corporate innovation. Thus, regardless of the competitiveness of the
industry to which an enterprise belongs, it should actively promote
digital transformation, encourage the application of digital technolo-
gies, and form technological innovation through the use of digital tech-
nologies, thereby promoting technological progress and productivity
improvement.

Robustness test and endogeneity problem handling of the impact of
digital transformation on enterprise innovation

Replacing the independent variable of digital transformation
In this section, we construct a substitution variable for digital
transformation. The

75
LN [(Z keyword occurrence frequency
i1
x number of words in keyword)/Number of
words in enterprise annual report + 1]

Table 8
Robustness test: replacing the independent variable.

Variables Innovation input  Innovation output
Rd Apply Grant
Panel A
Digital;, 37324 1.8442"" 18.0260™"
(0.1062) (0.2910) (6.5262)
Control variables YES YES YES
Industry YES YES YES
Year YES YES YES
N 15,949 15,949 15,949
Adj-R? 0.2264 0.0304 0.0420
Panel B
Digitaly, 0.0052"" 0.0697"" 0.0859""
(0.0002) (0.0095) (0.0098)
Control Variables  YES YES YES
Industry YES YES YES
Year YES YES YES
N 15,949 15,949 15,949
Adj-R? 0.2179 0.0336 0.0461
Panel C
Digital,, 3.2946" 11.5385" 23.8269"
(0.0963) (5.6909) (5.9030)
Control Variables  YES YES YES
Industry YES YES YES
Year YES YES YES
N 15,949 15,949 15,949
Adj-R® 0.2235 0.0306 0.0425
Note: * **, and *** indicate levels of significance of 10%, 5%, and 1%,

respectively.
Data source: organized according to the data in this paper.

75 keywords are used for the robustness test, and the test results are

shown in Panel A of Table 8. In addition, to measure the digital trans-
formation of enterprises more comprehensively, the researchers
asked experts on digital transformation to supplement the keywords
created through text analysis, and 127 keywords were generated.
These 127 keywords replace the previous 75 for the robustness test.
The results are shown in Panels B and C of Table 8. As shown, the sub-
stitute variables of digital transformation, namely, Digital12,
Digital21, and Digital22, all have a positive impact on innovation
input and output, indicating that the original conclusion is robust
and reliable.

Endogeneity problem handling of the impact of digital transformation on
enterprise innovation

Because digital transformation and innovation are enterprises’
decision-making behaviors, endogeneity problems may exist. To
address these issues, this study selects digital transformation data
with one and two lag periods for regression. Table 9 shows the
regression results for Panels A and B. As shown, the effects of digital
transformation on enterprise innovation input and output are posi-
tive and significant, whether for one or two lag periods, and decrease
with an increase in the number of lag periods. This result suggests
that the positive effect of digital transformation on economic benefits
marginally diminishes over time. In summary, digital transformation
can promote enterprise innovation with superimposed characteris-
tics over a long period, thereby stimulating the rise of enterprise
innovation to a greater extent. This finding supports the core hypoth-
esis of this study.

Table 9
Endogeneity problem handling: lag period regression.

Variables Innovation input  Innovation output
Rd apply grant
Panel A
Digital(t-1) 0.0040"" 0.0403"" 0.0569""
(0.0002) (0.0091) (0.0095)
Control variables  YES YES YES
Industry YES YES YES
Year YES YES YES
N 15,948 15,948 15,948
Adj-R? 0.1988 0.0316 0.0437
Panel B
Digital(t-2) 0.0032"" 0.0345" 0.0512"
(0.0002) (0.0090) (0.0093)
Control variables  YES YES YES
Industry YES YES YES
Year YES YES YES
N 15,947 15,947 15,947
Adj-R? 0.1882 0.0313 0.0434

Note: *, **, and *** indicate levels of significance of 10%, 5%, and 1%,
respectively.
Data source: organized according to the data in this paper.
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Mechanism test of the impact of digital transformation on
enterprise innovation

This section uses Models (3) and (4) to test the mediation effect,
that is, to verify the mediating effect of risk-taking between digital
transformation and enterprise innovation. Model (3) takes risk-tak-
ing as the dependent variable, including stock daily return volatility
(Crty), stock weekly return volatility (Crt,), and stock monthly return
volatility (Crts). Digital transformation is an independent variable,
and the regression results with a series of control variables added are
shown in Columns (1), (2), and (3) of Table 10. The influence coeffi-
cients of digital transformation on stock daily return volatility, stock
weekly return volatility, and stock monthly return volatility are
0.0305, 0.0338, and 0.0344, respectively, all of which are significant
at the 1% level. The impact of digital transformation on risk-taking is
positive and significant. Hypothesis H,; is therefore supported.

