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Abstract: Digital transformation (DT) has become the new normal. Research has focused on the effect
of the overall level of DT in enterprises. However, the effects of DT across different dimensions remain
unclear. This study divided DT into technology- (TDT) and market-based digital transformation
(MDT). It examined the effects on corporate sustainability and how ambidextrous innovation affects
the relationship between both types and corporate sustainability. This study used the two-way fixed-
effects model and the two-stage least squares method to study A-share listed companies in China
from 2013 to 2021. The results showed that both TDT and MDT had positive effects on corporate
sustainability. The higher the levels of exploratory and exploitative innovation in enterprises, the
stronger the contribution of both types of DT to corporate sustainability. The findings validate the
research on DT in line with the resource-based view, enrich the literature on and expand the boundary
conditions of DT applications across various dimensions, and offer useful insights for practitioners.

Keywords: digital transformation; corporate sustainability; technology-based; market-based; am-
bidextrous innovation

1. Introduction

With the development of the new economy, digitalization has become an essential
trend [1]. Digital transformation (DT) has been used as a tool for countries and industries
to obtain competitive advantages [2,3]. DT is a fundamental change into a completely new
form, function, or structure through the adoption of digital technologies that create new
value [4]. It has been key for companies to remain competitive [5]. The DT of an enterprise
implies changing the way that digital technologies are used to develop new digital business
models that contribute toward creating and distributing greater value to the company [6].

The existing literature has explored the effects of the overall level of DT in firms. The
impacts of DT on the financial performance of firms [7–9], environmental performance
of companies [10,11], carbon performance of enterprises [12], operational efficiency of
firms [13], relationship with innovation in firms [14,15], and so on have been examined.
Very few scholars have focused on the impacts and mechanisms of DT regarding corporate
sustainability [16]. There are limitations to studying the outcomes of DT in enterprises
from a holistic perspective alone [17]. Therefore, it is particularly critical to focus on the
impact of DT in different dimensions on corporate sustainability.

DT includes the optimization and enhancement of existing business operations and
internal processes and the innovation of business models to create new business opportuni-
ties [18,19]. A review of the existing literature reveals that digital transformation is carried
out from two main perspectives [17,20]. From the perspective of internal activities, digital
transformation can facilitate the deep integration of traditional production factors with
digital technologies, helping enterprises to optimize existing business processes, reduce
costs, and increase productivity. From the perspective of the external environment of enter-
prises, digital transformation can change their own business models and reshape the ways
in which they compete and cooperate with each other [21]. It is easy to see that the first
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perspective of digital transformation is more inclined to rely on digital technology to make
improvements within the enterprise, and the second perspective of digital transformation
is more inclined to make changes to the external market of the enterprise. In this context,
this study divides DT into technology- (TDT) and market-based digital transformation
(MDT), in order to examine the impact of both dimensions on corporate sustainability.

DT has changed the way in which companies do business [22,23], as it requires them
to reposition their innovation to address the opportunities and challenges that it brings
about [24]. Therefore, it is crucial to explore how to accelerate the adoption of digital
technologies from an innovation perspective [25]. In recent years, ambidextrous innovation
has become an important topic in the field of innovation [26]. It comprises exploratory
innovation, a process in which firms pursue new knowledge and domains to meet the
changing needs of the market, and developmental innovation, which builds on existing
knowledge and helps to improve the effectiveness of the methods and technologies owned
by firms as a means to increase competitiveness [27,28]. In this study, the ambidextrous
innovation capabilities of firms are used as boundary conditions to explore how they affect
the relationship between DT and firm sustainability.

Taking enterprises in the Chinese context as the entry point, this study selects A-share
listed companies in China from 2013 to 2021 to explore the impact of different dimensions of
DT—that is, TDT and MDT—on enterprise sustainability. From the perspective of corporate
innovation, we explore how the level of corporate ambidextrous innovation affects the
relationship between different types of DT and corporate sustainable development.

The contributions of this study are as follows. First, it divides DT into TDT and MDT
and examines the impact of both on corporate sustainability. The findings validate the
research on digital transformation based on resource-based theory and complement the
multidimensional research on digital transformation. Second, it uses ambidextrous inno-
vation as a moderating variable to discuss how it affects the relationship among different
dimensions of DT and corporate sustainability. The study finds that high levels of both cor-
porate exploratory and exploitative innovation significantly promote the positive influence
of different dimensions of DT on corporate sustainability, which supports corporate inno-
vation theory. Finally, the conclusions provide empirical support for business practitioners
to develop different types of DT strategies and theoretical references for policymakers to
draw a blueprint for the development of DT.

2. Theoretical Background and Hypotheses

In recent times, there has been a great deal of attention paid to how DT contributes to
the sustainability of enterprises [29,30]. DT uses advanced digital technologies to optimize
business and provide internalized growth opportunities, and it enables business transfor-
mation to enhance the company’s performance [31]. Advanced digital technologies are a
key element in DT, and digital technologies drive the optimization of internal processes,
products, and services and the improvement of business models [32,33]. DT stimulates
firms to develop new business models and value creation paths that result in major changes
in their core processes, services, and products, which can either be endogenous, stemming
from the purposeful implementation of strategic initiatives to exploit the opportunities
offered by digital technologies, or exogenous, arising from competitive threats from within
and outside the industry [34]. Whether endogenous or exogenous, DT is capable of chang-
ing a firm’s value proposition by refining its business model and market changes, leading
to innovation in products or services and ultimately improved firm performance [35].

To summarize, digital transformation is indeed beneficial to the operation and de-
velopment of enterprises. However, the existing research only explores the impact of the
overall digital transformation level of enterprises and does not pay attention to the impact
of digital transformation in different dimensions, resulting in research gaps. According to
the characteristics of digital transformation and drawing on existing research [17], DT is
conceptualized in this context as two types: TDT and MDT. The former refers to the use
of new digital technologies such as artificial intelligence (AI) and blockchain to achieve
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significant improvements in business, enhance the customer experience, and streamline
operational processes [36], and focuses on the application of digital technologies in their
own business processes. The latter refers to the innovation of business models to match
the pace of digital technology development [37] and focuses on the practical application of
digital technology in external scenarios of the enterprise.

