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1 | INTRODUCTION

| Jiajun Xu? |

Rui Li2

Abstract

This paper aims to explore whether the trend of digital transformation is driving
companies to engage in environmental, social, and governance (ESG) practices. The
impact of strategic transformation on firms is all-encompassing, making it difficult to
capture the mechanisms of impact on corporate ESG practices. To this end, we con-
struct a new theoretical framework that combines slack resources and stakeholder
theory. This framework attributes the heterogeneity of ESG practices to differences
in the ability and willingness of companies. Using data from Chinese listed companies,
we find that the digital transformation is improving ESG performance. The
mechanism is that digital transformation increases the availability of long-term slack
resources and strengthens the connection with stakeholders. However, there is
insufficient evidence that digital transformation contributes to greater transparency
in corporate disclosure. We also find that this effect is larger for firms with less risk-
responsiveness and firms with international connections, but smaller for firms with
political connections. Our findings affirm the advantages of contemporary trends in
corporate digital transformation for ESG practices and offer a new theoretical frame-

work to investigate the factors influencing ESG practices.

KEYWORDS
digital transformation, ESG practices, slack resources theory, stakeholder theory, sustainable
development

that demand (Cheng et al., 2014; Meira et al., 2023). Unlike traditional
investments, ESG investors do not seek high investment returns but

In recent decades, environmental pollution, global warming, poor
employee well-being, and corporate scandals have raised public
expectations for companies to take responsibility for environmental,
social, and governance (ESG) issues (Arvidsson & Dumay, 2022;
Lokuwaduge & Heenetigala, 2017). This has led to an increasing focus
on socially responsible activities and has encouraged companies to
combine the pursuit of operating profits with social responsibility.
ESG investments are seen as an important way for the public to voice

Abbreviations: CFP, Corporate Financial Performance; DID, Differences-in-differences; ESG,
Environmental, Social, and Governance; MD&A, Management Discussion and Analysis;
NGOs, Non-Governmental Organizations; RBT, Resource-based theory; TFP, Total Factor
Productivity.

rather consider the positive environmental and social impact of a
company as their primary criteria. The criteria for this investment are
ESG performance and are designed to motivate companies to engage
in socially responsible activities.

From a corporate perspective, however, unlike the innate desire
for financial performance, corporations do not always make every
effort to pursue ESG performance. Because the pursuit of ESG
performance is costly, its economic benefits usually take time to
materialize and, in many cases, are highly uncertain (Gatignon, 2022;
Tang et al., 2018). In this respect, ample evidence has been presented
by a large number of studies discussing the relationship between ESG

performance and corporate financial performance (CFP). Theoretically,
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Aguilera et al. (2007) argued that because business organizations are
embedded in different national systems, they will experience
divergent degrees of internal and external pressures to engage in
social responsibility initiatives. In addition, the findings of Schaltegger
and Horisch (2017) suggested that the search for legitimacy rather
than profit dominates corporate sustainability management practices.
The limiting power of legitimacy on corporate behavior varies
depending on the characteristics of the corporate and institutional
environment, which leads to heterogeneity in corporate ESG
practices.

Along this line, previous literature has examined the factors
influencing ESG practices at the country and corporate levels. The
corporate level has mainly focused on exploring the impact of firm
financial performance (Baldini et al., 2018; Branco & Rodrigues, 2008;
Reverte, 2009) and management characteristics (Li, Zhang, &
Ding, 2023; Park et al., 2023). Scholars argued that we are still far
from explaining the heterogeneity of ESG performance among firms
and call for a comprehensive theoretical and empirical study of the
reasons behind the observed differences (loannou & Serafeim, 2012;
Zaman et al., 2022).

Under the impetus of government and market forces, many
companies are actively embracing digital technology, considering
digital transformation a pivotal growth strategy (Zeng et al., 2022).
According to Verhoef et al. (2021), digital transformation is the
ownership of digital assets, with capabilities related to digital agility,
digital networks, and big data analytics, among others, which entails
going through three stages, introducing digital resources (or digital
assets), establishing connections with customers through digital tech-
nologies to change existing production and business processes, adding
digital components to products or services, using digital platforms and
data to drive business model transformation, and so on. With the
trend toward digitalization, existing literature has identified that
Industry 4.0, blockchain, and the circular economy are playing an
increasingly important role in promoting corporate social responsibil-
ity (Agrawal et al.,, 2022; Laing et al., 2019; Mukhuty et al., 2022;
Srivastava et al., 2022; Upadhyay et al., 2021). Digital transformation
is being used as a potential catalyst for sustainable practices (Sahoo
et al, 2023; Sharma et al., 2022). Furthermore, the literature has
found that digital transformation improves firms' ESG performance.
For example, Chen and Hao (2022) found that firms' digital transfor-
mation significantly contributes to corporate environmental perfor-
mance and that board characteristics have an important moderating
role. Lu et al. (2023) found that digital transformation enhances firms'
ESG performance by strengthening internal control and green
innovation. Another strand of literature has argued that digital trans-
formation also poses challenges for ESG practices, such as resource
crowding, short-term profit orientation, and issues of legality, compli-
ance, and ethics (Cappa et al.,, 2021; Vial, 2021; Zhong & Ren, 2023).
The research is still inconclusive as to whether the digital transforma-
tion of an organization can effectively contribute to its ESG
performance.

In addition, despite the comprehensive impact of digital transfor-

mation on companies, the complexity arises when attempting to
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identify the specific mechanisms influencing corporate ESG practices.
Existing literature mostly selects two or three indicators as mediating
variables for mechanism testing, with each emphasizing different
aspects, including green innovation, information disclosure quality,
internal controls, and media attention (Wu & Li, 2023; Zhong
et al., 2023). However, this selective approach fails to fully capture
the crucial channels through which digital transformation affects
corporate ESG performance. Currently, there is still a lack of a
comprehensive theoretical framework to encapsulate the complete
transmission mechanisms of digital transformation on corporate ESG
performance. This is crucial for a profound understanding of how
digital transformation significantly influences corporate ESG
performance.

The previous academic literature explored the influencing factors
of ESG practices and identified various theoretical approaches,
such as widely used institutional theory and legitimacy theory (Baldini
et al, 2018; Schaltegger & Horisch, 2017). Furthermore, in the
context of digital transformation, resource slack theory and
stakeholder theory seem to be most relevant to corporate ESG
practices. The former suggests that companies with abundant
financial, managerial, and/or technological resources are more likely
to engage in ESG practices compared to their peers with limited slack
resources (Julian & Ofori-dankwa, 2013). The latter emphasizes that
companies have a responsibility to not only serve shareholders but
also to meet the expectations of various stakeholders regarding
corporate ESG performance (Perez-Batres et al., 2012). However,
these studies overlook the concurrent application of resource slack
theory and stakeholder theory in explaining ESG differences among
companies.

Resource slack theory and stakeholder theory should not be
considered mutually exclusive. Given the non-mandatory nature of
ESG practices and the long-term nature and uncertainty of returns, a
company's capability and willingness jointly determine ESG practices.
By applying resource slack theory, we argue that digital transforma-
tion may increase the availability of slack resources, thereby enhanc-
ing the “capability” of corporate ESG. Additionally, by applying
stakeholder theory, we hypothesize that the closer connections with
stakeholders brought about by digital transformation may elevate the
“willingness” of companies to improve ESG performance. Therefore,
our research aims to integrate resource slack theory and stakeholder
theory to construct a new theoretical framework, filling gaps in
existing literature. Using this framework, we provide a comprehensive
overview of the impact channels of digital transformation on ESG
performance, primarily covering both “capability” and “willingness”
aspects.

This study makes the following two original contributions: First,
our study contributes to the growing literature on the factors
influencing corporate ESG. To date, research has examined firm and
management characteristics (Borghesi et al., 2014) as well as national
laws and culture (loannou & Serafeim, 2012) on the impact of
corporate ESG practices. However, few studies have analyzed the
causal effect of digital transformation on ESG practices, and current

research has not yet reached a unified view on whether digital

85UB017 SUOWILLIOD BAIFER1D) 8|l dde auj Aq pausenob ae s3oie O ‘88N JO S3NJ oy A%1q17 8UIIUO AB]1M UO (SUOTPUOD-PLE-SWWLS}L0D A8 |IMAe1q 1[ouUo//Stiy) SUoRIPUOD pue swie | 81 88S *[5202/20/50] uo Areiqiauliuo Ao jim Aiseiun Bueibyz Aq 95.€850/200T 0T/10p/L0 A8 1M Aselq 1 jeuluo//Sdiy Wouy papeojumod ‘9 ‘#20z ‘9e80660T



XIAO ET AL.

5368 Busi Strat =
268 | \WiLEY— e

transformation promotes ESG practices. We demonstrate that digital
transformation is improving enterprise ESG performance after
considering endogeneity and robustness. Second, we integrate slack
resources and stakeholder theory into a new theoretical framework
that attributes the influences of corporate ESG practices to the
availability of slack resources and the connection with stakeholders.
We adopt this framework to fill the theoretical gap in the impact of
digital transformation on ESG practices. This framework is general and
can be used to explore the impact of other strategic management
strategies on ESG practices.

In the next section, the developed theoretical hypotheses are
presented. This is followed by a section on methodological and
empirical results. Finally, some conclusions are drawn.

2 | THEORETICAL HYPOTHESIS

Digital transformation is impacting every aspect of a business, thus
influencing ESG practices from various channels. However, this also
makes it challenging to identify mechanisms. This study attributes the
heterogeneity of companies' ESG practices to two reasons, namely,
differences in ability and willingness. On the one hand, investing in
environmental and social responsibility can be a drain on corporate
resources but the benefits of ESG practices to companies are uncer-
tain. Companies with more technology, and human and financial
resources available are better positioned to improve ESG perfor-
mance, while being in financial distress can limit ESG practices. On the
other hand, even if companies are well positioned to engage in ESG
practices, short-sightedness, and information asymmetry with stake-
holders can undermine companies' willingness to practice ESG. Specif-
ically, we analyze below how digital transformation affects ESG
performance using slack resources theory and stakeholder theory as
mechanisms of ability and willingness. In addition, based on this
theoretical framework, we explore the role of firms' social connections
and risk responsiveness in the relationship between digital transfor-
mation on ESG performance. The conceptual framework in Figure 1
depicts the relationship between corporate digital transformation and

Availability of |
t Slack resources

Mechanism
{ HI: )
.. Slack resources .~

---------------- ,—""‘"—I:{eterogeueir}-;-\“\

H4:
Risk response
Digital _~THeterogeneity
transformation (¢ H3:
3 Social

ESG performance. The model is based on four hypotheses derived

from our analysis.

2.1 | Potential mechanisms

2.1.1 | Slack resources mechanism

The assumption of slack resource theory is that having a certain level
of resource slack is beneficial to the organization (Bourgeois lii, 1981).
Such slack resources provide flexibility and resilience, enabling the
organization to respond more effectively to unexpected challenges or
opportunities. Companies can accumulate slack resources in the form
of financial resources, experienced management and technical staff,
and advanced technology. The availability of slack resources allows
companies to act and compete more boldly and confidently (Nohria &
Gulati, 1996). Companies with sufficient slack resources are less likely
to have to make painful trade-offs than those that must pursue
multiple goals with fairly limited slack resources (Xiao et al., 2018). In
the specific context of corporate sustainability, several scholars have
put forward a consistent set of theoretical arguments that the
presence of slack resources can facilitate corporate participation
in sustainable development (Daniel et al, 2004; Waddock &
Graves, 1997).

The availability of slack resources also profoundly affects the ESG
practices of companies. First, the availability of slack resources frees
companies from the pursuit of short-term profits. The literature
suggests that strategies to profitably improve ESG performance are
more likely to be lagging and highly uncertain (Gatignon, 2022; Tang
et al., 2018). Clearly, financially distressed companies may not have
the ability to make discretionary investments in traditional ESG
practices (such as philanthropy), while financially sound companies
have the resources to spend in ways that may have a longer-term
strategic impact, such as investing in improving local schools or
community conditions to improve the workforce. Second, firms
with sufficient slack resources can make substantial rather than
symbolic efforts to improve their social and environmental
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performance (Perez-Batres et al., 2012). For example, companies can
purchase expensive equipment and develop new technologies to
reduce energy consumption, pollution, and/or waste. In summary,
when faced with similar stakeholder pressure, companies with suffi-
cient slack resources are more capable of responding to stakeholder
ESG demands than their peers with limited slack resources.
Companies are digitally transforming to stay competitive
(Chatterjee & Mariani, 2022), which can impact the availability of slack
resources. Martinez-Caro et al. (2020) found that enterprise digital
transformation can facilitate value activities when a digital organiza-
tional culture is integrated. Hautala-Kankaanpaa (2022) showed that
the digital transformation of enterprises can optimize 13 business
operations, including cost and output. The literature suggests that
enhanced firm value and operational performance are key factors in
the increased availability of slack resources (Panwar et al., 2017;
Sun & Govind, 2022). However, previous studies are not unified on
whether digital transformation will facilitate or hinder the corporate
availability of slack resources. Some evidence suggests that the bene-
fits of digital transformation often do not cover the costs they incur,
thus worsening their operational performance (Cappa et al., 2021;
Ekata, 2012). Digital transformation requires companies to invest
heavily in digital devices or technology infrastructure to collect,
analyze, and manage data resources (Bresciani et al, 2021). The
short-term significant increase in these costs may reduce the slack
resources of the company. In addition, irrational digital transformation
tends to disrupt organizational functions, leading to discomfort and
conflict in the short term and weakening the funds available to the
transforming company (Vial, 2021). Zhong and Ren (2023) argued that
the short-term benefits of digital transformation are insufficient to
offset the costs incurred. However, the long-term advantages of
reducing operational costs will outweigh the initial expenses. In
conclusion, digital transformation may affect the availability of slack
resources, but its direction needs to be further tested. On the basis of

these arguments, we hypothesize the following:

Hypothesis 1. Digital transformation has changed the
slack resources available to companies, further impact-

ing the ability of their ESG practices.

2.1.2 | Stakeholder mechanism

ESG practices of a company do not depend only on the availability of
slack resources. Due to the non-mandatory nature of ESG practices,
firms with slack resources may invest resources in long-term financial
goals rather than non-financial goals. According to stakeholder theory,
a company's business decisions must take into account the interests
of stakeholders or accept their constraints (Freeman et al., 2004).
Stakeholders comprise pressure groups such as shareholders,
employees, government, NGOs, customers, environmentalists, etc. In
recent years, with the public's concern about social and environmental
issues, companies have asked their stakeholders to take social respon-
sibility (McWilliams & Siegel, 2001). ESG practices are used by
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companies as a tool to demonstrate social awareness and to engage in
acceptable behavior in accordance with stakeholder expectations
(Cheng et al., 2014). As a result, companies facing stakeholder
pressure will be more willing to improve their ESG performance.

However, information asymmetry exists between stakeholders
and companies, and the degree varies from company to company. On
the one hand, companies face different levels of attention. Companies
with higher exposure tend to be under greater stakeholder pressure
and thus more direct scrutiny (Baldini et al., 2018; Reverte, 2009).
This will motivate companies to commit to improving their ESG
performance to maintain their reputation or seize the opportunity to
attract more ESG investments (Bansal & Clelland, 2004; Bansal &
Roth, 2000; Reverte, 2009). On the other hand, to avoid stakeholder
pressure, some companies have learned how to strategically pretend
their ESG behavior rather than substantively implement it (Walker &
Wan, 2012). This type of strategy is known in management research
as “greenwashing” by disclosing false ESG performance while meeting
stakeholder expectations at a low cost (Font et al., 2012; Lee &
Raschke, 2023).

In addition, the attitude of a company's management toward
sustainability can influence the company's response to its stake-
holders. A wide range of stakeholders is constantly asking companies
to be transparent in providing ESG disclosures (Herremans
et al,, 2016). However, companies' strategic responses to stakeholder
requests for sustainability disclosures vary (Hess, 2008; Sweeney &
Coughlan, 2008). Enterprises have vastly different perceptions of the
business and sustainability value of ESG practices. Zakhem (2008)
argued that the “stakeholder capability” to understand and exploit
stakeholder relationships varies between firms. The success of a
business's strategy is largely dependent on activating stakeholder
cooperation (Waligo et al., 2014). Short-sighted management's disdain
for the needs of stakeholders will lead to a reduction in the company's
sustainability.

The digital transformation of the enterprise leads to a deeper
connection between the enterprise and its stakeholders. First, digital
technology will alleviate the information asymmetry between
companies and stakeholders. From a stakeholder perspective, compa-
nies undergoing digital transformation will receive more attention.
Stakeholders will pay more attention to companies undergoing trans-
formation to assess the effectiveness of their strategies. Evidence also
suggests that digital technologies promote organizational transpar-
ency, which in turn increases the visibility of the company to
stakeholders (Reischauer & Ringel, 2023). From the perspective of
enterprises, the digital transformation of enterprises, especially the
application of big data and blockchain technology, makes the activities
of enterprises recordable and traceable and enhances the transpar-
ency of information within enterprises.

Second, the digital transformation of enterprises may make them
more sustainable. Enterprise digitalization can improve the efficiency
and agility of all aspects of internal control, which helps to achieve
dynamic feedback and assessment of risk capture and identification as
well as management decisions in the enterprise's interaction with the

environment (Sharma et al.,, 2022). This improves the efficiency of
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communication with external stakeholders and the dynamics
of decision-making interactions, enhances the company's stakeholder
capabilities, and makes managers more far-sighted. This leads us to

the following hypotheses:

Hypothesis 2. Digital transformation enhances the
connection between companies and stakeholders, which
in turn makes companies more willing to improve ESG
performance.

2.2 | Heterogeneous effects

2.2.1 | Social connection

Businesses must obtain resources from various stakeholders to ensure
survival and growth, and in the process, they must assume corre-
sponding social responsibilities to meet the concerns and demands of
stakeholders. Previous research has indicated that businesses with
political and international affiliations face different pressures from
stakeholders (Lucea & Doh, 2012; Mbalyohere & Lawton, 2018). This
means that when there are distinctions in the social relationships of a
business, there are differences in the financial and non-financial
purposes of digital transformation. The stance of businesses in politi-
cal and international relations may influence their attitude toward
ESG practices in digital transformation. This perspective provides an
interesting angle for our research to explore the interactive impact of
different social relationships on corporate digital transformation and
ESG practices. In the following, we will discuss the heterogeneity of
firms' social connections in the relationship between digital transfor-
mation and ESG performance based on the stakeholder mechanism
(willingness mechanism) outlined in our theoretical framework.

The literature suggests that establishing long-term political
relationships can assist businesses in obtaining more subsidies and
welfare policies (Faccio et al., 2006). One significant benefit is that
government officials protect businesses with political relationships,
shielding them from strict environmental regulations and social
pressures for personal gain. Correia (2014) found that companies with
political relationships face fewer enforcement actions and lower pen-
alties for misconduct. For example, Xiao and Shen (2022) discovered
that companies losing political relationships experience a significant
increase in environmental ratings. This implies that businesses with
political relationships face less pressure from stakeholders themselves.
In the process of digital transformation, businesses with political
relationships are protected by the government on social issues and
are more likely to use digital technology for non-ESG projects, thus
lacking the willingness to improve ESG performance. In contrast, non-
politically affiliated businesses, during digitalization, are more likely to
compensate for their lack of stakeholder connections.

International connections of businesses may also lead to hetero-
geneity in the impact of digital transformation on ESG performance.
Multinational corporations place greater emphasis on ESG perfor-

mance as they operate globally and need to comply with regulations

and standards in multiple countries (Branco & Rodrigues, 2008).
Subsidiaries of multinational corporations, if they wish to maintain
business relationships with these corporations, must also meet these
requirements, as multinational corporations often incorporate these
requirements into their supply chain management standards (Bansal &
Clelland, 2004). Additionally, many multinational corporations require
their suppliers or partners to meet certain standards in ESG, reducing
their business risks and enhancing their reputation (Branco &
Rodrigues, 2008). As mentioned earlier, digital transformation reduces
the asymmetry between businesses and stakeholders, allowing them
to transparently showcase their ESG performance. Due to the high
standards of multinational corporations in ESG, internationalized
businesses are more likely to seize the opportunity to improve ESG
performance during the digital transformation process compared to
non-internationalized businesses. Therefore, we hypothesize that
digitalization has a more positive impact on the ESG performance of
businesses with international affiliations.
Therefore, we hypothesize the following:

Hypothesis 3. There is heterogeneity in the impact of
digital transformation on the ESG practices of compa-
nies with different social connections.

2.2.2 | Riskresponse

The level of internal control and environmental uncertainty are
important factors that affect an enterprise's ability to respond to risk.
Internal control is a series of strategies, plans, policies, procedures,
and measures developed by an enterprise to achieve its business
objectives, and the process of monitoring their effectiveness. Insuffi-
cient internal control capabilities may lead to a lack of effective risk
assessment and management mechanisms, increasing the likelihood of
facing potential issues. Additionally, a company's investments and
strategic decisions are consistently influenced by the external envi-
ronment. When environmental uncertainty is high, companies tend to
decrease their preference for risky activities, opt for more stable
investment approaches in projects, and exercise greater caution in
project reviews (Li & Zhang, 2017). There is also heterogeneity in the
relationship between risk response capabilities and digital transforma-
tion as well as ESG performance. In the following, we will analyze this
based on the slack resource mechanism (ability mechanism) and
stakeholder mechanism (willingness mechanism) in our theoretical
framework.

First, when a company has a weaker risk response capability,
digital transformation is more likely to enhance its ability to engage in
ESG practices. Feng et al. (2024) argued that in situations of higher
environmental uncertainty, companies with a higher degree of digital
transformation are better positioned to demonstrate advantages in
moving toward technological frontiers. Through the use of digital
tools, companies can rapidly access and analyze market trends, policy
changes, and social feedback, allowing them to adjust strategies with

agility and flexibility, thus creating more corporate value. Alshourah
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et al. (2023) pointed out that in dynamically changing environments,
especially in markets undergoing rapid technological changes, digital
transformation is more likely to help companies stand out in intense
competition, achieve innovation, and gain sustainable competitive
advantages. Similarly, in situations where a company lacks internal
control capabilities, digital transformation provides solutions for
automation and efficiency improvement. Through digital management
systems, companies can achieve more precise monitoring and
management of internal processes, and automated data collection
and processing contribute to increased financial transparency, reduc-
ing internal errors caused by human factors (Sharma et al., 2022). In
summary, compared to companies with better risk response capabili-
ties, these companies with weaker capabilities can leverage digital
transformation to overcome limitations in risk response capabilities,
thereby enabling them to be more capable of engaging in ESG
practices.

Second, digital transformation is also more likely to leverage
stakeholder channels and increase willingness to engage in ESG prac-
tices when firms have poor risk response capabilities. Weak internal
control capabilities can lead to inadequate disclosure, depriving
stakeholders of key information and affecting their trust in the firm
(Agyei-Mensah, 2016). High environmental uncertainty can make
companies hesitant to engage in ESG practices in the face of uncertain
returns (Wang et al., 2023). Digital transformation can help companies
by enabling them to collect more comprehensive and accurate data,
improving their ability to manage sustainably (Sahoo et al., 2023).
When companies face risks, having accurate data to support them can
help them make more far-sighted decisions. This, in turn, can enhance
a company's engagement with stakeholders by helping them improve
the disclosure of ESG practices and enhancing their stakeholder
management capabilities. In summary, digital transformation is more
helpful for less risk-responsive firms to increase stakeholder
connectivity than for firms that are more risk-responsive on their
own, thus promoting willingness to engage in ESG practices.

Accordingly, we hypothesize the following:

Hypothesis 4. Digital transformation is more effective
in improving ESG performance for firms with poor risk
response capabilities.

3 | METHODOLOGY

3.1 | Reggression model design

Based on the above analysis, this paper constructs an econometric
model to explore the effect of digital transformation on corporate
ESG performance, and the benchmark regression model is as follows.

ESGit = a1 + By Lndigit + p12Zit + Zyear + ZFirm + ;¢ (1)

In equation (1), ESG;; is the firm's ESG rating score representing

the level of ESG performance. i and t denote firm and vyear,

[ ] 5371
and the Environment @ E_WI LEYJ_

respectively. To control for possible effects caused by time and
individual factors, Zyear and ZFirm are added in this paper to control
the year and firm fixed effects, respectively. Z;; represents the control
variables; ¢;; represents the random disturbance term; a; represents

the constant term.

3.2 | Variable selection

3.21 | Dependent variable

The rating data of ESG performance of Chinese companies in this
paper are obtained from the Sino-securities Index Information Service
(Shanghai) Co. Ltd, which has measured the ESG performance of
Chinese listed companies based on their combined performance in
three areas: environment, society, and governance. Focusing on
sustainable development concepts such as green development, safe
development, and corporate governance, the ESG index incorporates
more indicators that are in line with China's national conditions, such
as sponge city construction, business ethics, and credibility of infor-
mation disclosure, and focuses more on non-financial indicators of
enterprises while considering their financial performance, so as to
evaluate the long-term development value of enterprises, which has
been widely adopted in previous studies. It has been widely adopted
in previous studies (Xie & Lyu, 2022). According to the index system,
ESG performance is divided into nine levels (C, CC, CCC, B, BB,
BBB, A, AA, AAA), to which we assign a score of 1-9, and a higher
score indicates a better overall ESG performance of the company. The
advantage of the ESG index disclosed by the Sino-securities Index lies
in its construction of a framework that is more aligned with the actual
developmental context of China. It encompasses the positive efforts
and achievements made by companies in pollution prevention,
environmental friendliness, and other relevant aspects. In terms of
social responsibility, it incorporates distinctive Chinese goals such as a
company's contributions to community service and rural revitalization.
On the corporate governance front, it includes indicators related to
the corporate governance structure and the evaluation of information
disclosure quality. The comprehensive and objective nature of the
evaluation framework makes it well-suited for assessing ESG disclo-

sure practices of Chinese listed companies.

3.2.2 | Independent variable

The digital transformation includes the use of advanced digital
technologies and digital devices to change the enterprise's data pro-
cessing capabilities, decision analytics, and platforms and ecosystems,
triggering an organizational strategic response and bringing about a
comprehensive change in the enterprise's organizational structure,
value propositions, production processes, business decisions, and
partnerships, which can be reflected in the change of consumer
behavioral expectations, disruption of the competitive landscape,
and the improvement of data accessibility (Vial, 2021). The digital
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transformation of enterprises not only involves converting factors of
production and raw materials into digital information but also entails
the flexible use of digital devices and technologies to integrate them
into the production and operation processes of enterprises. This
process thoroughly disrupts the inherent technological systems and
production and operation models of enterprises, ultimately achieving
more sustainable development goals (Verhoef et al., 2021; Wu
et al., 2021).

Previous research predominantly utilized methods such as
questionnaire surveys, investments in enterprise informatization, and
the application of ICT technologies to measure the degree of
penetration of the digital economy into enterprises or as a measure of
enterprise digital transformation (Khin & Ho, 2018; Nylén &
Holmstrém, 2015). However, these studies faced limitations in terms
of the subjective nature of survey methods, lack of timeliness in finan-
cial disclosures, and the lack of comprehensiveness in measurement
indicators.

In recent years, text analysis based on corporate annual reports
has been widely applied in studies on enterprise digital transforma-
tion. The annual report is a window that reflects the enterprise's
judgment and disclosure of its past performance evaluation and
external environment information such as future industry
development. The textual information in annual reports can reveal
when a company started focusing on digitization, initiated its digital
transformation, or outlined future strategic development plans and
prospects. Rigorously reviewed annual reports possess authenticity
and reliability. Furthermore, due to their disclosure coherence and
standardization, they facilitate horizontal and vertical comparisons of
information across companies (Tian et al., 2022; Wu et al., 2021;
Zhu et al., 2022).

Therefore, following previous research (Wu et al., 2021), this
study employs Python web scraping technology to extract key words
related to digital transformation from annual reports of listed compa-
nies, China's local government reports, and authoritative institutions
such as Tsinghua University published research reports related to the
digital transformation of Chinese enterprises, including “artificial intel-
ligence”, “blockchain”, “cloud computing”, “big data”, “Industrial Inter-
net” etc. (more than 100 digital transformation keywords). The degree
of enterprise digital transformation is then measured based on the fre-
quency of these characteristic words. The frequency of words related
to digital transformation mentioned in the annual reports of compa-
nies is used as a measure of the degree of digitalization (Indigit). Due
to the right-skewed nature of the data, a logarithmic transformation is

applied after adding 1 to the word frequency.

3.2.3 | Mechanism variables

Slack Resources. To distinguish the short- and long-term effects of
digital transformation on slack resources, this paper uses two types
of variables to represent the availability of slack resources. Short-term
slack resources are measured by retained earnings per share (eps) and

equity ratio (eqr), which are commonly used in the literature (Sun &

Govind, 2022; Zhang et al., 2022). In addition, we measure the
availability of long-run slack resources by total factor productivity
(TFP). TFP denotes the efficacy of a firm's factor development and
utilization, commonly employed to gauge the firm's sustainability.
Firms boasting high TFP effectively leverage production factors such
as labor, capital, and raw materials over the long term, resulting in
increased output. Literature suggests that enterprises with elevated
total factor productivity expend fewer resources to yield higher
outputs, thereby playing a pivotal role in accumulating long-term slack
resources (George, 2005). As opposed to using OLS to estimate the
total factor productivity of a firm, the Levinsohn-Petrin (LP) and
Olley-Pakes (OP) methods allow for the possibility of converting
unobservable productivity to observable under certain assumptions
(Levinsohn & Petrin, 2003; Olley & Pakes, 1996). Since the LP method
can take into account the interdependence of production factors and
the non-linear relationship between inputs and outputs, this allows
the LP method to more accurately identify potential bottlenecks and
opportunities for efficiency improvement in the production process.
In addition, the LP method improves on the OP method by
substituting intermediate goods input indicators instead of using
investment amount as a proxy variable (Ackerberg et al., 2015). In this
paper, the LP method is adopted to measure the total factor
productivity of firms due to the lack of data on the amount of invest-
ment in many samples.

Connection to stakeholders. Based on the analysis in the theoreti-
cal section, we use analyst attention (attention), management myopia
(myopia), and the quality of information disclosure (quality) to measure
the degree to which the firm is connected to its stakeholders. First,
this paper uses the total number of analysts (teams) who have
followed a company within a year to measure the analyst attention of
listed companies, which is logarithmically processed by adding 1 in
the empirical analysis. Second, in line with previous research (Hu
et al., 2021), textual analysis is used to capture the set of Chinese
words in the MD&A of listed companies that reflect the “short term”
of managers, such as “within the year, immediately” and other
direct meanings. The ratio of the total word frequency of
“short-sightedness” to the total word frequency of MD&A of the
company is used to measure the degree of management short-
sightedness, and the larger the ratio, the more serious the manage-
ment short-sightedness. Third, referring to Yi et al. (2010), we adopt
the evaluation of enterprise information disclosure by the Shenzhen
Stock Exchange (and Shanghai Stock Exchange) in China. The evalua-
tion is divided into four levels: A-D, which corresponds to excellent,
good, qualified, and unqualified, respectively. We assign a value of
4, 3, 2, and 1 to them, with a higher score indicating a higher quality

of company information disclosure.

3.24 | Control variables

First, it has been shown in the literature that some basic characteris-
tics of firms affect ESG performance (Lu et al., 2023). In this paper, we
control for firm size (size), firm age (age), and property right (property)
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TABLE 1 Measurement of control variables.
Type Variables Symbol Measures
Firm level Firm size Size Firm revenues
Firm age Age Difference between the year of incorporation and the
current year
Property right Property Takes the value of 1 if the listed company is a state-
owned enterprise, and O otherwise
Leverage Lev Ratio of total liabilities to total assets
Cash ratio Cash Ratio of net cash flow from operating activities to total
assets at the end of the year
Audited by a big 4 accounting firm Audit Audited by a big 4 international accounting firm,
assigned a value of 1, otherwise O
Return on assets Roa Net profit after tax as a percentage of total assets
Shareholding structure Herf Number of shares held by the largest shareholder as a
percentage of total shares
Ownership concentration Er Proportion of the number of shares held by the largest
shareholder to the number of shares held by the
second-largest shareholder
Size of directors Director Number of current independent directors
Independence of the board of directors Indepen Number of independent directors
Regional level Level of economic development Gdp Real GDP per capita
Level of government intervention Gov Ratio of government expenditure to GDP
Population density Pop Ratio of the population of prefecture-level cities to the
size of their administrative areas
Human capital Hum Ratio of the number of people with general
undergraduate degrees and above to the city's
resident population
Industrial structure Ind Share of secondary sector in GDP

TABLE 2

Variables
ESG
Lndigit
Size

Age
Property
Lev
Cash
Audit
Roa
Herf

Er
Director
Indepen
Gdp
Gov

Pop
Hum

Ind

Descriptive statistics.

N

21,383
21,383
21,383
21,383
21,383
21,383
21,383
21,383
21,383
21,383
21,383
21,383
21,383
21,383
21,383
21,383
21,383
21,383

Mean SD Min
6.511 1.124 1

1.159 1.334 0

21.63 1.474 13.40
2.266 0.653 1.099
0411 0.492 0
0.428 0.197 0.007
—0.044 1.032 -112.4
0.060 0.238 0
0.038 0.093 —1.648
34.51 14.93 0.290
25.02 17.67 0

10.24 2.680 4
3.874 1.220 1

11.42 0.680 8.640
0.156 0.0565 0.0439
914.1 631.5 5.093
430.8 3220 3.238
41.51 11.27 12.08

Max

6.084
28.72
3.434

0.998
17.46

8.441
89.99
88.87
26

13

12.72
0.693
2,654
1,311
89.75

to represent the basic firm characteristics. Second, based on the
literature examining the relationship between financial performance
and ESG (Friede et al., 2015; Waddock & Graves, 1997), this paper
controls for a series of indicators of firms' financial condition and
operating performance, including leverage (lev), cash flow (cash),
audited by a Big 4 accounting firm (audit), and return on assets (roa).
Third, this paper controls for shareholding structure (herf), ownership
concentration (er), size of directors (director), and independence of the
board of directors (indepen) to take out the interference of the degree
of firm equity balance and governance structure on ESG performance.
In addition, the paper controls for a series of regional factors that may
affect ESG performance, including the level of economic development
(gdp), the degree of government intervention (gov), population density
(pop), human capital (hum), and industry structure (ind). Detailed
measures of the firm-level and regional-level control variables are

shown in Table 1.

3.3 | Research sample and data sources

Since the ESG index was grossly undersampled in 2009, this paper
uses 2010 as the initial sample. This study uses data from listed
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companies in China from 2010 to 2020. In addition, we excluded the
following samples: (i) companies lacking primary research data;
(ii) companies in the financial industry; (i) ST, *ST, and PT companies;
(iv) some samples have abnormal asset return data, and the samples of
enterprises with total assets less than total liabilities are deleted. After
the above processing, 21,383 samples are obtained, and the descrip-
tive statistics of the variables are shown in Table 2. The disclosure
data of listed enterprises used in this paper are obtained from the
China Stock Market & Accounting Research (CSMAR) database and
the China Research Data Service (CNRDS) database. The ESG rating
data are from the Wind database.