Model (4) considers corporate innovation as a dependent variable
and then sequentially adds the independent variables of digital trans-
formation, intermediary variable of risk-taking, and control variables.
Table 10 shows the regression results in Columns (4)—(12). The inter-
mediary variable in Columns (4), (7), and (10) of Table 10 is stock
daily return volatility. Its influence coefficients on the intensity of
R&D investment, number of patent applications, and number of pat-
ent grants are 0.0111, 0.0886, and 0.0565, respectively, all of which
are positive and significant at the 1% level. The influence coefficients
of digital transformation on the intensity of R&D investment, number
of patent applications, and number of patent grants are 0.0047,
0.0567, and 0.0741, respectively, which are positive and significant at
the 1% level. Compared with the results shown in Table 3, the influ-
ence coefficients of digital transformation on R&D investment, num-
ber of patent applications, and number of patent grants have
decreased. Therefore, stock daily return volatility partially mediates
digital transformation and corporate innovation.

Similarly, the intermediary variable in Columns (5), (8), and (11)
in Table 10 is the stock weekly return volatility, and the intermediary
variable in Columns (6), (9), and (12) in Table 10 is the stock monthly
return volatility. The stock monthly return volatility partially medi-
ates digital transformation and corporate innovation. Thus, risk-tak-
ing plays an intermediary role between digital transformation and
enterprise innovation. Therefore, Hypotheses Hj, and H,3 are sup-
ported.

Digital transformation and enterprise innovation: analysis of the
value enhancement function

This study confirms that digital transformation can enhance
enterprise innovation, which aims to gain competitive advantages
and add value (Chemmanur & Tian, 2018). However, what about the
value enhancement function of digital transformation innovation?
This study hypothesizes that digital transformation can fully tap
information related to supply, production, sales, and management;
promote the efficient conversion of innovation achievements into
new products and processes; meet market demands with maximum
effectiveness; and increase market competitiveness. All these factors
contribute to increasing enterprise value. Therefore, this study fur-
ther analyzes whether digital transformation can significantly
enhance enterprise value through innovation. This section examines
the value enhancement function in the short and long terms.

Digital transformation and innovation current value enhancement
function

The current value enhancement function of the enterprise innova-
tion channel mainly verifies whether the innovation incentive effect
of digital transformation can be converted into enterprise value in
the current period. This includes whether the innovation output of
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the enterprise has a value-enhancing function in the current period,
and whether the implementation of digital transformation promotes
the current value enhancement function of innovation output. This
study constructs the following Model (5):

TobiQ;¢ = y; + VoInvi¢ + y5Inv;, * Digital;, + y4Digital; ¢
+ yaControli; + > Year + "Ind + &;; (5)

TobiQ;; in Model 5 represents the value of the enterprise, and y,
measures the impact of the innovation output of the enterprise on
the current value of the enterprise, including the number of patent
applications and patent grants. If y, > 0, the enterprise’s innovation
output has the function of current value enhancement. If y, <0, the
enterprise’s innovation output has a current value-inhibiting
enhancement. y; measures the impact of digital transformation on
the relationship between innovation output and the enterprise’s cur-
rent value. If y; >0, the implementation of digital transformation
promotes the current value enhancement function of innovation out-
put. If y5 <0, the implementation of digital transformation does not
promote the current value enhancement function of innovation out-
put. The regression results in Table 11 show that the regression coef-
ficient of innovation output is not significant, regardless of the
number of patent applications or patents granted. Therefore, innova-
tion output does not enhance an enterprise’s current value. Addition-
ally, the regression coefficient of the multiplication of digital
transformation and innovation output is not significant, indicating
that digital transformation does not enhance the current value of the
enterprise through innovation channels. A possible reason for this
lack of value enhancement function in the current period is that it
may take a certain amount of time to convert innovation patents into
enterprise value.

Digital transformation and the innovation long-term value enhancement
function

Studies posit that applying for and obtaining patents is the first
step toward completing development work for enterprises. The
transformation of patents into products that the market recognizes
and generate markets value requires a series of post-development
management measures, such as pilot testing, industrialization, and
commercialization, all of which are time-consuming (Hsu, 2009;
Giroud, 2013; Nanda & Rhodes-Kropf, 2013). The analysis above
shows that it may take a certain amount of time for patents to gener-
ate market value. The long-term value enhancement function of the
enterprise innovation channel mainly verifies whether the innova-
tion incentive effect of digital transformation can be converted into
enterprise value in the long term, including whether the innovation
output of the enterprise has a long-term value enhancement function
and whether the implementation of digital transformation promotes
the long-term value enhancement function of innovation output.
This leads to the construction of Model (6).