2.1. TDT and Corporate Sustainability

According to resource-based theory, the resources and capabilities of an enterprise
are essential in attaining a competitive advantage and sustainable development [38]. TDT
enables the application of digital technologies, such as AI, cloud computing, big data,
and blockchain technology, in an enterprise’s business processes [39], which helps it to
obtain rich and valuable information resources, improve its ability to acquire and transfer
knowledge, optimize the efficiency of its resource allocation, and promote the matching
and utilization of its own resources [40]. This ability to acquire information and integrate
resources is in line with the rare resources and capabilities advocated by resource-based
theory, and, with the help of this ability, enterprises can achieve their own sustainable
development to a certain extent [41]. Meanwhile, the application of digital technologies in
DT leads to improvements in business economic activities and reductions in business costs,
such as replication and transportation costs, in order to improve business productivity [42].
This can help enterprises to increase their operating income, reduce costs and expenses, and
promote the sustainable development of their financial operations. TDT promotes product
and service flexibility by facilitating the continuous evolution of the range, functionality,
and value of products and services, which contributes remarkably to corporate competi-
tiveness [43,44]. This can help enterprises to quickly update their products and services so
that they can maintain stable competitiveness, become market leaders [45], and promote
enterprises to establish a competitive advantage and achieve sustainable development.
Thus, the following hypothesis is proposed:

Hypothesis 1 (H1). TDT has a positive impact on corporate sustainability.

2.2. MDT and Corporate Sustainability

Resource-based theory believes that enterprises can obtain a competitive advantage
and excellent performance by acquiring valuable and unique resources and capabilities and
promoting their sustainable development [38]. MDT focuses on the practical application
of digital technologies in external scenarios of the enterprise, such as Internet technology
applications, fintech, and intelligent applications [17]. This enables enterprises to use
innovation and advanced digital technologies to enhance and optimize external service
processes, and it helps enterprises and customers to use more advanced applications and
software to carry out and update their business, thus enhancing customer service and
improving their competitive advantage [46]. This valuable capability can enable enterprises
to obtain continuous advantages and thus promote sustainable development, which is also
consistent with the view of resource-based theory. In line with the dynamic capabilities
framework, the ability to identify opportunities and integrate the use of resources can
provide support for firms to successfully innovate and capture sufficient value to attain
long-term superiority. MDT can improve this ability. For example, the application of
Internet technology promotes the sharing of innovative knowledge among industries and
strengthens the integration of information and resources within enterprises [47]. In line
with information asymmetry theory, information asymmetry is a vital issue in business
decision making. MDT can mitigate this problem. For example, fintech mitigates corporate
information asymmetry by increasing the number of information channels and sources and
improving the availability and accuracy of their information to facilitate more informed
decision making and improve the investment efficiency for sustainable business growth [48].
More importantly, in the era of digital transformation, the means of interacting with
customers has changed greatly, and the business model and market competition mode in
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the market are also gradually changing, which poses challenges to enterprises in ensuring
or enhancing their competitive strength [49]. According to the resource-based view, if
enterprises wish to achieve sustainable development in this context, they must ensure that
they have valuable resources or capabilities [38]. MDT can enable enterprises to obtain
greater market expansion and faster strategic activities to adapt to the digital era [50].
This optimizes business models for firms and identifies market opportunities to better
reconfigure organizations with new value propositions to increase the market shares and
competitive advantage for firms [51]. This is consistent with what the resource-based view
asserts. Thus, the following hypothesis is proposed:

Hypothesis 2 (H2). MDT has a positive impact on corporate sustainability.

2.3. The Moderating Role of Exploratory Innovation

Innovation is essential for firms to maintain a competitive advantage and obtain
superior performance [52]. Exploratory innovation is the dynamic ability of a firm to
explore new possibilities for the production of new products or services and enables the
improvement of existing products and services [53]. It manifests in the search for new areas
of opportunity to facilitate the cross-fertilization and generation of new knowledge [54].
A high level of exploratory innovation illustrates the expansion of a firm’s knowledge
base, which means that firms have sufficient potential to apply new technologies and
develop new routes, have greater opportunities to enter emerging markets, and seize
new opportunities [55], while offering great possibilities for the application of digital
technologies in firms. Developing new markets, products, and services through exploratory
innovation has been a major step for enterprises to break out of the existing technological
orbit and gain a competitive advantage and sustainability [56], which serves to provide a
strong guarantee for successful and effective DT by applying new digital technologies. A
higher level of exploratory innovation indicates that enterprises have the ability to learn and
integrate information to enter a new field [57], which can improve the ability of enterprises
to learn and apply new digital technologies to accomplish TDT and enhance the ability of
enterprises to adjust in order to refine their business models in response to market changes,
promote MDT, and ultimately achieve enterprise development goals. Thus, the following
hypotheses are proposed:

Hypothesis 3a (H3a). Exploratory innovation positively moderates the impact of TDT on
corporate sustainability.

Hypothesis 3b (H3b). Exploratory innovation positively moderates the impact of MDT on
corporate sustainability.

2.4. The Moderating Effect of Exploitative Innovation

Exploitative innovation is the dynamic innovation capability of a firm to modify a
product or service using identified production increments. Its essence is the search for
incremental and continuous change [53]. It enables enterprises to promote the efficiency of
using their existing knowledge and technology, enhance their ability to apply innovation,
reduce their costs, and improve the efficiency of using and transforming their resources [58],
which can, to some extent, reduce the risks associated with the digital paradox [59] and
achieve cost reductions and efficiency in the process of DT. Unlike exploratory innovation,
which expands the existing knowledge base, exploitative innovation significantly increases
the depth of an organization’s core knowledge base and enhances its ability to use existing
knowledge and integrate resources [60], which provides a strong guarantee for TDT to
optimize its own processes through the use of new digital technologies. When companies
undergo MDT, they need to innovate their business models in response to market changes
and customer needs. This process can be disruptive and carries a particular risk of uncer-
tainty [61], which can be precisely compensated for by the firm’s exploitative innovation.
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Higher levels of exploitative innovation can reduce the uncertainty of existing business
strategies and technology applications [62] and enhance the stability of the firm in order to
improve its performance [63]. Thus, the following hypotheses are proposed:

Hypothesis 4a (H4a). Exploitative innovation has a positive impact on the relationship between
TDT and corporate sustainability.