4 | EMPIRICAL RESULTS
41 | Benchmark regression results

To ensure that the experimental results are true and credible, this
paper adopts a stepwise regression model to test the impact effect of
digital transformation on corporate ESG performance. The empirical
results are shown in Table 3. Columns (1) and (2) in Table 3 represent
the regression results of the OLS model without controlling for indi-

vidual fixed effects and the two-way fixed effects (FE) model

TABLE 3 Baseline regression results.

controlling for both time and individual effects, respectively. In col-
umns (3) and (4), a series of control variables are included in this
paper, and all regression results are significantly positive at least at
the 5% level, indicating that the digital transformation of firms pro-

motes corporate ESG performance.

4.2 | Robustness tests

421 | Differences-in-differences (DID) model and
parallel trend analysis

In addition, the paper distinguishes between firms that have or have
not undergone a digital transformation to examine the impact on
corporate ESG performance and its long-term effects. We divide the
sample data into two groups, and if a company starts to adopt a digital
transformation strategy in a certain year, we use this year as the base
year, assign a value of 1 to the year after that year, and otherwise
assign a value of 0. We construct the variable Treat*Time, and use a
multi-period differences-in-differences (DID) model to test whether
digital transformation can affect the ESG performance of a company.
The ex-ante years are defined as —4, —3, —2, and —1, and the

subsequent years as 1, 2, and so on. The interaction dummy variables

Variables (1) ESG (2) ESG (3) ESG (4) ESG

Lndigit 0.061*** (4.86) 0.028*** (2.60) 0.072*** (6.25) 0.025** (2.31)
Size 0.213*** (14.32) 0.136*** (6.52)
Age 0.090*** (3.14) —0.305*** (—4.88)
Property 0.391*** (8.99) 0.038 (0.65)
Lev —0.687*** (—6.61) —0.349*** (—3.83)
Cash —0.012*** (—2.73) —0.012** (-2.19)
Audit 0.216™* (3.11) 0.072 (0.97)
Roa 0.617* (1.78) 0.143* (1.76)
Herf 0.003 (1.24) 0.008** (2.28)
Er —0.002 (—1.13) —0.006** (—2.21)
Director —0.007 (-0.97) —0.017*** (-3.39)
Indepen 0.012 (0.91) 0.003 (0.29)
Hum 0.000 (0.15) —0.000"** (—3.31)
Gdp —0.019 (-0.53) —0.043 (-0.22)
Ind —0.005*** (—2.77) —0.004 (—1.48)
Gov 0.024 (0.06) —0.198 (—0.44)
Pop 0.000 (0.33) —0.000** (—2.48)
_cons 6.353*** (261.05) 6.123*** (212.06) 2.020*** (3.94) 4.972** (2.35)
Firm fixed effects NO Yes NO Yes

Year fixed effects Yes Yes Yes Yes

N 21,383 21,383 21,383 21,383

Adj. R? 0.015 0.030 0.165 0.048

Note: The t-statistic is in parentheses. ***, **, and * indicate significant at the 1%, 5%, and 10% levels, respectively.
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FIGURE 2 Parallel trend hypothesis
testing.
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corresponding to the above periods are constructed for comparative
analysis and parallel trend test results, as shown in Figure 2. Following
the usual practice in the previous literature, the previous period is
excluded as a control in this paper. The effect of digital transformation
on ESG performance is not significant in ex-ante periods 2-4, but its
effect on ESG performance is significantly positive after adopting a
digital transformation strategy. Moreover, this positive effect is persis-
tent and the coefficient tends to increase, and digital transformation

still contributes to corporate ESG performance within 3 periods.

422 | Replacing variables

(1) Digital transformation index. To prevent potential manipulation of
annual reports by companies for purposes such as manipulating stock
prices, leading to artificially inflated frequencies of digitalized vocabu-
lary and consequently affecting the accurate measurement of the
degree of digital transformation, this study has replaced the core inde-
pendent variable. In this paper, the Digital_Index, a corporate digital
transformation index measured by the Digital Transformation
Research Database of Chinese Listed Companies, jointly developed by
the CSMAR team and East China Normal University, is selected to
measure the degree of enterprises' digital transformation. The index
measures the degree of enterprise digital transformation by collecting
data and assigning sovereign values from six dimensions: strategic
leadership, technology drive, organizational empowerment, environ-
mental support at the mid-macro level, digital achievements, and digi-
tal applications, which can reflect the actual situation of enterprise
digital transformation in a more comprehensive way. The regression
results, as shown in column (1) of Table 4, show that the enhancement
of digital transformation on enterprise ESG performance is signifi-

cantly positive at the 5% level.

Time Period

(2) Bloomberg ESG index. Due to the fact that different organiza-
tions focus on different perspectives in their evaluation systems for
ESG, there may be differences between the ratings of the organiza-
tions, which may result in estimation errors. In this study, the ESG
index evaluated by Bloomberg based on the quality and transparency
of corporate disclosure of ESG information is used as a proxy for the
core dependent variable for robustness testing. The results, as shown
in column (2) of Table 4, show that the enhancing effect of digital
transformation on ESG performance is significantly positive at the 5%
level. This suggests that, even after substituting the dependent vari-
able, the regression results continue to support the key findings of
this study.

4.2.3 | Changing the estimation model

Since the dependent variable in this paper is categorical and ordinal,
we further use an ordered logit model for robustness testing. Control-
ling for fixed effects and time effects, the regression results, as pre-
sented in column (3) of Table 4, indicate that the contribution of
digital transformation to firms' ESG performance is significantly posi-
tive at the 5% level. This suggests that the core findings of this paper
are robust.

424 |
effects

Controlling for multidimensional fixed

Based on the baseline regression, this paper further tests the model
by controlling for multidimensional fixed effects. City, industry, and
year interaction fixed effects are added to the model to exclude possi-

ble effects of city and industry-level characteristics on firm ESG
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TABLE 4 Robustness test.

Variables (1) FE (2) FE (3) FE-OLogit (4) FE (5) IV

Lndigit 0.206** (2.15) 0.084** (2.34) 0.025*** (2.895) 0.209** (2.335)

Digital_Index 0.004** (2.05)

_cons 3.327(1.51) 17.124 (0.79) / 3.910"** (13.047) /

/ /

Ind*year / / / / /

Pro*year / / / / /

K-P rk LM / / / / 88.763

K-P rk Wald F / / / / 56.312

Hansen J / / / / 0.3825

Control YES YES YES YES YES

Firm fixed effects YES YES YES YES YES

Year fixed effects YES YES YES NO YES

City#year#Ind / / / Yes /

N 20,267 8,241 17,468 20,440 21,242

Adj. R2 0.035 0.680 / 0.719 /

Note: The t-statistic or Z-statistic values are in parentheses and ***, **, and * indicate significance at the 1%, 5%, and 10% levels.

performance over time. Due to the inclusion of city-year interaction
fixed effects, control variables at the city level are automatically
omitted, leaving only firm-level control variables, as shown in column
(4) of Table 4. After controlling more stringently for fixed effects in
the model, the coefficients of the core explanatory variables are
significantly positive at the 1% level, indicating that the main findings

of this paper are robust.

42,5 | Endogeneity treatment

Since companies with better ESG performance tend to perform better
financially and thus are more likely to undergo digital transformation,
there may be a bidirectional causal relationship between digital trans-
formation and ESG performance. In addition, unobservable omitted
control variables and measurement errors for ESG performance may
also lead to endogeneity. Therefore, we use the instrumental variables
approach to rule out the possibility of a spurious relationship due to
endogeneity.

(1) Prior researches suggest the presence of a peer effect in the
adoption of corporate digital transformation strategies, wherein firms
within the same industry may tend to follow and imitate the actions
of other firms, leading to a convergence in the digitalization levels
across the entire group (Chen et al, 2021; Ning et al., 2023).
However, corporate ESG performance is not directly influenced by
the digitalization levels of other firms. Therefore, using the average
digital transformation level within the same industry as an instrumen-
tal variable is reasonably grounded. Referring to Fisman and Svensson
(2007), we take the mean value (except for that firm) of digital trans-
formation at the industry level of the firm as an instrumental variable.
Whether a firm adopts a digital transformation strategy and the way it

adopts digital transformation may be influenced by other firms in the
industry and can satisfy the correlation requirement with the explana-
tory variables. Meanwhile, the digital transformation of other firms
does not affect the ESG performance of this firm through other paths,
satisfying the exclusivity of the instrumental variables.

(2) It has also been shown in the literature that there are spatial
spillover effects in the development of the digital economy. Hang-
zhou, as one of the earliest and most vibrant regions in China's digital
economy industry (Hu et al., 2023; Qin et al., 2022), hosts numerous
enterprises engaged in core digital economy sectors. These enter-
prises provide digital solutions or platform services to surrounding
areas. Proximity to Hangzhou increases accessibility to digital
resources such as technology, talent, or platforms. Moreover, closer
proximity enhances opportunities for business collaborations with
digital economy enterprises, resulting in a higher degree of corporate
digitization. Therefore, this paper uses the inverse of the spherical dis-
tance of the enterprise office location from Hangzhou calculated by
GIS as the second instrumental variable. Since geographical distance is
cross-sectional data and not suitable as a direct instrumental variable,
this study uses the Internet investment amount in the previous year
for the city where the company is located as a time trend variable and
multiplies it with geographic distance as a panel instrumental variable.

The regression results obtained using two-stage least squares are
shown in column (5) of Table 4. The Kleibergen-Paap rk LM statistic
of 88.763(P = 0.000 < 0.05) rejects the hypothesis that the instru-
mental variable is not identifiable at the 1% level. The Kleibergen-
Paap rk Wald F statistic of 56.312 is much larger than the critical
value of 19.93 at the 10% significance level, indicating that there is no
weak instrumental variable problem. Hansen J statistic overidentifica-
tion test of all instruments gives a Chi-square statistic value of 0.763
(P =0.3825 > 0.05). All tests indicate that the selection of
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instrumental variables in this paper is valid and the posterior effect of
digital transformation on ESG is still significantly positive at the 5%

level after excluding potential endogeneity issues.

43 | Mechanism test

43.1 | Slack resource mechanism

Columns (1) and (2) in Table 5 demonstrate that corporate digital
transformation does not significantly contribute to retained earnings
per share and equity ratio. This indicates that digital transformation
does not provide immediate financial performance returns to the
enterprise. In other words, digital transformation does not improve
the availability of corporate slack resources in the short term. This
may be due to the two-sided impact of digital transformation on the
firm in the short term. On the one hand, the adoption of digital tech-
nology leads to overall efficiency improvements in the enterprise, but
on the other hand, the cost of digital devices or technology infrastruc-
ture takes away from the available resources of the enterprise. Col-
umn (3) shows that digital transformation significantly contributes to
the total factor productivity of a company. Despite the investment
cost of digital transformation, however, it facilitates the long-term
slack resource availability of the firm. This contributes to the sustain-
ability of the company and makes the company more capable of
engaging in ESG practices. In short, digital transformation does not
promote the availability of short-term slack resources but enhances
ESG performance by increasing the availability of long-term slack

resources.

TABLE 5 Slack resource mechanism
test results.

Variables

Lndigit

_cons

Control

Firm fixed effects
Year fixed effects
N

Adj. R2

TABLE 6 Stakeholder mechanism
test results.

Variables

Lndigit

_cons

Control

Firm fixed effects
Time fixed effects
N

Adj. R
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43.2 | Stakeholder mechanism

Previous research has argued that when firms are subjected to more
pressure from outside investors, short-sighted opportunistic behaviors
can arise, affecting their long-term performance and sustainability
(Cadman & Sunder, 2014). This study discusses whether digital
transformation strategies can have a dampening effect on short-
sighted opportunism, promote sustainable growth, and enhance firms'
ESG performance from three perspectives: firms' external attention
pressure, managerial myopia, and disclosure quality.

The results in column (1) of Table 6 show that digitally trans-
formed companies receive more analyst attention at the 1% signifi-
cance level. This indicates that digitally transformed companies will be
under greater stakeholder pressure and in turn, will have to work on
improving ESG performance. In contrast, the results in column
(2) show that digital transformation has a significant negative impact
on managerial short-sightedness at the 1% level of significance. Digital
transformation strengthens managers' focus on sustainability and is
accompanied by an increase in stakeholder management capabilities.
This suggests that digital transformation also promotes the willingness
of companies to engage in ESG practices. The above results show
that digital transformation exposes firms to more pressure from out-
side stakeholders but effectively curbs managers' short-sighted
opportunism, suggesting that digital transformation may be an impor-
tant driver in transforming firms' external pressures into ESG
enhancement. Enterprises with more knowledge and capabilities of
digital technology, such as improved data analytics, can make their
activities of processing, transferring, and servicing resources, such as

knowledge and information, more flexible and convenient. Moreover,

(1) eps (2) eqr (3) tfp

0.002 (0.07) 0.057 (0.49) 0.007*** (2.68)
—30.408* (—1.94) 15.969 (0.89) —8.226*** (—15.90)
Yes Yes Yes

Yes Yes Yes

Yes Yes Yes

21,383 21,383 19,974

0.133 0.042 0.921

(1) attention (2) myopia (3) quality
0.057*** (5.22) —0.003*** (—3.81) 0.006 (0.80)
—5.045** (-2.37) 0.518*** (2.84) -0.217 (-0.12)
Yes Yes Yes

Yes Yes Yes

Yes Yes Yes

21,383 21,383 16,155

0.192 0.049 0.041

Note: The t-statistic or Z-statistic values are in parentheses and ***, **, and * indicate significance at the
1%, 5%, and 10% levels, respectively.
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through the introduction of digital resources applied to diversified
digital scenarios and solutions, enterprise digital transformation can
correct the short-sighted opportunistic behavior of managers and
alleviate the short-sightedness of managers in their behavioral
decisions.

Column (3) demonstrates that digital transformation contributes
to the quality of disclosure, but is not statistically significant. This
suggests that digital transformation is mainly effective in improving
corporate stakeholder relations by increasing external monitoring
pressure and reducing management short-sightedness, but may not
be effective in preventing corporate “greenwashing”. This is because
not all firms have sufficient incentives to utilize digital technologies to
improve the quality of disclosure. The widespread use of digital
technologies and digital platforms provides a powerful channel for
firms to publicize their performance, which can effectively increase
their visibility and reputation. The use of digital technologies by firms
to publicize their good ESG performance has a positive impact on
attracting investment, increasing consumer trust, and attracting talent.
However, companies may not want to use digital transformation to
increase the transparency of their information when their ESG perfor-
mance is poor. What's more, digital platforms may also be used by
some companies for fake disclosures. This may be motivated by a
company's intentional exaggeration or misrepresentation of its ESG
performance in order to portray a better image or obtain more
resources, which is known as greenwashing. Therefore, there may be

disparities in the impact of digital transformation on disclosure quality
across different types of firms, leading to an overall insignificance.

To account for this, we also do a complementary test. We regress
groups of firms with different ESG performance. Due to sample limita-
tions, we are unable to regress firms with ESG scores of 1 and 2. As
shown in Table 7, we find that firms' digital transformation promotes
disclosure quality only when their ESG scores are greater than 7. The
coefficients are insignificant when the firm's ESG score is 4-7. And

when the firm's ESG score is 3, the coefficient is even negative.

44 | Heterogeneity analysis

441 | Social connection
According to Chizema et al. (2015), a company is considered to be
politically connected if its chairman or managing director is or was a
government official, a deputy to the National People's Congress, or
a member of the Chinese People's Political Consultative Conference.
We test heterogeneity by grouping regression of firms based on
whether there is a political connection. Similarly, grouping regression
is conducted based on whether the firm has overseas affiliates to test
the heterogeneity of international connections.

The results in columns (1) and (2) of Table 8 show that digital
transformation does not significantly contribute to the ESG

TABLE 7 Results of digital transformation on disclosure quality grouped by ESG performance.

Variables (1) ESG =3 (2) ESG =4 (3)ESG =5 (4) ESG = 6 (5) ESG =7 (6) ESG = 8 (7) ESG =9

Lndigit —0.658*** -0.011 0.008 0.002 -0.015 0.040** 0.117**
(-3.97) (—0.14) (0.24) (0.18) (—0.79) (2.01) (2.10)

_cons —713.843*** 40.301 6.235 0.497 4453 —8.328* 28.122*
(—15.59) (1.02) (1.60) (0.22) 0.96 (—1.87) (1.84)

Control Yes Yes Yes Yes Yes Yes Yes

Firm fixed effects Yes Yes Yes Yes Yes Yes Yes

Time fixed effects Yes Yes Yes Yes Yes Yes Yes

N 143 483 1,633 7,555 3,217 2,689 402

Adj. R? 0.002 0.337 0.051 0.057 0.039 0.069 0.215

Note: The t-statistic or Z-statistic values are in parentheses and ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

Variables (1) PC-no (2) PC-yes (3) internet -no
Lndigit 0.041*** (3.25) 0.002 (0.13) 0.009 (0.61)
_cons 2.404 (0.95) 11.126** (2.44) 1.478 (0.47)
Control Yes Yes Yes
Firm fixed effects Yes Yes Yes
Time fixed effects Yes Yes Yes
N 14,529 6,854 10,819
Adj. R2 0.050 0.048 0.035

Note: The t-statistic or Z-statistic values are in parentheses and ***, **

TABLE 8 Results of the

(4) internet -yes . . .
heterogeneity test for social connection.

0.036** (2.37)
7.467* (2.34)
Yes

Yes

Yes

10,564

0.069

, and * indicate significance at the

1%, 5%, and 10% levels, respectively. PC-No refers to the grouping of companies with no political
connection, and Internet-No refers to the grouping of companies with no international connection.
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performance of politically connected companies. This suggests that
political connections may have a “resource curse” effect in the way
that firms' digital transformation affects ESG performance. During
digital transformation, politically connected firms are protected by the
government on social issues and are more likely to use digital technol-
ogies for non-ESG projects, thus lacking the willingness to improve
ESG performance. Our findings provide evidence for the previous
study, that political connections can enable firms to avoid stakeholder
pressures from poor corporate social responsibility performance
during digital transformation (Muttakin et al., 2018).

The regression results in columns (3) and (4) show that setting up
branches overseas and pursuing an internationalization strategy is an
important way to promote ESG disclosure in the context of digital
transformation, which enhances overseas investors' trust in
corporate governance capabilities, environmental friendliness, and
corporate social responsibility. This finding further supports resource-
based theory (RBT) related research on the positive effects of firms'
digital transformation and internationalization on firm performance or
competitiveness (Kotha et al., 2001). In terms of the ability to allocate
slack resources, investments in digital technology can enhance the
dynamic capabilities of firms and partners in international subcon-
tracting relationships (i.e., the ability of firms to integrate, build, and
reconfigure internal and external resources in response to rapidly
changing environments) (Eisenhardt & Martin, 2000; Teece
et al., 1997). Firms will also be better able to fulfill their ESG responsi-
bilities when they have abundant redundant resources and are able to
allocate resources more efficiently and flexibly with dynamic capabili-
ties. Another potential reason is that ESG has become a key indicator
of “soft power” for companies competing in overseas investments
(Baker et al., 2021). The strategic goals of digitalization, globalization,
and openness have provided companies with more opportunities to
exchange information and to adopt stricter standards of social respon-

sibility to govern their behavior.

442 | Riskresponse
This paper uses the internal control index of listed companies released

by Diebold as a proxy variable for the quality of internal control, and

TABLE 9 Results of the
heterogeneity test for risk response
capacity.

Variables

Lndigit

_cons

Control

Firm fixed effects
Time fixed effects
N

Adj. R?

(1) control-low

[ ] 5379
and the Environment @ E_WI LEYJ_

the higher the index, the better the internal governance mechanism of
the company. Specifically, we use the median grouping method to
divide the level of internal control into two groups for regression. In
addition, following Shen et al. (2012), an industry-adjusted uncertainty
index is used to measure environmental uncertainty. Similarly, a
grouped regression using the median method was conducted to
examine the heterogeneity of the impact of digital transformation on
corporate ESG performance when industry environmental uncertainty
levels vary.

The results in columns (1) and (2) of Table 9 indicate that the pro-
moting effect of digital transformation on corporate ESG performance
is stronger at lower levels of internal corporate governance capabili-
ties. The application of digital technology can help companies to
obtain external information promptly and to make quick decisions,
improve the efficiency of internal information communication and
transmission, and thus better improve the performance in ESG. The
regression results in columns (3) and (4) show that the effect of digital
transformation on the ESG is only significant in the high environmen-
tal uncertainty group and its coefficient is significantly higher than
that in the low environmental uncertainty group. This indicates that
the effect of digital transformation on the ESG performance of firms
is more significant when the environmental uncertainty in the industry
is high. The results in Table 9 point to the fact that digital transforma-
tion can help companies with low-risk response capabilities improve
their ESG performance.

4.5 | Further study: digital resources and digital
interaction of investors

Under the framework of slack resource theory and stakeholder
theory, we further examine the impact of digital transformation on
firms' ESG performance from the dimensions of firms' digital resource
inputs and firms' digital interactions with investors, respectively.

In the process of digital transformation, intangible assets become
(Kouhizadeh
et al., 2021). Digital intangible assets, as a new and key production

an important strategic resource for enterprises

factor for enterprises, play a key role in improving enterprise produc-

tivity (Brynjolfsson et al., 2021), which can bring important

(2) control-high (3) Uncer-low (4) Uncer-high

0.031** (2.01) 0.021 (1.60) 0.016 (0.95) 0.032** (2.42)
0.881(0.32) 10.865*** (3.98) 6.570* (1.85) 3.826 (1.45)
Yes Yes Yes Yes

Yes Yes Yes Yes

Yes Yes Yes Yes

10,421 10,962 9,000 12,383

0.049 0.076 0.048 0.056

Note: The t-statistic or Z-statistic values are in parentheses and ***, **, and * indicate significance at the
1%, 5%, and 10% levels, respectively. Control-Low refers to the grouping of companies with low internal
control levels, and Uncer-Low refers to the grouping of companies with low environmental uncertainty

levels.
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information resources to enterprises, help improve the risk prediction
ability of strategic decision-makers, improve the planning of goals
(Guo et al., 2023), and thus improve the governance ability and social
responsibility of enterprises. At the same time, it can mutually
empower the traditional production factor resources of enterprises,
fully activate slack resources, and help enterprises explore the
potential value of slack resources (Verhoef et al., 2021). Referring to
Li et al. (2023), we define the intangible assets associated with digital
transformation as a measure of an enterprise's digital resources and
use the ratio of the amount of the digitization-related portion of an
enterprise's intangible asset's line item to the total amount of intangi-
ble assets (ass_dig) to measure the intensity of an enterprise's invest-
ment in digitized intangible assets.

Investors usually face many information and cost issues when
choosing companies to invest in, and how to conveniently and quickly
integrate public information resources to provide an in-depth
understanding and assessment of listed companies' strategies and
development prospects is a major concern for stakeholders (Lee &
Zhong, 2022). Previous studies have mostly analyzed the role of
investor attention on corporate ESG performance from the perspec-
tives of investor sentiment, news coverage, and search volume on
social platforms (Lee & Zhong, 2022; Zhao et al., 2023). Our study
on the mechanisms of analyst attention also validates the positive
effect of digital transformation on firms' ESG through increased
external attention. However, in this section, we provide a new analyti-
cal perspective on investors' digital concerns and digital interactions
between investors and firms. Starting in 2010, China's Shenzhen
Stock Exchange (SZSE) formally launched the “Listed Company
Investor Interactive Platform” (IIP), which is a new, direct platform
communication method that is of great value. According to the
interactive content of the platform, investors are paying more and
more attention to the digital transformation of listed companies, and
companies need to respond to investors in a timely manner according
to their own development status. The company's response to inves-
tors can reflect the level of listed companies' awareness of the current
status and future strategic direction of their own digital transforma-
tion, which may be a strong positive signal for companies to increase
their ESG practice activities. Therefore, this paper takes the response
rate of listed companies' questions about digital transformation,
i.e., the ratio of the number of companies' responses to questions
about digital transformation to the number of investors' questions
about digitalization, as a measure of companies' digital interaction
with investors (rep_dig).

The regression results are shown in Table 10. We find that
increased investment in digital resources and digital interaction
between firms and investors play an important role in enhancing ESG
performance. In the context of Industry 4.0, the value and role of digi-
tal resources, such as digital intangible assets, are not only reflected in
the sales, production, and management of enterprises, but also in the
connectivity of the entire organization, information network, and
value chain (Qiao et al., 2024). The input of industrial loT, APPs,
and various intelligent software and technologies can help enterprises
monitor and control production processes, customer information, and

energy consumption in real-time, promote stakeholder-oriented value

XIAO ET AL.

TABLE 10 Further study test.

Variables (1) FE (2) FE

ass_dig 0.205** (2.13)

rep_dig 0.321*** (2.96)

_cons —3.051(-0.73) 2.608 (0.52)

Control YES YES

Firm fixed effects YES YES

Year fixed effects YES YES

N 13,444 9,328

Adj. R2 0.041 0.064

Note: The t-statistic or Z-statistic values are in parentheses and ***, **, and
* indicate significance at the 1%, 5%, and 10% levels, respectively.
[Correction added on 09 April 2024, after first online publication: In Table
10, (2)FE column, ‘0.321* (2.96)’ was changed to ‘0.321*** (2.96) in this
version.]

creation, optimize and reorganize slack resources, and provide more
opportunities for enterprises to create more social value, as well as
provide important technical support for green and low-carbon
development of enterprises (Alkaraan et al., 2022), thus enhancing
corporate sustainability performance in terms of environmental, social
and governance. In addition, the findings on the digital interactions
between firms and investors further support the research related to
the fact that firms' digital transformation and investor focus can
contribute to firms' ESG performance. Interactions about digital
transformation can strengthen the communication link between firms
and investors, which is conducive to building a positive image of firms
and enhancing investor confidence in firms' digital transformation,
and the importance of digital transformation development is well
absorbed and fed back in the process of firms responding to investor
expectations as well as in the process of improving firms' ESG perfor-

mance. This further supports the core findings of this study.

5 | CONCLUSION AND DISCUSSION

In recent years, public attention has been increasingly focused on the
social and environmental ethical issues generated by corporations. At
the same time, as digital technologies continue to evolve and become
more widely used in business, companies are undergoing digital
transformation to remain competitive. Our research aims to explore
how this important trend in business is impacting ESG practices. We
develop hypotheses on the causality, channel, and heterogeneity
effects of digital transformation on ESG and test them using a sample
of Chinese-listed companies from 2010 to 2020. The empirical
results indicate that corporate digital transformation promotes
corporate ESG performance, and the findings hold after a series of
robustness tests. The mechanism test finds that the digital
transformation of companies promotes corporate ESG practices by
increasing the availability of long-term slack resources and strength-
ening stakeholder linkages. In addition, we find that the effect of
digital trends in promoting ESG practices is heterogeneous across
different types of enterprises. Moreover, in further analysis, we find
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that increased investment in digital resources and digital interactions
between firms and investors play an important role in improving ESG

performance.

5.1 | Theoretical implications

We make three essential theoretical contributions to the existing
literature. First, this study enriches the literature on the relationship
between digital transformation and ESG. In the context of the digital
transformation of firms, relevant studies have focused on exploring
the impact of digitalization on firm performance (Agrawal et al., 2022;
Guo et al., 2023). This particular focus is justified but has led to
insufficient research on corporate social responsibility performance.
This paper finds that digital transformation promotes corporate ESG
performance, and further validates that digital transformation affects
ESG performance by improving the availability of long-term slack
resources and stakeholder connections in firms. This provides a novel
perspective to deconstruct how digital transformation affects ESG
performance.

Second, this paper emphasizes that the impact of digitalization
trends on firms is all-encompassing, which poses the challenge of
clarifying the mechanisms of their impact on ESG practices. Previous
literature has tended to be one-sided in analyzing the mechanisms of
digital transformation and ESG performance, selecting only one or a
few perspectives to explore the channels through which digital
transformation affects ESG performance (Wu & Li, 2023; Zhong
et al., 2023). Our theoretical analysis applies slack resource theory
and stakeholder theory in a holistic manner, and attributes the
mechanisms of digital transformation on ESG practices to “ability”
and “willingness”. This is a new theoretical framework with generaliz-
ability. It is applicable to other studies of the ESG impact of strategic
transformation that have a comprehensive impact on firms.

Finally, our study provides a more nuanced analytical perspective
on the impact of digital transformation on firms' ESG performance.
Based on the “ability” and “willingness” frameworks, we consider the
impact of digital transformation on firms' ESG performance when
firms have different social relations and risk-coping capabilities. We
find that political connections can enable firms to avoid stakeholder
pressure during digital transformation, providing evidence for a neo-
pluralist perspective (Muttakin et al., 2018). Instead, internationalized
firms are more likely to strengthen ties with stakeholders and improve
ESG performance during digital transformation. We also find that
firms with poorer corporate risk response capabilities need more help

from digital transformation to improve ESG performance.

5.2 | Practical implications

These findings confirm the benefits of the current trend of corporate
digital transformation for social responsibility engagement and add
knowledge not only to existing academic gaps but also to policy and

regulation. In the examination of the mechanism of slack resources,

[ ] 5381
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we find that the digital transformation of firms does not promote the
availability of slack resources in the short run, but increases the
availability of slack resources in the long run and leads firms to
improve ESG performance. This helps eliminate the government's
concerns about whether to drive the digital transformation of the
enterprise. Although the digital transformation of enterprises may not
increase the slack resources in the short term, it can be beneficial in
the long run. The government can alleviate the financial pressure on
enterprises in the early stages of digital transformation by implement-
ing incentive measures such as tax incentives, funding subsidies, or
technical support programs. This can assist enterprises in better
navigating the initial challenges of transformation, leveraging the
increased long-term slack resources to enhance ESG performance.

The test results of the stakeholder mechanism suggest that
digitally transformed companies will receive more stakeholder atten-
tion and that digital transformation will reduce the short-sightedness
of the company's management and thus value the relationship with
stakeholders. However, there is insufficient evidence that digital
transformation facilitates increased transparency of corporate disclo-
sures. Enterprises may simply use digital technology to advertise their
good social performance, but digital technology may not be effective
in reducing green fraud. In response, governments can develop norms
and standards for digital transformation to ensure that companies
fully consider stakeholder concerns in the digital transformation
process and provide transparency in ESG performance reporting.
These norms could include requiring companies to disclose the goals
of digital transformation, the level of stakeholder engagement, and
data reporting related to ESG performance.

The heterogeneity test results distinguish the enterprises that
receive more benefits from digital transformation and those that are
ineffective. In social connection, the digital transformation of politi-
cally connected companies has not been successful in improving ESG
performance. In China, firms with politically connected companies
face less pressure from stakeholders. And companies with overseas
connections are better positioned to leverage digital transformation
than companies without international connections. This is because
companies with international connections are more focused on ESG
performance and better prepared to take advantage of digital trends.
In this regard, governments should strengthen their efforts to regulate
politically connected companies to ensure compliance and transpar-
ency in their digital transformation process so that stakeholders can
monitor and evaluate their performance. In addition, the government
can encourage companies to expand their international connections
and promote international exchanges and cooperation to improve
their ESG performance levels.

In addition, there is a greater role for digital transformation for
companies that are less able to cope with risk. Companies with poor
risk response capabilities may have the will to engage in ESG, but the
practice is hindered by their own inadequate internal control capabili-
ties or a highly uncertain external environment. Digital transformation
of companies will improve their ability to respond to risks and help
these companies overcome their hesitation in making socially respon-

sible decisions. The government can further incentivize businesses to
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leverage digital technology innovation, developing and applying tools
and platforms related to risk management, to enhance their capabili-
ties in risk identification, assessment, and response, thereby improving

ESG performance.

5.3 | Limitations and future research

Our study also has some limitations that can be improved in the
future. First, we investigate the impact of digital transformation on
ESG performance over a relatively short 10-year period. The impact
of digital transformation on the enterprise is likely to be long-term,
so future research could complement our study by expanding the
sample period. Second, while the strength of the Chinese sample
provides a valuable platform, ESG practices vary considerably across
countries with different institution and cultures. Future research
could exploit the cross-country sample to explore whether the con-
tribution of digital transformation to ESG performance is universal.
In addition, there may be significant differences in the impact on
ESG performance depending on the pace of digital transformation in
the industry, especially in traditional industry sectors where digital
transformation has been slower and more challenging. In the future,
the impact of digital transformation on ESG can also be further
explored based on different industries. Third, as discussed above,
digital transformation can help companies advertise their ESG per-
formance and thus receive more attention, but it does not improve
the quality of their disclosures. This raises an interesting direction:
do companies instead use digital technologies and digital platforms
to overly embellish the social responsibility they have undertaken?
In other words, are companies increasing their “greenwashing”
behavior under the digital trend? Although this is not the focus
of this paper, it is interesting and worth exploring further in the

future.
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ABSTRACT

This study explores the determinants of Environmental, Social, and Governance (ESG) ratings within the Malaysian
corporate sector. Employing panel regression analysis on data collected from 40 companies listed on Bursa
Malaysia between 2018 and 2022, this research investigates the roles of company size, board diligence, digital
tfransformation, Shariah compliance, and gender diversity in influencing ESG performance. The results indicate
that larger firms are generally associated with lower ESG ratings, suggesting that achieving sustainability at scale
remains a significant challenge. In contrast, gender diversity on corporate boards emerges as a robust positive
predictor of ESG ratings, highlighting the essential role of inclusive governance in enhancing sustainability
outcomes. Contrary to expectations, the study finds no significant direct impact of board diligence and digital
tfransformation on ESG outcomes, suggesting the need for a critical reassessment of these factors within existing
sustainability frameworks. By identifying key drivers and uncovering unexpected findings, this research contributes
to the ongoing discourse on ESG practices, offering valuable insights for policymakers, corporate leaders, and
stakeholders committed to advancing sustainable business practices. The study not only maps the landscape
of ESG performance drivers in Malaysia but also sets a direction for future research aimed at developing more
nuanced and effective sustainability strategies in similar emerging market contexts.
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1. INTRODUCTION

The growing emphasis on Environmental, Social, and
Governance (ESG) practices has become a central
focus for organizations worldwide as they recognize
the necessity of integrating sustainable practices into
their operations. Despite this increasing attention, there
remains a significant gap in understanding how the
scale of a corporation impacts its ESG performance,
particularly in emerging markets like Malaysia. This study
aims to address this gap by examining the relationship
between company size, board diligence, digital
fransformation, and other factorsinfluencing ESG ratings
within the Malaysian corporate sector. By doing so, it
seeks fo provide valuable insights that can help firms
enhance their ESG performance.

The lack of standardization in ESG ratings across different
data providers, as highlighted by the OECD (2020),
poses a challenge for investors seeking to use these
metrics as reliable investment criteria. Understanding
the potential differences in ESG performance between
larger and smaller firms can offer critical insights info
the scalability of sustainable practices. According to

Bissoondoyal-Bheenick et al. (2023), larger companies
are generally more inclined to engage in ESG activities
to efficiently meet stakeholder expectations, benefiting
from economies of scale. However, some studies, such as
Friede et al., (2015), have found no significant correlation
between company size and ESG ratings. This lack of
consensus calls for further investigation into the factors
that mightinfluence the relationship between company
size and ESG ratings in Malaysia.