TobiQ;.3/TobiQ;t. 5 /TobiQ; i1 = Y1 + VoInvie + y3Invi,
«Digital; + ysDigital; . + y,Control; + Z Year + Z Ind
+ &;(Digital (6)

In the model, TobiQ;; 1, TobiQ;.,>, and TobiQ;, 3 represent the
enterprise value in the following year, two years, and three years,
respectively. The definitions of the other variables are the same as
those in Model (4). The regression results for the digital transforma-
tion and innovation long-term value enhancement functions are
shown in Table 12. These results indicate that when the dependent
variable is the enterprise value in the next year and three years, the
innovation output’s regression coefficient is non-significant, which
means that innovation output does not enhance enterprise value in
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Table 10
Mechanism test of digital transformation on enterprise innovation.
Variables  Risk-taking Innovation input Innovation output
Crty Crt, Crts Rd Apply Grant
1) (2) (3) (4) (5) (6) (7) (8) 9) (10) (11) (12)
Digital 0.0305™" 0.0338"" 0.0344"" 0.0047"" 0.0048"" 0.0048*** 0.0567"" 0.0576"" 0.0584"" 0.0741" 0.0742"" 0.0756""
(0.0015) (0.0019) (0.0023) (0.0002) (0.0002) (0.0002) (0.0094) (0.0094) (0.0094) (0.0098) (0.0098) (0.0097)
Crty 0.01117" 0.0886* 0.0565""
(0.0008) (0.0502) (0.0020)
Crt, 0.0065™" 0.0535"" 0.0486""
(0.0007) (0.0098) (0.0013)
Crt; 0.0046"" 0.0290"" 0.0053""
(0.0005) (0.0015) (0.0007)
Size —0.0586"" ~0.0626"" —0.0608"" —0.0065"" —0.0067"" —0.0069"" —0.0075 —0.0094 —0.0109 0.0074 0.0071 0.0044
(0.0024) (0.0030) (0.0038) (0.0003) (0.0003) (0.0003) (0.0153) (0.0152) (0.0152) (0.0159) (0.0158) (0.0157)
Emp -0.0161"" —-0.0264"" -0.0224"" 0.0057"" 0.0056"" 0.0056"" 0.1758"" 0.1758"" 0.1751"" 0.1840™" 0.1844"" 0.1832""
(0.0021) (0.0026) (0.0033) (0.0002) (0.0002) (0.0002) (0.0132) (0.0132) (0.0132) (0.0137) (0.0137) (0.0137)
Age —0.02517" —-0.0232"" —-0.0261"" —0.0066"" —0.007"" —0.0068"" —-0.2469"" -0.248™" -0.248"" —-0.3807"" -0.381" -0.382""
(0.0060) (0.0075) (0.0095) (0.0006) (0.0006) (0.0006) (0.0377) (0.0376) (0.0376) (0.0391) (0.0390) (0.0390)
Lev 0.1335™" 0.1695" 01571 -0.0081"" —0.0078™" -0.0074™" -0.2993" -0.2965"" -0.2920"" -0.3193" -0.3200"" -0.3126""
(0.0102) (0.0128) (0.0162) (0.0011) (0.0011) (0.0011) (0.0647) (0.0647) (0.0646) (0.0671) (0.0671) (0.0670)
Roe —0.0025™ —0.0024* —0.0013 —0.0001 —0.0001 —0.0001 0.0062 0.0062 0.0061 0.0090 0.0089 0.0088
(0.0012) (0.0014) (0.0018) (0.0001) (0.0001) (0.0001) (0.0073) (0.0073) 0.0073) (0.0075) (0.0075) (0.0075)
Market —-0.0725" -011117" -0.1134™" 0.0012 0.0011 0.0009 —~0.1459" —0.1463** —-0.1490" —0.0951 —0.0938 —0.0986
(0.0113) (0.0142) (0.0179) (0.0012) (0.0012) (0.0012) (0.0713) (0.0714) (0.0713) (0.0740) (0.0740) (0.0740)
Manhold 0.0880"" 0.0694" 0.0823"" 0.0162™" 0.0167"" 0.0168"" -0.1019 -0.0978 —0.0965 03183 03199 03228
(0.0160) (0.0202) (0.0255) (0.0017) (0.0017) (0.0017) (0.1017) (0.1016) (0.1016) (0.1054) (0.1054) (0.1054)
Inhold 0.0001 —0.001 0.0000 0.0001"" 0.0001"" 0.0001"" —0.0008 —0.0008 —0.0008 ~0.0018* ~0.0018* —0.0018*
(0.0001) (0.0002) (0.0002) (0.0000) (0.0000) (0.0000) (0.0009) (0.0009) (0.0009) (0.0009) (0.0009) (0.0009)
Eps —0.0002 —~0.0032 -0.0016 0.0025™" 0.0025™" 0.0025"" 0.0124 0.0126 0.0125 —0.0278 —~0.0277 -0.0278
(0.0028) (0.0035) (0.0044) (0.0003) (0.0003) (0.0003) (0.0177) (0.0177) (0.0177) (0.0183) (0.0183) (0.0183)
Ip —0.0005 ~0.0037 ~0.0023 0.0025™" 0.0025™" 0.0025"" 0.0396"" 0.0398™" 0.0397™" 0.04217" 0.0423" 0.04217"
(0.0023) (0.0029) (0.0036) (0.0002) (0.0002) (0.0002) (0.0144) (0.0144) (0.0144) (0.0149) (0.0149) (0.0149)
Two 0.0108™ 0.0113" 0.0120* 0.0016™" 0.0017"" 0.0017" 0.0387 0.0390 0.0393 —-0.0755"" -0.076"" -0.075™""
(0.0043) (0.0054) (0.0068) (0.0005) (0.0005) (0.0005) (0.0271) (0.0271) (0.0271) (0.0281) (0.0281) (0.0281)
Board 0.0985™" 0.1662"" 01759 0.0054 0.0054 0.0056 -0.3971* -0.3973* —0.3935* 0.3124 03099 03170
(0.0323) (0.0407) (0.0515) (0.0035) (0.0035) (0.0035) (0.2047) (0.2047) (0.2047) (0.2123) (0.2123) (0.2123)
Share —0.0001 —0.0001 —0.0002 —0.0002"" —0.0002"" —0.0002"" —0.0022* —0.0022* —0.0022* 0.0020 0.0020 0.0020
(0.0002) (0.0003) (0.0003) (0.0000) (0.0000) (0.0000) (0.0013) (0.0013) (0.0013) (0.0013) (0.0013) (0.0013)
Equality 0.0282"" 0.0329"" 0.0312"" -0.0018" —0.0017" —~0.0016** -0.1070" -0.1062" -0.1054" —0.0047 —0.0047 —0.0033
(0.0073) (0.0092) (0.0116) (0.0008) (0.0008) (0.0008) (0.0462) (0.0462) (0.0462) (0.0479) (0.0479) (0.0479)
Constant —2.34217" -1.437" —0.7340" 0.1328™ 0.1161°" 0.1101" 0.0657 —0.0650 ~0.1205 —0.4901 —0.5527* —0.6186*
(0.0501) (0.0631) (0.0797) (0.0057) (0.0055) (0.0054) (0.3381) (0.3222) (0.3179) (0.3506) (0.3341) (0.3296)
Ind YES YES YES YES YES YES YES YES YES YES YES YES
Year YES YES YES YES YES YES YES YES YES YES YES YES
N 15,949 15,949 15,949 15,949 15,949 15,949 15,949 15,949 15,949 15,949 15,949 15,949
Adj-R? 0.5431 0.4889 0.3873 0.2237 0.2199 0.2189 0.0330 0.0329 0.0328 0.0453 0.0453 0.0452