Hypothesis 4b (H4b). Exploitative innovation has a positive impact on the relationship between
MDT and corporate sustainability.

The research framework is shown in Figure 1.
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3. Methods
3.1. Data and Sample

Since 2013, emerging digital technologies such as the Internet, big data, and AI have
been widely developed and advanced in China, and a wave of corporate DT has fol-
lowed [64]. This study selected A-share listed companies in China from 2013 to 2021 as the
research sample to explore the impact of DT on corporate sustainability. To ensure the accu-
racy of the study, data were selected and processed according to the following standards:
(1) data of companies in the financial sector were excluded; (2) data of companies classified
as ST, ST*, or PT were excluded owing to their abnormal financial status; and (3) data
of companies with serious abnormal observations were excluded. Finally, 20,419 sample
observations were obtained. To avoid the effect of extreme values, all continuous-type
variables (except for the date) were shrunk at the 1% level in this study. The data were
obtained from the Wind Database, China Stock Market & Accounting Research Database,
and Chinese Research Data Services. They were processed using Stata 17.0 and Python 3.8.

3.2. Definition and Measurement of Variables
3.2.1. Explained Variable

Corporate sustainability is the ability of a corporation to attain sustainable operations,
maintain a competitive advantage, and grow steadily. Most studies have used the models
proposed by Higgins [65] or James C. Van Horne (1988) for the measurement of corporate
sustainability. Although the sustainable growth model proposed by Higgins is more
convenient and simple to calculate, it does not consider dynamic growth [66]. Therefore,
this study used the sustainable growth model proposed by James C. Van Horne (1988)
to measure corporate sustainability in terms of profitability and competitive advantage,
which is calculated as follows:

SGR =
net pro f it margin ∗ retention ratio ∗ (1 + equity ratio)

(1/total assets turnover − net pro f it margin ∗ retention ratio ∗ (1 + equity ratio))
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3.2.2. Explanatory Variables

Studies on the measurement of DT have included textual analysis [67] and question-
naires [9,68]. However, questionnaire surveys may suffer from methodological or subjective
bias, which is highly likely to lead to inaccurate conclusions. On the one hand, the source
of sample data used in the questionnaire survey is too singular [69]. On the other hand, the
sample results are highly susceptible to the subjective judgment of the respondents [70]. At
the same time, the annual reports of listed companies can effectively and accurately reflect
the strategic positioning of enterprises, and the terms related to digital transformation will
also be reflected in the annual reports of enterprises [71]. Therefore, this study used textual
analysis to quantitatively measure the DT of enterprises based on annual report data. The
methodological steps were as follows:

(1) To construct a proper keyword lexicon for digital transformation, this study combed
through the literature of existing studies that used content analysis to measure digital
transformation [5,17,67,72]. The results showed that there were two main keywords
related to DT: basic digital technology and digital technology application scenar-
ios [73]. Meanwhile, this study compared and screened the digital transformation
keywords used in the literature with those published in the China Stock Market
and Accounting Research Database. Finally, 76 digital transformation keywords,
such as artificial intelligence, blockchain, and cloud computing were compiled. In
developing the classification criteria of digital keywords, this study both screened
the classification keywords one by one according to the characteristics of the two
types of digital transformation and referred to the classification criteria of previous
studies to improve the classification criteria of this study. This study used 42 digital
technology keywords, such as AI, blockchain, and cloud computing, to measure TDT.
Most of these keywords were basic digital technologies, and their frequency reflected,
to some extent, the efforts made by companies to optimize their processes in terms
of basic DT. Further, 34 digital technology keywords, such as mobile Internet and
payment and fintech, were used to measure MDT. Most of these keywords were
practical applications of the digital foundation—that is, they were mainly applied to
the external scenarios and operation models of enterprises. Tables 1 and 2 show the
keywords for TDT and MDT, respectively.

(2) The corporate annual reports of Chinese A-share listed companies from 2013 to 2021
were assembled through the Python software, and the text content of all corporate
annual reports was extracted through Java PDFbox. MD&A is considered one of the
most useful disclosures in financial reports [74], and it contains more accurate and
forward-looking corporate information [75]. In light of existing studies [17], this study
concentrated the text analysis on the MD&A sections of the annual reports to form a
text master that could be searched using the DT keywords. To ensure accuracy, this
study used annual reports as the text master in the robustness testing section to test
the reliability of the findings.

(3) The keywords for the two forms of DT were searched, matched, counted, and summed
in the MD&A text database to form the total word frequencies for each type of DT. As
the length of the MD&A text in different companies’ annual reports varied greatly,
the sum of the two DT word frequencies was divided by the length of the MD&A text
to obtain TDT and MDT, respectively.

Table 1. Keywords for TDT.

Artificial intelligence Business intelligence Business intelligence Investment decision
support system

Intelligent data analysis Intelligent robot Machine learning Deep learning

Semantic search Biometric identification
technology Face recognition Speech recognition

Authentication of identity Autonomous driving Natural language processing Blockchain
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Table 1. Cont.

Digital currency Distributed computing Differential privacy
technology Smart financial contract

Cloud computing Computation of flow Graph calculation Memory computing
Multi-party secure computing Brain like computation Green computing Cognitive computing

Converged architecture Hundred million
levels of concurrency EB level storage Internet of Things

Information physical system Big data Data mining Text mining
Visualization of data Heterogeneous data Investigation of credit Augmented reality
Mixed reality Virtual reality

Table 2. Keywords for MDT.