The convergence of board diligence and ESG
ratings has emerged as a crucial aspect in modern
corporate governance. The degree of board diligence,
which refers to the board's active engagement and
proactive oversight of the company's performance,
has been recognised as a potential factor influencing
Environmental, Social, and Governance (ESG) ratfings.
Nevertheless, the present field of research, exemplified
by studies like Garcia et al., 2017), does not possess
a comprehensive comprehension of the precise
governance practices and procedures that support the
favourable correlation between board diligence and
ESG ratings. This study seeks to fill this knowledge gap
by conducting an in-depth analysis of the relationship
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between board diligence and ESG ratings, aiming to
uncover the mechanisms that underlie this association.
In addition, the ongoing process of digital fransformation
has significantly impacted various industries, altering
structures, processes, and strategies for stakeholder
engagement. The adoption of digital technologies such
as big data, artificialintelligence, and cloud computing
hasbecome a catalyst foreconomic growth, driving the
global economy towards a digital era (Ferreira et al.,
2019; Vial, 2019; Verhoef et al., 2021; Jiang et al., 2022;
Meng et al., 2022). Companies that have embraced
digital transformation are likely to possess the tools and
capabilities necessary for the effective implementation
of ESG policies and practices.

ESG ratings have become vital indicators in today's
corporate environment, extensively used by investors,
businesses, and society tfo assess a company's
commitment to sustainability and ethical business
practices. It is imperative for companies to understand
the fundamental factors that influence their ESG ratings,
as this knowledge is crucial for refining their operational
frameworks and promoting sustainable and responsible
business practices. Despite the growing interest in ESG
ratings, there is stilla considerable gap in understanding
how specific factors such as company size, board
diligence, and digital transformation influence ESG
ratings within the Malaysian context. This research
aims to address this gap by thoroughly investigating
the interactions between these critical factors and
ESG ratings, contributing to the current discourse on
corporate sustainability.

2. LITERATURE REVIEW

This section reviews the key factors influencing
Environmental, Social, and Governance (ESG) ratings,
focusing on company size, board diligence, digital
fransformation, and gender diversity on corporate
boards. These variables have been widely studied in
the literature, and this review will explore their roles in
shaping ESG performance, providing confext for the
hypotheses developed in this study.

The relationship between firm size and ESG ratings
has been extensively debated in academic literature,
revealing a complexinteraction between organizational
characteristics and sustainability efforts. Larger firms
are often perceived as having inherent advantages in
adopting sustainable practices due to their substantial
resources, which enable them to invest in eco-friendly
technologies, comprehensive governance frameworks,
and socially responsible activities (Barney, 1991;
Kraus et al., 2020). This perspective aligns with the
resource-based view, suggesting that firms with greater
resources are better positioned to implement effective
sustainability initiatives.
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However, the relationship between firm size and ESG
ratings is not straightforward. Grewal et al. (2021)
identified a non-linear correlation, noting that medium-
sized firms often outperform both smaller and larger
firms in ESG performance. This finding suggests that
while large firms have more resources, the complexities
infroduced by their scale might hinder the optimal
implementation of ESG practices. These complexities
may include bureaucratic inefficiencies, higher
coordination costs, and potential misalignment of
sustainability goals across different divisions.

Conversely, other studies have found a positive
correlation between firm size and ESG ratings. For
instance, Clarkson et al. (2011) and Kuznetsova et al.
(2021), argue that larger firms are more likely to engage
in environmental and social responsibility practices,
leading to higher ESG ratings. This is often attributed to
the greater organizational legitimacy and stakeholder
expectations faced by larger firms, parficularly in terms
of fransparency and accountability. Additionally, Hawn
et al. (2019) and Kim et al. (2021) observed that this
positive relationship is more pronounced in companies
with significant institutional ownership, where investors
may exert pressure to adopt more rigorous ESG
practices.

Moreover, Flammer (2015) highlighted the role of
organizational slack—excess resources that firms
can allocate to non-core activities—in mediating
the relationship between firm size and ESG ratings.
Drempetic et al. (2020) further explored this by examining
the impact of company size on the availability and
quality of ESG data, finding that larger firms are better
equipped to provide comprehensive ESG disclosures,
which positively influences their rafings.

Given these mixed findings, this study proposes that
larger firms, despite their potential challenges, are
generally positioned fo achieve higher ESG ratings due
to theirresource advantages and the external pressures
they face.

H1: There is a positive relationship between company
size and ESG ratings.

Board diligence, defined as the active involvement,
well-informed decisions, and proactive supervision
by a company's board of directors, has emerged as a
crifical factorinfluencing ESG ratings. Strong corporate
governance not only enhances ESG performance but
also provides protection during economic downturns
or crises, as evidenced by research demonstrating that
well-governed companies experienced less severe stock
price crashes during the COVID-19 pandemic (Oh & Shin,
2018). The effectiveness of a board in overseeing ESG
inifiatives is often linked to the frequency and quality of



board meetings, diversity in board composition, and the
independence of itsmembers (Garcia Martin & Herrero,
2020). Research has shown that board characteristics,
such as board size and independence, are significant
determinants of sustainability disclosures, particularly
within financial industries, which emphasizes the role of
board diligence in enhancing ESG fransparency and
performance (Lo et al., 2019).

Vafeas (1999) posited that more frequent board
meetings indicate closer moniforing and better
alignment with shareholder interests. This is particularly
relevantin today’s complex and unpredictable business
environment, where corporate boards must frequently
convene to address diverse stakeholder concerns and
manage various risks (Hussain et al., 2018). This idea is
supported by stakeholder theory, which emphasizes
the need for diligent governance in managing the
mulfifaceted demands of various stakeholders.

Empirical evidence further supports this relationship.
Studies by Liao et al. (2015) and Nuhu and Alam (2024)
demonstrated that industries under stringent regulatory
scrutiny benefit from frequent board meetfings, which
are positively associated with enhanced environmental
performance. Birindelli et al. (2018) emphasized that
frequent board meetings not only facilitate critical
decision-making but also ensure that strategic and
operationalissues are thoroughly deliberated, leading
to higher-quality decisions. These meetfings provide
a platform for directors to discuss and deliberate on
ESG initiatives, ensuring that they are aligned with the
company's broader strategic objectives. This, in turn,
reinforces stakeholder relationships and enhances the
firm’s reputation in the eyes of investors and the public.
Given this evidence, it is expected that boards that
engage more diligently with ESG issues, as evidenced
by frequent and substantive meetings, will positively
influence the company's ESG rafings.

H2: There is a positive relationship between board
diligence and ESG ratings.

The advent of digital transformation has become
a powerful catalyst for fransforming the business
landscape across several industries. This paradigm
shift is defined by the extensive incorporation of digital
fechnologies, which fundamentally fransform the way
organisations function, engage with stakeholders, and
generate value. Concurrently, ESG ratings have become
increasingly important as crucial measures evaluating a
company's dedication to sustainability, ethical business
practices, and corporate governance. Scholars have
shown great interestin examining the complexinterplay
between digital transformation and ESG ratings.

According fo a study done by Wu and Li (2023),

digital fransformation can enhance corporate
ESG performance by fostering green innovation.
Additionally, the study revealed that the impact of
digital tfransformation on ESG performance is more
pronounced in larger-scale organisations. There is
also a study that revealed how digital transformation
can improve ESG performance by utilising dynamic
skills like green innovation, social responsibility, and
operational management (Zhang et al., 2023). Hence,
these studies done proved that the implementation
of digital fransformation has a beneficial influence
on the environmental, social, and governance (ESG)
performance and its subsequent impact on ESG
ratings of its corporations, parficularly in larger-scale
organisations since it is heavily influenced by the
presence of green innovation.

Vial (2019) emphasized thatimproving ESG performance
through digital transformation involves the rapid
identification, collection, and analysis of stakeholder
value demands. By aligning business decisions with
these demands, companies can enhance their ESG
performance, leading to higher ESG ratings. This process
not only improves operational efficiency but also
helps companies build stronger relationships with their
stakeholders, whichis crucial for long-term sustainability.

Zhao and Cai (2023) noted that companies undergoing
digital fransformation are more likely fo have a
sustainability strategy in place, which positively
influences their ESG ratings. The relationship between
digital transformation and ESG ratings is further
reinforced by the idea that companies effectively
implementing environmental, social, and governance
standards are more likely fo achieve higher ESG ratings.

The evidence from the literature strongly suggests that
digital transformation has a positive impact on ESG
performance by enhancing a company’s ability to
innovate and meet stakeholder demands. Therefore,
it is hypothesized that there is a positive relationship
between digital transformation and ESG ratings,
parficularly as firms that effectively leverage digital
technologies are likely to achieve higher ESG outcomes.

H3: There is a positive relationship between digital
fransformation and ESG ratings.

The influence of gender diversity on corporate boards,
partficularly the presence of women, has garnered
significant aftention in relation to ESG ratings. Research
consistently shows that gender-diverse boards contribute
positively to sustainability disclosures and overall
corporate governance (Wasiuzzaman & Mohammad,
2020; Zahid et al., 2020a; Zahid et al., 2020b). Adams
& Ferreira (2009) linked these outcomes to the diverse
perspectives and oversight capabilities that female
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directors bring to board decision-making, particularly
in areas such as risk management, social responsibility,
and ethical governance. The inclusion of women on
boardsis argued to enrich the decision-making process,
leading fo more comprehensive and inclusive strategies
for addressing sustainability challenges.

A meta-analysis by Post & Byron (2015), covering 140
studies, found a positive correlation between the
participation of women on corporate boards and
accountingreturns. Similarly, Abdullah (2014) suggested
that the qualifications and decision-making influence
of female directors justify their positive impact on
corporafe governance. These findings indicate that
gender diversity is not only beneficial for financial
performance but also for broader governance
outcomes, including those related to ESG.

Further studies by Adams et al. (2009) demonstrated
that businesses with higher proportions of female board
members perform better financially and socially, with
gender diversity on boards being associated with
improved governance practices, social responsibility,
and environmental sustainability. This broaderinfluence
aligns with the factors evaluated in ESG ratings,
suggesting that companies with more women on their
boards are likely to achieve higher ESG scores.

The literature provides substantial evidence supporting
the positive impact of gender diversity on corporate
boards, particularly in terms of enhancing governance
and sustainability practices. Therefore, itis hypothesized
that there is a positive relationship between women on
boards and ESG ratings, as gender-diverse boards are
likely to drive better ESG outcomes.

H4: There is a positive relationship between women on
board and ESG ratings

3. METHODOLOGY

This study examines the factors influencing ESG ratings
among companies listed on Bursa Malaysia, the primary
stock exchange in Malaysia. ESG ratings quantify a
company's environmental, social, and governance
performance, and are increasingly utilized by investors,
regulators, and consumers fo evaluate corporate
sustainability. The study’s sample includes companies
listed on Bursa Malaysia, covering the period from 2018
to 2022, which provides the most recent five years of
available data.

The initial dataset comprised 1,023 companies listed
on Bursa Malaysia, sourced from secondary data
providers, including Bloomberg and the annual reports
of the selected companies. A rigorous data cleaning
and validation process was employed to ensure the
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reliability and completeness of the dataset. This process
involved identifying and correcting missing or conflicting
data points, addressing outliers and anomalies, and
ensuring the integrity of the dataset for subsequent
analysis. Upon careful examination, it was noted that a
substantial proportion of the companies (about 98.1%)
did notreveal their ESG ratings for the stipulated period.
Subsequently, arigorous screening process was carried
out, resulting in the inclusion of 40 companies in the
final dataset. These chosen companies not only offered
thorough ESG rating data but also showed transparency
in their reporting within the given timeframe. The data
cleaning process entailed identifying and correcting
missing or conflicting data points to ensure the
correctness and integrity of the information. In addition,
outliers and anomalies were dealt with to improve the
reliability of the dataset for further analysis.

To summarize, the data collection process involved
the following steps. (1) a comprehensive identification
process was constructed to determine all the companies
that were listed on Bursa Malaysia as of December 31,
2022. This meticulous procedure yielded a total of
1,023 entities. (2) Companies that failed fo provide any
necessary information like board diligence, number of
women on board and company size for any year from
2018 to 2022 were omitted from the analysis. As for the
result, the sample size was further decreased to 120 firms.
(3) This analysis excluded organisations that lacked an
ESG rating from Bloomberg from the year 2018 to 2022.
This is because the ESG rating serves as the dependent
variable in this research. This resulted in a reduction of
the sample size to 40 firms. This carefully selected sample
is sufficient for robust stafistical analysis, as it includes
firms with consistent ESG data over five years, ensuring
reliable and valid findings.

This study focuses on the intricate relationships between
various independent variables—specifically, company
size, board diligence, digital transformation, Shariah
compliance, and the number of women on the board—
and their impact on the dependent variable, ESG
ratings. The ESG rating, which serves as the dependent
variable, measures a company's performance across
environmental, social, and governance dimensions.
These ratings are used by investors fo assess the ethical
and sustainable implications of their investments. ESG
ratings are calculated by various rating organisations,
including Refinitiv, MSCI, and Sustainalytics, compute
ESG ratings using publicly accessible dataregarding the
performance, policies, and operations of a company.

For example, the FTISE4AGOOD BURSA MALAYSIA INDEX
evaluates companies using an open and unbiased
methodology that considers the degree of material ESG
risk they face in relation to their business operations as
well as publicly revealed risk management measures.



The list of variables and their measurement are
summarized in Table 1.

4. RESULTS AND DISCUSSION

Table 2 presents the descriptive statistics. The meanis a
statistical measure thatrepresents the central tfendency
of a dataset, The calculation involves summing all
the values (scores or observations) and subsequently
dividing by the total count of values. Firstly, the mean
for ESG_SCORE of 3.1762 indicates that, on average, the
entities, or observationsin the study (n=200) demonstrate
a moderate level of dedication to ESG principles. This
offers a fundamental comprehension of the whole ESG
performance within the dataset. The mean market for
CUR_MKT_CAP s 18687.64. The average market value of
the companies included in the study is approximately
RM18687.64. Next, the mean for BOARD_MEETING_
ATTENDANCE_PCT is 96.75293 which indicates that the
average attendance rate of board members attending
meetingsisroughly 96.75%. The mean digitalization score

is 54.295 which means on average, companies exhibit
a moderate degree of digitalization in their operations.
Finally, the average Shariah Compliance mean of 0.675
suggests that organizations generally demonstrate
partial adherence to Shariah standards.

As the p-value for the Breusch-Pagan test for cross-
section and time elements is less than 0.05, reject
the null hypothesis. A significant result indicates the
presence of heteroscedasticity. Thus, the Fixed Effect
Model or Random Effect Model should be considered
in this regression. The Hausman test was the next step
in choosing between the fixed effect model and the
random effect model. Table 3 illustrates the results of
the Hausman test, which was employed to determine
whether the fixed effect model orrandom effect model
ismore appropriate for this study. The significant p-value
of 0.0003 confirms that the fixed effect modelis a better
fit for the data, as it rejects the null hypothesis.

Table 1: Variable Definition

Variable Type Variable Name Variable symbol Variable Measure
Dependent ESG rating ESG_score ESG score from Bloomberg
Variable
Independent Company Size Cur_Mkt_cap Total current market value of a company outstanding
Variables shares stated in the pricing currency (RM)

Board diligence Board_meeting_

Attendance_pct

Board meeting attendance percentage for each

company

Digital transformation
Shariah-compliance

Number of women
on board

Digitalization
Sharioh Compliance

Number_of_women
_on_board

Control Variables Board size Board_size
Independent Independent_directors
directors

Financial leverage
Return on asset

Fncl_Lvrg
Return_on_asset

Frequency of digital-related words in the annual report
Binary variable that equals 1 if a shariah compliance
company and 0 otherwise

Determines how many female directors there are on a
company's board of directors in absolute terms

Total number of directors on a company’s board

The count of independent directors on a corporate
board

The extent to which a company relies on debt financing

Financial indicator that evaluates how well, a business
uses its assets to generate profits.

Source: Bloomberg (2024) and IS| Emerging Markets (2024)

Table 2: Descriptive Statistics

Variable Mean Std. Dev Min Max Skewness  Kurtosis
ESG_SCORE 3.18 0.92 1.14 5.53 0.19 2.84
CUR_MKT_CAP 18687.60 19280.10 559.27 96121.80 1.62 5.36
BOARD_MEETING_ATTENDANCE_PCT 96.75 7.39 5.00 100.00 -9.80 120.52
Digitalization 54.30 93.51 0.00 583.00 3.27 15.50
Shariah Compliance 0.68 0.47 0.00 1.00 0.75 1.56
NUMBER_OF_WOMEN_ON_BOARD 2.34 1.22 0.00 5.00 0.38 2.41
BOARD_SIZE 917 1.65 5.00 13.00 0.07 2.20
INDEPENDENT_DIRECTORS 5.09 1.36 2.00 10.00 0.56 3.67
FNCL_LVRG 3.31 2.74 1.10 13.84 2.32 7.76
RETURN_ON_ASSET 6.42 12.47 -46.73 83.96 2.22 16.96
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To analyse the determinants of ESG ratings among
companies listed on Bursa Malaysia, a fixed-effect
regression model was deployed. The analysis utilized
data from 40 companies over the period 2018 to 2022,
with a fofal of 200 observations. Table 4 presents the
coefficient estimates from the fixed effect regression
analysis. The results show that the size of the company
(CUR_MKT_CAP) and the number of women on
the board (NUMBER_OF_WOMEN_ON_BOARD) are
significant predictors of ESG ratings, with larger
companies generally associated with lower ESG ratings
and more women on the board positively impacting
ESG performance.

Significantly, the size of the company (CUR_MKT_CAP)
and the number of women on board (NUMBER_OF_
WOMEN_ON_BOARD) were identified as important
predictors. Greater companies generally displayed
poor ESG ratings, indicating a possible obstacle for
larger entities in obtaining higher sustainability ratings.
It demonstrated a substantial negative relationship
between the size of the company (CUR_MKT_CAP)
and the ESG_SCORE. Larger companies generally
have lower ESG ratings. The study's findings enhance
our comprehension of how firm size can influence
ESG performance within the Malaysian setting. The
favourable relationship between the number of
women on the board and ESG ratings confirms the
beneficial impact of gender diversity on sustainable
and responsible company operations.

Nevertheless, there were no statistically significant
correlations found between ESG_SCORE and board
meeting aftendance percentage (BOARD_MEETING_
ATTENDANCE_PCT), digitalization (Digitalization), and
Shariah compliance (Shariah Compliance). These

findings indicate that, in the specific context of our
investigation, these variables may not significantly
confribute to explaining the variability in ESG ratings.
Additional investigation is necessary tfo determine
the precise effects of board diligence and the extent
of digital tfransformation on ESG performance. The
coefficients obtained from the regression model offered
valuable information regarding the size and direction of
the impact of each variable. Specifically, areductionin
the size of a company was projected to result in a rise
in ESG_SCORE (ESG ratings) which suggests that bigger
companies may find it more difficult to achieve higher
sustainability scores. On the other hand, a substantial
rise in ESG_SCORE was linked fo the participation of
women on the board, highlighting the beneficialimpact
of gender diversity on sustainability measures.

The utilisation of fixed and random effect models
provided additional evidence to support the favourable
influence of the number of women on the board on
ESG_SCORE. The findings demonstrated a significant
rise in the ESG_SCORE, highlighting the significance of
gender diversity in governance framewaorks in attaining
higher ESG ratings. This validates the idea that having
a variety of perspectives, parficularly in positions of
power, has a beneficialimpact on the implementation
of sustainable and ethical business strategies. The
likelihood-ratio test supported the fixed effect model,
indicating that the inclusion of women on the board
makes a significant contribution to explaining the
variation in ESG_SCORE. This highlights the significance
of employing a consistent approach when assessing
the impact of gender diversity on environmental, social,
and governance (ESG) ratings. The selection of the fixed
effect modelis motivated by the distinctinfluence of the
number of women on the board on ESG evaluations,
facilitating a clearer comprehension of this correlation.

Table 3: The Hausman Test

Test Summary Chi-3q. Statistic Chi-8q. d.f. Prob
Cross Section Random 21.0220 4.0000 0.0003
Fixed Effect Random Effect  Var. (Diff) Prob
CUR_MKT_CAP 0.0000 0.0000 0.0000 0.0266
BOARD_MEETING_ATTENDANCE_PCT 0.000% 0.0022 0.0000 0.0997
Digitalization 0.0063 0.0026 0.0000 0.0000
NUMBER_OF WOMEN_ON_BOARD 0.1593 0.209¢9 0.0008 0.0694
Table 4: Fixed Effect Regression
Variable Coefficient  Sid. err. t P>|t]|
CUR_MKT_CAP 0.0000 0.0000 -0.5100 0.0413
BOARD_MEETING_ATTENDANCE_PCT 0.0009 0.0053 0.1700 0.86%90
Digitalization 0.0063 0.0013  4.9600 0.0000
Shariah Compliance 0.0000
NUMBER_OF_WOMEN_ON_BOARD 0.1593 0.0585  2.7200 0.0070
_cons 2.4530 0.5473  4.4800 0.0000
sigma_u 0.9803
sigma_e 0.4970
rho 0.7956
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In addition, the analysis of BOARD_MEETING_
ATTENDANCE_PCT revealed a statistically significant
and modestly favourable correlation with ESG_SCORE.
This aligns with the research purpose, suggesting that
active parficipation by the board may lead to higher
ESGratings. The study's findings offer concrete evidence
supporting the correlation between board diligence
and ESG ratings. The correlation analysis further
emphasised the influence of digital fransformation and
adherence to Shariah principles on the ESG_SCORE. The
regression analysis of Digitalization found a statistically
significant and minor negative correlation with
ESG_SCORE. Consequently, firms that are undergoing
larger digital evolves may, to some extent, have lower
ESG scores. The findings clearly correspond to the
research objective, providing valuable insights info the
influence of digitalization on ESG ratings. The correlation
coefficients, partficularly those related to CUR_MKT_CAP,
BOARD_MEETING_ ATTENDANCE_PCT, Digitalization,
Shariah Compliance, and NUMBER_OF_ WOMEN_ON_
BOARD, are directly related to the research objective of
investigating the correlation between specific factors
and ESG ratings. The findings enhance our thorough
comprehension of the relationship between different
company attributes and ESG performance within the
Malaysian context.

5. CONCLUSION

This study provides critical insights info the factors
influencing ESG ratings among companies listed on
Bursa Malaysia. The findings reveal a significant negative
relationship between company size and ESG ratings,
suggesting that larger companies may encounter
challenges in achieving high sustainability scores due
fo the complexities inherent in managing large-scale
operations. Conversely, gender diversity on corporate
boards is positively associated with ESG ratings,
emphasizing the crucial role of inclusive governance
practices in enhancing sustainability outcomes.

The research also highlights the importance of board
diligence, particularly as reflected in board meeting
attendance, in shaping a company's ESG performance.
Active and engaged boards contribute significantly
to the effectiveness of a company’s sustainability
inifiatives, underscoring the need for corporations to
prioritize and strengthen board engagement in their
ESG strategies.

The analysis of digital transformation’s influence on
ESG rafings uncovers complex dynamics. Companies
undergoing substantial digital fransformations may
experience a decline in their ESG ratings if these
inifiatives are not aligned with sustainability principles.
This finding suggests that firms must carefully evaluate
the ESG implications of their digital strategies to ensure
they contribute positively to their overall sustainability

goals.

Additionally, the study identfifies a significant influence
of Shariah compliance on ESG ratings. Companies that
adhere to Shariah principles generally exhibit lower
ESGratings, indicating a need for these firms to reassess
and potentially enhance their policies to better align
with ESG criteria. This insight is particularly valuable
for Shariah-compliant companies aiming to improve
their sustainability practices and meet broader ESG
standards.

Furthermore, the positive correlation between the
presence of women on company boards and higher
ESG scores supports the promotion of gender diversity
in corporate leadership. The increase in the number
of women on boards is linked to improved ESG
performance, highlighting the beneficial impact
that gender diversity can have on an organization's
sustainability efforts. This finding underscores the
importance of fostering and maintaining gender-
inclusive leadership structures for companies seeking
to enhance their ESG policies.

Despite the valuable insights provided by this study,
several limitations must be acknowledged. The reliance
on publicly available ESG ratings may infroduce
selection bias, as companies with sfronger ESG practices
are more likely to disclose such ratings. Addifionally, the
relatively small sample size of 40 companies, constrained
by data availability, may limif the generalizability of the
findings. Future research should aim to include alarger
and more diverse sample, and explore additional
factors that mightinfluence ESG ratings, such as industry-
specific variables and regional differences.

The findings of this study have important implications
for corporate leaders, policymakers, and investors.
Companies striving to improve their ESG performance
should focus on enhancing gender diversity in
leadership and leveraging digital fransformation to
advance sustainability inifiatives. Policymakers could
use these insights fo develop frameworks that support
and incentivize sustainable practices, particularly for
larger firms that may face challenges in scaling their
ESG efforts.

Future research should delve deeper intfo the
mechanisms through which company size influences
ESG outcomes, exploring aspects such as organizational
complexity, resource allocation, and stakeholder
management. Additionally, examining the impact of
board diversity on other facets of corporate governance
and performance could yield further valuable insights.
Research across different geographic regions and
industry contexts would also help to validate and extend
the findings of this study.
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In conclusion, this study underscores the complexity of
achieving high ESG performance, particularly forlarger
firms, while also highlighting the critical importance of
gender diversity and digital tfransformation in driving
sustainability. As the global emphasis on corporate
sustainability confinues to grow, understanding these
dynamics will be crucial for companies seeking to align
with evolving stakeholder expectations and regulatory
standards.
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resources, digital organization, digital adoption, digital innovation culture, firm competitiveness, digital man-
agement, market performance, and ESG performance. This study examines the influence of digital transformation
on market and ESG performance in Chinese small and medium-sized enterprises (SMEs). Utilizing 331 valid
questionnaires, we conducted a comprehensive modeling and empirical analysis through the application of
fsQCA and PLS-SEM methodologies, revealing the following: 1) Digital resources, organizing, adoption, man-
agement, and firm competitiveness indirectly and positively affect ESG through the intermediary variable (firm
market performance). 2) There is no precondition for establishing ESG; firm competitiveness is sufficient for ESG.
3) Firm market performance positively affects ESG, which is also a sufficient condition for ESG. 4) Innovatively
discovering the moderator variable (digital innovation culture) positively modulates two paths (digital adoption
and firm competitiveness, digital adoption and digital management). It provides theoretical, practical, and policy
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Firm market performance
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references to helping SMEs improve their competitiveness, performance, and practice of ESG.

1. Introduction

Digital technologies such as artificial intelligence, big data, block-
chain, and virtual reality hold great potential for advancing society
(Guerra et al., 2023; Wang et al., 2023). The firm’s digital trans-
formation is a hot topic in academia (Andersen et al., 2022), and pro-
moting the ESG (environmental, social, and firm governance)
performance of firms (Liang et al.,, 2022) has become increasingly
important. ESG refers to the three central factors in measuring an in-
vestment’s sustainability and ethical impact in a firm or business,
encompassing environmental, social, and governance dimensions (Lee
et al., 2022). Understanding ESG is crucial for both field-related and
non-expert readers, as it helps contextualize the role and significance of
ESG in business operations and societal development (Puriwat and
Tripopsakul, 2022).

Digital transformation refers to integrating digital technologies into
every facet of a business, fundamentally altering the firm’s operation
and value delivery to customers (Vial, 2019). The digital strategy aligns

* Corresponding author.

business objectives with digital technologies to create a competitive
edge (Correani et al., 2020). Digital resources are a firm’s digital assets
and capabilities, including hardware, software, data, and digital skills
(Mikalef and Gupta, 2021). Digital organizing involves structuring and
coordinating a firm’s digital resources and activities to achieve business
goals (Yu et al., 2021). Digital adoption measures the extent a firm
embraces and utilizes digital technologies to enhance its operations and
customer experiences (Fonseka et al., 2022). Digital marketing leverages
digital channels for more effective customer reach and engagement
(Varadarajan et al., 2022). A digital innovation culture nurtures a cul-
ture that welcomes new technologies and ideas to drive business growth
and sustainability (Chatterjee et al., 2021b). Digital management effi-
ciently plans, organizes, and controls digital resources and processes
within a firm to achieve strategic goals (Bag et al., 2021).

Small and medium-sized enterprises (SMEs), as a critical mainstay of
the digital economy (Reim et al., 2022), contribute to social develop-
ment by creating employment opportunities, reducing poverty, nar-
rowing the urban-rural gap, promoting sustainable development,
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boosting exports, and fostering technological innovation (Yu and Zhu,
2022). The rise of digital technologies and transformation has reshaped
the volatile business environment while providing SMEs with unique
new development opportunities (Marcysiak and Pleskacz, 2021). Inte-
grating ESG into digital transformation is essential for fostering sus-
tainable and responsible business practices.

The current research on the digital transformation of SMEs mainly
focuses on influential factors, support systems, transformation strate-
gies, innovation, policy environment, high-quality development, per-
formance, and competitiveness (Yang et al., 2022a). Digital skills in
SMEs positively impact organizational agility and firm market perfor-
mance (Rozak et al., 2021). Family harmony positively affects small and
medium family firm performance, and IT governance and strategy
positively mediate this relationship (Dutot et al., 2021). SMEs can use
digital technologies such as artificial intelligence to improve their
marketing processes and procedures, enhancing market performance
(Fonseka et al., 2022). ESG researchers have analyzed the impact of
third-party distribution, innovation, economic growth, and sustainable
development (Cristea et al., 2022). Many scholars emphasize technology
and the digital revolution relating to firm digitalization. Still, related
research needs to pay more attention to the mixed-method research of
SME digitalization and ESG (Cristea et al., 2022). The digital innovation
culture is an important driving factor of digital transformation (Yang
et al., 2022b), and digital management needs further attention. More
research should be done on SME digitalization, firm market perfor-
mance, and ESG (Lee et al., 2022). To fill in the gaps, the main research
questions of this study are as follows:

Q1. How does digital transformation affect the market performance
and ESG performance of SMEs?

Q2. Which digital factors indirectly impact the ESG performance of
SMEs?

Q3. How does digital innovation culture moderate the relationship
between digital factors and the competitiveness of firms?

Based on these research questions, the objectives of this study are: to
explore the impact of digital transformation on the market performance
and ESG performance of SMEs, to analyze how digital factors, such as
digital resources, digital organization, digital adoption, and digital
management, indirectly affect ESG performance through firm market
performance; and to investigate the moderating role of digital innova-
tion culture in the relationship between digital factors and firm
competitiveness. This research considers new variables such as digital
resources, digital organization, digital adoption, and digital manage-
ment to explore the connection between firm digitalization and ESG
while constructing explanations and predictions. The research model of
SME ESG explores the moderating role of a digital innovation culture
and the mediating role of firm competitiveness and market performance
and uses PLS-SEM to identify the degree of influence and critical paths of
different factors and fsQCA to find the impact of firm ESG configuration.
This research includes an introduction followed by a literature review.
Section 3 presents the research methods, followed by the PLS-SEM
(section 4) and fsQCA (section 5) analyses. To conclude, section 6 pro-
vides a discussion as well as the limitations and conclusions of the
research.

2. Literature review and hypotheses development
2.1. Environmental, Social, and Governance (ESG) performance

In recent years, there has been a growing interest in Environmental,
Social, and Governance (ESG) performance in the business and academic
communities (Wang et al., 2023b). Several studies have investigated the
impact of these factors on firm performance, risk management, and
stakeholder relationships (Broadstock et al., 2021). To comprehensively
understand the current state of research in this area, we have included a
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table of recent literature on ESG performance below (Table 1).

By incorporating this table and literature review into our study, we
aim to provide a more comprehensive understanding of the current
research landscape on ESG performance and demonstrate how our
research contributes to the ongoing academic conversation in this area.

2.2. Research hypotheses

2.2.1. Firm market performance and ESG performance

Firm market performance (FP) is a comprehensive evaluation of a
firm’s benefits and performance within a specific operating period
(Fonseka et al., 2022). Enterprise ESG performance emphasizes evalu-
ating sustainable development effectiveness in the environment, firm,
and society (Liang et al., 2022). Promoting ESG is to expand the market
size and improve market performance. Enterprises are also responsible
for contributing to the development of social well-being (Navickas et al.,
2021). Enterprises provide most jobs in society, and their high-quality
development is a powerful boost to ESG. It can also help eliminate
poverty, promote equity (Losa-Jonczyk, 2020), and improve employee
job satisfaction (Kim et al., 2022), as well as environmental protection
(Cristea et al., 2022). Enterprises are value creators in the social econ-
omy (Liang et al., 2022). The financial performance of firms is closely
related to the practice of ESG (Laguir et al., 2021), and
high-performance firms tend to have high firm CSR (Villalba-Rios et al.,
2022) and ESG rankings (Puriwat and Tripopsakul, 2022). Based on the
above analysis, the research hypotheses put forward in this study are:

H1. Firm market performance has a positive effect on firm ESG
performance.

2.2.2. Digital adoption, firm competitiveness and market performance

Digital adoption (DA) is how firms adopt digital technologies to carry
out digital transformation (Zhang et al., 2021a). Firm competitiveness
(FC) refers to the comprehensive ability of firms to realize their value
creation through digital transformation (Ghasemaghaei, 2021; Rahman
et al., 2021). The digital transformation enabling SMEs to implement
intelligent manufacturing improves their market performance. The four
dimensions of digital technology, strategy, capability, and culture
included in digital transformation positively affect firms’ market per-
formance. Enterprise digitization facilitates more flexible and competi-
tive operations and benefits developing firm expansion (Emara and
Zhang, 2021). Digital technology can reduce the impact of time and
space, allowing employees to join work anytime, anywhere to improve
firm market performance. Adopting and mastering extensive data ca-
pabilities in digital transformation help firms improve performance
(Ciampi et al., 2021). Early adoption of digital technologies (such as
artificial intelligence, big data, cloud computing, etc.) can allow firms to
gain sustainable competitive advantages, which is essential to survive in
a harsh business environment (Martinez-Caro et al., 2020). Enterprises’
adoption and mastery of extensive data capabilities in digital trans-
formation play a crucial role in maintaining business competitiveness
(Ciampi et al., 2021). Digitalization of business can lead to improved
market performance and competitiveness (Martinez-Caro et al., 2020).
Based on the above analysis, the research hypotheses put forward in this
study are:

H2. Digital adoption has a positive effect on market performance.

H3. Enterprise competitiveness has a positive effect on firm market
performance.

H4. Digital adoption has a positive effect on firm competitiveness.

2.2.3. Digital adoption, digital management, and firm market performance

Digital management (DM) refers to the supporting management ac-
tivities implemented by firms to adopt digital transformation (Khattak
et al.,, 2021). The emergence of digital technology no longer requires
simple information management but requires firms to carry out a series
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Table 1

Summary of recent literature on ESG performance.