1030 BUDM S 117D MIT°W

Note: *, **, and *** indicate levels of significance of 10%, 5%, and 1%, respectively.
Data source: organized according to the data in this paper.
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Table 11
Digital transformation and the innovation current value enhancement function.
Variables Tobiq;
(1) (2) (3) (4)
Apply 0.0371 -0.0618
(0.0168) (0.1941)
Digital 0.1559” 0.1424* 0.1561" 0.1462*
(0.0786) (0.0825) (0.0786) (0.0854)
Digital* Apply 0.0301
(0.0555)
Grant 0.0277 -0.0221
(0.0644) (0.1806)
Digital* Grant 0.0153
(0.0518)
Size -1.6209"" -1.6213" -1.6215"" -1.6218"
(0.1269) (0.1269) (0.1269) (0.1269)
Emp —0.1144 -0.1107 ~0.1130 -0.1103
(0.1119) (0.1121) (0.1119) (0.1123)
Age 0.1504 0.1490 0.1517 0.1495
(0.3178) (0.3178) (0.3183) (0.3184)
Lev 41780 41694 41760 417317
(0.5433) (0.5435) (0.5433) (0.5434)
Roe 1.7204™ 1.7205" 1.7204™ 1.7204™
(0.0613) (0.0613) (0.0613) (0.0613)
Market 11.7672"" 117677 11.7643™" 117627
(0.6013) (0.6010) (0.6010) (0.6010)
Manhold —22917" 22826 —2.3042"" 22966
(0.8566) (0.8568) (0.8569) (0.8573)
Inhold 0.02177" 0.0217™" 0.0218"™ 0.0218™
(0.0077) (0.0077) (0.0077) (0.0077)
Eps —0.4443" -0.4459" -0.4431"" -0.4431"
(0.1489) (0.1490) (0.1490) (0.1490)
Ip —0.0881 —0.0894 —0.0878 —0.0882
(0.1213) (0.1213) (0.1213) (0.1213)
Two —0.1060 —0.1062 -0.1025 -0.1033
(0.2282) (0.2282) (0.2283) (0.2283)
Board 5.9554"" 5.9451"" 593217 59350
(1.7259) (1.7260) (1.7258) (1.7259)
Share -0.0521"" -0.0521"" —-0.0522"" -0.0523"
(0.0106) (0.0106) (0.0106) (0.0106)
Equality -0.8223" -0.8228" -0.8261" -0.8271"
(0.3893) (0.3893) (0.3892) (0.3892)
Constant 39.9618"" 40.0146" 399875 40.0515""
(2.9535) (2.9556) (2.9534) (2.9550)
Ind YES YES YES YES
Year YES YES YES YES
N 15,949 15,949 15,949 15,949
Adj-R? 0.0874 0.0874 0.0872 0.0874