Mobile Internet Industrial Internet Mobile Internet Internet healthcare
Electronic commerce Mobile payment Third-party payment NFC payment
Smart energy B2B B2C C2B
C2C O2O Network connection Smart wear
Smart agriculture Intelligent transportation Smart medical care Intelligent customer service
Smart home Intelligent investment advisory Intelligent cultural tourism Intelligent environmental protection
Smart grid Smart marketing Digital marketing Unmanned retail
Online finance Digital finance Financial technology Fintech
Quantitative finance Open banking

3.2.3. Moderating Variables

The number of patents is an essential parameter used to measure the level of in-
novation at a firm [76]. Invention patents represent the development of products and
realization of technological breakthroughs in new markets and can be used to reflect the
level of exploratory innovation in a company. Utility models and design patents focus on
the improvement of the original technology and are extensions of existing products and
technologies, which can reflect the level of exploitative innovation in the enterprise. By
referring to the literature [77], this study measured exploratory innovation (Explor) by
adding one to the number of invention patent applications of the firm and taking the natural
logarithm. It measured exploitative innovation (Exploi) by adding one to the number of
corporate design and utility model patent applications and taking the natural logarithm.

3.2.4. Control Variables

This study controlled for variables that may affect corporate sustainability. Based
on recent research [78–81], the following variables were controlled for: firm size (Size),
asset–liability ratio (Lev), fixed asset ratio (FIXED), TobinQ, firm age (FirmAge), and nature
of firm ownership (SOE). The industry (INDUSTRY) and the year (YEAR) dummy variables
were set separately in this study. Both took a value of 1 if the firm belonged to the industry
and 0 if it did not. Table 3 presents the definition and measurement of the variables.

3.3. Models

To test the hypotheses, models (1) to (6) were set up. SGRi,t was the explanatory vari-
able, which represented the level of corporate sustainability of firm i in year t. TDTi,t and
MDTi,t were explanatory variables, representing the levels of TDT and MDT of enterprise
i in year t, respectively. Explori,t and Exploii,t represented the exploratory and exploitative
innovation levels of enterprise i in year t, respectively. ϕY and γI represented the year and
industry dummy variables, respectively, indicating that the research model controlled for
industry and year. εi,t represented the residual term.

As shown in models (1) and (2), the impacts of TDT and MDT on corporate sustainabil-
ity (SGR) were examined. If β1 was positive and passed the significance test, it meant that
DT had a positive impact on the sustainable development of enterprises and that research
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hypothesis 1 was valid. If β1 did not pass the significance test or β1 was negative and
passed the significance test, research hypothesis 1 was not valid.

Table 3. Definition and measurement of the variables.

Variable Abbreviation Definition

Sustainable development of enterprise SGR James C. Van Horne’s SGR model
Technology-based digital transformation TDT Frequency of TDT/total number of words of MD&A
Market-based digital transformation MDT Frequency of MDT/total number of words of MD&A
Exploratory innovation Explor Logarithm of invention patent plus 1
Exploitative innovation Exploi Logarithm of appearance and utility patents plus 1
Size of enterprise Size Logarithm of total assets
Asset–liability ratio Lev Total liabilities/total assets
Tobin’s Q value TobinQ Tobin’s Q values in the CSMAR data
Proportion of fixed assets FIXED Ratio of net fixed assets/total assets
Whether state-owned enterprise SOE It is 1 for state-owned enterprises and 0 otherwise
Age of enterprise FirmAge Logarithm of firm age
Dummy variable of industry Industry Belonging to the industry is 1 and 0 otherwise
Dummy variable of year Year Belonging to the year is 1 and 0 otherwise

SGRi,t = β0 + β1TDTi,t + ΣControli,t + ϕY + γI + εi,t (1)

SGRi,t = β0 + β1MDTi,t + ΣControli,t + ϕY + γI + εi,t (2)

As shown in models (3) to (6), the moderating effects of exploratory (Explor) and
exploitative innovation (Exploi) on the relationship between TDT and MDT and corporate
sustainability were examined separately. In models (3) to (6), the interaction terms of
the two types of DT and ambidextrous innovation were added to test the moderating
effect. Taking model (3) as an example, β2 represents the moderating effect of corporate
exploratory innovation (Explor) on TDT and corporate sustainability. If β2 is positive and
passes the significance test, while β1 is also positive and passes the significance test, the
exploratory innovation of enterprises positively moderates the positive effect of TDT on
corporate sustainability, at which point H3a holds. The coefficients of models (4) to (6) were
the same as those of model (3) and will not be repeated.

SGRi,t = β0 + β1TDTi,t + β2TDTi,t × Explori,t + β3Explori,t + ΣControli,t + ϕY + γI + εi,t (3)

SGRi,t = β0 + β1MDTi,t + β2MDTi,t × Explori,t + β3Explori,t + ΣControli,t + ϕY + γI + εi,t (4)

SGRi,t = β0 + β1TDTi,t + β2TDTi,t × Exploii,t + β3Exploii,t + ΣControli,t + ϕY + γI + εi,t (5)

SGRi,t = β0 + β1MDTi,t + β2MDTi,t × Exploii,t + β3Exploii,t + ΣControli,t + ϕY + γI + εi,t (6)

3.4. Statistical Methods

The statistical methods used in this study were as follows. First, descriptive statis-
tics were used to observe the distribution characteristics of the sample data, to avoid
the possibility that the sample data did not meet the requirements of linear regression,
and to improve the feasibility of linear regression. Second, correlation analysis was con-
ducted to apply the Pearson correlation coefficient to initially determine the correlations
between variables. The variance inflation factor was also calculated to prevent the prob-
lem of multicollinearity and improve the accuracy of the linear analysis. Third, before
conducting linear regression, a Hausman test was performed to determine whether a
random-effects model or a fixed-effects model should be used to ensure the applicability of
the research model to the sample. Finally, the two-stage least squares method was used
to perform linear regression on the research sample again to ensure the robustness of the
research results.
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4. Results
4.1. Descriptive Statistics