Author(s)

Title

Key Findings

Alkaraan et al.
(2022)

Batae et al. (2021)

Bilyay-Erdogan
et al. (2023)

Broadstock et al.
(2021)

Camodeca and

Almici (2021)

Chen et al. (2022)

Fang et al. (2023)

Corporate transformation
toward Industry 4.0 and
financial performance: The
influence of environmental,
social, and governance (ESG)

The relationship between
environmental, social, and
financial performance in the
banking sector: A European
study

ESG performance and
dividend payout: A channel
analysis

The role of ESG performance
during times of financial
crisis: Evidence from COVID-
19 in China

Digital transformation and
convergence toward the 2030
agenda’s sustainability
development goals: evidence
from Italian listed firms

Impacts on the ESG and
financial performances of
companies in the
manufacturing industry based
on the climate change related
risks

Can enterprise digitization
improve ESG performance?

The corporate
transformation toward
Industry 4.0 (CTTI4.0)
disclosure positively impacts
financial performance, with
environmental, social, and
governance (ESG) practices
strengthening this
relationship.

Emission and waste
reductions are positively
related to bank profitability.
However, increased
corporate governance
quality negatively affects
financial performance, with
market investors not valuing
social responsibility
initiatives or best
governance practices.
Companies with higher ESG
performance tend to pay
higher dividends, with
"earnings" and "risk"
identified as the two
possible channels through
which ESG performance
influences dividend payouts.
During the COVID-19
financial crisis, high-ESG
portfolios generally
outperformed low-ESG
portfolios, and ESG
performance helped
mitigate financial risk,
highlighting its incremental
importance during crisis
periods.

The positive relationship
between digitalization and
Sustainable Development
Goals, emphasizing the
importance of digital
technology in implementing
the sustainability agenda for
Italian FTSE MIB listed
firms.

The degree of disclosure of
climate change-related risks
and opportunities (CCR
risks) and different
ownership structures had a
positive but negative
moderating effect on
manufacturing companies’
financial performance, with
the positive impact of
environmental performance
on financial performance
diminishing as investments
in environmental
performance indicators
increased.

Enterprise digitization
significantly improves ESG
performance, particularly
for non-politically affiliated
companies and regions with
high-quality institutions, by
reducing agency costs and
improving goodwill.
However, it does not impact
environmental scores.

Table 1 (continued)
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Author(s)

Title

Key Findings

Fatemi et al.
(2018)

Garcia et al.
(2017)

Hu et al. (2023)

Liu et al. (2022)

Pozzoli et al.
(2022)

Rahman et al.
(2023)

Wang et al.
(2023a)

Wang et al.
(2023b)

ESG performance and firm
value: The moderating role of
disclosure

Sensitive industries produce
better ESG performance:
Evidence from emerging
markets

Research on the Effect of ESG
Performance on Stock Price
Synchronicity: Empirical
Evidence from China’s Capital
Markets

ESG and financial
performance: A qualitative
comparative analysis in
China’s new energy
companies

The impact of audit committee
characteristics on ESG
performance in the European
Union member states:
Empirical evidence before and
during the COVID-19
pandemic

ESG and firm performance:
The rarely explored
moderation of sustainability
strategy and top management
commitment

Digital Technology for Good:
Path and Influence—Based on
the Study of ESG Performance
of Listed Companies in China

The impact of environmental
uncertainty on ESG
performance: Emotional vs.
rational

ESG strengths increase firm
value, while ESG
weaknesses decrease it. ESG
disclosure plays a crucial
moderating role, mitigating
the negative effect of
weaknesses and attenuating
the positive effect of
strengths on firm value.
Subject to social, moral, and
political pressures, sensitive
industries exhibit superior
environmental performance
in emerging markets, even
when controlling for firm
size and country.

Higher corporate ESG
performance improves stock
price synchronicity by
reducing information
asymmetry, with a more
significant "noise reduction”
effect observed in state-
owned companies and those
with high investor trust.
China’s new energy
companies, two
configurations generate high
corporate financial
performance (CFP), with the
social pillar being a
determinant for high CFP
outcomes and maintaining
stability in its configuration
over time.

Audit committee
independence and expertise
positively impact ESG
performance, while audit
committee tenure negatively
affects it, with these
relationships becoming
statistically more substantial
during the COVID-19
pandemic among European
listed companies.

ESG and its dimensions
positively impact firm
performance (ROA and
Tobin’s Q), with
sustainability strategy and
top management
commitment further
enhancing these
associations in a developing
country, specifically
Pakistan.

Digital transformation
improves ESG performance
for Chinese listed
companies. However, this
effect is not observed in
highly monopolistic
industries, while the concept
of technological goodness
spreads through network
relationships, supporting
other market enterprises.
The environmental
uncertainty weakens ESG
performance, with investor
sentiment and green
innovation mediating this
relationship. At the same
time, mature companies and
those in "small market, big

(continued on next page)
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Table 1 (continued)

Author(s) Title Key Findings

government" scenarios
experience a more
pronounced dampening
effect on ESG performance.

of digital operations that support the performance of digital technology
(Chen et al., 2022). The value of digital technology needs to be inte-
grated through the transformation of business processes, and a series of
digital management activities are essential prerequisites for firms to
enjoy the dividends of digital technology (Yang et al., 2022b). Digital
technologies can help firms exchange information with their partners in
real-time, improving communication efficiency (Khattak et al., 2021).
Enterprises can reduce management costs by expanding or purchasing
digital technology services (Wang et al., 2022). Digital technologies help
firms gain market intelligence by becoming an effective medium for
collecting high-quality market information and communicating with
customers and partners, thereby improving decision-making (Pergelova
et al., 2019). Enterprises can also use digital technology to quickly find
new partners, improve internal and external resource integration ca-
pabilities, and optimize operational efficiency (Yu et al., 2021). The
rapid replacement of digital technology also requires firms to monitor
the progress of digital technology. Firms continuously update digital
technology to ensure that digital technology can support firm develop-
ment (Bag et al., 2021). Digital technologies have brought new oppor-
tunities for business development, and realizing digital innovation
requires adopting digital technologies (Fonseka et al., 2022). Firms must
also manage and fully utilize digital technologies in the innovation
process (Rahman et al., 2022); firms can accelerate the innovation
process by integrating and mobilizing human and technological re-
sources (Khin and Ho, 2019). Based on the above analysis, the research
hypotheses put forward in this study are:

H5. Digital management has a positive effect on firm market
performance.

H6. Digital adoption has a positive effect on digital management.

2.2.4. Digital resources, digital organization, and adoption

Digital resources (DR) are the sum of hardware, software, technol-
ogy, capital, and other resources firms need to adopt digital trans-
formation (Chen et al., 2022). Digital organizing (DO) refers to business
activities such as formulating strategies, collecting resources, and in-
ternal promotion to support the firm’s digital transformation (Chatterjee
et al., 2021a). The digital transformation process is full of challenges,
and it is necessary to adequately prepare the resources required for
digital transformation (Mikalef and Gupta, 2021). Storage, software for
performing calculations, and high-speed networks are primary resources
for firm digitization (Chen et al., 2022). It requires that firms maintain
high capabilities, talents, and expertise to manage digital technologies
and develop new products (Khin and Ho, 2019). The efficient integra-
tion and reconfiguration of firms’ existing resources are pivotal in
implementing digital transformation (Martinez-Caro et al., 2020).
Integrating digital technology will change business processes, business
models, and value creation (Yang et al., 2022b). This process is insep-
arable from establishing digital transformation strategies for firms to
achieve goals (Rahman et al., 2021). Enterprises display various per-
formances to support digital transformation helping them reduce costs
and increase efficiency (Pinheiro et al., 2022). In the digital trans-
formation process, firms should adjust their vision, strategy, organiza-
tional structure, function, and culture through digital technology to
adapt to the development of the digital age (Zhang et al., 2021a). Based
on the above analysis, the research hypotheses put forward in this study
are:
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H7. Digital resources have a positive effect on digital adoption.

H8. Digital organization has a positive effect on digital adoption.

2.2.5. The moderating effect of digital innovation culture

Digital innovation culture (DIC) can drive firms to implement digital
transformation by creating an inclusive and innovative cultural atmo-
sphere (Khattak et al., 2021). It helps them run businesses under digital
innovation (Chatterjee et al., 2021b), enhancing firm competitiveness
and market performance (Kumar et al., 2021). An excellent digital cul-
ture is a source of firm innovation and a booster to help firms gain
market competitiveness (Martinez-Caro et al., 2020). By aligning busi-
ness objectives with digital transformation efforts and fostering a sup-
portive corporate culture, firms can better leverage digital technologies
to achieve their strategic goals (Chatterjee et al., 2021b). The impact of
digital culture on firm market performance is particularly prominent.
Digital culture has a moderating effect on the path that affects firm
market performance. Different cultural backgrounds will have differ-
ences in adopting and managing digital technology. Due to the uncer-
tainty of digital transformation, firms must instill a digital innovation
culture that suits their characteristics (Rahman et al., 2021). Firm cul-
ture is an essential key factor affecting the application of digital tech-
nology to transform firms (Zhang et al., 2021a). Incorporating business
objectives and corporate culture into digital transformation strategies
allows firms to create a cohesive approach, enhancing the overall
effectiveness of their digital efforts (Chatterjee et al., 2021b). Based on
the rapidly changing market environment of digital technology, firms
should develop a digital innovation culture to support them in contin-
uously improving their products and services. It helps them gain a more
favorable market position (Chatterjee et al., 2021b). Developing an
innovative firm culture can facilitate the business digitization process
and generate value from digital tools, aiming to improve organizational
performance (Chen et al., 2022). Based on the above analysis, the
research hypotheses put forward in this study are:

H9. Digital innovation culture positively moderates the relationship
between digital adoption and firm competitiveness.

H10. Digital innovation culture positively moderates the relationship
between digital adoption and management.

2.3. Theoretical basis and research model

The Resource-Based View (RBV) and Dynamic Capabilities View
(DCV) provide a suitable theoretical foundation for this study, as they
emphasize the role of internal resources and capabilities in shaping firm
performance (Soh and Wong, 2021). RBV posits that firms can achieve a
competitive advantage and superior performance by leveraging their
unique resources and capabilities (Barney, 1991). On the other hand,
DCV highlights the importance of a firm’s ability to adapt, integrate, and
reconfigure its resources and capabilities in response to changes in the
external environment (Teece et al., 1997). Both perspectives are
particularly relevant to understanding how digital transformation can
impact firms’ market and ESG performance (Mardani et al., 2020).

This study considers digital resources, organization, adoption, and
management as valuable resources and capabilities contributing to a
firm’s competitiveness and performance (Dubey et al., 2018). Further-
more, digital innovation culture can be viewed as a dynamic capability
that enables firms to continuously adapt and innovate in response to the
changing market and ESG requirements (Pagoropoulos et al., 2017).

Given the importance of firm age and size in shaping market per-
formance and ESG (Banerjee and Campbell, 2009), these variables are
included as control variables in the research model. The model of this
study, grounded in RBV and DCV, is depicted in Fig. 1.
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3. Research methods
3.1. Variables and measures

This study used a rigorous method to develop and validate the
measurement instruments, strictly following a three-step process (Soh
and Wong, 2021). These adjustments aim to ensure that the constructs
and measurement tools are more closely aligned with the actual needs of
the research context, thus enhancing the study’s accuracy (Dubey et al.,
2018). Firstly, we adapted all measurement questions based on relevant
scholars’ research findings to ensure the scales’ quality and guarantee
content validity (Liszbinski et al., 2023). Secondly, we engaged in dis-
cussions with researchers and entrepreneurs to optimize and refine the
initial version of the questionnaire, ensuring expert validity (Moroni
et al., 2022). Thirdly, after completing the preliminary design, we
conducted a pilot study with 25 entrepreneurs to test the reliability of
the scales. The data passed the reliability and validity tests (Cronbach’s
Alpha >0.7, KMO>0.7***), confirming that the developed measure-
ment tools were suitable for formal surveys. After carefully reviewing
the suggestions from the pilot study, we cautiously improved the scales
(Moroni et al., 2022).

The paper used a questionnaire to collect research data (Dutot et al.,
2021; Malik et al., 2021). The questionnaire contains basic statistical
information about the firm and the measurement scale of the research
model. Each latent variable consists of 3-5 measurement items,
measured using a 5-point Likert scale (Rozak et al., 2021) (values 1-5
indicate strongly disagree to agree strongly). All measurement items
were adapted from published literature to ensure content validity
(Fonseka et al., 2022). The questionnaire for this study is shown in
Table 2.

3.2. Sample and data collection

After the initial completion of the questionnaire, expert scholars and
middle and senior managers of firms were invited to provide a pre-test
(Fonseka et al., 2022; Malik et al., 2021). After collecting feedback
from the pre-test, the questionnaire was carefully revised. The official
survey was distributed to WeChat groups such as the Entrepreneurs
Association and the Professional Managers Association. The members of

these WeChat groups are entrepreneurs from Zhejiang Province, China.
Because the criteria for joining these WeChat groups are the middle and
senior managers of the firm, respondents can choose whether to
voluntarily participate in this survey after receiving the invitation. The
survey started in July 2022 and lasted one month, and 331 valid ques-
tionnaires were recovered. The basic information of the sample data is
shown in Table 3.

To ensure consistency in the research subjects, we have referred to
similar studies on SMEs (Aboelmaged, 2018; Biggeri et al., 2023; Pizzi
et al.,, 2021; Xiang et al., 2022) to guarantee the applicability of our
research methods and scope. We explicitly targeted SMEs during the
survey and introduced them in the questionnaire title and research
purpose. Moreover, by selecting the data, we followed the relevant legal
regulations in the survey area, ensuring that the number of employees in
the sampled firms met the SMEs criteria. According to the legal regu-
lations in the survey area, most industries define SMEs as firms with
fewer than 300 employees. The standard for industries like information
transmission can be relaxed to less than 1000 employees (Ministry of
Industry and Information Technology of China, 2011). Compared to
other data collection methods, questionnaires allow for a larger sample
size to obtain more generalizable results (Gosling et al., 2004); online
questionnaires minimize data loss as we require respondents to complete
the entire questionnaire before submission; this approach also directly
generates data for quantitative analysis, avoiding issues in data encod-
ing and conversion (Moroni et al., 2022). Surveying groups where
research subjects are concentrated improves the theoretical relevance of
the research results (Malhotra and Grover, 1998).

Furthermore, this method has been used in similar studies in the
field, demonstrating its relevance and applicability (Jabbour et al.,
2015; Kazancoglu et al., 2022; Liszbinski et al., 2023). Considering these
reasons, our study employs online questionnaires distributed to
entrepreneur-focused, authenticated WeChat groups for data collection.
Based on these measures and criteria, most of the firms in our sample
met the conditions, and we believe that the data has good consistency in
research subjects (Baah et al., 2023; Reyes-Rodriguez, 2021; Simmou
et al., 2023).
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Table 2 Table 2 (continued)
Survey variables and measures. Variable D ltems Sources
Variable D Items Sources Firm market FP1 Our firm’s market share has Fonseka et al. (2022)
Digital resources ~ DR1 Our firm has the hardware Mikalef and Gupta performance steadily increased. and Kumar et al.
equipment (computers, (2021) and Pinheiro FP2 Our firm is not currently (2021)
etc.) required for digital et al. (2022) experiencing financial
transformation. difficulties.
DR2 Our firm has access to the FP3 Our firm continues to
data they need for digital launch new products and
transformation. services.
DR3 Our firm owns the software FP4 Our firm’s profitability has
for digital transformation. increased.
DR4 OQur firm has the technical Firm ESG ESG Our firm focuses on and Cristea et al. (2022)
resources for digital performance 1 continuously improves and Liang et al. (2022)
transformation. employee job satisfaction.
DR5 Our firm is well-funded for ESG Our firm provides
digital transformation. 2 outstanding support for
Digital DO1 Our firm should develop Chatterjee et al. talent development.
organization strategies to advance (2021a) and Yu et al. ESG Our firm participates in
digital transformation. (2021) 3 social welfare activities.
DO2 Our firm should collect ESG Our firm has a business
empirical data to 4 philosophy of sustainable
implement digital development.
transformation. Firm FC1 Digital transformation can Ghasemaghaei (2021)
DO3 Our firm should integrate competitiven- help improve the and Rahman et al.
digital transformation into ess competitiveness of our (2021)
its business strategies. firm.
DO4 Our firm should promote a  Fonseka et al. (2022), FC2 Digital transformation
digitally driven culture to Rahman et al. (2021), helps our firm reduce costs
advance digital and Zhang et al. and increase efficiency.
transformation. (2021a) FC3 Digital transformation
Digital adoption DAl Our firm’s product/service helps improve our firm’s
innovation is based on reputation.
digital technology. FC4 Digital transformation is
DA2 Digital technologies can part of our firm strategy.
help the firm make
accurate decisions.
DA3 Adopting digital
technologies can help
improve firm operational
efficiency. Table 3
DA4 A sound implementation Demographic characteristics (n = 331).
plan is essential for Characteristics Category Number Percentage ( % )
adopting digital
technologies. Firm age <3 60 18.1
DA5 Our firm is integrating 4~8 173 52.3
digital technologies to 9~15 71 21.5
advance digital >16 27 8.2
transformation. Firm size <20 128 38.7
Digital DICl  Our firm culture Chatterjee et al. 21~299 159 48.0
innovation encourages digital (2021b) >300 44 13.3
culture innovation. Ownership State-owned firm 66 19.9
DIC2  Our firm culture Private firm 231 69.8
encourages employees to Other 34 10.3
share knowledge.
DIC3  Our firm culture focuses on
teamwork and innovation. 3.3. Common method bias and non-response bias test
DIC4  Digital technology plays a
vital role in new product In this study, Harman’s one-factor test was used to test for common
development. . R X X
DIC5  Digital technologies play method bias. It concluded that the variance explained by the first factor
an important role in was 28.0% (<40%), so the conclusion illustrates that common method
process improvement. bias would not significantly affect the results of this study (Chen et al.,
Digital DM1 Our firm uses digital Bag et al. (2021) and 2022)'
management FeChmlogy o ?xcmnge Yuetal. (2021) We examined the presence of non-response bias (NRB) by comparing
information with partners
in real-time. the data collected in the survey (top 50% and bottom 50%) (Rahman
DM2  Our firm can easily find et al., 2021), using SPSS analysis, finding no statistically significant
new partners with the help difference between the two groups (p > 0.05) (Bag et al., 2021).
of digital technology. Therefore, non-response bias will not affect the analysis results.
DM3 Our firm can extend new
applications or capabilities
with the help of digital 3.4. Statistical modeling technique
technologies.
DM4 Our firm continuously

monitors the progress of
digital technologies.

This study aims to establish a model to explain and predict firm
digitization and ESG, which can influence current and future studies.
The research model is a complex model with mediating and moderating
effects, and the analysis data of this study is derived from
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questionnaires. Therefore, we adopted the PLS-SEM analysis as it fo-
cuses more on predictive capabilities and explaining causal relationships
compared to OLS (Cepeda-Carrion et al., 2018; Mardani et al., 2020),
which better aligns with the objectives of our research (Hair et al., 2022;
Malik et al., 2021). Data analysis techniques were used, and tests were
performed using SmartPLS 3.0 software (Rozak et al., 2021; Dutot et al.,
2021).

Furthermore, to gain a deeper understanding of the causal relation-
ships in different contexts and reveal the configuration of factors influ-
encing ESG, we employed fuzzy set qualitative comparative analysis
(fsQCA) as a complementary method to PLS-SEM analysis (Ciampi et al.,
2021; Dahms, 2020; Hayajneh et al., 2022). This approach allows us to
uncover the distinct configurations of causal conditions and their impact
on firm performance. It provides valuable insights into the influencing
factors and their combinations that are of practical significance for
businesses and policymakers (Abbasi et al., 2022; Yin and Yu, 2022).

4. PLS-SEM analysis
4.1. Assessment of measurement model

This research tested the model by assessing reliability, discriminant,
and convergent validity (Hair et al., 2022). The reliability can be judged
by testing the combined reliability and Cronbach’s coefficient. From
Table 4, both values are greater than 0.8 (>0.7), so the measurement
model has good reliability. Convergent validity is judged by verifying
the average extracted variation (AVE) value. Table 4 shows that each
AVE exceeds 0.5, indicating good convergent validity. The discriminant
validity can be obtained by comparing the correlation coefficient be-
tween the AVE square root of each latent variable and the other latent
variables. Table 5 shows that the correlation coefficient between each
latent variable and the other latent variables is smaller than the latent
variable’s AVE square root. Hence, the measurement model’s discrimi-
nant validity is relatively high.

Factor loadings between each latent variable and its measurement
items are more significant than the cross-factor loadings between the
latent variable and other latent variables. The measurement model has
ideal convergent and discriminant validity. The Heterotrait-monotrait
ratio (HTMT) of the measurement models was all less than 0.662,
further indicating that the discriminant validity of the measurement
models was good (Hair et al., 2022).

4.2. Structural model test

Structural model checking was performed using Bootstrap in
SmartPLS 3 software, as suggested by Hair et al. (2022). The structural
model test results are shown in Fig. 2.

According to the PLS-SEM results, the hypotheses H1, H3, H4, H5,
H6, H7, H8, and H9 were supported. However, H2 was not be supported,
suggesting that digital adoption does not directly lead to improved firm
market performance. Firm market performance has become a critical
factor that directly affects ESG performance. Digital resources and dig-
ital organizations indirectly affect ESG through intermediary variables
(digital adoption, digital management, and firm competitiveness). In

Table 4

Reliability and convergent validity.
Variable Cronbach’s Alpha rho A Composite Reliability AVE
DR 0.905 0.907 0.930 0.726
DO 0.868 0.869 0.910 0.715
DA 0.845 0.847 0.890 0.618
DIC 0.866 0.872 0.903 0.650
DM 0.847 0.848 0.897 0.685
FP 0.819 0.821 0.881 0.649
ESG 0.828 0.831 0.879 0.592
FC 0.833 0.834 0.889 0.666
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addition, digital innovation culture (moderating variables) positively
regulates the two paths of digital adoption, firm competitiveness and
digital management. The coefficients of determination (R2) of firm
competitiveness, firm market performance, and ESG are 42%, 46%, and
30%, respectively, indicating that the model has more than moderate
explanatory power (Hair et al., 2022). The standardized root means
square residual (SRMR) of the model was 0.05 (<0.8), indicating a good
model fit (Hair et al., 2022). The data analysis results show that the
maximum VIF value is 3.148 (<10), so there is no multicollinearity
problem, and the model results are more reliable (Hair et al., 2022).

4.3. Mediating effect test

This study used the bootstrap method to test the mediation effect
(Hair et al., 2022). Table 6 displays that digital resources, digital orga-
nization, digital adoption, digital management, and firm competitive-
ness indirectly impact ESG through firm market performance; There is a
mediation effect on the relationship.

4.4. Moderating effect test

This study utilizes SmartPLS 3 to use PLS Algorithm and Bootstrap to
test the moderating effect of digital innovation culture (Hair et al.,
2022). Table 7 shows the results of the moderating effect test. The path
coefficient from the moderating effect term (DIC x DA) to FC is 0.132,
and the T value is 2.032, showing that digital innovation culture posi-
tively moderates the relationship between digital adoption and firm
competitiveness. The path coefficient of the moderating effect term
(DIC x DA) to DM is 0.299, and the T value is 9.572, indicating that
digital innovation culture positively moderates the relationship between
digital adoption and digital management. When a digital innovation
culture exists, the influence between digital adoption, firm competi-
tiveness, and digital leadership is enhanced (Hair et al., 2022; Chen
et al., 2022).

5. fsQCA analysis
5.1. Calibration procedure

Fuzzy Set Qualitative Comparative Analysis (fsQCA) can comple-
ment PLS-SEM analysis by detecting the effects of heterogeneity, helping
researchers identify combinations of causal conditions for ESG practice
(Hayajneh et al., 2022; Zhang et al., 2021a). The first stage of fsQCA
transforms the data into degree indices of full membership, crossover
point, and full non-membership. The calibration results are shown in
Table 8.

5.2. Analysis of necessary conditions

The second stage of fsSQCA is Necessary Condition Analysis (NCA) to
explore whether there are preconditions for deriving the generation of
dependent variables (Dahms, 2020; Yang et al., 2022b). This condition is
necessary if the agreement exceeds 0.90 (Ciampi et al., 2021). Table 9
shows the conditions required for the absence of ESG.

5.3. Analysis of sufficient conditions

The fsQCA analysis aims to verify that 7 prerequisites are included in
the presence of ESG results (Dahms, 2020). This study used a raw con-
sistency threshold of 0.80 and a PRI consistency threshold of 0.60 and
set the frequency to 3. Table 10 shows the 5 groups of configurations for
sufficient condition analysis, the solution consistency is 0.856 (>0.8),
and the solution coverage rate is 0.510 (>0.5). The results above show
that the 5 groups have acceptable reliability and explanatory power
(Hayajneh et al., 2022; Zhang et al., 2021a).

Robustness tests were performed in this study, increasing the PRI
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Table 5
Discriminant validity.
ESG DA DIC DM DO DR FC FP
ESG 0.770
DA 0.294 0.786
DIC 0.193 0.121 0.806
DM 0.341 0.541 0.182 0.828
DO 0.085 0.470 0.056 0.237 0.846
DR 0.157 0.467 0.163 0.280 0.025 0.852
FC 0.358 0.522 0.415 0.407 0.232 0.316 0.816
Fp 0.464 0.437 0.249 0.542 0.149 0.239 0.547 0.806
Note: The bold diagonal lines indicate the square root of the AVE.
| Digital innovation |
II culture |
|
' |
' |
! |
0.132* Firm 0.299%**
| competitiveness
| ( \
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Fig. 2. PLS-SEM results.

Table 6

Mediated effect test results.
Path 95% confidence P- Significance

intervals value

DA — FC — FP — ESG [0.054, 0.119] 0.000 Yes
DA - DM - FP — ESG [0.060, 0.126] 0.000 Yes
DO — DA — FP — ESG [-0.016, 0.036] 0.464 No
DO — DA — DM — FP — ESG [0.026, 0.060] 0.000 Yes
DO — DA — FC — FP — ESG [0.025, 0.056] 0.000 Yes
DR — DA - FP — ESG [-0.015, 0.035] 0.462 No
DR — DA — DM - FP — ESG [0.026, 0.059] 0.000 Yes
DR — DA — FC — FP — ESG [0.024, 0.056] 0.000 Yes
DM - FP — ESG [0.119, 0.236] 0.000 Yes
FC - FP — ESG [0.124, 0.248] 0.000 Yes

Table 7
Moderated effect test results.

Path No moderating variable With moderating variable
B T- Significance  f T- Significance
value value
DA - FC 0.522 13.067 bl 0.470 12.941 bl
DA —>DM  0.541 14.043  *** 0.518  14.062  ***
DIC — FC 0.364 9.731 e
DIC — DM 0.147  3.284 e
DIC x DA 0.132 2.032
- FC
DIC x DA 0.299  9.572 e
— DM

Note: ***p < 0.001; **p < 0.01; *p < 0.05; ns: not-significant.

consistency threshold from 0.60 to 0.65 and increasing the case fre-
quency from 3 to 4, resulting in consistent configuration results.
Therefore, the findings are robust (Ciampi et al., 2021; Yang et al.,
2022b; Zhang et al., 2021a).

6. Discussion and conclusions
6.1. Discussion and theoretical implications

This study offers several implications that enrich our comprehension
of the interplay among digital transformation, firm market performance,
and ESG, in line with the Resource-Based View (RBV) and Dynamic
Capabilities View (DCV) theories. These implications, founded on our
research outcomes, provide valuable perspectives for academics and
industry professionals. Previous research concerning corporate digital
transformation has primarily focused on either market performance (for
instance, Fang et al., 2023; Rahman et al., 2023: Peng and Tao, 2022;
Zhou et al., 2022) or ESG performance (for instance, Camodeca and
Almici, 2021; Ren et al., 2023; Wang et al., 2023a; Zhong et al., 2023).
The paper is the first to employ multiple theories, specifically RBV and
DCV, to enhance our understanding of how digital transformation in-
fluences market and ESG performance (Alkaraan et al., 2022; Chen et al.,
2022). In addition, our research delves deeper into the relationships
between digital innovation culture and the adoption of digitalization,
firm competitiveness, and digital management by examining the
moderating role of a digital innovation culture. Furthermore, by
applying symmetric (PLS-SEM) and asymmetric (fsQCA) methodologies,
our study offers a more comprehensive and nuanced exploration of the
methods used in studying digital transformation and ESG performance,
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Table 8
Calibration positioning points of case variables.
Variables
DR DO DA DIC DM FC FP ESG
Full membership 1.800 1.750 2.200 2.000 1.750 1.900 2.250 2.000
Crossover point 3.600 3.750 3.800 3.600 3.250 3.500 3.750 3.400
Full non-membership 4.800 5.000 4.800 4.800 4.750 4.750 4.750 4.600

Table 9
Analysis of necessary conditions.

Conditional variable High-level ESG

Conditional variable High-level ESG

Consistency Coverage Consistency Coverage
DR-JZ 0.661 0.638 ~DIC-JZ 0.585 0.567
~DR-JZ 0.592 0.577 DM-JZ 0.686 0.696
DO-JZ 0.647 0.620 ~DM-JZ 0.564 0.524
~DO-JZ 0.601 0.589 FC-JZ 0.720 0.694
DA-JZ 0.706 0.685 ~FCJZ 0.546 0.533
~DA-JZ 0.568 0.551 FP-JZ 0.713 0.741
DIC-JZ 0.669 0.650 ~FP-JZ 0.567 0.516
Note: the symbol (~) demonstrates the condition is null.
firm digitization, firm market performance, and ESG based on the RBV
TabFe.lo . . . . and DCV theories. Our findings confirm that digital resources
Sufficiency analysis of conditional configuration. (Pathpr_pa — 0.456, p < 0.001), digital organization (Pathpo_pa —
Configurations 0.459, p < 0.001), digital adoption (Pathpa_py = 0.518, p < 0.001),
1 2 3 4 5 digital management (Pathpy_pp = 0.365, p < 0.001), and firm
DA o ° o o competitiveness (Pathpy_pp = 0.376, p < 0.001) all indirectly and
DIC e} o o) positively affect ESG through firm market performance. Furthermore,
DM ) ) ° ) we observe that digital management and firm competitiveness are key
DO e ® ® ® factors influencing ESG, as they appear in four groups in the antecedent
FDg‘ ° 3 2 ° 3 configuration of ESG (in Table 10). This finding underscores the stra-
FP ° ° ° ° ° tegic role of digital transformation in enhancing firms’ ESG practices,
Raw coverage 0.392 0.401 0.225 0.247 0.258 thereby contributing to sustainability. It is consistent with DCV, which
Unique coverage 0.048 0.023 0.019 0.000 0.000 emphasizes adapting and reconfiguring resources and capabilities in
Consistency 0.873 0.872 0.911 0.908 0.901 response to external changes (Teece et al., 1997).
Solution coverage 0-510 Thirdly, our study observes that a digital innovation culture posi-
Solution consistency 0.856 ’

Note: @core condition present; @) opposite core condition present; © contrib-
uting condition present; O opposite contributing condition present. An empty
cell represents an irrelevant condition.

thereby enriching the research approach in these fields.

Firstly, our research reveals that firm market performance positively
impacts ESG (Pathgp_gsg = 0.482, p < 0.001) and is present in all five
antecedent configurations of ESG establishment (in Table 10). Many
firms have embarked on digital transformation initiatives in the context
of digital reform. By leveraging digital technology to enhance their
market performance, they acquire the tools necessary for more sub-
stantial engagement in ESG practices. This result suggests that firms’
engagement in ESG practices can be enhanced through improved market
performance, leading to an increased societal impact. This finding aligns
with RBV, as firms use their unique resources and capabilities to achieve
a competitive advantage, leading to improved market performance and
ESG outcomes (Barney, 1991). High-quality development of firms al-
lows them to increase market share and profitability, providing
numerous jobs for society. It is crucial in eradicating poverty and pro-
moting social equity (Losa-Jonczyk, 2020). Moreover, improved firm
market performance contributes to employees’ psychological well-being
by fostering investments in workforce development, material resources,
and funds to enhance the working environment and job satisfaction
(Kim et al., 2022). Such investments support employee training and
continuing education, facilitating the joint sustainable development of
employees and firms (Cristea et al., 2022; Kim et al., 2022).

Secondly, our study proposes and validates a research model linking

tively moderates the relationship between digital adoption (Path-
picxpA—Fc = 0.132, p < 0.05), digital management (Pathpicxpa—pm =
0.299, p < 0.001), and firm competitiveness, which aligns with the DCV
perspective in Section 2.3, as it demonstrates the role of dynamic ca-
pabilities in fostering adaptability and innovation (Teece et al., 1997). A
digital innovation culture integrates digital technology (Yang et al.,
2022b) and condenses public social opinion and government guidance
on digitalization from the external environment into a cultural atmo-
sphere. Firms that incorporate this digital innovation culture into their
organization can experience significant benefits in implementing digital
transformation, which can improve their market performance and ESG
practices (Khattak et al., 2021). A digital innovation culture helps
remove the ideological burden associated with implementing digital
management and enables firm managers and employees to reach a
consensus that promotes smooth digital transformation. Digital tech-
nology has demonstrated remarkable potential in product R&D design,
process optimization, and transformation (Zhang et al., 2022b).
Fourth, our study sheds light on the specific implications of digital
transformation for small and medium-sized enterprises (SMEs) in
enhancing both market performance and ESG performance and enriches
the research achievements in this field (in Table 1). The rise of digital
technology and digital transformation has provided SMEs with unique
development opportunities (Marcysiak and Pleskacz, 2021). To seize the
digital dividend, firms should pay attention to the impact of technology,
organization, and the environment (Xu et al., 2021). Digital trans-
formation requires the consideration of digital resource reserves
(human, material, and financial resources), adequate preparation of
resources, strategy formulation and implementation, and digital
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organization and management. These elements are vital for enhancing
competitiveness and market access. Thus, firms should combine digital
resources and personnel training to support digital technology applica-
tions and transformation. This process requires strong leadership and
strategies to overcome resistance from internal and external stake-
holders. Digital management aims to mitigate this resistance and facil-
itate efficient, engaging digital transformation, ultimately improving
SMEs’ competitiveness, market performance, and ESG outcomes, high-
lighting the importance of addressing the unique challenges and op-
portunities these enterprises face in the digital era. Our results suggest
that the benefits of digital transformation extend beyond improving
efficiency and competitiveness to enhancing ESG performance, high-
lighting a new dimension of the impact of digital transformation on
SMEs.

In conclusion, by integrating and applying the Resource-Based View
and Dynamic Capabilities View theories, our study makes several sig-
nificant theoretical contributions to the literature on digital trans-
formation, firm market performance, and ESG. We provide a validated
research model that elucidates the relationships between these con-
structs and offers insights into the role of digital innovation culture in
fostering successful digital transformation. Our findings serve as a
foundation for future research and have practical implications for
businesses seeking to enhance their market performance and ESG out-
comes through digital transformation initiatives.

6.2. Practical implications

Our research, substantiated by fsQCA and PLS-SEM analysis findings,
offers implementable and practical recommendations for practitioners
and policymakers grounded in our results.

Firstly, applying Digital Solutions should take precedence, especially
those that align with particular ESG objectives. For instance, SMEs could
consider investing in energy management systems to streamline energy
consumption and reduce greenhouse gas emissions. Alternatively,
implementing supply chain management software could ensure
responsible sourcing and fair labor practices. When digital trans-
formation efforts are tied to ESG goals, technology can be effectively
leveraged to enhance sustainability performance.