Note: *, **, and *** indicate levels of significance of 10%, 5%, and 1%, respectively.
Data source: organized according to the data in this paper.

the next year and three years. The regression coefficient of the multi-
plication term between digital transformation and enterprise innova-
tion output is also insignificant, indicating that digital transformation
does not enhance enterprise value in the next year and three years
through innovation channels. When the dependent variable is enter-
prise value for the next two years, the regression coefficient of inno-
vation output is significant. Thus, innovation output can enhance
enterprise value over the next two years. Additionally, the regression
coefficient of the multiplication term between digital transformation
and innovation output is significant, indicating that digital transfor-
mation enhances enterprise value in the next two years through
innovation channels. In other words, digital transformation positively
affects the value-enhancing function of innovation output after two
years.

In summary, the innovation incentive effect of digital transforma-
tion has a value enhancement function with a two-year lag. The inno-
vation incentive effect of digital transformation does not have a value
enhancement function over the next three years, which may be due
to two factors. First, the competition for enterprise innovation is
fierce, and after enterprise patents accumulate for a certain period,
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the marginal benefit of enhancing enterprise value begins to
decrease. Second, the innovation incentive effect of digital transfor-
mation has a time-specific effect.

Research conclusions and implications
Research conclusions

Based on data from non-financial companies listed on the Shang-
hai and Shenzhen markets from 2013 to 2019, this study uses text
analysis technology to mine the digital transformation keywords dis-
closed in annual corporate reports. This study considers the impact of
digital transformation on enterprise innovation and its mechanisms
from theoretical and empirical perspectives. Our findings are pre-
sented as follows: first, digital transformation has a positive and sig-
nificant impact on the R&D intensity of enterprises, number of patent
applications, and number of patent grants, that is, digital transforma-
tion significantly improves the innovation of enterprises. This finding
remains valid after robustness testing and addressing endogeneity
problems. Second, the heterogeneity tests reveal that the role of digi-
tal transformation in promoting enterprise innovation is greater in
private enterprises than in state-owned enterprises. In addition,
high-tech enterprises are better at digital transformation than non-
high-tech enterprises. However, the size of an enterprise and the
degree of monopolization in its industry are not constraining factors
for digital transformation in terms of promoting enterprise innova-
tion. Third, the internal logical chain of the impact of digital transfor-
mation on enterprise innovation is “digital transformation to risk-
taking to enterprise innovation,” as risk-taking plays an intermediary
role in promoting enterprise innovation through digital transforma-
tion. Fourth, with the help of innovation channels, the incentive effect
of digital transformation and innovation has a value-enhancing func-
tion with a lag of two years, and it does not have a value enhance-
ment function in the current, following, or next three years.

Theoretical significance and practical implications

Under the general trend of the rapid development of new-genera-
tion digital technologies, such as big data, the Internet of things, and
artificial intelligence, the digital transformation of enterprises can be
key to the realization of deeper integration of the digital and real
economies. The conclusions of this study provide an alternate per-
spective on the digital transformation of enterprises in the context of
the digital economy era and provide useful insights into the imple-
mentation of innovation-driven strategies.

Theoretical significance

First, this study constructs a digital transformation index and
advances the literature on digital transformation using normative,
empirical research. This study uses text mining technology, policy
documents, and annual enterprise reports to construct an index of
enterprise digital transformation, which can provide a reference for
research methods to measure enterprises’ digital transformation and
evaluate its economic benefits.