Table 4 reports the descriptive data used in this study. A total of 20,419 observations
were used. Since the sample of this study only contained the data of Chinese listed
companies from 2013 to 2021, the descriptive statistical results were mainly applicable to
this specific situation. The skewness and kurtosis of all the data met the requirements of a
normal distribution. The mean value and standard deviation of corporate sustainability
were 0.04 and 0.028, respectively, indicating that different companies had different levels
of sustainability and differed significantly from each other. The median of corporate
sustainable development (SGR) was 0.0303, indicating that more than half of China’s listed
companies had a low capacity for sustainable development from 2013 to 2021. This is
also consistent with the description of the sustainable development capability of Chinese
enterprises in the existing literature [82]. Obviously, if the sustainable development ability
of enterprises can be improved through digital transformation, it is of great significance to
their long-term development. Longitudinally, TDT and MDT had a mean value of 0.01 and
standard deviations of 0.006 and 0.004, respectively, indicating that both were relatively
consistent regarding the average levels and fluctuations in companies. Cross-sectionally,
the maximum and minimum values of TDT were 0.0308 and 0.0031, respectively, indicating
large differences in TDT in different enterprises, and the maximum and minimum values of
MDT were 0.0050 and 0.0009, respectively, indicating large differences in MDT in different
enterprises as well. The differences in TDT were more obvious. In general, there were
great differences in the level of digital transformation among Chinese listed enterprises,
which was also consistent with the descriptions in the existing literature [83]. The overall
distribution of exploratory and exploitative innovation in enterprises is more consistent,
with minimum and maximum values of 0.0000, 1.9459, and 2.3026, respectively, indicating
that the level of ambidextrous innovation varies significantly across enterprises. The sample
data used in this study meet the standards.

Table 4. Descriptive statistics.

Variable N Mean SD Min Median Max Skewness Kurtosis

SGR 20,419 0.04 0.028 −0.0144 0.0303 0.1806 1.1926 5.2313
TDT 20,419 0.01 0.006 0.0031 0.0118 0.0308 0.5658 2.4686
MDT 20,419 0.01 0.004 0.0009 0.0050 0.0187 1.1257 3.5739
Explor 20,419 1.97 1.526 0.0000 1.9459 6.0355 0.3919 2.4780
Exploi 20,419 2.22 1.651 0.0000 2.3026 6.1159 0.1491 2.1040
Size 20,419 22.27 1.299 19.5245 22.0784 26.4297 0.7711 3.4360
Lev 20,419 0.41 0.195 0.0463 0.3994 0.9246 0.2351 2.2831
TobinQ 20,419 1.98 1.048 0.9285 1.6393 5.5615 1.7224 5.7986
FIXED 20,419 0.20 0.154 0.0015 0.1719 0.7194 0.9831 3.6092
SOE 20,419 0.32 0.466 0.0000 0.0000 1.0000 0.7783 1.6057
FirmAge 20,419 2.92 0.313 1.7918 2.9444 3.6109 −0.6338 3.2759

4.2. Correlation Analysis

Existing research has begun to focus on the relationship between digital transformation
and sustainable development, but, due to different research contexts, there is heterogeneity
in the research results [84]. The correlations presented in this study are based on Chinese-
listed companies from 2013 to 2021. In addition, previous studies have not explored the
relationships between different types of digital transformation and sustainable develop-
ment, and this study aimed to fill this gap. As Table 5 shows, this study used the Pearson
correlation coefficient to indicate the correlations among all variables. The correlation
coefficient between TDT and corporate sustainability was 0.078 and that between MDT
and corporate sustainability was 0.075, and both passed the significance test, indicating
a positive correlation between TDT and MDT and corporate sustainability. Variance in-
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flation factors (VIF) were found to be less than 3, and there was no apparent problem
of multicollinearity.

Table 5. Correlation analysis.

SGR TDT MDT Explor Exploi Size Lev TobinQ FIXED SOE FirmAge

SGR 1
TDT 0.078 *** 1
MDT 0.075 *** 0.692 *** 1

Explor 0.059 *** −0.168 *** −0.131 *** 1
Exploi 0.027 *** −0.163 *** −0.122 *** 0.727 *** 1

Size −0.131 *** −0.138 *** −0.094 *** 0.302 *** 0.293 *** 1
Lev −0.324 *** −0.019 *** 0.000 0.098 *** 0.143 *** 0.576 *** 1

TobinQ 0.316 *** 0.155 *** 0.138 *** −0.036 *** −0.112 *** −0.404 *** −0.334 *** 1
FIXED −0.099 *** 0.094 *** 0.066 *** −0.055 *** −0.006 0.102 *** 0.052 *** −0.103 *** 1

SOE −0.162 *** 0.076 *** 0.083 *** 0.008 0.004 0.382 *** 0.291 *** −0.174 *** 0.177 *** 1
FirmAge −0.088 *** −0.133 *** −0.097 *** −0.038 *** −0.028 *** 0.206 *** 0.178 *** −0.102 *** 0.021 *** 0.223 *** 1

*** p < 0.01.

4.3. Regression Results and Analysis

To ensure the accuracy of the regression results, this study conducted the Hausman
test before the regression test. The p values of the test results were all <0.05. The Hausman
test results showed that the fixed-effects model was more applicable [85]. Therefore, the
following regression tests used a two-way fixed-effects model that incorporated both
industry and year fixed effects.

According to previous studies [86], if the coefficient of the independent variable is
positive and passes the significance test, it indicates that the independent variable positively
affects the dependent variable. If the coefficient of the cross-term of the moderator variable
and the independent variable is significantly positive, and, at the same time, the coefficient
of the independent variable is significantly positive, it indicates that there is a positive
moderating effect.

As seen in the first column of Table 6, the coefficients of TDT and MDT are significantly
positive and pass the significance test at the 1% level, indicating that both can have positive
effects on corporate sustainability, and that H1 and H2 are valid. The moderating effect of
firms’ exploratory innovation level is shown in the third and fourth columns in Table 6. The
coefficient of the interaction term (TDT × Explor) between TDT and exploratory innovation
is positive and passes the significance test at the 1% level, whereas that of TDT is also
significantly positive at the 1% level, indicating that firms’ exploratory innovation positively
moderates TDT and corporate sustainability positively, and H3a was tested. Similarly, the
coefficients of MDT × Explor and MDT were significantly positive at the 1% level, and H3b
was supported.