Secondly, the Strategic Integration of ESG objectives into the firm’s
overarching strategy is essential. To facilitate this, ESG leaders should be
appointed to guide and oversee sustainability initiatives. Alongside this,
firms should prioritize fostering digital competencies and sustainability
awareness in employee training and development programs, empower-
ing their workforce to contribute to ESG objectives.

The third recommendation is to encourage Cross-functional Synergy.
By fostering cross-departmental collaboration and information ex-
change, firms can ensure that their digital transformation and ESG ini-
tiatives are coordinated and mutually reinforcing. An example could be
IT and sustainability departments partnering to identify digital solutions
that optimize resource use and minimize waste.

Fourthly, the implementation of Continuous Monitoring is essential.
By applying a comprehensive ESG performance measurement frame-
work, firms can track the progress of their digital transformation and
sustainability initiatives. Regular review and adjustment of ESG strategy
based on performance data will enable continuous improvement and
flexibility in response to changing market conditions and stakeholder
expectations.

It is also necessary to consider Industry-specific considerations for
digital adoption. Digital adoption’s impact varies across industries, each
facing unique digital transformation opportunities and challenges. By
recognizing these industry-specific nuances, practitioners can tailor
their digital transformation strategies to address their field’s unique
challenges and opportunities, optimizing the benefits of digital
adoption.

Lastly, the alignment of Business Objectives and Firm Culture is
crucial. Companies must ensure that digital transformation efforts
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harmonize with business goals and foster a supportive corporate culture
promoting digital innovation. In doing so, companies can maximize the
use of digital technologies to achieve strategic objectives and create a
comprehensive approach to digital transformation. Clear communica-
tion and support for employees throughout the digitalization process can
ensure a smooth transition and encourage active engagement in digital
initiatives.

By integrating these practical suggestions, companies can cultivate a
cohesive approach to digital transformation and ESG performance
enhancement, placing themselves in a position of competitive advantage
and setting the stage for sustainable success.

6.3. Limitations and future research

This research has produced specific results, but there is room for
improvement. The research sample is mainly derived from the cross-
sectional data of firm respondents. The different impacts on ESG
before and after the digital transformation would provide powerful
lessons for the transformation process due to the adoption of digital tools
and help in designing smoother paths; subsequent research can consider
adopting a phased follow-up study and a Multigroup analysis (MGA) to
explore differences in ESG practice between two data samples. One
limitation of this study is that the second hypothesis, H2 (Digital
adoption has a positive effect on market performance), was found un-
supported in some cases, indicating that digital adoption might have
different effects on market performance in specific situations or in-
dustries. As a result, we have added a discussion on how the impact of
digital adoption may differ across various industries and scenarios,
emphasizing the need for future research to explore this issue further.
Future research could identify the conditions under which digital
adoption leads to varying outcomes and further examine these re-
lationships in different contexts. The measurement of the selected var-
iables is derived from the subjective judgment of the respondents, which
may lead to cognitive biases; in future research, various information and
data collection methods can be considered, including case study
methods, to obtain the expanded conclusions of this study. The samples
in this study are all from China, and the regions and systems of different
countries may have other impacts; an international comparative study
would provide exciting lessons. Furthermore, future studies can also
examine the potential moderating role of industry-specific factors, firm
size, or market conditions in the relationship between digital adoption
and market performance to better understand the findings’
generalizability.

6.4. Conclusions

This research investigates the impact of digital transformation on
firm market performance and ESG performance in Chinese small and
medium-sized enterprises (SMEs). It establishes that digital trans-
formation positively influences both aspects. The PLS-SEM analysis
demonstrates that digital resources, organizational structure, technol-
ogy adoption, management practices, and firm competitiveness all
indirectly and positively impact ESG performance through the medi-
ating effect of firm market performance. Furthermore, firm market
performance has a direct positive influence on ESG performance. The
fsQCA analysis reveals no singular precondition for establishing ESG
performance; however, firm competitiveness and market performance
are sufficient conditions for achieving strong ESG performance. It em-
phasizes the importance of fostering a competitive business environ-
ment and leveraging digital transformation to enhance market
performance, ultimately driving improvements in ESG performance.
This study also uncovers the moderating role of digital innovation cul-
ture, which positively influences the relationships between digital
adoption and firm competitiveness, as well as digital adoption and
digital management. Based on our findings, we provide theoretical,
practical, and policy references to help SMEs improve their
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competitiveness, market performance, and ESG practices. By incorpo-
rating these insights, SMEs can better leverage digital transformation to
achieve sustainable growth and long-term success.
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Digital transformation (DT) is a long-term strategy for economic sustainability, particularly for manufacturing-oriented
economies. This study proposes a digital ESG (DESG) theoretical framework to investigate how DT empowers ESG perfor-
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in all, the published research dominantly investigates
ESG characteristics and prefers to examine ESG effects
on some other factors.

However, little research has shed light on solutions
for the improvement of manufacturing ESG, although a
comprehensive review study by Gillan et al. (2021)
uncovers some factors from various perspectives, such as
market characteristics, executive compensation, firm per-
formance and value, ownership, and firm risk.
Additionally, Du and Jiang (2022) support the existence
of a positive relationship between digital transformation
(DT) and firm productivity in Chinese enterprises.
Saxena et al. (2023) suggest that advanced technologies
empower ESG performance from an Industry 4.0 per-
spective. The advanced e-learning technologies may con-
tribute to sustainability in the new normality era (Fulop
et al., 2022, 2023). Nevertheless, the baseline theoretical
framework of DT as an ESG solution in the specific
manufacturing industry has been investigated less often.

This is a vital topic because the economy of develop-
ing countries is mostly driven by the manufacturing
industry, and economic sustainability in merging nations
depends on sustainable manufacturing. Additionally,
developing economies are characterized by industrializa-
tion, so ESG investment in the manufacturing industry is
crucial for economic sustainability in developing coun-
tries. Empirical evidence shows that during the COVID-
19 outbreak, poorly digitized institutions were fragile,
while high-level-digitization organizations were quite
flexible (Fletcher & Griffiths, 2020). Accordingly, this
study bridges this gap and proposes upgrading ESG to
digital ESG (DESQG) as a solution for sustainable devel-
opment in the manufacturing industry. By sampling
Chinese manufacturing firms, it further examines how
digitization contributes to ESG performance in the man-
ufacturing industry.

Studies investigating the heterogeneity of DT effects
on ESG performance are few and far between (no related
research could be found in Google Scholar by searching
for “ESG spatial heterogeneity”), although the digitiza-
tion contribution to economic growth from a macro-
perspective and to ESG performance from a micro-
perspective has been extensively discussed in general.
This study bridges the gap to investigate how DT differ-
ently contributes to ESG performance in the manufac-
turing industry in different manufacturing aspects, such
as ownership, labor intensity, and spatial heterogeneity.
Manufacturers from different regions with different eco-
nomic and business contexts have various DT demands
and ESG awareness, so the general findings from exist-
ing studies may not address heterogeneity.

China, as the global leader in manufacturing opera-
tions, has achieved remarkable development over recent
decades (L. Li, 2013). China’s manufacturing industry

consists of 31 categories with 609 sub-categories, fully
covering the whole industrial chain of the major cate-
gories. Thus, this study, which is based on China’s man-
ufacturing industry, has reference value for other
manufacturing-oriented countries. Since the concept of
Industry 4.0 transforming machine-dominant into
digitization-driven manufacturing was introduced in
Germany in 2011 (Aceto et al., 2020), DT has been
encouraged by the majority of manufacturing firms,
because it can boost enterprise profitability (Du & Jiang,
2022). Additionally, emerging environmentally friendly
technologies, such as the Internet of Things (IoT) and
cloud computing, may also facilitate sustainable develop-
ment with less pollution in the long run. Especially dur-
ing the outbreak of the COVID-19 pandemic, DT
facilitated working from home, online teaching, and
online meeting; thus, its advantages are prominent and
have attracted extensive discussions. On this basis, it is
proposed that DT could contribute to the ESG perfor-
mance of manufacturing firms in developing countries.
This study aims to address this question.

Building on the argument above, this study proposes
a digital ESG (DESG) theoretical framework to investi-
gate how DT empowers ESG performance in the manu-
facturing industry. Using Python, we collected data from
Chinese manufacturing firms from 2009 to 2020, and we
employed the ordinary least squares (OLS) method to
examine the relationships among DT, ESG performance,
and manufacturing ESG heterogeneity. The results show
that DT may contribute to manufacturing ESG perfor-
mance in general, that labor-intensive and non-state-
owned enterprises benefit more from DT than their
counterparts, and that manufacturers in economically
developed regions show more significant ESG perfor-
mance thanks to DT. This research presents a DESG
theoretical framework whereby digital technologies facil-
itate business production and improve the business prof-
its of manufacturing firms, so that manufacturers have
sufficient profits to invest in ESG for sustainable devel-
opment in a virtuous cycle.

The research contributions are threefold: First, this
study demonstrates a baseline theoretical framework
whereby DT contributes to manufacturing ESG perfor-
mance in developing counties, called DESG theory. This
theory can be viewed as a favorable solution for ESG
improvement in the manufacturing industry. Second, it
uncovers the heterogeneity of DT effects on manufactur-
ing ESG performance in terms of ownership, labor inten-
sity, and spatial aspects. This research also expands the
relevant research on the economic spillover effects of
DT. Third, as China has the vast majority of industrial
chains, this study, which is based on China’s manufac-
turing industry, has reference value for the sustainable
development of manufacturing-driven developing
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economies. The findings are helpful for policy makers
and enterprise managers in developing countries to use
DT to promote energy conservation and emission reduc-
tion in enterprises, and provide a certain theoretical ref-
erence and method reference for realizing green
transformation and low-carbon goals.

Theoretical Framework and Hypotheses

From a macro-perspective, digital infrastructures signifi-
cantly facilitate economic growth in developed and devel-
oping countries (Shiu & Lam, 2008), and their
contribution penetrates the industry in the Industry 4.0
era as the manufacturing industry upgrades from an
equipment-dominated model to a digitization-oriented
model (Aceto et al., 2020), namely, it undergoes digital
transformation. DT refers to using new digital technolo-
gies to improve major businesses by, for example, creat-
ing new business models, satisfying customer demands,
increasing firm performance, etc. (Fitzgerald et al., 2014).

As Route 1 in Figure 1 shows, these novel technolo-
gies include artificial intelligence (Al), data mining,
cloud computing, the IoT, block chain, etc., and may
contribute to ESG improvement. These digital technolo-
gies play a crucial role in accurate ESG reporting, and
ESG investment is associated with Al capabilities
(Saxena et al., 2023). In addition, S@tra (2023) argues
that the AI ESG protocol is a solution for ESG assess-
ment and disclosure. D’Amato et al. (2022) employed a
machine learning approach to assess the effect of finan-
cial balance sheets on the ESG score. Furthermore, Big
Data have been widely used for ESG reporting (Lee &
Kang, 2016). Landaluce et al. (2020) suggest that IoT
devices facilitate the collection of real-time data for ESG
assessment. Liu et al. (2021) assert that a block chain-
based framework can be helpful for ESG evaluation.
Thus, ESG improvement is significantly related to digital
technology development.

Route 2 in Figure 1 shows that some literature stud-
ies document the relationship between DT and ESG
performance from the perspectives of the environment,
social responsibility, and corporate governance. P.
Chen and Hao (2022) evidence that DT may remarkably
promote the corporate environment in Chinese listed
firms and that DT willingness is determined by various
firm board structures promoting national diversity, dif-
ferent political connections, age diversity, etc. Burritt
and Christ (2016) argue that the technological process
of Industry 4.0 has motivated a comprehensive digital
revolution in general, which could eventually contribute
to environmental conservation. Furthermore, Gupta
et al. (2020) demonstrate that cloud computing technol-
ogy such as cloud ERP systems could optimize resource
utilization and accordingly contribute to environmental

performance. Furthermore, DT may not only cultivate
environmental awareness of consumers in terms of
shopping activities (D. Li & Shen, 2021) but also moti-
vate environmental innovation, because personalized
products cater to customer demands and accordingly
maximize product value for both consumers and manu-
facturers (Varadarajan, 2020).

In terms of social responsibility, Baker et al. (2021)
document that green innovation and technological
improvement motivate enterprises to take more social
responsibility, because DT facilitates recognizing and
acquiring information from shareholders, consequently
promoting information disclosure quality. Consistently,
employees in social responsibility-engaged firms are
more motivated to improve new production processes
and look for new technologies and methods (Broadstock
et al., 2020). Especially during the COVID-19 lockdown
period, digital technologies played a remarkable role in
social responsibility within business sustainability, as in
the cases of working from home, online shopping (Wade
& Shan, 2020), and online studying (Fuilop et al., 2022).
Accordingly, the association between DT and social
responsibility has been strengthened.

Regarding corporate governance, digital transforma-
tion contributes to the operating performance of manu-
facturing firms, because DT facilitates manufacturers in
dynamically monitoring the production process and ulti-
mately improving firm operating performance. Jabbour
et al. (2018) discuss some crucial determinants for the
integration of DT and environmentally sustainable man-
ufacturing and support the existence of a positive rela-
tionship between them, because digital technologies
could provide firm managers with real-time information
about production, logistics, and customer services; thus,
this efficient business environment could promote sus-
tainable development. Additionally, excellent ESG per-
formance not only can maximize shareholder value, but
it can also maximize firm lawsuits, so that firms have
more capital for corporate governance (Albuquerque
et al., 2019). On the contrary, underperformance indi-
cates an unsound governance system that may damage
the interests of both internal and external stakeholders
and result in a range of negative effects, such as decrease
in firm value and interruption of firm sustainability
(Jones, 1995).

Furthermore, DT contributions to corporate govern-
ance have been extensively discussed in other aspects.
For instance, DT could contribute to productivity (Du &
Jiang, 2022), financial performance (Hajli et al., 2015),
competitiveness advantages (Benner & Waldfogel, 2023;
Bruce et al., 2017), and innovation performance (Ferreira
et al., 2019; Usai et al., 2021). Therefore, outstanding
governance performance may promote firm profit and
value, resulting in firms having more capital to pursue
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Figure I. A route map of DT contributions to digital ESG in the manufacturing industry.
ESG investment. Therefore, this development concept However, specific studies discussing how DT improves
calls for managers to pursue the upgrading of technolo- the ESG performance of manufacturing firms are scarce

gies in the digitalization era. (Route 3 in Figure 1), and there are no existing literature
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studies directly theorizing the relationship between digital
transformation and manufacturing ESG. The indirect
relationship can be theorized through Route 1, Route 4,
and Route 5, respectively. As discussed above, DT
upgrades manufacturing technologies that improve busi-
ness performance (Du & Jiang, 2022), so that outstand-
ingly performing manufacturers have sufficient money
for ESG investment (Aich et al., 2021), as indicated by
Route 4; furthermore, economic returns motivate stake-
holders to consider ESG performance for sustainable
development in the long run.

Based on the above, a DESG theoretical framework
for the manufacturing industry is inferred for Route 3
and investigated in this paper. Digital technologies facili-
tate business production and improve the business profits
of manufacturing firms, so that manufacturers have suffi-
cient profits to invest in ESG for sustainable development.
Such ESG performance may promote manufacturers’
social reputation and strengthen firm competitiveness,
consequently increasing firm value. This virtuous cycle
facilitates the sustainable development of manufacturers.
This study proposes the below hypothesis.

H1: The greater the digital transformation is, the better
the ESG performance of manufacturing firms in devel-
oping economies is.

The heterogeneity of DT effects on ESG performance
manifests as labor intensity, spatial differences, and own-
ership. Manufacturing, as an economic driver in devel-
oping countries, has characteristic heterogeneity in terms
of labor intensity, spatial characteristics, and ownership
(Huang et al., 2021). Heterogeneity can result in different
effects of DT on ESG performance, so general findings
that lack heterogeneity analyses would be unable to
address these aspect-specific issues. This study conducted
an in-depth analysis to investigate heterogeneity in terms
of labor intensity, spatial characteristics, and ownership.

In terms of labor intensity, labor is the most important
advantage for manufacturing firms in developing coun-
tries, as economic growth may benefit from labor-
intensive industries (Banerji, 1975). With the gradually
growing labor cost, DT is an optimum option to address
labor cost-related issues, through which manufacturers
can save more money to invest in productivity and govern-
ance performance (Du & Jiang, 2022), which accordingly
improves ESG performance. On the contrary, the effect of
DT on ESG performance in less labor-intensive industries
may be different. Additionally, DT application has
remarkably increased labor wage in the manufacturing
industry, but it has also reduced the employment rate, and
this effect varies across industries (Dai et al., 2022). Graetz
and Michaels (2018) report a similar finding, indicating
that low-skill-based positions are more easily replaced by

Al This significant unemployment rate challenges the
social responsibility of DT-orientated manufacturers;
however, some studies suggest a positive relationship
between DT and employment rates. Pissarides (2000)
asserts that upgrading technologies drives economic
growth, which generates a number of new jobs, which in
turn increases employment demands (labor intensity).

Furthermore, in labor-intensive manufacturing firms,
digital technologies facilitate assessing employee working
performance with accuracy, which motivates their inno-
vative potentials and increases their job satisfaction
(Leonardi & Contractor, 2018); accordingly, this
improves the firm ESG performance, because DT opti-
mizes corporate governance, making insider information
transparent, drawing attention to job performance, and
making incomes fair (Marler & Dulebohn, 2005). Based
on the above discussion, this study proposes a second
hypothesis, reported below.

H2: The DT effects on ESG performance are more sig-
nificant in labor-intensive manufacturing firms than in
others.

From the spatial heterogeneity perspective, uneven
regional development disparity manifests in many forms
in the long run, such as economic, institutional, cultural,
and social aspects (Breinlich et al., 2014). As DT is a new
technology-based business process, its application and
development need a large number of advanced techni-
cians; developed regions may attract more technical talents
than others, which potentially leads to DT implementation
heterogeneity. Additionally, the disparity is associated
with firm performance heterogeneity. Manufacturing
firms in developed regions have more transparent govern-
ance information, stronger environmental awareness, and
more social responsibility than others, which attracts more
outside investors and increases firm value (Zhou et al.,
2022). Thus, these firms are more likely to invest in ESG
and achieve technological innovation.

The ESG options for manufactures in different
regions vary and are determined by local economic, insti-
tutional, and cultural factors. Furthermore, local digiti-
zation varies because of these factors. Accordingly, the
spatial heterogeneity of DT effects on ESG performance
occurs. South China’s economy develops well with effi-
cient institutions, where manufacturers regard public
environmental awareness and social responsibility as
important strategies. In addition, well-developed local
economies support local fiscal expenditure on improving
the business environment and funding manufacturers,
which eases the financial pressure on firms, which conse-
quently have more money to invest in ESG performance.
Furthermore, manufacturers have more options to deal
with their capital shortage in economically developed
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regions. In contrast, manufacturers in North China have
fewer advantages because of underperforming local
economies; the majority of manufacturers have no digiti-
zation awareness but may want to invest in ESG.
Presumably, the DT effect on ESG in South China is
more significant than that in North China.

Digital infrastructure disparity may also result in spa-
tial heterogeneity. Comparably, the digital infrastructure
is well constructed in South China, where the integration
of digitization and production optimizes the industrial
structure in the long run, accelerates digital transforma-
tion, and eventually drives high-quality economy (Tian
& Li, 2022). All these outcomes contribute to the poten-
tial of ESG. As North China lags in these aspects, manu-
facturers have no motivation in terms of technological
inputs and ESG investment. Therefore, a hypothesis on
spatial heterogeneity is proposed below.

H3: The DT effects on ESG performance in developed
South China economies are more significant than those
in underdeveloped North China economies.

Regarding ownership heterogeneity, SOEs have
greater access to financial support from the government
and state-owned institutions (Shih et al., 2021), so they
have no short-term capital pressure on business opera-
tion and have sufficient money to invest in ESG.
Additionally, the marginal effect of ESG improvement is
very low in SOEs. Furthermore, SOEs take more social
responsibility for media coverage and political promo-
tion, such as employment and environment protection
(Hsu et al., 2021). On the other hand, non-SOEs have no
incentives; they pursue short-term business and market
returns (Zhou et al., 2022), risk management (Wen et al.,
2022), and better financial performance (Z. Chen & Xie,
2022) and reduce information asymmetry between man-
agers and shareholders (He et al., 2022). To achieve this
target, non-SOEs implement DT programs to improve
ESG performance, showing stakeholders development
potential in the long run (M. Yu & Pan, 2010).

On the other hand, L. Xu et al. (2020) suggest that
SOEs have significant agency issues deriving from manag-
ers who engage in ESG investment for their personal rep-
utation and political connections. For instance, SOE
managers overdo ESG investments for their political per-
formance when national elections approach. This attempt
results in a negative relationship between ESG perfor-
mance and firm financial performance (Brammer et al.,
2006). From this point of view, ESG performance in non-
SOEs is more likely to be better than that in SOEs.

SOEs and non-SOEs have different DT purposes.
SOEs have dual roles, acting as governors and partici-
pants; thus, the DT and ESG strategy is more motivated
by institutional and political factors than economic ones

(B. Wang & Yang, 2022). On the other hand, non-SOEs,
as pure market participants, engage in ESG projects to
pursue growing economic returns and market value.
Therefore, the relationship between DT and ESG is
stronger in non-SOEs than in SOEs.

As Shih et al. (2021) suggest, SOEs have greater
access to financial support from the government and
state-owned institutions, and sufficient financial support
may facilitate DT. They are less likely to improve ESG
performance by means of DT. In addition, it is unlikely
for SOEs to obtain more economic returns from capital
markets by means of DT (Wu et al., 2021). Non-SOEs,
on the other hand, do not have these financial privileges,
and they seek to achieve sustainable development by
means of ESG improvement and obtain more funding
from financial institutions in consequence. Therefore,
non-SOEs have strong DT incentives and improve ESG
performance by upgrading technologies. Based on the
above discussions, this study suggests the below
hypothesis.

H4: Compared with SOEs, DT contributes to ESG per-
formance in non-SOEs to a great extent.

Having the comprehensive review above, Table 1
demonstrates the literature gaps marked with ], which
few studies shed light on. While the existing studies
mainly concentrated on Route 1 to 2 and 4 to 5 in Figure
1, except Route 3, which this research contributes to.

Data and Methodology
Data

Data were collected from some of China’s leading data-
bases, including the China Stock Market & Accounting
Research (CSMAR) database (https://cn.gtadata.com),
the WIND database (https://www.wind.com.cn/portal/
en/WDS/database.html), the MARK database (https://
www.macrodatas.cn), and Shenzhen Securities
Information Company (http://www.cninfo.com.cn/new/
index). These databases have been extensively used by
scholars (Cheung et al., 2013; X. Xu et al., 2018).

The initial 31,992 samples came from 2,816 manufac-
turing firms listed on China’s A-share during 2009 to
2020, and 20,147 samples were ultimately considered
valid after various data treatment methods were applied:
(1) removal of variable-deficient samples; (2) removal of
ST and ST* firms (because of financial deficit in 1 and
2 years, respectively); (3) given the influence of some
extreme data values, tail shrinkage of extreme values of
all major variables by 1% and 99%; (4) removal of firms
with unclear ownership; (5) removal of firms with an
asset-liability ratio over 1.



Wang et al.

Table |I. Summary of Comprehensive Literature Review.

Route | Route 2 Route 3 Route 4 Route 5
DT to ESG in
DT to firm manufacturing Firm performance ESG in
performance DT to ESG industry to ESG Manufacturing
DT heterogeneity ~ Saxena et al. (2023), P. Chen and Hao ™ Aich et al. (2021) Aich et al. (2021),
Saetra (2023), (2022), Burritt and Du & Jiang, 2022
D’Amato et al. Christ (2016), Gupta
(2022), Lee and Kang et al. (2020),
(2016), Landaluce et Varadarajan (2020),
al. (2020), Liu et al., D. Li and Shen
2021 (2021), Huang et al.,
2021
Heterogeneity Du and Jiang (2022), Marler and Dulebohn ™ * Zhou et al. (2022)
in firms Hajli et al. (2015), (2005)
Benner and
Waldfogel (2023),
Bruce etal. (2017),
Ferreira et al. (2019),
Usai et al., 2021
Regional * Huang et al. (2021) ™ Breinlich et al. *
heterogeneity (2014), Zhou et
al. (2022), Tian &
Li, 2022
Heterogeneity Shih et al. (2021) Wu et al. (2021), ™ L. Xu et al. (2020) Hsu et al. (2021),
in ownership Huang et al., 2021 M. Yu and Pan
(2010), Shih et al.,
2021

*There is no evidence to support the points upon the literature review for this study.

Methodology

Figure 2 indicates a methodology flowchart. This study
conducts a univariate 7-test to assess ESG performance.
After that, it investigates further what extent digitization
improves ESG performance, followed by a robustness
test to confirm the relationship between DT and ESG
performance. Upon the findings, this study employs
mediated effect model to investigate the conductive effect
of DT on ESG performance by firm performance.
Finally, this study conducts a heterogeneity analysis to
offer insights into it in terms of labor intensity, spatial
characteristics, and ownership, respectively.

Based on Khalid et al. (2021), this study developed an
OLS regression model to investigate Route 3, which con-
cerns the DT effects on ESG performance.

ESG; (|InESG; ; = 89 + 0,DTS; |Indts; , + 0,Size; ;
+ 0sLev; , + 04Grow; , + 0sPPE; ,
+ O¢lntang; ; + O7Invent; ;, + 03Age; ,
+ 09Dualpo; , + 019So0e;

12
+ 014 Zi:1 Year; ;, + ¢

where DTS and Indts are the indicators measuring the
degree of digital transformation of manufacturing com-
panies, and ESG and InESG are the indicators for mea-
suring the ESG rating of manufacturing enterprises.
Because of significant data dispersion, this study sepa-
rately used logarithmic ESG (InESG) and DTS (Indts) to
address the research questions. Based on previous theo-
retical analysis, if 81 is significantly positive, it means
that the higher the degree of digital transformation is,
the higher the ESG performance is, which in turn high-
lights that digital transformation is conducive to improv-
ing ESG performance.

Digital Transformation. Based on Wu et al. (2021), DTS
was measured with the frequency of 76 digitally related
words in five dimensions: artificial intelligence, Big Data,
cloud computing, and blockchain, as shown in Figure 3.
Indts is the result of taking the logarithm after adding 1
to DTS. Specifically, we used Python crawler to down-
load the annual reports of the sample companies from
2009 to 2020, sorted the original report texts into panel
data, and then counted and sorted out the length of the
full text of the companies’ annual reports. After that, we
built a dictionary of corporate digital terms and
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Figure 2. Methodology flowchart.

expanded the vocabulary to the Jieba database after
removing stop words. After counting the frequency of
these words in the full text of the annual reports, we
finally constructed an index to measure the degree of
digital transformation of the enterprises.

ESG Evaluation. Although there are many ways for
evaluating ESG performance, considering data availabil-
ity and referring to Shahab et al. (2020) and Khalid et al.
(2021), this study employed the frequently used ESG
scores from China’s leading ESG assessment database
(Sino-Securities Index). This method assesses three key
indicators, that is, environment, social responsibility, and
governance, including 80 plus ultimate indicators from
some sub-indicators (climate change, resource utilization,
environmental management, human capital, product lia-
bility, data security and privacy, shareholder interest,
governance structure, etc.). The ESG ratings include nine
tiers of ratings from AAA to C (AAA, AA, A, BBB, BB,
B, CCC, CC, and C) scoring from 9 to 1, respectively.
This method has been adopted by other researchers (Lin
et al., 2021).

Following Khalid et al. (2021) and Zhou et al. (2022),
this study included some control variables, whose descrip-
tion and measurement methods are reported in Table 2.

Instrumental Variable Estimation. In line with Breuer et al.
(2018), this study used the 1-year-lagged average DT
degree of other firms in the same industry and province
where the sample firms were registered as an instrumental
variable. After controlling for endogeneity, the interac-
tive relationship between DT and ESG still showed a sig-
nificant positive correlation. The models are expressed
below.

DTSI',,UI’ldtS,"t = QY + 0L1L.MDTS,'J_] |L.Mll’ldtSj,t_1
+ a,Controls; ; + ¢

ESG;|InESG;; =B, + B DTS |Indts; , + B,Controls;, + €
(3)

where L.MDTS and L.MIndts represent the average DT
values of other manufacturing firms in the province
where the sample companies were registered.

To demonstrate the theoretical framework in Figure
1, this study employed mediated effects models to inves-
tigate the conductive effect of DT on ESG performance
by firm performance. In line with Mackinnon et al.
(1995), the mediated models were developed as shown
below.
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Artificial intelligence Big data

artificial intelligence, business
intelligence, image interpretation,

investment decision support system, big data, data mining, text

intelligent data analysis, intelligent L ) o
; . mining, data visualization,

robot, machine learning, deep

learning, semantic search, biometric isomerous data, credit record,

technology, face recognition, speech

.. . . . . augmented reality, mixed reality,
recognition, identity  verification,

automatic driving, natural language
processing

Digital Transformation

Clod computing Block chanin

cloud computing, stream computing,

graph computing, memory

computing, multi-party secure block chain, digital currency,
computing, brain-like computing, <:> Lo .
green computing, cognitive distributed computing,
computing, converged architecture, differential privacy technology,

hundreds of millions of concurrency,

smart financial contracts

exabytes of storage, Internet of
Things, cyber-physical systems

Digital technology applications

mobile internet, industrial internet, internet medical, E-commerce, mobile payment, third-party Payment,
NFC payment, smart energy, B2B, B2C, C2B, C2C, 020, network union, smart wear, smart agriculture,
smart transportation, smart healthcare, smart customer service, smart home, smart investment, smart
cultural tourism, smart environmental protection, smart grid, smart marketing, digital marketing,
unmanned retail, internet finance, digital finance, Fintech, financial technology, quantitative finance,
open banking

Figure 3. DT-related indicators searched for word frequency statistics in the manufacturing industry.
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Table 2. Variable Definitions and Measurement Methods.

Variable
Type Name Abbreviation Measurement method
Dependent variables ESG evaluation ESG Scores from | to 9 according to the ESG rating of
Sino-Securities Index, greater values mean better
ESG performance.
LnESG Logarithmic ESG = In(ESG)
Independent variables Digital transformation DTS Digitization keyword frequency of a firm (Wu et al,,
2021)
Indts Logarithmic digitization keyword frequency plus
I =In(DTS + I) (Wu etal, 2021)
Dfreq Digitized keyword frequency accounts for the total
text length
Cpnum Dfreq multiplied by 100
Dummy digital transformation Duml DTS is | if it is higher than the industrial average
value in the same year; otherwise, it is 0
Dum?2 Indts is | if it is higher than the industrial average
value in the same year; otherwise, it is 0
Control variables Firm size Size Logarithmic total assets at the end of a
year =In(assets)
Financial leverage Lev Total debts/total assets at the end of a year
Growth potential Grow Tobin’s Q
Fixed asset rate PPE Fixed assets/total assets at the end of a year
Intangible asset rate Intang Intangible assets/total assets at the end of a year
Inventory rate Invent Inventory/total assets at the end of a year
IPO age Age Logarithmic (IPO year — the observed year) + |
Dual tenure as CEO and president DualPo Dual tenure as CEO and president = |; otherwise, 0
Equity ownership Soe A dummy variable that equals | if the major
shareholder is from the government or
government- affiliated institutions; otherwise, the
scoring is 0
Labor intensity Lint Logarithmic annual employee expenditure in cash/
firm revenue
Firm performance ROA Net profits/total assets
Year Year Dummy variables controlling the influence of

macro-economic factors in different years

ROA; ; = ag + o DTS, (|Indts; , + o Controls;, + & (4)

ESG; |InESG;,, = By + B,ROA;,, + B,Controls; ; + €
(5)

To obtain a general result on the relationship between
DT and ESG in the manufacturing industry, this study
conducted a heterogeneity analysis to offer insights into
it from three perspectives: labor intensity, spatial charac-
teristics, and ownership.

China’s traditional manufacturing industry features
labor-intensive companies (Thorbecke & Zhang, 2009), but
gradually growing labor costs have pushed many manufac-
turing firms toward technological upgrading and trans-
formed them into technology-intensive firms. F. Wang
et al. (2020) discusses labor cost heterogeneity across indus-
trial and firm-specific labor intensity levels. Furthermore,
China’s labor-intensive manufacturing firms have het-
erogeneous responses to the association between digiti-
zation and ESG performance, because the digitization

of manufacturing firms may reduce employee quantity
and labor costs in China (Yuan et al., 2021).

Results and Analysis

Descriptive Analysis

Table 3 outlines the distribution of the variables. The
mean value of ESG was 6.306, ranking between A and
BBB. The minimum value of 3.000, ranking as CCC, indi-
cates that all sample firms had embarked on their ESG
evaluations, but some of them did not pay attention to it.
Furthermore, the minimum value (0.000) of DTS indi-
cates that some companies had not yet initiated digital
transformation, so they had other options for their ESG.
This result is supported by the minimum value of Dfreq.
Figure 4 illustrates a remarkable upward trend of digi-
tal transformation from 2009 to 2020; this means that the
manufacturing industry experienced a significant digitiza-
tion process in China during this period and that Chinese
manufacturing firms did not realize it before 2008.
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Table 3. Descriptive Analysis of the Variables.

Variable N Mean Min p50 Max
ESG 20,147 6.306 0.998 3.000 6.000 8.000
InESG 20,147 1.979 0.144 1.099 1.946 2.303

DTS 20,147 4.608 9.609 0.000 1.000 53.00
Indts 20,147 0914 1.134 0.000 0.693 3.989
Dfreq 20,147 0.0004 0.001 0.000 0.000 0.004
Cpnum 20,147 0.038 0.090 0.000 0.002 1.391

Size 20,147 21.90 1.159 19.29 21.76 25.25
Lev 20,147 0.397 0.201 0.052 0.385 0.998
Grow 20,147 2.140 1.356 0.903 1.704 8.952
PPE 20,147 0.229 0.139 0.010 0.203 0.658
Intang 20,147 0.045 0.036 0.000 0.037 0.225
Invent 20,147 0.138 0.087 0.009 0.120 0.477
Age 20,147 1.950 0.906 0.000 2.079 3.434
DualPo 20,147 0.307 0.461 0.000 0.000 1.000
Soe 20,147 0.298 0.457 0.000 0.000 1.000
ROA 20,147 0.046 0.065 —0.221 0.043 0.233
in columns (1) and (2) indicate a significant positive rela-
tionship between firm digitization and ESG performance,
N o which is consistent with the results in columns (3) and

. ° (4). These results significantly support H1.
N ¢ However, there are many other factors associated
" . ¢ with ESG performance. We found a positive relationship
'é “ ° between ESG and firm size (size), growth potential
g » ° (Grow), inventory (Invent), and equity ownership (Soe).
£, On the contrary, a negative relationship was found
. between ESG and financial leverage (Lev), and between
i . ESG and firm age (4ge). This indicates that big compa-
] ° nies and growing firms paid more attention to their ESG
L]
L e eeeeeee® 00000000 performance than others and that state-owned enter-
O I I R OGNSR O NSRS :

LA A A R S S A A prises were keen on ESG performance. However, both
aged firms and higher-leveraged firms were more numer-

Figure 4. Changes in digital transformation from 2001 to 2020.