Second, it opens the “black box” of the impact of digital transfor-
mation on enterprise innovation and enriches the research on the
economic effect and functional path of digital transformation. Studies
on the effects of digital transformation on enterprises have mainly
focused on reducing costs and improving operational efficiency. In
addition, research on the impact of digital transformation on enter-
prise innovation concentrates on the effects of new-generation infor-
mation technologies, systems, or Internet use. Research on the
impact of digital transformation on enterprise innovation is at the
effect level, lacking in-depth and detailed discussions of the internal
mechanisms. Therefore, this study uses the intermediary effect model
to identify and test the path from “digital transformation to risk-
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Table 12
Digital transformation and innovation long-term value enhancement function.
Variables TobiQ; ¢4 TobiQi 2 TobiQi 3
(1) () (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Apply 0.0307 0.0210 0.0072""  0.0385"" -0.0433  0.0971
(0.0685)  (0.1990) (0.0006)  (0.0022) (0.0698)  (0.203)
Digital 02024" 020117 02029° 021627 022777 023207 022897 0248 03113 03305 03125 03508
(0.0806)  (0.0845)  (0.0806)  (0.0875)  (0.0818)  (0.0859)  (0.0819)  (0.0889)  (0.0822)  (0.0862)  (0.0822)  (0.0893)
Digital* Apply 0.0030 0.0126" —0.0427
(0.0569) (0.0008) (0.0581)
Grant 0.0179 0.0852 01101 02572 —~0.0493  0.1451
(0.0661)  (0.1852) (0.0071)  (0.0128) (0.0674)  (0.1888)
Digital* Grant -0.0207 02299 -0.0597
(0.0531) (0.0040) (0.0542)
Size -1.7770"" 177717 -1.77757" 1777177 1192377 119227 -1.19247° -1.1919"° -06754" -0.6749" -0.6747" 06737
(0.1301)  (0.1301)  (0.1301)  (0.1301)  (0.1321)  (0.1321)  (0.1321)  (0.1321)  (0.1326)  (0.1326)  (0.1326)  (0.1326)
Emp 0.0280 0.0283 0.0301 0.0265 00867 -0.0879  -00836 —0.0888  0.0564 0.0513 0.0579 0.0475
(0.1147)  (0.1147)  (0.1147) (0.1151)  (0.1165)  (0.1167)  (0.1165)  (0.1169)  (0.1170)  (0.1172)  (0.1170)  (0.1174)
Age 0.2987 0.2985 0.2979 03010 0.3621 0.3625 0.3564 0.3607 0.4006 0.4025 0.3924 0.4010
(03259)  (0.3259)  (0.3264) (0.3265)  (0.3311)  (0.3311)  (0.3316)  (0.3317)  (0.3325)  (0.3325)  (0.3330)  (0.3331)
Lev 47688 476807 47656 47695  1.8937°  1.8965  1.8885  1.89417"  0.6361 0.6483 0.6330 0.6443
(0.5570)  (0.5572)  (0.5570)  (0.5571)  (0.5658)  (0.5661)  (0.5658)  (0.5660)  (0.5681)  (0.5684)  (0.5681)  (0.5682)
Roe 053627 053637 053637 053637 00008 -0.0008  —0.0007 —0.0007  0.0123 0.0122 0.0125 0.0125
(0.0628)  (0.0628)  (0.0628)  (0.0628)  (0.0638)  (0.0638)  (0.0638)  (0.0638)  (0.0641)  (0.0641)  (0.0641)  (0.0641)
Market 113178 1131797 113149 11317277 29407 29406 29386 294197  0.1801 0.1793 0.1817 0.1882
(0.6161)  (0.6161) (0.6161) (0.6161)  (0.6259)  (0.6259)  (0.6258)  (0.6259)  (0.6284)  (0.6284)  (0.6283)  (0.6284)
Manhold ~1.9985" -19976" —20072" -20175" -0.4298  —0.4328  —04273 —0.4422 1.1475 1.1346 1.1674 1.1377
(0.8782)  (0.8784) (0.8785) (0.8789)  (0.8921)  (0.8923)  (0.8924)  (0.8928)  (0.8957)  (0.8959)  (0.8960)  (0.8964)
Inhold 0.0181" 001817 001817 001817 002147 002147 002147 002137 002647 002647 002647 002627
(0.0079)  (0.0079)  (0.0079)  (0.0079)  (0.0080)  (0.0080)  (0.0080)  (0.0080)  (0.0080)  (0.0080)  (0.0080)  (0.0080)
Eps —0.5658"" —0.5659" —0.5649"° -0.5649 -0.0333  -0.0328  -0.0335 -00335 -0.1986  -0.1964  —02005  —0.2004
(0.1527)  (0.1527)  (0.1527)  (0.1527)  (0.1551)  (0.1552)  (0.1551)  (0.1551)  (0.1557)  (0.1558)  (0.1557)  (0.1557)
Ip 0.0872 0.0871 0.0877 0.0882 0.1244 0.1248 0.1252 0.1259 0.0306 0.0324 0.0310 0.0326
(0.1243)  (0.1244)  (0.1243)  (0.1243)  (0.1263)  (0.1263)  (0.1263)  (0.1263)  (0.1268)  (0.1268)  (0.1268)  (0.1268)
Two -0.0351 —-0.0351 -00326 -0.0315 -0.0591  -0.0591  —0.0596 -0.0580 —-02517 —02515 —02572  —0.2539
(0.2340)  (0.2340)  (0.2340)  (0.2340) (0.2377)  (0.2377)  (0.2377)  (0.2377)  (0.2386)  (0.2386)  (0.2387)  (0.2387)
Board 648817 648717 64705 64667 558707 559027 55875 558207 23166 23311 23491 23382
(1.7693)  (1.7695)  (1.7693)  (1.7693)  (1.7982)  (1.7984)  (1.7982)  (1.7982)  (1.8054)  (1.8056)  (1.8054)  (1.8054)
Share —-0.0393"" —0.0393"" -0.0394"" -0.0394" -0.0337" -0.0337" -0.0337" -00336" -00438" —0.0437" -0.0436" —0.0434"
(0.0109)  (0.0109)  (0.0109) (0.0109) (0.0110)  (0.0110)  (0.0110)  (0.0110)  (0.0111)  (0.0111)  (0.0111)  (0.0111)
Equality ~1.0001** —1.0002** —1.0033** —1.0020** —1.0974"* —1.0972*** —1.0981"* —1.0962*** —13985"* _13977** _—1.3941** _1.3903***
(03991)  (0.3991)  (0.3990)  (0.3990)  (0.4054)  (0.4054)  (0.4053)  (0.4054)  (0.4070)  (0.4070)  (0.4070)  (0.4070)
Constant 354864 354905 355097 3547417 245698 245525 24570377 2452807 127837 127079 12.7528" 12.6608 "
(2.7475)  (2.7495)  (2.7475) (2.7489)  (2.7900)  (2.7920)  (2.7900)  (2.7914)  (2.8011)  (2.8031)  (2.8011)  (2.8024)
Ind YES YES YES YES YES YES YES YES YES YES YES YES
Year YES YES YES YES YES YES YES YES YES YES YES YES
N 15,948 15,948 15,948 15,948 15,947 15,947 15,947 15,947 15,946 15,946 15,946 15,946
Adj-R? 0.0422 0.0422 0.0422 0.0422 0.0162 0.0185 0.0165 0.0138 0.0049 0.0046 0.0047 0.0049