As shown in the fifth and sixth columns in Table 6, the moderating effect of the level
of exploitative innovation in the firm was verified. The coefficient of the interaction term
(MDT × Exploi) between market-based DT and exploitative innovation was positive and
passed the significance test at the 1% level, whereas the coefficient of MDT was significantly
positive at the 1% level. This indicates that the relationship between MDT and corporate
sustainability is positively facilitated by corporate exploitative innovation, and H4b was
tested. Similarly, the coefficients of TDT × Exploi and TDT were both significantly positive
at the 1% level, and H4a was also tested.

In summary, as shown in Table 6, the coefficients of all the main variables involved
in the model passed the significance test. The results indicate that two types of digital
transformation can positively contribute to the sustainable development of enterprises.
Meanwhile, the level of ambidextrous innovation in enterprises can positively contribute to
the relationships between them. Thus far, all hypotheses in this study have been verified.
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Table 6. Regression results.

Variables
(1) (2) (3) (4) (5) (6)

SGR SGR SGR SGR SGR SGR

TDT
0.1827 *** 0.1982 *** 0.1996 ***
(3.7801) (4.0540) (4.1148)

MDT
0.1916 *** 0.2150 *** 0.1999 ***
(3.4215) (3.7883) (3.5666)

Exploi 0.0009 *** 0.0009 ***
(3.9645) (3.8682)

Explor 0.0005 * 0.0005 *
(1.9022) (1.9040)

TDT × Exploi 0.0337 *
(1.8650)

MDT × Exploi 0.0307 *
(1.6990)

TDT × Explor 0.0418 **
(2.0381)

MDT × Explor 0.0809 ***
(2.7901)

Size
0.0020 *** 0.0019 ** 0.0018 ** 0.0017 ** 0.0016 ** 0.0015 *
(2.5896) (2.4561) (2.3360) (2.2016) (2.0994) (1.9581)

Lev
−0.0376 *** −0.0377 *** −0.0375 *** −0.0376 *** −0.0374 *** −0.0376 ***
(−13.4212) (−13.4515) (−13.4254) (−13.4448) (−13.4080) (−13.4387)

TobinQ
0.0076 *** 0.0076 *** 0.0076 *** 0.0076 *** 0.0076 *** 0.0076 ***
(19.9997) (19.9820) (20.0345) (20.0430) (20.0564) (20.0341)

FIXED
−0.0370 *** −0.0371 *** −0.0369 *** −0.0369 *** −0.0370 *** −0.0370 ***
(−9.5386) (−9.5615) (−9.4994) (−9.5220) (−9.5365) (−9.5595)

SOE
−0.0036 * −0.0035 * −0.0035 * −0.0035 * −0.0035 * −0.0034 *
(−1.8627) (−1.8539) (−1.8218) (−1.8195) (−1.8150) (−1.8084)

FirmAge −0.0083 −0.0083 −0.0078 −0.0080 −0.0078 −0.0079
(−1.4519) (−1.4672) (−1.3618) (−1.4033) (−1.3691) (−1.3856)

Constant
0.0263 0.0304 0.0280 0.0325 0.0315 0.0359

(1.1113) (1.2888) (1.1798) (1.3720) (1.3264) (1.5179)
Observations 20,419 20,419 20,419 20,419 20,419 20,419
R-squared 0.156 0.155 0.104 0.158 0.159 0.105
Industry FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES

*** p < 0.01, ** p < 0.05, * p < 0.1.

4.4. Robustness Test

To ensure that the results were robust and reliable, this study made the following
efforts. On the one hand, this study chose instrumental variables and adopted the two-stage
least squares method to solve the problems of endogeneity and mutual causality [87]. On
the other hand, this study replaced the measurement methods of independent variables
and aimed to solve the problems caused by the measurement bias of the independent
variables [88].

4.4.1. Change in the Measurement of Explanatory Variables

This study used the MD&A sections of enterprise annual reports as a master database
for keyword searching and the matching of TDT and MDT. Drawing from extant re-
search [89], this study measured digital transformation in a different manner, adopting the
full texts of the annual reports of enterprises as the total text base for text analysis, instead
of MD&A. Therefore, this study used this as a replacement for the measurement method of
independent variables. The annual reports of companies were used as a master text base to
search for DT keywords. The word frequency statistics of both forms of DT were obtained
and logarithmized to yield independent variable indicators for robustness testing, namely
TDT1 and MDT1.
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Table 7 shows the results of the robustness tests. As seen in the first and second
columns, the coefficients of TDT1 and MDT1 are positive and pass the significance test,
indicating that both positively affect the sustainable development of enterprises, further
supporting H1 and H2. As seen in the last four columns of Table 7, the coefficient of the
interaction term (TDT × Explor) between corporate exploratory innovation (Explor) and
TDT1 is positive and passes the significance test, and the coefficient of TDT1 is significantly
positive, indicating that corporate exploratory innovation positively moderates the positive
impact of TDT on corporate sustainability, further validating H3a, H3b, H4a, and H4b, as
shown in Table 7, and enhancing the reliability of the findings.

Table 7. Robustness test: changing the measurement of explanatory variables.