Univariate Analysis

Next, a univariate 7-test was conducted to assess ESG
performance by setting dummy variables of digital trans-
formation. As Table 2 defines, Duml = 1 if the DTS val-
ues are greater than the mean values; otherwise,
Duml = 0. A similar reasoning is adopted for Dum?2,
evaluated using Indts. As Table 4 shows, the mean values
are greater than the counterpart when Duml, —2 =1 at
a very significant level; this means that the better the
digitization was, the better the ESG performance was.
The preliminary results support H1.

Regression Analysis

The regression analysis presented in the following further
investigated to what extent digitization improved firm
ESG performance. The coefficients (0.0034 and 0.0445)

ous, regardless of their ESG, because of the negative
relationships between ESG and Age, and between ESG
and Lev.

To further investigate the digitization contribution to
ESG performance, this study employed dummy variables
(Duml and Dum?2) instead of DTS and Indts to further
show significance between them. As indicated in Table 5,
the coefficients of both Duml (.0686 and .0101) and
Dum?2 (.0662 and .0100) were found to be significantly
greater than their counterparts (.0034 and .0005, and
.0445 and .0068, respectively) shown in Table 6. This
relationship becomes more significant when we consider
firm digitization at a higher level, indicating that the
greater the digitization was, the better the ESG perfor-
mance was.

As digitization is a time-consuming strategy, it has
lagged effects on firm ESG. This study next investigated
the relationship between 1-year-lagged digitization and
ESG. Table 7 shows a comparable positive relationship
between lagged digitization and ESG compared with that
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Table 4. T-test of ESG by Digitization Groups.
Variable Group No. Mean Difference Tvalue
Panel A ESG Duml =0 15,413 6.2857 —0.08632 —5.2088%***
Duml =1 4,734 6.3720
ESG Dum2=0 12,664 6.2724 -0.09026 —6.2089***
Dum2 = 7,483 6.3627
Panel B InESG Duml =0 15,413 1.9760 -0.01212 —5.0548%**
Duml =1 4,734 1.9881
InESG Dum2=0 12,664 1.9743 -0.01221 —5.80 1 4%**
Dum2 = 7,483 1.9865
Note. Two-tailed test.
*rp < 01,
Table 5. Relationships Between Dummy Digitization and ESG Performance.
) 0] ©) “)
ESG ESG INESG InESG
Duml =1 0.0686*** (2.71) 0.0101*** (2.84)
Dum2=1 0.0662*** (2.97) 0.0100*** (3.18)
Size 0.3407*** (23.29) 0.3400%** (23.21) 0.0469*** (22.92) 0.0467+** (22.83)
Lev —1.0097*** (-12.85) —1.0097*** (-12.86) —0.1510%** (-13.09) —0.1510%** (-13.10)
Grow 0.0405*** (4.84) 0.0404*** (4.83) 0.0054*** (4.48) 0.0053*** (4.47)
PPE 0.0196 (0.20) 0.0198 (0.20) —0.0007 (-0.05) —0.0006 (-0.04)
Intang —0.1424 (-0.41) —0.1350 (-0.39) —0.0229 (-0.43) —0.0218 (-0.41)
Invent 0.7012*** (4.47) 0.6980*** (4.45) 0.1030*** (4.69) 0.1026*** (4.68)
Age —0.0574*** (-3.69) —0.0570*** (-3.67) —0.0112%*** (-5.05) —0.0112%** (-5.04)
DualPo -0.0235 (-0.99) -0.0239 (-1.00) —-0.0039 (-1.15) —0.0040 (-1.16)
Soe 0.3605%** (9.29) 0.3604*** (9.30) 0.0519%*%* (9.63) 0.0519%** (9.64)
Year YES YES YES YES
_cons —0.9595%** —0.943 | **x* 0.995 | ##* 0.9977***
=3.11) (-3.05) (23.17) (23.20)
N 23,127 23,127 23,127 23,127
r2 0.1579 0.1580 0.1434 0.1435
r2_a 0.1571 0.1572 0.1426 0.1427

Note. t-Statistics in parentheses.
*EED <01

shown in Table 6. This finding suggests that digitization
not only contributed to firm ESG performance but also
had a profound effect on it. Additionally, financial lever-
age had a very significant lagged side effect on ESG per-
formance, given that the negative coefficients are greater
than those in Table 6. Other factors (Size, Grow, Age,
Invent, and Soe) also had comparable lagged effects on
ESG performance. Therefore, digitization is a long-term
strategy for ESG improvement.

Robustness Test

Table 8 shows the regression results of the instrumental
variable estimation. The coefficients (0.9265 and 0.8291)
of LMDTS and L.MIndts in columns (1) and (3), respec-
tively, were found to be significantly positive, indicating

that the DT degree of other companies was significantly
positive with respect to the digital transformation of the
sampled company. After the introduction of instrumen-
tal variables, the digital transformation DTS and /ndts of
manufacturing enterprises was found to be still positively
correlated with ESG rating scores in the second stage
(columns (2) and (4), respectively), compared with DTS
and /ndts in Table 6, respectively. After controlling for
endogeneity, the relationship between the two resulted in
being more significant, further demonstrating that a high
DT degree promoted the ESG performance of manufac-
turing companies, which further supports research
hypothesis 1.

Fixed Effect Test. The control year was further sub-
jected to fixed effect regression for the robustness test. In
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Table 6. Relationships Between Independent Variables and ESG Performance.

(1) @) @3) (4)

ESG ESG InESG InESG
DTS 0.0034*** (2.77) 0.0005*** (3.00)
Indts 0.0445*** (3.93) 0.0068*** (4.23)
Size 0.3308*** (21.55) 0.3278*** (21.31) 0.0451*** (21.30) 0.0446*** (21.05)
Lev —0.9602*** (-1 1.96) —0.9571*%** (—11.94) —0.1419%** (-12.18) —0.1414%** (—-12.16)
Grow 0.0444*** (4.88) 0.0433*** (4.77) 0.0058*** (4.50) 0.0056*** (4.39)
PPE 0.0446 (0.43) 0.0757 (0.74) 0.0038 (0.27) 0.0085 (0.59)
Intang —0.1756 (-0.50) —0.1520 (-0.43) —0.0286 (—0.53) —0.0251 (-0.46)
Invent 0.6949*** (4.33) 0.6881*** (4.29) 0.0994*** (4.46) 0.0983*** (4.42)
Age —0.0409** (-2.49) —0.0415%* (-2.53) —0.0085%*** (-3.65) —0.0085*** (-3.69)
DualPo —0.0251 (-1.01) —0.0269 (—1.08) —0.0043 (-1.21) —0.0046 (—1.29)
Soe 0.3462*** (8.69) 0.3504*** (8.81) 0.0490*** (8.91) 0.0497*** (9.04)
_cons —0.7915%* (-2.44) —0.7383** (-2.27) 1.0260%** (23.00) 1.0340%** (23.14)
Year YES YES YES YES
N 20,147 20,147 20,147 20,147
r2 0.1554 0.1564 0.1404 0.1415
r2_a 0.1545 0.1556 0.1395 0.1406
Note. Figures reported in brackets are t-values adjusted by heteroscedasticity.
**% and ** mean significance at 1%, 5%, and 10% levels, respectively.
Table 7. One-Year-Lagged Independent Variables and ESG Performance.

(1) ) @3) (4)

ESG ESG InESG InESG
LDTS 0.0031** (2.28) 0.0005** (2.38)
L.Indts 0.0406*** (3.38) 0.0060*** (3.51)
Size 0.3496*** (22.93) 0.3470%** (22.69) 0.0479*** (22.58) 0.0475*** (22.33)
Lev —1.0193%%* (—12.42) —1.0170%** (—12.41) —0.1517%** (—12.66) —0.1513*%* (—12.65)
Grow 0.0406*** (4.73) 0.0399*** (4.65) 0.0053*** (4.33) 0.0052*** (4.24)
PPE 0.0267 (0.25) 0.0553 (0.53) 0.0000 (0.00) 0.0042 (0.29)
Intang —0.1723 (-0.48) —0.1485 (-0.42) —0.0243 (-0.45) —0.0208 (-0.38)
Invent 0.6769%** (4.12) 0.6716*** (4.09) 0.0980*** (4.28) 0.0972*** (4.25)
Age —0.0727*** (-3.78) —0.0735%** (-3.82) —0.0130%** (—4.78) —0.0132%** (—4.82)
DualPo —0.0333 (-1.30) —0.0347 (-1.36) —0.0052 (-1.42) —0.0054 (-1.47)
Soe 0.3684*** (9.11) 0.3721*** (9.21) 0.0528*** (9.42) 0.0533*** (9.52)
_cons —1.0849*** (-3.38) —1.0394*%* (-3.23) 0.9822*** (22.14) 0.9889*** (22.23)
Year YES YES YES YES
N 21,369 21,369 21,369 21,369
r2 0.1600 0.1608 0.1458 0.1467
r2_a 0.1591 0.1599 0.1450 0.1458

Note. t-Statistics in parentheses.
**p < .05. ¥**p < .0l.

addition, all other control variables were controlled, and
all regression coefficients were adjusted for heteroscedas-
ticity robustness and clustered at the company and year
levels; the specific fixed effects regression results are
shown in Table 9. Consistently, the DTS, /ndts, ESG,
and InESG coefficients were still significant, although
they slightly decreased, which shows that the higher the
degree of digital transformation in the manufacturing
industry was, the better their ESG ratings were.

Replacing DT Measurements. In the above regression,
the degree of digital transformation was based on the sta-
tistics of the frequency of digital transformation words.
Considering that the length and proportion of digital
word frequency in the total text may highlight the degree
of enterprise digitalization, this study also used word fre-
quency as a percentage of the total text length. The ratio
(Dfreq) and the ratio multiplied by 100 (Cpnum) were
used to measure the degree of DT. The results after
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Table 8. Instrumental Variable Estimation.
(1) ) @3) (4)
Stage | Stage 2 Stage | Stage 2
DTS ESG Indts ESG
LMDTS 0.9265*** (41.16)
DTS 0.0223*** (8.36)
L Mindts 0.8291*** (42.88)
Indts 0.2102*** (9.09)
Controls YES YES YES YES
_cons —8.4948*** (-5.53) —0.6750*** (-3.97) —1.7632%** (—10.39) —0.4839*** (-2.79)
Year YES YES YES YES
N 19,055 19,055 19,055 19,055
r2 0.2040 0.1301 0.2978 0.1325
r2_a 0.2031 0.1291 0.2971 0.1315
Note. Figures reported in brackets are t-values adjusted for heteroscedasticity.
*** mean significance at 1%, 5%, and 10% levels, respectively.
Table 9. Fixed Effects Model Results.
(N () 3) “
ESG ESG InESG InESG
DTS 0.0030** (2.48) 0.0005*** (2.81)
Indts 0.0458*** (4.39) 0.0076*** (4.81)
Controls YES YES YES YES
_cons 1.5176*** (2.68) |.5717*** (2.78) 1.2541*%% (14.51) 1.2625%** (14.64)
Year YES YES YES YES
N 20,147 20,147 20,147 20,147
r2 0.0443 0.0455 0.0456 0.0469
r2_a 0.0433 0.0445 0.0446 0.0459

Note. t-Statistics in parentheses.
**p <.05. ¥**p < .01.

replacing DTS and /ndts, shown in Table 10 below, are
consistent with those presented above.

Therefore, the contributions of DT to manufacturing
ESG performance in Route 3 is demonstrated. These find-
ings support hypothesis 1: The greater the digital transfor-
mation is, the better the ESG performance of
manufacturing firms in developing economies is.

Mediated Effects Measurement

The coefficients (0.0003 and 0.0023) in Table 11 indicate
a significant effect of DT on firm performance, and the
coefficients values of 1.7759 and 1.7790 indicate a posi-
tive relationship between firm performance and ESG,
which means that the better the firm performance was,
the better the ESG performance was. This finding is sup-
ported by the coefficients in columns (5)—(6). Therefore,
the DESG theoretical framework for the manufacturing
industry in Figure 1 is supported. Digital technologies facil-
itate business production and improve the business profits
of manufacturing firms, so that manufacturers have

sufficient profits to invest in ESG for sustainable develop-
ment in a virtuous cycle.

Heterogeneity Analysis

This study employed an existing method for measuring
labor intensity through the logarithmic ratio of total
cash payment to firm revenue, which has been used by
others (Serfling, 2016). Table 12 shows the relationship
between digitization and ESG in firms characterized by
low and high labor intensity. The coefficients (0.0038
and 0.0006) in columns (2) and (4), respectively, were
found to have a significant positive relationship in firms
with high labor intensity compared to firms with low
labor intensity. This result implies that digitization facili-
tated firm ESG performance for sustainable develop-
ment in highly labor-intensive manufacturing firms. This
finding supports hypothesis 2.

Furthermore, because of the imbalanced economic
development between North and South China, the effect
of digitization on ESG performance should be
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differentiated among regions. Following Wang et al.
(2022) , the sampled firms were divided into two groups
from North and South China. The coefficients (.0023
and .0004) in Table 13 show the existence of a significant
relationship between digitization and ESG performance

Table 10. Regression Results by Replacing DT Measurements.

in South China, but this is insignificant in North China;
in other words, digitization may have contributed to
ESG in South China. This spatial heterogeneity could be
attributed to the economic heterogeneity among regions,
with South China showing better economic performance

(M 0] 3) 4
ESG ESG InESG InESG
Dfreq 41.0223*%* (2.65) 6.1432%** (2.86)
Cpnum 0.2851** (2.34) 0.0427%** (2.52)
Controls YES YES YES YES
_cons —0.8066** (—2.48) —0.8121** (-2.50) 1.0236%** (22.95) 1.0228%** (22.92)
Year YES YES YES YES
N 20,147 20,147 20,147 20,147
r2 0.1553 0.1551 0.1402 0.1399
r2_a 0.1544 0.1542 0.1393 0.1390
Note. t-Statistics in parentheses.
**p <.05. ¥*¥*p < .01.
Table | 1. Mediated Effects of DT on ESG Performance by Firm Performance.
(1) @) @3) (4) 5) (6)
ROA ROA ESG ESG InESG InESG
DTS 0.0003*** (4.69) 0.0006*** (3.60)
Indts 0.0023*** (3.78) 0.0074*** (4.74)
ROA 1.7759%%* (9.51) |.7790%** 0.2723*** (9.90) 0.2727%** (9.92)
(9.54)
Controls YES YES YES YES YES YES
_cons —0.3739%** (-23.12)  —0.3750%*** (-23.12)  -0.1612 (-0.49)  -0.1042 (-0.32)  1.1231*** (24.90)  |.1317*** (25.08)
Year YES YES YES YES YES YES
N 25,135 25,135 20,146 20,146 20,146 20,146
r2 0318l 0.3176 0.1646 0.1657 0.1506 0.1518
r2_a 03174 0.3168 0.1637 0.1648 0.1497 0.1508
Note. t-Statistics in parentheses.
¥y < .01,
Table 12. Associations of Digitization and ESG by Labor Intensity Heterogeneity.
(h 2 3) )
ESG ESG InESG InESG
Low labor intensity High labor intensity Low labor intensity High labor intensity
DTS 0.0034 (1.22) 0.0038** (2.39) 0.0005 (1.27) 0.0006** (2.46)
Controls YES YES YES YES
Year YES YES YES YES
_cons —0.4590 (-0.83) —1.0903** (-2.18) 1.0704*** (14.05) 0.9793*** (14.31)
N 5393 7629 5393 7629
r2 0.1357 0.1682 0.1222 0.1568
r2_a 0.1323 0.1659 0.1188 0.1545

Note. t-Statistics in parentheses.
**p <.05. ¥**p < .01.
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than North China, because a positive relationship exists
between ESG and economic development in the long run
(Diaye et al., 2022). Therefore, southern companies were
more likely to pursue sustainable ESG performance by
means of digitization for economic sustainability than
northern firms, and vice versa. This result supports
hypothesis 3.

Lastly, there are remarkable differences between state-
owned enterprises (SOEs) and non-SOEs in China; par-
ticularly, SOEs are closely politically connected and
engage in social responsibility, while non-SOEs pursue
profit-related activities. Due to the different strategic
purposes, ESG performance also differs. Table 14 shows
the heterogeneity between the two different types of
firms. The coefficient values of .0042 and .0006 show that
digitization made a significant contribution to ESG per-
formance in non-SOEs but this was found to be insignifi-
cant in SOEs. Therefore, hypothesis 4 was accepted.

This novel finding is interesting, because the Chinese
economy is dominated by SOEs with strong political con-
nections that experience less financial stress on ESG than
non-SOEs (Ge et al., 2022); therefore, SOEs should dis-
play more significant ESG performance than non-SOEs.

This finding could be attributed to the SOE agency issues
whereby SOE managers have incentives to invest in ESG
for personal purposes, such as social reputation and
political career (L. Xu et al., 2020).

Discussion

These findings enrich the relevant research on ESG influ-
encing factors. At present, the literature has studied the
economic consequences of ESG from various aspects,
and believes that ESG can resist downside risks (Wen
et al., 2022), restrain managers’ misconduct (He et al.,
2022), and improve corporate financial performance
(Z. Chen & Xie, 2022; Friede et al., 2015), improve cor-
porate value (B. Wang & Yang, 2022), etc. However, few
literature discusses the influencing factors of corporate
ESG ratings and proposes solutions to ESG perfor-
mance. This article uses the data of Chinese manufactur-
ing listed companies to directly analyze the impact of
manufacturing digital transformation on its ESG perfor-
mance and its internal mechanism and impact differences
from the perspective of enterprise digital transformation.

Table 13. Spatial Heterogeneity of ESG Association With Digitization.

(1 0) ) )
ESG ESG InESG InESG
South North South North
DTS 0.0023* (1.74) 0.0040 (1.43) 0.0004* (1.89) 0.0006 (1.62)
Controls YES YES YES YES
Year YES YES YES YES
_cons —0.3684 (-0.94) —2.2877*** (—4.18) 1.0803*** (19.94) 0.8309*** (11.11)
N 13,855 6,292 13,855 6,292
r2 0.1176 0.1813 0.1059 0.1642
r2_a 0.1163 0.1787 0.1046 0.1616
Note. t-Statistics in parentheses.
*p <.l ¥*¥*p < .0l.
Table 14. Different Relationships Between Digitization and ESG by Ownership Heterogeneity.
Q) 2 3) *)
ESG ESG InESG InESG
SOE=0 SOE=1 SOE=0 SOE=1
DTS 0.0042*** (3.10) 0.0036 (1.30) 0.0006*** (3.27) 0.0005 (1.44)
Controls YES YES YES YES
_cons 0.0438 (0.10) —1.4706*** (-2.72) I.1142%%* (18.59) 0.9629*** (13.35)
Year YES YES YES YES
N 14,144 6,003 14,144 6,003
r2 0.0939 0.1870 0.0910 0.1697
r2_a 0.0926 0.1843 0.0897 0.1669

Note. t-Statistics in parentheses.
**xp <.0l.
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The findings are useful supplements to the study of ESG
influencing factors and broaden the relevant literature.

The results expand the research on the economic spil-
lover effects of digital transformation. Currently, there
are abundant studies on the economic consequences and
influencing factors of enterprise digital transformation.
Strengths (Benner & Waldfogel, 2023; Bruce et al., 2017,
Mikalef & Pateli, 2017), Organizational Performance
(Johnson et al., 2017), Innovation Performance (Ferreira
et al., 2019; Usai et al., 2021), customer welfare (Akram
et al., 2021), and other aspects discuss the economic con-
sequences of the digital transformation of enterprises in
detail. There are also discussions on the influencing fac-
tors of the digital transformation of enterprises from the
perspectives of corporate financialization (Huang et al.,
2022), local economic growth goals (Yang et al., 2021),
and the CEO’s compound functional background (Mao
et al., 2022). However, there is no literature that directly
studies the interaction between corporate digital transfor-
mation and its ESG rating. Therefore, this paper studies
the inherent economic consequences of digital transfor-
mation from another new perspective.

Finally, the research finds that the digital transforma-
tion in manufacturing enterprises can help promote their
green technology innovation and improve the level of
information disclosure, reduce environmental pollution
levels, fulfill social responsibilities, improve governance
capabilities, and ultimately improve ESG performance.
This conclusion provides certain policy suggestions and
inspirations for promoting enterprises, especially heavy
polluting enterprises, improving ESG performance and
fulfilling environmental social responsibilities under the
low-carbon development strategy. At present, how to
efficiently control carbon emissions to slow down global
warming is a hot spot in the political, business and aca-
demic circles. As a manufacturing enterprise with high
carbon emissions, it is the object of common concern
from all countries in the world. The research proves that
digital transformation can enable enterprises to carry out
environmental governance, and improve their ESG per-
formance. This conclusion is helpful for government pol-
icy makers and enterprise managers to use digital
transformation to promote energy conservation and
emission reduction in enterprises, and provides a certain
theoretical reference and method reference for realizing
green transformation and low-carbon goals.

Conclusions and Policy Implications

As a concept that focuses on corporate environmental
protection, social responsibility, and corporate govern-
ance, ESG meets the requirements of sustainable develop-
ment for green, ecological, low-carbon transformation.
The digital transformation of enterprises has also become

an important impetus to promote industrial upgrading
and will likely continue to play a great role in empowering
digital economic development in the future. With manu-
facturing being a national economic driver, its green, eco-
logical, low-carbon transformation is the key to
promoting  high-quality =~ economic  development.
Therefore, it is of great practical economic significance to
explore how the digital transformation of manufacturing
companies affects ESG performance.

Under these circumstances, this paper proposes a
DESG theoretical framework to test the impact of digital
transformation on the ESG performance of manufactur-
ing companies by examining the heterogeneity of manu-
facturing ESG from different perspectives in the
manufacturing industry. Based on samples of Chinese
listed companies from 2009 to 2020, the research study
shows that big companies and growing firms pay more
attention to their ESG performance than others and that
SOEs are keen on ESG performance but exhibit poorer
performance than non-SOEs (see Table 6). Additionally,
manufacturing DT may improve ESG performance in
general, because DT improves firm operating perfor-
mance, which in turns means that these firms have suffi-
cient funds to invest in ESG, thus promoting their
sustainable development. In particular, this study shows
that manufacturers in economically developed regions
show more significant ESG performance thanks to DT
and that firms with higher labor intensity experience
more significant effects of DT on ESG performance than
their counterparts (see Tables 12 and 13). DT makes a
significant contribution to ESG performance in non-
SOEs, but this is insignificant in SOEs (see Table 14).
Therefore, DESG contributes to the sustainable develop-
ment of manufacturing in developing countries.

These findings support the proposed DESG theoreti-
cal framework for the manufacturing industry whereby
digital technologies facilitate business production and
improve the business profits of manufacturing firms, so
that manufacturers have sufficient profits to invest in
ESG for sustainable development in a virtuous cycle (see
Figure 3 and Table 11).

This research has three practical implications. First,
manufacturers should speed up the pace of DT, improve
corporate green technology innovation, promote the
green and low-carbon development of companies, and
achieve a win—win situation of economic and social bene-
fits. On the one hand, to provide a basis for business
decision making, it is necessary to adapt to the develop-
ment in the digital age; promote the digital transforma-
tion of various elements and links according to the actual
situation and market demands; and focus on improving
the intelligence level in many aspects, such as production,
sales, investment, financing, and personnel management.
On the other hand, it is also necessary to fully use the
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social spillover effects of DT, improve green technology
innovation, save resources and energy, reduce ecological
pollution and damage, provide employees with a safe
workplace, provide the public with energy-saving and
environmentally friendly products, improve the environ-
mental performance and social responsibility perfor-
mance of enterprises, and ultimately improve social
benefits. These efforts feedback economic benefits,
improve the competitiveness of manufacturing compa-
nies, and promote high-quality economic development.

Second, the government should perfect the top-level
structure of ESG and provide reference for other coun-
tries to build ESG rating systems. In addition, in order to
prevent companies from using ESG concepts to mislead
market participants, the government should guide and
promote the construction of soft-market supervision and
encourage rating agencies to continuously improve ESG
assessment techniques, improve their ability to tap long-
term corporate value, and maximize the soft market.

Third, the government should establish a digital ser-
vice platform, build a complete digital infrastructure sys-
tem, cultivate talents with digital skills, and promote the
digital transformation and upgrading of the manufactur-
ing industry. To do so, the government should build an
efficient communication platform between enterprises
and government departments, media, and industries and
create a digital service platform to help manufacturing
digitization. The government should also build a com-
plete digital infrastructure system and help the digital
economy to penetrate traditional industries, in order to
provide external technical support for industrial green
transformation. Furthermore, improving the digital lit-
eracy and skills of citizens and cultivating citizens with
digital awareness and social responsibility may provide
manufacturers with high-quality digital skills and inter-
disciplinary talents and effectively promote the digital
transformation and upgrading of the manufacturing
industry.

Research limitations: ESG was measured by ESG rat-
ing from AAA to C scoring from 9 to 1, so one of the
research limitations in method is that ESG was not eval-
uated specifically in terms of environment, social respon-
sibility, and governance, respectively, due to data
limitation. The second one is lack of taking further
insight into different industrial sections in manufacturing
industry, which are expected to be investigated by the
future research.
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Introduction strategy, boosting long-term competitiveness and value
. . (Arun et al., 2022; Zumente & Bistrova, 2021).
In the past decade, rapid technological advancements, Current ESG research largely focuses on investment

market  shifts, and the prf:ssing Chauel?g.es of cllimate (Broadstock et al., 2021; Van Duuren et al., 2016), finan-
change have prompted nations to prioritize sustainable cial performance (Friede et al., 2015; Ma et al., 2023).

devglopment. Cen‘Fral to these efforts is the Despite its growing importance, the digital transforma-
Environmental, Social, and Governance (ESG) frame- tion of ESG, commonly referred to as Digital

work, which has emerged as a crucial measure shaping the g 2.0 oo al, Social, and Governance (DESG),
future of nations, businesses, and consumers (Galbreath, remains an underexplored area. DESG involves lever-
2013; Pérez, 2022). Unlike traditional financial metrics, aging technologies such as big data, cloud computing,
ESG evaluates a company’s broader impact, incorporating and artificial intelligence to enhance ESG practices
environmental stewardship, social responsibility, and gov- <o value chain, driving greater outcomes for sta-

ernance practices (Hou et al., 2023). As societies demand keholders (Wang et al., 2023). As more industries
ethical consumption and social justice (Phan & Ninh, ’ '

2024), investors and consumers increasingly prefer compa-
nies with strong ESG performance, recognizing both
financial and social benefits. Scholars, including Bruno 'Faculty of Economics and Management, Universiti Kebangsaan Malaysia,
and Henisz (2024), underscore ESG’s role in areas like Bangi, Malaysia
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technologies into ESG frameworks is critical. However,
current research specifically addressing DESG is limited
(Puriwat & Tripopsakul, 2022), highlighting a significant
gap in the literature.

This study is motivated by the need to bridge this gap,
exploring the intersection of ESG and digital innovation.
While existing ESG reviews have focused on traditional
corporate ESG topics—such as disclosure impacts
(Khan, 2022), determinants of ESG performance (T. T.
Li et al., 2021; Tsang et al., 2023), and country-specific
studies (Shen et al., 2023)—few have examined the digi-
tal evolution of ESG practices (Xu et al., 2024). This
study seeks to address this omission by conducting a bib-
liometric analysis of 455 Scopus-indexed documents,
mapping the landscape of ESG digitalization research. It
also emphasizes DESG’s impact on consumer behavior,
an area underexplored in prior studies. By investigating
DESG, this research establishes a foundation for under-
standing how digitalization is reshaping ESG practices
and perceptions, while also calling for a unified theoreti-
cal framework for DESG.

In summary, this study aims to clarify key contribu-
tors, themes, and trends in DESG and traditional ESG
research, addressing three specific research questions: (a)
What are the overall characteristics and publication
trends in this field? (b) Who are the most influential
authors, countries, journals, and articles? (c) What are
the current key themes and future research directions?
Following the review of bibliometric literature, the sub-
sequent sections outline the methods employed, present
the findings, and conclude with recommendations for
future research.

Methodology

Research Design and Bibliometric Techniques

This study utilizes bibliometric analysis, a quantitative
method increasingly acknowledged for its effectiveness in
evaluating academic literature across diverse fields
(Aksnes et al., 2019; Donthu et al., 2021). The research
integrates multiple bibliometric techniques, notably per-
formance analysis and scientific mapping, which encom-
pass three distinct methodologies: co-authorship analysis,
bibliographic coupling, and co-word analysis.
Performance analysis serves as a descriptive statistical
method that aids in assessing the significance of various
components within a research area (Cobo et al., 2015).
Key indicators include the number of publications,
reflecting productivity, and citation counts, indicating
influence (Donthu et al., 2021). Conversely, scientific
mapping techniques elucidate influential factors by
revealing relationships among journals, authors, coun-
tries, and documents (Mubdir et al., 2024; Chen et al.,
2015). For instance, co-authorship analysis uncovers

collaborative relationships among authors and institu-
tions (Donthu et al., 2021; Uddin et al., 2012), whereas
bibliographic coupling highlights emerging trends in the
field (Donthu et al., 2021; Garcia-Lillo et al., 2019). In
addition, co-word analysis focuses on the frequency of
keywords in documents, facilitating the identification of
trending topics and research themes (Donthu et al.,
2021).

To enhance bibliometric mapping and visualize
research networks, this study employs VOSviewer soft-
ware (Van Eck & Waltman, 2010). This comprehensive
approach aims to clarify the current state of research on
ESG in the context of digitalization, thereby enriching
the understanding of the evolving landscape in this field.

Search Strategy and Data Collection

The search strategy was designed to identify relevant
articles on digital ESG (DESG) and traditional ESG.
Data were sourced from Scopus, selected for its broad
social sciences coverage and to minimize errors from
manual intervention (Donthu et al., 2021). Although
multiple databases could provide broader data, the use
of a single database ensures consistency across formats.
Journal articles were selected as the primary unit of anal-
ysis, representing peer-reviewed and validated knowl-
edge, thereby ensuring credibility and reliability in the
findings (Dadkhah et al., 2015; Donthu et al., 2021). To
uphold a consistent standard of quality, other document
types, such as conference proceedings, books, and trade
journals, were excluded. To avoid capturing irrelevant
studies from fields such as energy and bacteriology,
abbreviations like ESG or DESG were not directly used
in the search. Terms such as “diethylstilbestrol glucuro-
nide” and “Electrospinogram” share similar abbrevia-
tions but are unrelated to the focus of this research.
Although some scholars suggest that CSR is synon-
ymous with ESG (Shen et al., 2023), the concept of ESG
has evolved and gained consensus as an independent
topic distinct from CSR. Therefore, CSR-related terms
were excluded from the search to focus specifically on
the digital transformation of ESG, rather than general
or traditional ESG and CSR studies.

Given that this is a bibliometric analysis, the search
was limited to article titles only, to ensure precision in
identifying relevant publications. Abstracts and key-
words were excluded to minimize noise in the dataset.
The final search terms included “digital* environmental,
social, and governance” and “environmental, social, and
governance.” Non-English articles were excluded to
maintain linguistic consistency, and no disciplinary filters
were applied, allowing for a comprehensive review of
ESG-related literature. The search covered all articles
published up to November 18, 2023.
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Figure I. Searching strategy and data collection procedure.

The data collected were analyzed using descriptive
and relational bibliometric indicators, including publica-
tion year, language, country, institution, and author co-
occurrence. These indicators provided a detailed over-
view of the research landscape, helping to identify key
contributors and emerging trends, as well as guiding
future research directions. Figure 1 outlines the detailed
steps, detailing the whole searching strategy and data
collection procedure.

Results and Discussion

This research employed the aforementioned selection cri-
teria to search the Scopus-indexed database.
Subsequently, data extraction and analysis were per-
formed on the retrieved 455 articles. The results and dis-
cussions are presented below.

Publications Per Year

As depicted in Figure 2, the distribution of articles across
different time periods was observed. Despite the intro-
duction of the ESG concept by the United Nations (UN)
in 2004 (UN, 2004), this research, constrained by key-
word limitations (explained in detail in the Limitations
section), incorporates research from 2011. The results
reveal that from 2011 to 2015, only 11 articles were disse-
minated, indicating an incipient stage in related research.
This trend can be attributed to the establishment of the
Climate Disclosure Standards Board (CDSB) in 2007

and the Sustainability Accounting Standards Board
(SASB) in 2011, providing frameworks for ESG metric
disclosure. During this period, articles published demon-
strated innovativeness and pioneering contributions. The
second phase, spanning from 2016 to 2020, witnessed an
almost ninefold increase in the total number of papers,
amounting to 93 articles. This surge is likely influenced
by the introduction of the UN’s Sustainable
Development Goals (SDGs) in 2015 (UN, 2015), intensi-
fying global attention on sustainable development.
Additionally, the release of the Sustainable Development
Accounting Standards by SASB in 2018 (SASB, 2018)
contributed to the substantial growth in related research
publications. The third phase, from 2021 to 2024, experi-
enced a significant spike in the number of published arti-
cles, totaling 351. This surge indicates widespread
attention to the relevant topics. It is likely driven by the
heightened global focus on sustainable development and
ESG following extreme events post-2019, including the
COVID-19 pandemic and environmental disasters.
Major countries such as the United States, China, and
the European Union enacted regulations, leading to a
substantial increase in ESG-related publications after
2021. The growth rate reached an impressive 114% in
2022, with 192 articles published in 2023, reflecting a
277% increase compared to the preceding period. These
findings underscore the current prominence and develop-
mental trends in DESG and ESG research. Looking
ahead, the trajectory suggests potential diversification
into new research directions, exploration of previously
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limited domains, and addressing “conventional issues”
through new frameworks. Additionally, delving into new
international collaborations can contribute to expanding
the scope of research.

Countries of Publications

This study reveals that articles were submitted from 71
countries or regions, with a significant concentration of
authors affiliated with diverse institutions in China,
Malaysia, the United States, Italy, Australia, the United

Kingdom, India, and Spain. Figure 3 illustrates author
nationalities and collaborative relationships, emphasizing
geographical and cultural clusters, particularly around
China, Malaysia, and the United States.

The ESG market in China is rapidly advancing, driven
by government advocacy for green, low-carbon, and inclu-
sive prosperity (China Academy of Translation, 2015).
Government agencies prioritize policy research, issuing
comprehensive ESG-related documents to facilitate the
green transformation of the economy. The ESG philoso-
phy closely aligns with China’s modernization goals,
addressing environmental issues like peak carbon emissions
and biodiversity, social challenges such as rural revitaliza-
tion and common prosperity, and governance concerns like
anti-corruption and justice (The State Council of P.R.
China, 2022). Furthermore, the Chinese government recog-
nizes ESG as a critical indicator for assessing corporate
sustainable development (China ESG30 Forum, 2022).
China’s international collaboration efforts, exemplified by
the Belt and Road Initiative, have contributed to a notable
increase in scholarly publications on ESG.