Note: *, **, and *** indicate levels of significance of 10%, 5% and 1%, respectively.
Data source: organized according to the data in this paper.

taking in enterprise innovation,” thus revealing the impact of digital
transformation on enterprise innovation. This study remedies the
lack of research on internal mechanisms that relate digital transfor-
mation to enterprise innovation. This study also enriches literature
on the economic consequences and mechanisms of digital transfor-
mation.

Third, this study provides a new explanation for the factors influ-
encing enterprise risk-taking. Research on the factors influencing
enterprise risk-taking has mainly focused on the internal and exter-
nal environments. Examples of internal factors include enterprise
and manager characteristics and ownership structure, while the
external environment comprises macroeconomies, cultural tradi-
tions, and legal systems. In summary, this study reviews the internal
digital transformation of enterprises, tests both the theoretical and
empirical impacts of digital transformation on risk-taking, and pro-
vides new explanations for factors that may influence risk-taking.

Practical implications
First, the government should help enterprises to successfully carry
out digital transformation in various ways. The government
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continues to increase investments in new digital infrastructure. The
prerequisite for digital technology application and business model
transformation is to have large-scale advanced digital infrastructure.
New digital infrastructure investment has the characteristics of large
investment, high risk, and long return periods. It is necessary for the
government to proceed from the top-level design, lay out the con-
struction of digital infrastructure, and actively guide stakeholders to
jointly draw a single “map” and build a single network to avoid ineffi-
cient duplication of investment. In addition, the government should
establish and improve support policies related to digital transforma-
tion. Digital transformation can significantly promote enterprise
innovation and enhance enterprise value through innovation chan-
nels. To realize the positive economic effects of digital transformation
more effectively, the government must continuously formulate and
improve relevant support policies for enterprise digital transforma-
tion, guide enterprises to take advantage of digital technology to
enhance enterprise innovation, and continue to feature digital trans-
formation based on innovation-driven development as a key policy
focus for supply-side reform, conversion of old and new kinetic
energy, and high-quality development, thereby laying the foundation
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for the formation of a stable, efficient, and smooth national economic
system. In addition, when the government formulates policies related
to digital transformation, it should fully consider the heterogeneity of
enterprises, reduce “one-size-fits-all” general policies, and adjust rel-
evant policies in a timely manner according to enterprises’ attributes
and industry characteristics. For example, the government should
increase the guidance and support for SMEs, private enterprises, and
low-tech and low-competition industry enterprises and formulate a
financing guarantee system related to digital transformation.