Variables
(1) (2) (3) (4) (5) (6)

SGR SGR SGR SGR SGR SGR

TDT1
0.0007 ** 0.0006 ** 0.0006 **
(2.3279) (2.1012) (2.0377)

MDT1
0.0012 *** 0.0011 *** 0.0011 ***
(3.8465) (3.7650) (3.7018)

Exploi 0.0003 0.0003
(1.5245) (1.5213)

Explor 0.0001 0.0001
(0.5407) (0.5091)

TDT1 × Exploi 0.0002 **
(2.1542)

MDT1 × Exploi 0.0003 **
(2.1758)

TDT1 × Explor 0.0002 *
(1.7032)

MDT1 × Explor 0.0003 **
(2.0679)

Size
0.0017 ** 0.0016 ** 0.0015 ** 0.0015 ** 0.0015 ** 0.0015 **
(2.3941) (2.3841) (2.1975) (2.2082) (2.1315) (2.0992)

Lev
−0.0369 *** −0.0370 *** −0.0368 *** −0.0369 *** −0.0369 *** −0.0369 ***
(−14.4431) (−14.4728) (−14.3978) (−14.4375) (−14.4569) (−14.4850)

TobinQ
0.0066 *** 0.0066 *** 0.0066 *** 0.0066 *** 0.0066 *** 0.0066 ***
(19.6622) (19.6428) (19.6406) (19.6334) (19.6366) (19.6149)

FIXED
−0.0262 *** −0.0261 *** −0.0264 *** −0.0262 *** −0.0264 *** −0.0262 ***
(−7.4624) (−7.4224) (−7.5060) (−7.4436) (−7.5015) (−7.4599)

SOE
−0.0040 ** −0.0039 ** −0.0040 ** −0.0040 ** −0.0040 ** −0.0039 **
(−2.3461) (−2.3023) (−2.3519) (−2.3167) (−2.3449) (−2.3032)

FirmAge −0.0048 −0.0043 −0.0051 −0.0046 −0.0051 −0.0047
(−0.9475) (−0.8644) (−1.0150) (−0.9158) (−1.0116) (−0.9364)

Constant
0.0231 0.0224 0.0263 0.0248 0.0269 0.0266

(1.0610) (1.0324) (1.2024) (1.1390) (1.2299) (1.2205)
Observations 18,899 18,899 18,899 18,899 18,899 18,899
R-squared 0.097 0.098 0.097 0.098 0.097 0.098
Industry FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES

*** p < 0.01, ** p < 0.05, * p < 0.1.

4.4.2. Instrumental Variable Method

Aside from replacing the measurement of the independent variables, this study used
the instrumental variables method to address the endogeneity problem in order to ensure
the robustness of the findings. The endogeneity problem is caused by the correlation
between the explanatory variables and disturbance terms in the current period. As the
lagged one-period independent variables were not correlated with the current period’s
disturbance terms, and with reference to a related study [90], this study used TDT and MDT
with one lag each as the instrumental variables for both independent variables, respectively,
and applied the two-stage least squares method for regression.
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As shown in the first column of Table 8, the coefficient of TDTt−1 is significantly
positive at the 1% level, whereas the value of the Cragg–Donald Wald F statistic is 377.023,
which is significantly greater than the standard critical value of 10 [91,92], indicating that
TDTt−1 is not a weak instrumental variable. In the second column, the coefficient of the
fitted value of TDT for the first-stage instrumental variable is positive and passes the
significance test, while also passing the under-identification test, indicating that TDT has a
positive impact on corporate sustainability, and H1 is tested. The results in the third and
fourth columns of Table 8 support H2. The findings of the main regression study improve
the robustness.

Table 8. Robustness test: results of 2sls.

Variables
First-Stage Second-Stage First-Stage Second-Stage

TDT SGR MDT SGR

TDTt−1
0.1879 ***
(19.4171)

TDT
0.6273 **
(2.1977)

MDTt−1
0.1810 ***
(19.3032)

MDT
0.9527 ***
(2.6509)

Size
−0.0008 *** 0.0027 *** −0.0003 *** 0.0025 ***
(−6.1198) (3.3474) (−3.1184) (3.1936)

Lev
0.0004 −0.0291 *** 0.0008 ** −0.0297 ***

(0.8717) (−10.7851) (2.1354) (−10.8906)

TobinQ
−0.0001 * 0.0077 *** 0.0001 ** 0.0076 ***
(−1.6858) (25.7037) (2.0546) (25.1568)

FIXED
−0.0000 −0.0352 *** 0.0007 −0.0360 ***

(−0.0385) (−9.8025) (1.2586) (−9.9762)

SOE
0.0004 −0.0045 *** 0.0002 −0.0045 ***

(1.4576) (−2.8257) (0.8716) (−2.8141)

FirmAge 0.0004 −0.0042 0.0033 *** −0.0074
(0.3970) (−0.7752) (4.2784) (−1.3179)

Constant
0.0297 *** 0.0021
(6.9162) (0.6209)

Industry FE YES YES YES YES
Year FE YES YES YES YES

Observations 13,731 13,731 13,731 13,731
R-squared 0.670 0.084 0.479 0.080

Cragg–Donald Wald F statistic 377.023 372.613
Under-identification test p value 0.000 0.000

Sargan statistic 0.000 0.000

*** p < 0.01, ** p < 0.05, * p < 0.1.

5. Conclusions and Discussion
5.1. Discussion

With the development and maturity of digital technology, all enterprises are facing
the challenge of digitalization, but the speed, scale, and scope of digitalization’s impacts on
enterprises are different or even contrasting. For example, some scholars have found that
digital transformation can effectively improve the performance of enterprises [93], while
others have found that the direction and intensity of digitalization cannot contribute to the
financial performance of enterprises [94]. In fact, the impact of digitalization on enterprises
is complex, heterogeneous, comprehensive, and long-term, and studies are only able judge
the impact of digital transformation through short-term financial performance. Obviously,
it is necessary to clarify the impact of digital transformation on enterprises, especially the
sustainable development of enterprises [95]. This study examines the relationship between
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digital transformation and the sustainable development of enterprises, which has important
implications for the transition of enterprises to more sustainable development models.

Digital transformation means the integration of multiple digital technologies [31]. In
the existing research, some scholars have discussed the relationship between a specific
digital technology and sustainable development in the context of digital transformation,
such as cloud-based ERP technology [96], big data analysis technology [97], and blockchain
technology [98]. Some scholars have discussed the relationship between the overall digital
transformation level of enterprises and sustainable development [99]. It is not difficult to
see that academia has discussed the relationship between the overall digital transformation
of enterprises or a specific digital technology and sustainable development, but it has obvi-
ously ignored the impact of different dimensions of digital transformation on sustainable
development. This study aims to fill this gap.