While Malaysia may not emphasize ESG as heavily as
more mature markets in Europe and America, it leads
Southeast Asia in the proportion of companies adhering
to environmental supply chain policies (68.8% in
Malaysia, 66% in Thailand, and 58.6% in Singapore)
(PricewaterhouseCoopers [PwC], 2023). The Malaysian
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Figure 3. Authors’ nationalities map.

Note. The size shows the relative proportion of articles and the closeness shows the collaboration between authors of those countries.
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government has maintained a focus on sustainable devel-
opment, actively responding to global ESG and responsi-
ble investment principles. Its comprehensive ESG policy
and regulatory framework, guided by the Sustainable
and Responsible Investment (SRI) ecosystem introduced
in 2014, effectively directs market participants (Securities
Commission Malaysia, 2019). Malaysia, significantly
positioned in the global Islamic finance market, inte-
grates Islamic finance principles with SRI through inter-
connected funds that emphasize sustainable development,
as demonstrated by the SRI Sukuk Framework (Azman
& Ali, 2016). The country aims to become a regional cen-
ter for SRI investment by adapting international best
practices to align with its unique economic and cultural
characteristics, potentially making it a pivotal nation for
ESG research.

In contrast, the United States (U.S.) adopts a differ-
ent approach to ESG than Asia and Europe, with fewer
proactive federal initiatives. Local initiatives, especially
in California, lead the way, as seen in Senate Bill No.
185 (U.S. Congress, 2015) and Senate Bill No. 964 (U.S.
Congress, 2018), which guide pension fund investments.
ESG disclosure requirements on securities trading plat-
forms primarily focus on environmental aspects.
Following the UN’s SDGs in 2015, the U.S. issued
Interpretive Bulletin 2015-01 (U.S. Department of
Labor, 2015), marking the first comprehensive ESG pol-
icy guidelines from the U.S. Subsequent Bulletins in
2016 and 2018 provided practical guidance on integrat-
ing ESG into investment practices (U.S. Securities and
Exchange Commission, 2016; 2018), emphasizing fidu-
ciary responsibility. Despite a lower level of federal
initiatives and no exchange disclosure requirements, the
U.S. remains a significant hub for ESG academic
research due to its status as the world’s largest economy
and financial market.

As a developed ESG investment market, the United
Kingdom (UK) actively engages with the UN'’s
Sustainable Development Investment Initiative. Over the
past decade, the UK has established a comprehensive
ESG policy framework, reflecting its commitment to sus-
tainable financial development (U.S. Department of
State, 2015). Early initiatives in 2005 laid the ground-
work, with subsequent revisions progressively expanding
the applicability of ESG regulations within capital mar-
kets. By 2015, the UK’s SRI market had surpassed 21
billion euros, indicating increasing acceptance of ESG
principles (U.S. Department of State, 2015). The UK has
demonstrated its commitment to sustainable finance
through biennial revisions of ESG policies since 2014.
Regulatory requirements have become more explicit,
emphasizing ESG responsibilities within corporate gov-
ernance and fostering communication between investors

and companies. Although the UK formally departed
from the EU in 2020, it remains dedicated to sustainable
financial development, positioning itself as a core nation
for independent ESG research.

This research posits that the concentration of articles
by country yields two key outcomes (Acedo et al., 2006):
it facilitates the exploration of more in-depth regional
research topics and creates opportunities for interna-
tional collaboration. Notably, the top two contributors
to DESG and ESG research are developing countries,
indicating that these nations are actively engaging in
ESG studies to identify strategic directions for future
sustainable development. The future development and
practices of ESG in developing countries warrant scho-
larly attention, as does the potential for international
collaboration on ESG initiatives.

Major Related Journals and Subject Area

These 455 articles were published across 161 journals, with
over 67% concentrated in just 62 specific journals.
Moreover, more than 70% of the citations are attributed
to 32 key journals. Table 1 provides the details of these
journals. This data helps identify the most influential jour-
nals in the field, such as Journal of Cleaner Production (12
articles), Business Strategy and the Environment (32 arti-
cles), Corporate Social Responsibility and Environmental
Management (44 articles), and Sustainability Switzerland
(43 articles). These diverse journals offer multiple perspec-
tives within the field.

Identifying the core journals in this area also allows
for integration with others approaching the topic from
different angles. The map in Figure 4 visually represents
the relationships between journals using bibliographic
coupling analysis, showcasing their proximity and influ-
ence in constructing the knowledge structure of the field.
Journals with higher publication and citation rates, par-
ticularly in management, occupy central positions. Other
fields, like psychology and environmental science, are
connected to this core, with specialized journals sur-
rounding them.

As shown in Table 2, the majority of articles are con-
centrated in fields like “Business, Management and
Accounting,”  “Social  Sciences,” “Environmental
Science,” and “Economics, Econometrics, and Finance.”
Articles published in other disciplines, while investigating
corporate financial performance, investment strategies,
and information disclosure, are classified based on the
industry or journal category. For instance, Schneider
et al. (2021) examined ESG investment among private
German health insurers, publishing in the Journal of
Medical Ethics, categorized under Nursing. Pirtea et al.
(2021) studied ESG’s relationship with agricultural
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Table 1. Journals With Publications on DESG&ESG.

Source title CiteScore h_index % Cited Avrticles All citations
Corporate social responsibility and environmental management 15.6 14 91 44 758
Sustainability Switzerland 5.8 16 75 43 813
Business strategy and the environment 17.8 19 94 32 1804
Journal of cleaner production 18.5 9 89 12 479
Accounting and Finance 4.5 6 73 8 278
Environmental science and pollution research 79 2 84 7 I
Sustainable development 15.2 4 91 5 133
Journal of business ethics 12 5 92 5 688
Research in international business and finance 9.1 3 80 5 266
Corporate governance (Bingley) 9 3 88 5 84
Sustainability accounting, management and policy journal 7 4 84 5 172
Economic Research-Ekonomska Istrazivanja 6.2 3 83 5 97
Meditari accountancy research 5 5 8l 5 53
Frontiers in psychology 4.5 3 62 5 15
Frontiers in environmental science 3.1 3 50 5 19
British accounting review 72 4 75 4 899
Environment, development and sustainability 72 3 86 4 31
Borsa Istanbul review 58 3 72 4 42
Global business review 43 3 82 4 22
Australasian accounting, business and finance journal 34 4 97 4 42
Journal of environmental management 13.4 2 87 3 16
Finance research letters 10.8 2 75 3 8
Management of environmental quality 8.6 2 86 3 247
Journal of corporate finance 7.6 2 83 3 68
Business ethics, the environment and responsibility 6.2 0 77 3 0
Business strategy and development 5 2 83 3 33
Global finance journal 5 2 77 3 9
Journal of business economics and management 4.9 2 73 3 6l
Journal of financial reporting and accounting 3.7 2 78 3 25
Asian review of accounting 2.9 0 68 3 0
Journal of risk and financial management 2.8 2 6l 3 I
Management decision 10.3 2 95 5 9

company performance in Agricultural Economics (Czech
Republic), categorized under Agricultural and Biological
Sciences.

Some studies focus on foundational infrastructure,
institutional aspects, and industry impacts related to
ESG. For example, Zhai et al. (2023) explored urban
digital infrastructure’s link to ESG development, while
Maybee et al. (2023) discussed ESG risks in the mining
life cycle. However, most research on digital ESG and
ESG in general emphasizes corporate financial perfor-
mance, investment strategies, and information disclosure,
focusing on ESG’s application in specific countries and
industries. The varying levels of ESG development across
regions and the lack of a global standard framework
have resulted in fragmented theoretical frameworks,
tools, and scoring standards for ESG. Consequently,
fewer studies explore the impact of ESG on energy and
technology, with limited attention to the conceptual evo-
lution of ESG, its foundational implementation struc-
tures, and the digitization of ESG practices.

Most Cited Articles

Literature from Scopus can be categorized in various
ways, one of which is ranking articles by citation count
to identify those that have garnered significant attention
in the scientific community. Table 3 lists the top 20
most-cited articles among the 455 publications related to
DESG and ESG, collectively accounting for over 40%
of total citations in this area.

The most-cited paper is the 2018 study on ESG disclo-
sure by Li, Gong, Zhang, and Koh, published in The
British Accounting Review, with nearly 422 citations.
This article outlines five arguments for how ESG disclo-
sure promotes value creation, including offering addi-
tional information, improving stakeholder relationships,
reducing information asymmetry, enhancing transpar-
ency, and lowering agency costs. The study concludes
that firms with better ESG disclosure exhibit higher firm
value.

The second most-cited article is Brooks and
Oikonomou’s (2018) editorial, which provides a
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Note. The size of the nodes (journals) indicates the relative number of citations. The distance between the nodes (journals) represents the relative strength
in the relationship between them. This research limited the visualization to 12 journals that accounted for 50 citations at least.

Table 2. Subject Areas of the Publications of DESG&ESG.

Biochemistry, genetics and molecular biology
Chemistry
Physics and astronomy

Number of

Subject area publication
Business, management and accounting 269
Social sciences 198
Environmental science 180
Economics, econometrics and finance 152
Energy 80
Computer science 40
Engineering 35
Decision sciences 25
Arts and humanities 19
Medicine 10
Psychology 8
Earth and planetary sciences 6
Mathematics [
Chemical engineering 5
Multidisciplinary 5
Agricultural and biological sciences 4
Nursing 3
Materials science 2

|

|

|

comprehensive overview of ESG disclosure literature
and its effects on firm value. It emphasizes the need for a
detailed review of the research landscape, identifying
knowledge gaps and future research opportunities.

Another highly cited work by Xie et al. (2019), with
over 300 citations, examines the link between corporate
efficiency and sustainability. The study identifies a posi-
tive correlation between ESG transparency and corpo-
rate efficiency, particularly at moderate disclosure levels.
Additionally, five other influential papers, each with over
200 citations, focus primarily on ESG disclosure and its
relationship with financial performance.

Most Productive and Influential Authors

Since the rise of “Digitalization and ESG” as a research
topic, numerous scholars have made significant contribu-
tions to its development. This section introduces some of
these researchers based on the volume of their publica-
tions, as retrieved from Scopus. The analysis highlights
key contributors in the DESG and ESG fields, though it
is important to acknowledge that alternative ranking cri-
teria could bring other authors to the forefront.

Authors can be ranked by the number of publications or
by citation frequency—both common methods in previous
studies, such as Danvila-del-Valle et al. (2019), who ranked
researchers using both the h-index and citation counts.

This paper adopts a dual approach. First, it presents
the top 20 authors with the most publications among the
455 selected articles. Then, a separate list ranks 20 authors
based on the number of citations their contributions have
garnered, with each listed work cited at least 100 times.
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Table 3. Top 20 Articles With the Highest Number of Citations Among the Selected 455 Articles.

Documents Cites Per Year Cites Per Author Total Cites
Y. Li etal. (2018) 68.4 86 342
Brooks and Oikonomou (2018) 64 160 320
Xie et al. (2019) 75.25 60 301
Baldini et al. (2018) 47 47 235
Duque-Grisales and Aguilera-Caracuel (2021) 113.5 114 227
Bernardi and Stark (2018) 42 105 210
Husted and de Sousa-Filho (2019) 525 105 210
Lokuwaduge and Heenetigala (2017) 34.67 104 208
K. H. Lee et al. (2016) 28.43 66 199
Yu et al. (2020) 56.67 57 170
Yu et al. (2018) 30.2 50 151
Atan et al. (2018) 30 38 150
Husted and de Sousa-Filho (2017) 21.83 66 131
Weber (2014) 14.22 128 128
Brogi and Lagasio (2019) 30.25 6l 121
Adams and Abhayawansa (2022) 119 60 119
Huang (2021) 59.5 19 119
Qureshi et al. (2020) 39.33 30 118
Taliento et al. (2019) 285 38 114
Camilleri (2015) 14.25 114 114
Table 4. Top 20 Authors With the Highest Number of Published Articles Among the Selected 455 Articles.

Author h-index Citations Articles
F A Khatib, Saleh 15 68l 5
Hussainey, Khaled 40 5,072 4
Wasiuzzaman, Shaista 16 746 4
Shakil, Mohammad Hassan 8 635 4
Lagasio, Valentina 8 429 4
Ellili, Nejla Ould Daoud 10 307 4
Suttipun, Muttanachai 9 187 4
Al Amosh, Hamzeh 8 180 4
Lu, Wen Min 33 3,886 3
Brogi, Matteo 31 3,371 3
Umar, Zaghum 34 2,635 3
Kweh, Qian Long 17 1,087 3
Abhayawansa, Subhash Asanga 20 1,014 3
Ting, Irene Wei Kiong 14 881 3
Zioto, Magdalena 13 869 3
Chang, Baoguang 10 269 3
Habib, Ahmed Mohamed 8 180 3
Huang, Danny Zhao Xiang 3 144 3
Ngo, Thanhquang 6 135 3
Wau, Kuosheng 4 4] 3

These lists highlight prolific researchers, frequently cited
works, and influential figures in the DESG and ESG
domains. The results are presented in Tables 4 and 5.

Topics on Digital ESG or ESG

Although ESG and DESG differ conceptually, DESG
research remains in its early stages, with its scope and
definition still lacking broad consensus. As a result,

DESG has not yet emerged as a distinct, mature subfield
independent of ESG studies. Currently, DESG is viewed
more as an emerging research trend rather than a sepa-
rate domain. Therefore, this paper does not distinguish
between the two but instead focuses on mapping the
landscape and trends in digitalization-related ESG
research.

Within the analyzed literature, 1,749 unique keywords
were used to classify the studies. Table 6 and Figure 5
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Table 5. Top 20 Authors With the Highest Number of Citations Among the Selected 455 Articles.

Author h-index All citations Citations
Li, Yiwei 3 443 342
Husted, Bryan W. 39 5,579 341
Yu, Ellen Pei Yi 4 480 321
Brooks C 59 24,088 320
Xie, Jun 3 351 301
Baldini, Maria Assunta 3 265 235
Duque, E. A. 10 485 227
Bernardi, Cristiana 7 889 210
Lokuwaduge, Chitra De Silva 6 298 208
Lee, Ki Hoon 29 3,836 199
Atan, Ruhaya 6 266 150
Weber, Olaf 29 2,492 128
Brogi M. 15 1,447 121
Adams C.A. 55 21,102 119
Huang, Danny Zhao Xiang 3 144 119
Qureshi M.A 24 1,577 118
Camilleri, Mark A. 26 1,818 114
Taliento, Marco 2 120 114
Rajesh, R. 22 1,869 110
Ortas, Eduardo 21 1,381 110

display 41 keywords that appeared at least 10 times. The
size of the nodes in Figure 5 represents the frequency of
each term, while the lines and distances between nodes
indicate the strength of the relationships between these
terms. As expected, keywords such as ESG, environmen-
tal, social, and governance rank highly due to their func-
tion as selection criteria. The prominence of terms like
ESG performance, investments, finance, financial perfor-
mance, and performance assessment highlights that many
scholars are investigating DESG and ESG from the per-
spectives of corporate management, financial practices,
and asset evaluation. These findings align with the identi-
fied knowledge framework, key authors, and the most
cited references within DESG and ESG studies.

China is notably the only regional keyword, which,
when combined with the authors’ nationalities map in
Figure 3, suggests that China plays a significant role in
DESG and ESG research. Foundational contributions
by scholars such as Manescu, Weber, Camilleri, Ortas,
Lee, Lokuwaduge, and Husted have shaped the ecarly
knowledge base, focusing on the relationships between
ESG and stock returns, ESG’s application in various
countries, and its ties to sustainable development. From
its inception, ESG has been closely linked to topics such
as investment, corporate asset evaluation, financial per-
formance, strategic management, environmental govern-
ance, and sustainability.

As ESG evolves alongside technological advance-
ments and market shifts, its subfields continue to expand
and deepen, shaping the current research landscape for
DESG and ESG. In terms of future trends, beyond the

dominant themes of corporate management and finan-
cial performance, other subdomains—such as enhancing
brand value and fostering consumer engagement—are
likely to intersect with DESG and ESG, paving the way
for new research directions and opportunities.

Future Directions

The future of research in Environmental, Social, and
Governance (ESG) and Digital ESG (DESG) can be
structured into three primary directions, each offering
significant opportunities for advancement.

First, research should focus on refining the founda-
tional elements of ESG, including principles, frame-
works, disclosure requirements, and rating systems
(Camilleri, 2015; Lokuwaduge & Heenetigala, 2017;
Singhania & Saini, 2023; Whitelock, 2019). This involves
adapting ESG evaluation standards to diverse economic
and cultural contexts, expanding rating categories, and
leveraging digital technologies to enhance the accuracy
and transparency of ESG reporting. Key questions
include: How can ESG rating systems be tailored to
reflect regional differences? What role can technologies
like AI and blockchain play in improving ESG reporting?
How can ESG frameworks evolve to include emerging
issues such as cybersecurity and digital infrastructure?

Second, the practical application of ESG in corporate
strategy, performance, and operations should be
explored. Future studies need to assess how companies
can integrate ESG principles to boost both ratings and
financial performance (Z. Chen & Xie, 2022; S. Chen
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Table 6. Top 41 Keywords With the Highest Frequency Among
the Selected 455 Articles.

Keyword Frequency
ESG 120
Environmental 80
Governance approach 77
Sustainability 71
Sustainable development 62
Corporate social responsibility 52
ESG performance 48
Social 41
Corporate governance 33
Governance 31
China 29
ESG disclosure 27
Stakeholder 25
Financial performance 23
Investment 23
Environmental Economics 21
Stakeholder theory 21
Investments 20
Finance 18
Financial system 17
Performance assessment 17
Environmental, social, and governance 16
Firm performance 16
Industrial performance 16
Decision making 14
Environment 14
Performance 14
Social and governance (ESG) 14
Stakeholder engagement 14
Corporate strategy I
Economic and social effects Il
Environmental management Il
Panel data Il
Social and governance I
Climate change 10
Corporate social responsibility (CSR) 10
Environmental impact 10
Firm size 10
Gender diversity 10
Human 10
Sustainable development goal 10

et al., 2023; Friede et al., 2015). Research should exam-
ine the relationship between ESG performance and over-
all corporate success, including brand development,
innovation, and governance (Piao et al., 2022; Velte,
2017). Important inquiries include: What strategies are
most effective for integrating ESG into governance mod-
els? How do different industries approach ESG imple-
mentation? What risks arise from prioritizing ESG in
corporate strategies, and how can firms mitigate these
risks?

Third, the role of individuals—consumers, employees,
and investors—must be addressed, as their engagement
is vital for the success of ESG initiatives (Koh et al.,

2022; H. J. Lee & Rhee, 2023). Future research should
explore consumer attitudes toward ESG, the engagement
of employees with ESG practices, and the factors influ-
encing individual investors’ ESG investment decisions
(Afeef & Kakakhel, 2022; Rabaya & Saleh, 2022). Key
questions include: How do consumer perceptions of
ESG affect purchasing behavior? What drives employee
engagement with corporate ESG initiatives? How do
ESG-aligned investments compare to traditional options
in terms of performance?

Additionally, research on DESG should investigate
how ESG practices are adapted in emerging markets, the
scalability of ESG practices through digital transforma-
tion, and the inclusion of non-financial outcomes like
social welfare and environmental justice within ESG fra-
meworks (Puriwat & Tripopsakul, 2022; Wang et al.,
2023).

These research directions underscore the expanding
scope of ESG studies and highlight their potential to
shape corporate governance, sustainable development,
and the broader implementation of ESG principles. As
the field evolves, these pathways will be crucial for
advancing both academic knowledge and practical
applications.

Conclusion

The analysis reveals a significant increase in ESG
research publication trends, starting with 11 articles from
2011 to 2015, surging to 93 articles from 2016 to 2020,
and reaching 351 articles from 2021 to 2024. This trajec-
tory indicates a growing global interest in ESG-related
topics.

Research on DESG and ESG demonstrates a geogra-
phically diverse and multicentric distribution, with
China, Malaysia, the United States, and the United
Kingdom emerging as key research hubs. This concen-
tration enriches regional discussions and fosters interna-
tional collaboration, showcasing contributions from
both developed and developing countries.

The most impactful journals in this field are primarily
based in the United States and the United Kingdom,
including the “Journal of Environmental Management,”
“Business Strategy and the Environment,” and “Journal
of Cleaner Production.” Notable authors include F. A.
Khatib, S. Hussainey, and K. Wasiuzzaman, while the
most cited authors are Li, Y., Husted, B. W., and Yu, E.
P. Y. Key literature identified for its productivity and
influence includes works by Brooks and Oikonomou
(2018), Y. Li et al. (2018), and Xie et al. (2019).

The findings underscore the expanding scope and rele-
vance of ESG research, marked by increasing interest
and publication rates. The identification of key geo-
graphic hubs and influential journals reflects the
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multifaceted nature of ESG studies, bridging both theo-
retical and practical contributions.

Theoretically, this research highlights the need for fur-
ther exploration of underrepresented areas, such as con-
sumer perspectives on ESG, technological acceptance,
and the evolution of the ESG concept. These gaps pres-
ent valuable opportunities for future scholarship aimed
at deepening understanding and enhancing frameworks
in the field.

Practically, the insights can guide policymakers, prac-
titioners, and researchers in leveraging ESG principles
for sustainable outcomes. As the ESG landscape evolves,
sustaining momentum in popular domains while also
investigating specialized areas, such as DESG and con-
sumer values, will be crucial for advancing academic
inquiry and practical applications in corporate govern-
ance and sustainable development.

Limitations and Future Research

This research has certain limitations. The search strategy
encountered challenges in fields like energy studies and

bacteriology, where ESG and DESG may refer to terms
unrelated to “environmental, social, and governance,”
such as diethylstilbestrol glucuronide (DESG) and elec-
trically suspended gyro (ESG). Excluding literature from
these domains that incidentally used the abbreviations
posed difficulties, and outright exclusion was not feasi-
ble, as relevant research might still exist within these
fields. Consequently, the decision was made not to incor-
porate DESG and ESG into the search strategy, which
may have resulted in the omission of significant studies.
Future research should broaden its scope by utilizing
multiple databases to enhance the representativeness and
credibility of findings. Comprehensive scoping or sys-
tematic reviews of DESG and ESG literature, especially
in business management and economics, can provide
valuable insights into the evolution of indicators from
diverse perspectives. These methodologies allow for man-
ual selection of articles, addressing limitations of biblio-
metric analyses. Additionally, categorizing literature by
specific sub-fields will deepen the understanding of both
well-explored and under-researched areas within man-
agement studies. By addressing these limitations, future
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inquiries can effectively fill identified gaps, establishing a
solid foundation for potential meta-analyses and further
contributions to the field.
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ARTICLE INFO ABSTRACT

Keywords: This study examines how digital leadership increases corporate ESG performance in the Chinese
Digital leadership manufacturing sector from 2009 to 2022. Our analysis reveals how digital leadership not only
ESG

cultivates ESG excellence but also drives advancements in digital transformation and stock
trading activities, which further improve ESG performance. Additionally, we note a significantly
stronger positive relationship between digital leadership and ESG performance for companies led
by female executives, those with executives possessing environmental expertise, firms offering
liability insurance to board members and executives, and those operating in regions with robust
governmental environmental policies.

Digital transformation
Stock trading activity

1. Introduction

Digital technologies have attracted increasing attention by firms, policymakers, and scholars as they affect almost every facet of
organizational performance and practice in modern society (Flyverbom et al., 2019; Memon and Ooi, 2023). While many factors
influence the development of digital technologies, one key aspect is digital leadership — that is, having the leadership of individuals
who can effectively manage their companies’ various digital technologies. Digital leadership is the strategic use of digital technologies
by leaders to enhance their decision-making processes and it involves blending leadership skills with digital tools to drive efficiency
and effectiveness in decision-making and overall organizational performance (Tigre et al., 2024). Digital leadership allows firms to
achieve greater success in crucial organizational areas such as digital transformation (AINuaimi et al., 2022; Weber et al., 2019) and
innovation capability (Benitez et al., 2022; Chen et al., 2023; Wang et al., 2022a).

An additional aspect of firm performance includes sustainable development, often measured as environmental, social, and
governance (ESG) (Borah et al., 2022; Drempetic et al., 2020; Li et al., 2024a; Liu et al., 2023b). For example, firms use corporate ESG
to create value and social legitimacy for sustainable development (Broadstock et al., 2020; He et al., 2023). These ESG activities enable
firms to obtain financing resources to improve sustainable performance (Shu and Tan, 2023), external trade financing and lower risk
(Boubaker et al., 2020; Lins et al., 2017; Luo et al., 2023). In addition, ESG echoes social responsibility commitment, causing lower
agency cost and better transparency (Cheng et al., 2014; Cheung et al., 2020). Thus, it is surprising that prior studies on digital
leadership have largely overlooked its effect on ESG, instead focusing on issues such as organizational sustainability (Borah et al.,
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2022) and responsible innovation (Memon and Ooi, 2023). In response to this research gap, this study seeks to demonstrate that digital
leadership drives corporate ESG development. To do so, we use a sample of 25,706 listed companies from China’s manufacturing
industry from 2009 to 2022 for two main reasons. First, the Chinese economy is shifting from a high-speed growth to a high-quality
ecological model. In its shift, China has been incentivizing ESG development through regulatory actions, developing a green financial
system with green leading and green insurance, implementing a carbon neutrality framework. Second, more Chinese companies have
started to conduct ESG practices and investments for sustainable green transformation and innovation (Tan et al., 2024). Although
China is an emerging economy, still in its infancy of ESG development and growth, its experience provides lessons for other developing
countries.

Our empirical tests provide convincing evidence that digital leadership promotes ESG. Furthermore, we find that digital leadership
promotes the development of digital technology within the firms and trigger active participation of stock traders that are helpful for
improving ESG score by outside agency. Four factors — the gender difference of executives, the environmental protection experience of
the top management team (TMT), the liability insurance provided to directors and officers, and the government’s environmental
attention — amplify the positive effect of digital leadership on ESG performance.

Our contributions are fourfold. First, we enrich ESG literature by exploring the relationship between digital leadership and
corporate ESG practices. Existing studies on ESG mostly focus on the career concerns of leaders (Kim and Kim, 2023), gender difference
of leaders (Alkhawaja et al., 2023), and their foreign experience (Liu et al., 2023c). Less attention has been paid to digital leadership as
a driver of corporate ESG performance. By doing so, we extend the literature to provide insights into the role of technical skills of
leaders on corporate ESG performance.

Second, our study reveals two channels through which the digital leadership affects firms’ ESG performance. Existing literature
argues that digital leadership uses digital technologies to make business changes (AlNuaimi et al., 2022), and there are few accounts of
digital technologies ultimately acting on business sustainability. Our results explain that some firms create more digital innovations
than others because of their leaders who stimulate digital transformation to promote ESG. Given that previous research has linked
financial market trading to ESG ratings (Feng and Yuan, 2024; Liu et al., 2023a), and the lack of financial market transactions in topics
related to digital leaders influencing firms’ ESG is rarely mentioned, we provide insights into how information spreads from the
financial market to the rating agency. Institutional investors and professional analysts spend resources in performing their fiduciary
duties to find the most profitable firms with an ESG orientation. Thus, stock trading provides a valuable signal to the ESG rating agency
for evaluating the underlying firm’s ESG performance.

Third, our study shows the importance of firm characteristics and government policy on the firm’s ESG performance, corroborating
with the literature (Rao and Tilt, 2016; Zhang, 2022). Gender diversity, executive’s environmental protection experience, liability
insurance provided to executives, and government environmental attention amplify the positive effect of digital leadership on ESG.
The results confirm that incentives and policies enacted by firms and the government can effectively promote ESG performance. This
study expands the understanding of the relationship between digital leadership and corporate ESG performance by exploring four key
moderating factors.

Finally, our research assesses the impact of digital leadership on ESG performance, building on analyses of other aspects of sus-
tainable development, such as social responsibility and responsible innovation (Borah et al., 2022; Memon and Ooi, 2023). Addi-
tionally, we advance upper echelons theory by connecting leadership skills to ESG outcomes, demonstrating how top leaders with
digital expertise influence overall firm performance.

2. Literature review and hypothesis development
2.1. Literature review

The digital age underscores the growing importance of digital leadership for enhancing business performance. Research has
explored how digital leadership impacts various aspects of innovation, including open innovation (Fatima and Masood, 2023),
exploratory innovation (Wang et al., 2022a), and deviant innovation (Sun et al., 2024). Unlike traditional leaders, digital leaders
leverage digital technology to drive digital transformation (AlNuaimi et al., 2022), enhance technology absorptive capacity and
innovation (Xia et al., 2023), facilitate organizational co-creation, and maintain a competitive edge in a rapidly evolving environment
(Cai et al., 2024), ultimately aiming for improved financial performance (Senadjki et al., 2024). However, while digital leaders focus
on operational performance, they must also address sustainability performance across environmental, social, and governance (ESG)
factors. Existing research has often fragmented the exploration of digital leadership’s impact on ESG performance. This study addresses
this gap by providing a comprehensive examination of how digital leadership influences ESG outcomes.

Tian et al. (2023) demonstrate that digital leaders leverage digital detection capabilities to navigate dynamic environments,
interpreting policies and regulations related to low-carbon initiatives and environmental protection, while also monitoring sustainable
trends in external markets. This enables them to make informed decisions about green innovation in complex settings. Similarly,
Memon and Ooi (2023) argue that digital leadership must involve adopting cutting-edge digital strategies, such as big data tech-
nologies, to capture market information, identify social needs, and fulfill social responsibilities. Additionally, Sun et al. (2024)
highlight that digital leaders foster a culture where internal personnel are encouraged to take risks with digital technologies, leading to
significant improvements in quality.

Research on the relationship between digital leadership and ESG performance is still in its early stages, and there is a lack of
consensus on how digital leadership impacts ESG outcomes, highlighting the need for further investigation. To address this gap, we
employ upper echelons theory as our theoretical framework to explore the direct effects of digital leadership on corporate ESG
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performance and to uncover the underlying mechanisms that connect the two.
2.2. Digital leadership and ESG

The upper echelon theory suggests that leaders’ characteristics affect their business decisions (Hambrick et al., 1984). Leaders at
firms play an important role in corporate environmental strategies, social responsibility fulfillment, and internal corporate governance
(Christensen et al., 2014; Dubey et al., 2015; Evans, 2014; Gupta, Fung, and Murphy, 2021). We argue that, given today’s technology,
digital leadership should have a significant effect on corporate ESG performance for several reasons.

First, digital leadership is emblematic of technology change. Responsible leaders make ethical decisions consistent with the interest
of stakeholders while analyzing the environmental conditions outside the firm to avoid social harm (Du et al., 2013; Memon and Ooi,
2023). Digital leadership can use emerging technologies in their production models to maximize the use of renewable energy to reduce
emissions and promote green innovations (Li et al., 2023; Tian et al., 2023; Weber et al., 2019; Zhu et al., 2023). Thus, digital
leadership improves environmental attention.

Second, digital leadership supports social causes that benefit both firms and their society at large (Volschenk, 2019). They have a
transformative vision and forward looking perspective to anticipate market trends and equip employees to succeed, such as by
encouraging employees to learn from coworkers, and by giving them opportunities to better themselves (Chatterjee et al., 2023; Kane
et al., 2019). Moreover, digital leaders can use social media to enhance firm performance through increased information sharing
(Borah et al., 2022), and to enhance leadership interconnections with constituents and stakeholders (Park and Wallace, 2020). We thus
argue that digital leadership promotes social status and social responsibility.

Finally, digital leaders use technology to improve corporate governance. Digital technologies significantly improve information
transparency, mitigating self-interested behaviors to bolster risk taking and collaboration, thus improving strategy and corporate
governance (Kane et al., 2016; Zhu, 2019). Digital leadership can protect stakeholders to accommodate multiple initiatives and
practices at the same time (Hacioglu and Aksoy, 2021; Obwegeser et al., 2020). In addition, digital leadership use microblogs and other
social media platforms to connect to consumers and media who can externally monitor any improper firm behaviors. As a result, firms
need to make public information disclosures to strengthen the supervision of firms and improve corporate governance (Gu and Kurov,
20205 Jia et al., 2020). Therefore, we argue that digital leadership significantly improves corporate governance:

Hypothesis 1. Digital leadership promotes ESG performance at firms.
3. Mediating analysis
3.1. Promotion of digital technology

Digital leadership focuses on the use of digital technology to drive corporate digital transformation (Benitez et al., 2022; Weber
et al., 2022a, 2019). Digital technologies improve operations, create new value networks, and empower new digital organizational
visions to solve work-related problems (Guo et al., 2023; Karim et al., 2022; Magesa and Jonathan, 2022). In addition, digital leaders
can build digital platforms to integrate existing business resources and data and coordinate employees to achieve cross-functional work
(Engelbrecht et al., 2017; Porfirio et al., 2021). In summary, an effective digital strategy requires leaders to develop different capa-
bilities within operations and innovation (Westerman, 2012).

Firms with a high level of digital transformation tend to have a higher level of ESG for two reasons. First, for manufacturing firms,
digital technology promotes energy conservation and emission reduction to improve sustainability (Fang et al., 2023). The deep
integration of emerging technologies and low-carbon solutions increases the need for digital technologies that control pollution and
waste, further promoting green transformation and innovation (Xu et al., 2021; Zhu et al., 2023). Second, digital technology improves
the ease of information disclosure and corporate transparency to convey the firm’s efforts in promoting charity and social re-
sponsibility (Gillan et al., 2021; Ma and Zhu, 2022). As discussed earlier, technology also improves corporate governance regarding
transparency, social status, and ESG (Huang and Wei, 2023). Thus, we propose the following hypothesis:

Hypothesis 2a. . Digital leadership promotes digital transformation, which in turn stimulates ESG performance at firms.
3.2. Promotion of stock trading activity

Digital leadership can optimize business operations by integrating IT infrastructure and business data to establish a digital network
platform (Benitez et al., 2022; Leong et al., 2019). Such a platform reduces the cost of searching for information and allows for easier
collaboration and transaction between traders and firms (Benitez et al., 2022; Fink et al., 2005). In addition, digital leadership is likely
to use big data, cloud computing, blockchain, and other technologies to manage the daily operations of the organization, with two
important results. First, the firm is better able to collect data about itself; second, the market can access more authentic and reliable
information about the firm (Wang et al., 2022b; Weber et al., 2022b). This decreased information asymmetry between the firm and
market leads to increased information validity that improves the readability and quality of financial reports (Wang and He, 2024).
Consequently, traders and investors are more willing to trade shares of the firm in a more transparent environment, increasing the
trading liquidity of the firm.

Traders who participate in the trading activity of the firm include professional analysts and institutional investors who bring
expertise to analyze the firm’s business and operations to ensure their investment is valuable. They are interested in firms that engage
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in ESG and have good profit potential (Yin et al., 2023). As investors bet on the shares, they must ensure a good return for their in-
vestments. In particular, professional analysts may have fiduciary duties to invest in ESG stocks. External rating agencies may value the
judgment of such professional investors, such that increased trader participation sends clear positive investment signals and credibility
about the firm’s ESG engagement to the market. In fact, Feng and Yuan (2024) and Liu et al. (2023a) confirm that investors have a
positive effect on ESG performance in Chinese firms. Because of these arguments, we propose the following hypothesis:

Hypothesis 2b. . Stock trading activity mediates the relationship between digital leadership and corporate ESG.
4. Moderating effects on digital leadership
4.1. Gender effect

While all stakeholders of a firm are integral to a firm, top management team members as internal stakeholders are especially
influential in the decision-making process. Moreover, TMT members’ strategic choices are influenced by their underlying de-
mographics such as age and gender (Johnson et al., 2013). The gender role theory suggests that women and men may have different
views on ethical and social norms, potentially affecting firm performance (Mason and Mudrack, 1996). One way this disparity may be
evident is in the process of resource allocation, especially for costly investments such as ESG-related projects.