Second, enterprises should place great importance on the role of
digital transformation in promoting innovation, accelerating digital
transformation, and promoting the in-depth application of digital
technology in enterprise innovation. Digital transformation has
become the most effective way for enterprises to develop today, and
digitalization has become an important driving force for shaping
innovative economic models and reconstructing the market. It is nec-
essary for every enterprise to increase the pace of digital transforma-
tion and realize the deep integration of a new generation of digital
technology with various traditional elements to improve enterprise
innovation. Enterprises must attach great importance to the major
transformative effects deriving from digital technologies and acceler-
ate the digital transformation of enterprise organizational structure,
production process, service process, and information exchange. They
must also fully utilize the advantages of digital technologies in terms
of cost reduction and resource allocation, effectively enhance enter-
prise innovation, and contribute to the high-quality development of
China’s economy. In addition, the digital transformation of enter-
prises should follow the principle of differentiation, as the digital
transformation effects of enterprises with different ownership types
and scales and from different industries vary significantly. Enter-
prises should thus start from their own needs and pain points and
seek digital transformation solutions with characteristics that suit
their own development stages and long-term goals. Enterprises
should also formulate long-term innovation and development plans.
By considering both innovation strategy and its actual situation, an
enterprise can be effective in risk management, optimize resource
allocation, and continuously and steadily promote its innovation
activities. Enterprises can thus evaluate their own risk-taking ability
in real time, improve the enterprise risk response mechanism, estab-
lish an effective innovation incentive mechanism and external super-
vision mechanisms to effectively restrain the shortsighted behavior
of the management, and encourage management to make long-term
decisions that enhance the value and competitiveness of the enter-
prise.

Third, enterprises should vigorously clear the intermediary trans-
mission path of digital transformation and use its information effect
to increase their level of risk-taking. The driving effect of digital
transformation on enterprise innovation stems from the fact that the
application of the new generation of digital technologies can improve
information asymmetry, increase management’s enthusiasm, reduce
the conservativeness of management’s investment decisions, and
improve enterprises’ level of risk-taking. However, in the current Chi-
nese market environment and financial system, there are still mecha-
nisms that lead to information asymmetry between enterprises and
external stakeholders. Thus, enterprises should strive to promote the
efficiency of internal and external information transmission through
a new generation of digital technologies, alleviate information asym-
metry, and improve their level of risk-taking. Using this new genera-
tion of digital technologies, an enterprise can build an enterprise
display platform; display information related to its products, business
conditions, and future development prospects in multiple directions;
transmit positive information to the market; and improve the effi-
ciency of information exchange to reduce information asymmetry. In
addition, enterprises can strengthen the supervision of internal man-
agers through the new generation of digital technologies, avoid the
problems of managers’ adverse selection and moral hazard, increase
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enthusiasm for management, reduce the conservativeness of man-
agement’s investment decision-making, and improve their risk-tak-
ing.

Research limitations and future research prospects

Although the hypotheses proposed herein are supported, this
study has certain research limitations. The first concerns the research
object. Although the research sample used in this study includes Chi-
nese enterprises of different types and from different industries, it is
only from Chinese enterprises listed on the Shanghai and Shenzhen
exchanges; the study does not devote attention to enterprises in
other countries. With the advancement of a new generation of digital
technologies, the penetration impact of digital transformation on
enterprises will be further enhanced. In the future, research on the
impact of digital transformation on enterprise innovation could sam-
ple enterprises from other Eastern or Western countries to under-
stand the impact of digital transformation on enterprise innovation
more comprehensively. The second limitation concerns the research
scope. The impact of digital transformation on enterprises is far-
reaching and multi-faceted, and this study focuses only on the impact
of digital transformation on enterprises’ levels of risk-taking and
innovation. In the future, research on the impact of digital transfor-
mation on enterprises could be extended to other aspects such as cor-
porate culture and corporate brand-building. The third limitation
concerns the mechanism. This study discusses only the risk-taking
mechanism. Future research could focus on other mechanisms of the
impact of digital transformation on innovation and further expand
our understanding of how digital transformation affects enterprise
development.
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