By reviewing the research literature on digital transformation [17,20], this study finds
that digital transformation is mainly carried out from two perspectives. On the one hand,
digital transformation can help enterprises to optimize existing business processes and
improve productivity. On the other hand, digital transformation can change the business
models of enterprises and reshape the ways in which competition and cooperation between
enterprises are obtained [21]. Obviously, from the first perspective, digital transformation
is more inclined to rely on digital technology to improve the internal enterprise, while,
from the second perspective, digital transformation is more inclined to change the external
market of the enterprise. Based on this, this study divides digital transformation into
technology-oriented digital transformation and market-oriented digital transformation to
explore the impact on the sustainable development of enterprises, respectively. This study
finds that both types of digital transformation have a positive impact on the sustainable
development of enterprises, which is conducive to comprehensively grasping the logical
relationship between different dimensions of digital transformation and improving the
dimensional research on digital transformation. At the same time, for policymakers, a
certain type of digital policy can be more targeted. For enterprises, they can adjust their
digital transformation strategy in a timely manner and choose a certain type of digital
transformation in a targeted manner.

Innovation capability has a positive impact on enterprises’ ability to maintain a com-
petitive advantage. From the perspective of enterprise innovation, this study chooses
ambidextrous innovation as the moderating variable to discuss the moderating effect of
exploratory innovation and exploitative innovation on the relationship between different
types of digital transformation and sustainable development. This attempt reveals the
logical relationship between different types of digital transformation and different types of
innovation. The research shows that enterprise ambidexterity innovation does promote
the positive impact of the two types of digital transformation on the sustainable devel-
opment of enterprises, which also proves the importance of innovation for the success of
enterprises’ strategies.

In addition, the reason for choosing Chinese listed companies as the research subject
in this study is that China’s digital transformation has received considerable attention in
recent years [100]. The Chinese digital transformation is highly representative and typical,
and with the Chinese context as the research background, the research findings are more
informative and valuable to study.

5.2. Conclusions

DT has become the new normal. Research on the overall effects of DT in enterprises is
mature, but the effects of DT in different dimensions remain unclear. This study divided
DT into TDT and MDT and used a two-way fixed-effects model to examine the impact
of both types on corporate sustainability for A-share listed companies in China between
2013 and 2021. The boundary condition of corporate ambidextrous innovation was used to
explore how the level of ambidextrous innovation affects the relationship between DT and
corporate sustainability in different dimensions.
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First, this study finds that technology-oriented digital transformation can positively
promote the sustainable development of enterprises. According to the resource-based view,
when enterprises acquire valuable and unique resources and capabilities, they can gain
competitive advantages, achieve excellent performance, and promote sustainable devel-
opment. Technology-oriented digital transformation, by applying a variety of advanced
digital technologies to the internal operations of enterprises, optimizes their business pro-
cesses and improves their operational efficiency so that they can obtain superior resources
and promote sustainable development. Second, market-oriented digital transformation has
a positive impact on the sustainable development of enterprises. This is also consistent
with the previous theoretical analysis. Market-oriented digital transformation can reshape
the business models of enterprises through digital technology, improve the ways in which
they cooperate with customers, and realize a new business model.

At the same time, this study finds that the ambidextrous innovation of enterprises
can positively promote the relationship between digital transformation and sustainable
development. The exploratory innovation level of an enterprise represents its ability to
explore new fields and apply new technologies. The level of enterprise exploitative innova-
tion represents the ability of enterprises to use and integrate their existing resources, which
provides the possibility for digital technology to optimize their business processes and
reshape their business models. Obviously, enterprise ambidexterity innovation can provide
a suitable enterprise environment and sufficient innovation resources for enterprises to
apply digital technology and realize digital transformation.

Based on the above conclusions, this study believes that enterprises should actively use
digital technology to promote their sustainable development. Moreover, enterprises strive
to improve the level of ambidexterity in innovation, which provides strong environmental
conditions for the development of enterprises’ digital strategies.

5.3. Implications

The theoretical implications are as follows. First, most studies have analyzed the value
effect of DT from a holistic perspective and have used the composite index of enterprise
DT to represent enterprise DT and explore its impact on enterprise value. This study
distinguished between and examined the impact of TDT and MDT on firm value. This
expands the multidimensional research on DT and provides new ideas for a comprehensive
and detailed understanding of DT. Second, studies have focused on the value effects of
DT; for example, it has an impact on enterprise performance, innovation, and operational
efficiency [5,101,102]. However, few have explored the relationship between DT and
corporate sustainability. This study enriches the literature on the impact of different types
of digital research on corporate sustainability and validates DT research by relying on a
resource-based view. Third, this study considers enterprise innovation as the boundary
condition of DT application, and it shows that ambidextrous innovation facilitates the
positive relationship between enterprise DT and corporate sustainability, which broadens
the boundary condition of enterprise DT application and enriches the relevant literature on
enterprise innovation theory.

The practical implications are as follows. First, the findings support the active policies
and measures of the government and related departments on DT and provide a reference
for the next step of DT-related policy guidance and development. Second, the findings
suggest that enterprises should continue to persist in developing DT, which is beneficial for
them to gain a long-term competitive advantage. Third, the study shows the significance of
corporate innovation and indicates that a high level of corporate innovation capability is
of great benefit both for the direct and indirect impacts on corporate value and corporate
development strategies, respectively.

5.4. Limitations and Future Research

First, both MDT and TDT had a positive impact on the sustainable development of
enterprises. However, the research object was listed companies in China and the conclusions
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may have local characteristics of Chineseization, which means that extensive research must
be conducted on companies in different countries and regions to verify the validity of
the conclusions. Second, this study used a thesaurus of DT keywords constructed based
on Chinese digitalization-related policy documents and the characteristics of China’s DT
development. Therefore, the applicability and timeliness of the thesaurus have a few
limitations, which means that future research must update and expand the digital text
analysis thesaurus according to the characteristics of the research object. Finally, this study
classified DT into two categories based on its characteristics. However, classifications go far
beyond the binary, and more detailed classifications can be created in the future based on
the characteristics of DT in order to expand and deepen the multidimensional study of DT.
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