When digital leaders want to invest in ESG to reduce environmental hazards and avoid public scrutiny, other members of man-
agement may have different views about the economic benefits of such a decision (McWilliams and Siegel, 2000). While some may side
with these leaders, others may pose challenges to implementing an ESG strategy.

Research has found that male executives tend to focus on the primary needs of shareholders, while female executives are typically
more focused on the needs of broader stakeholders (Adams et al., 2011). Female members are keen on improving corporate human
resources, occupational health and safety, corporate donations and ethical issues (Rao and Tilt, 2016). Thus, women are more likely to
provide diverse social and environmentally friendly solutions to the firms on environmental and social issues (Ding et al., 2022; Javed
etal., 2023; Shakil, 2021). When digital leaders decide to implement ESG strategies, we propose that female executives are more likely
to support ESG initiatives and assist digital leaders in effectively addressing ESG-related issues:

Hypothesis 3a. . Female executives strengthen the positive relationship between digital leadership and ESG.

4.2. Environmental protection experience of TMT

Digital leadership is often hindered by capital and other constraints in maintaining ESG goals, diluting their commitment to the
environment. However, executives with an environmental protection experience will be more motivated to protect the environment
and take social responsibility seriously (Wang et al., 2023a). Managers with a high awareness of ecological and environmental issues
pay closer attention to industry development policies and environmental regulations (Gadenne et al., 2009). They are more likely to
promote ESG information disclosure about topics related to energy conservation, emission reduction and environmental protection
measures (Deng et al., 2024; Huang and Wei, 2023).

When digital leaders work with executives with environmental protection experience, they are likely to exchange views on issues of
corporate sustainability, converging towards increased ESG practices. They can identify market opportunities arising from ecological
issues to assess the benefits underlying ESG actions (Deng et al., 2024) and save the company costs on green transformation and other
measures (Li et al., 2024b; Zhang and Zhang, 2023). The presence of executives with environmental protection experience enables
digital leaders to better allocate resources to deal with the conflict between ESG activities and financial performance. As a result, the
combined efforts of the executives with environment experience and digital leadership will enable firms to have better ESG perfor-
mance, improving the firm’ s ESG rating.

Hypothesis 3b. . Environmental protection experience of TMT strengthens the positive relationship between digital leadership and
ESG.

4.3. Liability insurance to directors and executives

Many firms offer liability insurance to director members and managers against personal liability arising from legal actions related
to their organizational roles (Zhang et al., 2023b). This policy of directors-and-officers liability insurance (D&Q) motivates managers
to act in the best interests of stakeholders to reduce agency costs, mitigate litigation risks, and improve corporate governance
(Holderness, 1990; Yuan et al., 2016). D&O insurance coverage typically requires directors and officers to comply with certain
corporate governance standards and risk management practices. Qualifying companies must also show robust governance structures
and transparency.

Firms with this insurance policy are subject to the underwriting monitoring services of insurance firms which watch closely the
firm’ s financial situation to prevent opportunistic behaviors of the executives and board members (Boyer and Tennyson, 2015). D&O
insurance companies investigate in advance to ensure good behavior and to evaluate potential environmental litigation losses and risks
caused by the firm’s actions (Core, 2000). Thus, the board has incentives to strengthen the oversight of ESG-related risks and install
adequate controls, improving ESG performance. As a result, a D&O insurance policy signals lower firm risk from stronger public
supervision (Yuan et al., 2016). At the same time, the D&O policy prompts digital leaders to increase their support for green innovation
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and environmental protection investment activities (Zhang et al., 2023b). Therefore, we expect the insured firms to have a better ESG
rating as follows:

Hypothesis 3c. Liability insurance provided to directors and executives strengthens the positive relationship between digital
leadership and ESG.

4.4. Role of the government

Local governments promote environmental policies by advocating for strong guidelines in announcements and publications, using
language such as environmental protection, environmental pollution, energy consumption, coordinated development, and environ-
mental co-governance in annual government reports (Bao and Liu, 2022; Liu et al., 2024). These government guidelines and policies
shape firms’ behaviors (Dai and Si, 2018; Liu et al., 2024).

The government is a powerful external stakeholder for firms (Harrison and St. John, 1996; Ocasio, 1997). Increased government
environmental attention also leads to increased support for firms to commit to sustainable projects (Wang and Lei, 2021). Governments
can provide financial incentives (such as grants, subsidies, or tax credits) to adopt ESG practices. Governments may facilitate
public-private partnerships to mobilize resources, share knowledge, and leverage expertise to address ESG challenges. It can even
initiate joint initiatives for sustainable infrastructure development or community engagement projects. For example, the Chinese
government implemented a green loan program that enables firms to have better access to funds from banks for curbing pollution
(Zhang, 2022). Digital leaders are likely to be sensitive to changes in government regulations and policies that reward environmental
governance and increased social responsibility (Kane et al., 2019). Therefore, we propose the following hypothesis:

Hypothesis 3d. Government environmental attention strengthens the positive relationship between the digital leadership and ESG
at firm.

The logical framework underlying the relationship between digital leadership and ESG is shown in Fig. 1. This relationship is
mediated by digital transformation and stock trading, while the moderating mechanism includes the gender of the executives, the
environmental protection experience of TMT, the insurance policy regarding board directors and management, and the role of gov-
ernment environmental attention.

5. Data and methods
5.1. Sample and data collection

We selected Chinese domestic firms in the manufacturing industry listed on the Shenzhen and Shanghai Stock Exchanges from 2009
to 2022. To gather information on digital experience, we collected the resume of each firm’s executives from the China Stock Market
Accounting Research (CSMAR) Database. We supplemented missing data from CSMAR by searching the RESSET database from Sina
Finance (https://finance.sina.com.cn/). We selected keywords related to digital experience based on the statistical classification of
Digital Economy and Its Core Industries (2021).

Huazheng ESG data, updated quarterly, integrates the Chinese context and capital market characteristics over an extended period.
In contrast, most ESG rating indicators are updated semi-annually or annually, often providing a shorter-term perspective. Compared
to quarterly or average ratings, year-end ratings offer more accurate and comprehensive insights. Companies are more likely to assess
and report their ESG contributions at the end of the year, making year-end ratings a more precise reflection of their ESG performance
over the past year. We used the Huazheng year-end ESG rating index to measure ESG performance of the firms because it is more
extensive, covering all listed companies in China with multiple levels of indicators." We also use the WIND database to conduct in-
tegrated semantic analysis and natural language process algorithms (Zhang et al., 2023a).

Finally, we eliminated firms that had risk warnings status and lacked financial and corporate governance data. We also winsorized
all continuous variables at the 1 % and 99 % levels to reduce the effect of outliers. The final sample includes 3246 listed firms and
25,706 observations with 190,021 executives. The firm’s financial data, equity information, media reports and other data are from the
CSMAR database and the Chinese Research Data Services Platform (CNRDS) database.

5.2. Variable measures

5.2.1. ESG performance

ESG ratings consist of nine grades from "C" (lowest) to "AAA" (highest). In our empirical analysis, the ESG ratings are assigned
values from 1 to 9. The larger the value, the better ESG performance (Lian et al., 2023). We measure environmental (Enviro), social
(Social) and governance (Govern) in our study as calculated in previous studies (Kong et al., 2023).

1 It includes three first-level indicators of environment, society, and governance, 16 s-level indicators, 44 third-level indicators, and nearly 80
fourth-level indicators (Lin et al., 2021; Tian and Tian, 2022).
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Fig. 1. Conceptual framework.

5.2.2. Digital leadership

The literature typically measures digital leadership using survey data with questionnaire interviews (Benitez et al., 2022; Fatima
and Masood, 2023). This approach provides a limited perspective to explain the strengths and weaknesses of digital leadership, the
problem of subjective cognitive bias cannot be avoided (Cycyota and Harrison, 2006). Text analysis can reflect the characteristics of a
person by analyzing the words used in the target text (Miller and Ross, 1975; Pennebaker et al., 1999). Therefore, our study uses a
textual analysis to create a novel digital leadership measure (DLeader) by examining leaders’ resumes.

We define digital leaders to have digital technology experience in education and work. Education experience covers experience in
wireless, radio and communication, software, computer, digital technology, automation, network, circuit, integrated circuits, big data,
and industrial robots. Work experience related to website, technology, information, IT planning department, IT Center, System and
Software Engineer, Core Technical Personnel, Technology Officer, Information Officer, Information Integration, Cloud Platform, In-
formation Technology, Digital Center, R&D related work (such as R&D director and R&D center) and information technology center
(such as industry and university research center), information management center, and network work (such as network R&D, network
security, and planning).

We follow the approach by Wang et al. (2023b) to label DLeader as one if any of the top management team members (TMT) has a
professional experience or education experience in the digital technology, two if the TMT member with digital experience also serves
on the board, and three if the digital leader was the CEO or the chairman of the board, and zero if a firm did not have any digital leader.
This variable reflects a structural power approach that measures the different levels of power implicit in TMT positions (Wang et al.,
2023b). The greater the TMT structural rights, the stronger its control over the firm’s decision-making process.

5.2.3. Mediator variables

We selected two mediators in our study. First, we measured digital transformation (DigitT) using the selected digital-related
keywords scaled by the total words in the annual report (Guo et al., 2023). The keywords, obtained from CSMAR, include artificial
intelligence technology, big data technology, cloud computing technology, blockchain technology and digital technology application.
We normalized the digital transformation variable for the firm by the industry group.

Our second mediator is stock trade turnover (Turnover), which indicates the extent to which trading activities take place. Stock
trading is a good proxy for liquidity because it reflects the trading intensity by the traders for the firm (Barber and Odean, 2008). Thus,
we use the average turnover rate (i.e., the number of shares traded over the total outstanding shares in a day) over the 30 days before
the release date of the annual report to measure the activity of traders (Loh, 2008). We also use 60-day measure of turnover for
robustness. The results are similar.

5.2.4. Moderating variables

We select four moderators in the analysis. First, executive characteristics will affect the relationship between digital leadership and
ESG. We use female executives serving on the TMT (TMT Female) as a moderating variable (Badrul Muttakin et al., 2022). It is a
dummy that equals 1 if there are women in the top management team, otherwise 0. Our second moderator is the executives’ envi-
ronmental protection experience (TMT Enviro) (Huang and Wei, 2023). If the TMT members have experience with environmental
protection, it is equal to 1; otherwise, it is 0.

Second, there are external factors that may affect the relationship between digital leadership and ESG. The directors’ and officers’
liability insurance (Insured) is our third moderator. If the firm provides the directors and TMT with a liability insurance in that year, it
is equal to 1; otherwise, it is 0 (Zhang et al., 2023b). Finally, we use the government environmental attention (Gov_Attention) as the
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fourth moderator, which is the frequency of environmental words to the number of words in the full text of the provincial government
report where the firm is registered (Zhang et al., 2024).

5.2.5. Control variables

We also include the following control variables in our analysis. We first include the firm specific variables. FirmSize is the natural
logarithm of the number of employees at a firm (Ma et al., 2023). FirmAge is the number of years that the firm has been listed on the
exchange (Alkhawaja et al., 2023). Lev is the total liability divided by total assets. ROA measures profitability. Itis the net income
divided by total assets. Loss equals 1 if a firm has a negative profit in the year, otherwise 0 (Liu and Zhang, 2023). Finally, Liquid is the
ratio of current assets to current liabilities.

Second, we control for the managerial and governance attributes. Mshare is the percentage of shares held by the management team
(Huang and Wei, 2023). Dual equals 1 if the CEO also serves as the chairperson, otherwise it is 0. To reflect the importance of corporate
governance, we use Top1 as the ratio of the largest shareholder’ s shareholding to the rest of the stockholder’s shares. Indep is the ratio
of independent directors to the total board size. SOE equals 1 if the firm is a state-owned enterprise, otherwise it is 0 (Fu et al., 2024; He
et al., 2023). Tenure is the average tenure of TMT members at that firm ((Liu and Zhang, 2023).

5.3. Methods

The panel data is composed of listed firms in different years. The dependent variable is ESG score, which ranges from 1 to 9. A
Hausman test shows that the fixed effect model is better than the random effect model (p=0.00) (Hausman, 1978). In addition, we
include fixed effects for the firm, industry, and year levels (Alkhawaja et al., 2023). We measure the effect of digital leadership on the
ESG scores of the current year as follows:

ESG;; = ap + a1 DLeader;, + Z controls;, + Z Firm+ Z Year + Z Industry + €;, (€8]

where ESG is the dependent variable and DLeader is the independent variable. In the above equation, i represents the firm and t
represents the year. We also add firm fixed effects (Firm), year fixed effects (Year) and industry fixed effects (Industry), where ¢;,
represents the error term and a; captures the influence of digital leadership on corporate ESG. We expect the coefficient a; to be
positive and significant, implying that digital leadership improves corporate ESG performance. A positive result of a; supports H1.

We follow the approach by Baron and Kenny (1986) to examine the mediating mechanism of digital leadership on corporate ESG in
Egs. (1)-(3) to test Hypotheses 2a-2b.

Med;, = f, + p,DLeader;, + Z controls;, + Z Firm+ Z Year + Z Industry + €;, 2)

ESG;, = ro +r,DLeader;, + ryMed;, + Z controls;, + Z Firm + Z Year + Z Industry + €;, 3)

We use two mediator variables—digital transformation and stock trading activity—in Eqgs. (2) and (3). The partial mediation effect
holds when the coefficients a; and p; are positive and significant and while the coefficient of digital leadership, r; in Eq. (3) is smaller
than o in Eq. (1).

6. Empirical results
6.1. Descriptive statistics

Columns (1) and (2) in Table 1 present the number and proportion of ESG ratings within the original dataset. The ESG performance
of Chinese manufacturing firms shows significant variability. Of the 25,706 firms included in our analysis, only 0.37 % have an ESG

score of 7, 0.01 % have an ESG score of 8, and none have an ESG score of 9, with all these scores representing less than 1 % of the total
sample. To refine the dataset and address these disparities, we have focused on a narrower range of ESG scores, as detailed in columns

Table 1

Summary of ESG ratings.
Variable (D) (@3] 3 @
ESG ratings Original data Sample data

Number of ratings % ratings Number of ratings % ratings

1 541 2.10 541 2.10
2 1251 4.87 1251 4.87
3 4626 18.00 4626 18.00
4 10,216 39.74 10,216 39.74
5 7343 28.57 7343 28.57
6 1632 6.35 1729 6.73
7 94 0.37 0 0.00
8 3 0.01 0 0.00
9 0 0.00 0 0.00
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(3) and (4) of Table 1. Consequently, the maximum ESG score in the final sample is 6.

Table 2 shows the description of all the variables including the total number of samples, mean, standard deviation, minimum and
maximum values. The mean value of ESG performance is 4.0794, with a minimum value of 1 and a maximum value of 6, indicating that
ESG performance varies considerably across firms. The mean value of digital leadership is 0.9110, with a minimum value of 0 and a
maximum value of 3, reflecting that there is room for progress in the cultivation of digital leadership in firms.

6.2. Correlation analysis

Table 3 shows the correlation coefficient matrix of the main variables. The Pearson correlation coefficient between digital lead-
ership and corporate ESG performance is positive and significant, indicating that a strong relationship between digital leadership and
ESG performance, supporting Hypothesis 1. We calculated the variance inflation factor (VIF) scores to evaluate multicollinearity
between variables. As the maximum value of the VIF is 2.31 and the average value is 1.41, both are below 10, indicating that the data
do not have serious collinearity issues (Solakov et al., 1987)

6.3. Effect of the digital leadership on ESG

Table 4 reports the regression results on the relationship between digital leadership and ESG. Column (1) indicates that the digital
leadership has a positive effect (# = 0.0304, p<0.01) on environment, social, and governance (ESG). The results support our main
hypothesis. We also show the positive effect of digital leadership on Environmental (0.0242) in column (2), on Social (0.0221) in
column (3) and on Govern (0.0318) in column (4). They are all statistically significantly at the 1 % level.

We compute the economic significance of digital leadership on ESG and others (Environmental, Social and Govern) using the
marginal effect concept, which is computed by multiplying one standard deviation of the digital leadership variable with its regression
coefficient. For example, the regression coefficient of DLeader on ESG is 0.0304; its standard error is 1.0793 % (shown in Table 2).
Thus, the marginal effect of the digital leadership on ESG is 0.0328 % (=0.0304x1.0793). Similarly, the digital leadership regression
coefficient on environment is 0.0242. Its standard error is 1.0793 %. The marginal effect of digital leadership on environmental is
0.0261 % (=0.0242x1.0793) in column (2). The marginal effect of digital leadership on Social is 0.0239 % (=0.0221x1.0793 %) in
column (3) and on Governance is 0.0343 % (=0.0318x1.0793 %) in column (4). The results show that the influence of digital leaders
on ESG mainly comes from the performance of corporate governance with the largest marginal effect as compared with Environmental
and Social. Corporate governance relates to internal governance factors such as board structure and gender.

In addition, we estimated the effect of digital leadership hierarchy on ESG. Column (5) reports that the positive effect of digital top
leaders (i.e., CEO or board chair) on ESG is 0.0600, (p<0.01). Column (6) shows that the effect of executives with digital experience
serving on the board is 0.0502 (p<0.01). Column (7) reports that the positive effect of digital TMT on ESG is 0.0491 (p<0.01). It should
be noted that the effect of top leader on ESG is the strongest on ESG, followed by the executive board. The results make sense because
the top leaders have the strongest influence on decision-making, in line with our structural power argument.

6.4. Endogeneity test

We have taken several steps to ensure robustness of the results. First, we use a battery of tests to mitigate sample selection bias. We
first use the Heckman model to mitigate sample selection bias from non-randomly selected samples (Heckman, 1981). We introduce an
exogenous variable, Digital Birthplace, which indicates whether the CEO or board chair was born in a region with a relatively
advanced digital economy. This binary variable (1,0) serves as a dependent variable in a probit regression within the Heckman
two-stage analysis. The results are shown in column (1) of Table 5. When a CEO or board chair originates from a region with a
well-developed digital economy, their digital leadership is influenced by this exposure to digital technology. However, this back-
ground does not impact the firm’s ESG performance. Therefore, Digital Birthplace is an effective instrumental variable for digital
leadership, providing a valid exogenous source for our analysis. In the first stage of the Heckman’s analysis, we obtain the inverse
Mill’s ratio (IMR) variable, which is entered into the second-stage regression. The results of the second stage are shown in column (2)
and underscore that across several methods, digital leadership has a positive and significant effect on ESG.

Moreover, we use a two-stage least squares (2SLS) method to mitigate further endogenous problems (Semadeni et al., 2014). In the
first stage, we use an instrumental variable that assesses the number of industrial robot applications (Robot) in the United States in that
same year. Even though this variable represents a technological trend that may encourage Chinese firms to undertake digital tech-
nology, it is not related to the ESG performance of the Chinese firms. Column (3) shows that Robot increases the culture of digital
leadership (#=0.0312, p<0.1) in the first stage. In the second stage, we compute the predicted value of digital leadership and examine
its effect on ESG. Column (4) shows that digital leadership has a positive effect (4=1.5782, p<0.01) on ESG.

6.5. Robustness test

To mitigate sample selection bias, we adopted the propensity score matching (PSM) method (Shipman et al., 2016). The method
assembles a sample in which confounding factors are balanced between treatment groups. We used the nearest neighbor matching,
kernel matching and radius matching to identify the matched sample. In Table 6, columns (1)-(3) report the results.

Second, we examine the effect of digital leadership beyond the current time span. Considering the complexity of the ESG rating
process, the effect of digital leadership on ESG may be persistent over time. Therefore, following the previous study of Xing et al.
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Table 2

Descriptive statistics.
Variable N Mean SD Min Max
ESG 25,706 4.0797 1.0547 1.0000 6.0000
DLeader 25,706 0.9110 1.0793 0.0000 3.0000
DigitT 25,706 —-0.0119 0.8900 —0.8080 4.5288
Turnover 25,706 0.0280 0.0263 0.0021 0.1478
TMT Female 25,706 0.9551 0.2071 0.0000 1.0000
TMT _Enviro 25,706 0.3554 0.4786 0.0000 1.0000
Insured 25,706 0.1260 0.3319 0.0000 1.0000
Gov_Attention 25,706 0.4194 0.0097 0.3972 0.4400
FirmSize 25,706 7.6387 1.1507 5.0106 10.8070
FirmAge 25,706 9.8976 7.1922 1.0000 28.0000
Lev 25,706 0.3959 0.2017 0.0503 0.9510
ROA 25,706 0.0411 0.0650 —0.2473 0.2157
Liquid 25,706 0.1114 0.3146 0.0000 1.0000
Loss 25,706 2.7558 2.8447 0.3778 18.0124
Dual 25,706 0.3183 0.4658 0.0000 1.0000
Topl 25,706 0.3356 0.1408 0.0891 0.7163
Indep 25,706 0.3759 0.0532 0.3333 0.5714
Mshare 25,706 0.1568 0.2075 0.0000 69.6337
Tenure 25,706 49.9079 21.8138 11.5556 119.7692
SOE 25,706 0.2835 0.4507 0.0000 1.0000

Table 3

Correlation coefficients.
Variable 1 2 3 4 5 6 7
1.ESG 1
2.DLeader 0.075"""
3.DigitT 0.032""" 1
4.Turnover —0.008 —0.011* 1
5.TMT _Female —0.002 0.021""" —0.008
6.TMT _Enviro . —0.007 0.005
7.Insured 0.019""" —0.066""" 1
8.Gov_Attention 0.062""" 0.030™" —-0.015"" 0.078"" 0.138™" 0.259™"
9.FirmSize 0.158""" 0.052"" —-0.209""" —0.047""" 0.034""" 0.115""
10.FirmAge —-0.160""" 0.000 0.003 0.153""
11.Lev —0.174""" —0.004 —0.091""" 0.052"" 0.075™"
12.ROA 0.252"" 0.002 —-0.026""" —-0.025""" —0.035"""
13.Liquid —0.192"" 0.010 0.010 0.013"" 0.053™"
14.Loss 0.102"" —0.011* 0.078™" 0.039"" —0.066""" —0.045"""
15.Dual 0.013" 0.021"" 0.084™" 0.041"" 0.011* -0.034""
16.Topl 0.100""" —0.010 —-0.050""" —-0.024™"" —-0.045""" —0.036"""
17.Indep 0.064™"" 0.018™" 0.023™" 0.018™" —0.012"" 0.028™"
18.Mshare 0.135""" 0.007 0.189™" 0.051"" —-0.020"" -0.078"""
19.Tenure 0.067""" 0.023"" -0.136""" 0.011* -0.021*"" 0.038"""
20.SOE —0.001 —0.020""" -0.120""" —-0.081""" —-0.028""" 0.071"""

8 10 11 12 13 14
8.Gov_Attention 1
9.FirmSize 0.002
10.FirmAge 0.028"""
11.Lev
12.ROA
13.Liquid 1
14.Loss 1
15.Dual 0.120""
16.Topl 0.024™"
17.Indep 0.006
18.Mshare 0.110"" -0.114™"" 0.259"""
19.Tenure 0.149"" —-0.023""" —-0.104™""
20.SOE —-0.190"" 0.060""" -0.188"""
15 20

15.Dual 1
16.Topl —-0.015""
17.Indep 0.102"" 1
18.Mshare 0.231""" 0.070""" 1
19.Tenure —0.008 —0.002 —-0.079""" 1
20.SOE —0.294""" —0.065""" —0.448"" —-0.033"" 1
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Table 4
Effect of digital leadership on ESG in a firm-fixed effects model.
m 2) ®3) “@ %) (6) @
ESG Enviro Social Govern ESG ESG ESG
DLeader 0.0304""" 0.0242""" 0.0221""" 0.0318™"
(0.0072) (0.0072) (0.0074) (0.0095)
DLeader_top leader 0.0600""
(0.0214)
DLeader_board 0.0502"""
(0.0171)
DLeader TMT 0.0491"""
(0.0147)
FirmSize 0.2574™" 0.1406"" 0.2441""" 0.1501""" 0.2576™" 0.2577""" 0.2565"""
(0.0131) (0.0131) (0.0135) 0.0174) (0.0131) (0.0131) (0.0131)
FirmAge —0.1266""" —0.0309 —0.0415 —0.0429 -0.1273"" -0.1268"" —-0.1271"""
(0.0427) (0.0426) (0.0440) (0.0566) (0.0427) (0.0427) (0.0427)
Lev —0.8808"" —-0.1420"" —-0.6868""" —~1.7980"" —0.8808""" -0.8826"" —-0.8799""
(0.0592) (0.0590) (0.0609) (0.0784) (0.0592) (0.0592) (0.0592)
ROA 0.5569""" —0.1754 0.8154""" 0.7237""" 0.5675"" 0.5556""" 0.5597""
(0.1384) (0.1379) (0.1425) (0.1833) (0.1384) (0.1384) (0.1384)
Loss —0.0234 0.0112 —0.0035 ~0.0381 -0.0228 -0.0239 —0.0234
(0.0239) (0.0238) (0.0246) (0.0316) (0.0239) (0.0239) (0.0239)
Liquid 0.0172"" 0.0177"" 0.0211""" 0.0217""" 0.0173™" 0.0174™" 0.0174™"
(0.0034) (0.0034) (0.0035) (0.0045) (0.0034) (0.0034) (0.0034)
Dual —0.0224 —0.0140 -0.0111 0.0127 -0.0216 —0.0240 —0.0231
(0.0176) (0.0175) (0.0181) (0.0233) (0.0176) (0.0176) (0.0176)
Topl 0.3246"" —~0.0610 0.2165"" 0.8371""" 0.3286"" 0.3237""" 0.3200""
(0.0911) (0.0907) (0.0938) (0.1207) (0.0911) (0.0911) (0.0911)
Indep 1.0047"" —0.1464 0.9161""" 19766 0.9875™"" 1.0145™ 0.9995™"
(0.1557) (0.1551) (0.1603) (0.2063) (0.1557) (0.1559) (0.1557)
Mshare 0.8044""" 0.1212* 0.7361""" 1.2152"" 0.8097"" 0.8085""" 0.8046""
(0.0683) (0.0680) (0.0703) (0.0905) (0.0683) (0.0683) (0.0683)
Tenure 0.0016™" 0.0002 0.0006 0.0029"" 0.0015"" 0.0015""" 0.0016™""
(0.0004) (0.0004) (0.0004) (0.0005) (0.0004) (0.0004) (0.0004)
SOE 0.0571 0.0750" 0.0638* 0.1360""" 0.0551 0.0550 0.0550
(0.0363) (0.0362) (0.0374) (0.0481) (0.0363) (0.0363) (0.0363)
Intercept 2.5040""" 0.7135"" 1.7032"" 4.6300"" 2.5305"" 2.5204""" 2.5219""
(0.2309) (0.2301) (0.2378) (0.3059) (0.2308) (0.2309) (0.2309)
Firm FE Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes
R? 0.0581 0.0676 0.1521 0.2058 0.0576 0.0577 0.0578
#Observations 25,706 25,706 25,706 25,706 25,706 25,706 25,706

Standard errors in parentheses: * p < 0.1, " p < 0.05, """ p < 0.01

(2024), we use the following year’s ESG (i.e., ESG in year t+1) for additional analysis. Table 6 shows that the effect of digital leadership
on ESG;.; is 0.0163 (p<0.05) in column (4).

Finally, this paper tests the consistency of the findings by measuring ESG performance in other ways (Xing et al., 2024). We
supplement the robustness test using an alternative ESG score from Chinese Research Data Services Platform (CNRDS) database as the
dependent variable (ESG_R). This score ranges from 0 to 100. Column (5) of Table 6 reports the regression result, which shows that
digital leadership has a positive effect (= 0.2138, p<0.01) on ESG_R. Our additional analysis confirms that digital leadership promotes
corporate ESG.

6.6. Mediating analysis

In the mediating analysis, we need to show that digital leadership first affects digital transformation (DigitT), which in turn affects
ESG. Column (1) shows that digital leadership has a positive effect on digital transformation (0.0128, p<0.05). Column (2) includes the
effect of both digital leadership and digital transformation on ESG. Digital leadership has a positive effect on ESG (0.0302, p<0.01),
while digital transformation also has a positive effect on ESG (0.0225, p<0.01). These results indicate that digital leadership improves
ESG performance by promoting digital transformation, supporting Hypothesis 2a.

Hypothesis 2b. suggests that digital leadership will attract increased trading, which improves the performance of ESG. The results of
column (3) show that digital leadership (DLeader) has a positive effect on turnover (0.0011, p<0.01). Column (4) shows that digital
leadership (Dleader) can promote ESG (= 0.0293, p <0.01), and that turnover will also improve ESG performance (f= 1.0637,
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Table 5
Endogeneity test.
@™ ) 3 “@
Heckman—2-stage 2SLS
1-stage 2-stage 1-stage 2-stage
DLeader 0.0303""
(0.0072)
DLeader Birthplace 0.0494™
(0.0252)
IMR 0.5994
(0.5518)
Robot 0.0312*
(0.0173)
Predict_DLeader 1.5782""
(0.5985)
FirmSize —-0.0211" 0.2470"" —0.0124 0.2766""
(0.0096) (0.0163) (0.0122) (0.0151)
FirmAge -0.0171""" —-0.1342"" —0.0474 —-0.0531""
(0.0018) (0.0433) (0.0397) (0.0145)
Lev 0.0833 -0.8462"" —0.0235 —0.8443™"
(0.0671) (0.0672) (0.0550) (0.0612)
ROA 0.7245""" 0.8909"" 0.2738"" 0.1332
(0.1989) (0.3372) (0.1287) (0.2140)
Loss 0.0034 —0.0217 0.0023 —0.0270
(0.0387) (0.0239) (0.0222) (0.0240)
Liquid 0.0205""" 0.0263"" 0.0133™" —0.0034
(0.0040) (0.0090) (0.0032) (0.0087)
Dual 0.1149™" 0.0299 —0.0262 0.0182
(0.0195) (0.0512) (0.0163) (0.0236)
Topl -0.1817" 0.2437"" —0.0261 0.3650"""
(0.0674) (0.1176) (0.0847) (0.0920)
Indep -1.1207"" 0.4879 —0.4738""" 1.7379"""
(0.1732) (0.5006) (0.1448) (0.3238)
Mshare 0.0008 0.0084"" 0.2896""" 0.3561*
(0.0005) (0.0008) (0.0635) (0.1889)
Tenure —0.0012"" 0.0011* —0.0045""" 0.0086""
(0.0004) (0.0006) (0.0003) (0.0027)
SOE 0.0030 0.0568 —-0.1274"" 0.2543""
(0.0258) (0.0363) (0.0338) (0.0843)
Intercept —-0.7265"" 1.7135" 1.2656"" 0.1759
(0.1355) (0.7635) (0.2055) (0.8411)
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
x /R? 1961.51 0.0581 0.0206 0.0573
#Observation 25,706 25,706 25,706 25,706

Standard errors in parentheses: * p < 0.1, " p < 0.05, " p < 0.01

p<0.01). These results support Hypothesis 2b. Column (5) suggests that trade turnover mediates the relationship between digital
leadership and corporate ESG. To ensure the robustness of the results, we further expand the turnover variable with a trade turnover
period of 60 days.2 We also use it to conduct the mediating variable. The results are reported in columns (6) and (7) of Table 7. Similar
to the previous regression results, the trade turnover using 30 days and 60 days plays an important mediating role in the relationship
between digital leadership and ESG.

To test the effect of the mediating variable between the independent variable and the dependent variable, we use the Sobel test
(Sobel, 1982). As shown in Table 7, digital transformation and trade turnover have a significant mediating effect on ESG performance.
The results of the Sobel test further support the mediating effect of digital transformation and trade turnover between digital lead-
ership and ESG, which further supports our mediator hypothesis.

6.7. Moderating analysis
Table 8 reports the results of the moderation analysis. Column (1) shows the interaction of digital leadership and female executives
(= 0.0559, p<0.05). The result supports Hypothesis 3a, indicating that female executives magnify the positive effect of digital

leadership on ESG.
Column (2) shows the interaction between digital leadership and TMT Enviro (= 0.0290, p<0.01). The result implies that digital

2 We thank the executive editor for suggesting this analysis.
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Table 6
Robustness test.
@™ 2) 3) @ )
PSM 1-year ahead Alternative ESG score
Neighbor matching Kernel Matching Radius Matching
ESG ESG ESG ESGy 1 ESG_R
DLeader 0.0302""" 0.0305"" 0.0303""" 0.0163" 0.2138""
(0.000) (0.000) (0.000) (0.0077) (0.0817)
FirmSize 0.2572""" 0.2575"" 0.2576"" 0.2377"" 0.2462*
(0.000) (0.000) (0.000) (0.0141) (0.1495)
FirmAge -0.1264"" —-0.1265"" —0.1244"" —-0.1600"" -1.3315""
(0.003) (0.003) (0.004) (0.0803) (0.4861)
Lev —0.8767""" -0.8831"" —-0.8773™" —0.7620"" 1.2174*
(0.000) (0.000) (0.000) (0.0638) (0.6734)
ROA 0.5634""" 0.5614""" 0.5576""" 141117 —~1.2558
(0.000) (0.000) (0.000) (0.1490) (1.5746)
Loss —0.0230 —~0.0232 —0.0243 -0.3347"" —0.2854
(0.337) (0.332) (0.309) (0.0259) (0.2718)
Liquid 0.0178™" 0.0171""" 0.0180""" 0.0068* —0.0150
(0.000) (0.000) (0.000) (0.0036) (0.0390)
Dual -0.0227 —-0.0227 —0.0234 -0.0126 —-0.5936"""
(0.198) 0.197) (0.183) (0.0188) (0.2000)
Topl 0.3233""" 0.3256"" 0.3281""" 0.2123" —-2.1980""
(0.000) (0.000) (0.000) (0.0982) (1.0364)
Indep 0.9957""" 1.0055"" 1.0010"" 0.6296""" —4.7303™"
(0.000) (0.000) (0.000) (0.1657) (1.7720)
Mshare 0.8044""" 0.0080""" 0.0080""" 0.4912""" —0.0167""
(0.000) (0.000) (0.000) (0.0741) (0.0078)
Tenure 0.0016""" 0.0016""" 0.0016""" 0.0009"" 0.0063
(0.000) (0.000) (0.000) (0.0004) (0.0042)
SOE 0.0566 0.0570 0.0568 0.0817"" 0.4742
(0.119) (0.116) (0.118) (0.0393) (0.4132)
Intercept 2.5081""" 2.5044"" 2.4946"" 2.5781"" 26.0721"""
(0.000) (0.000) (0.000) (0.3042) (2.6285)
Firm FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes
R? 0.0581 0.0581 0.0582 0.0876 0.0258
#Observation 25,650 25,705 25,691 22,424 25,698

Standard errors in parentheses: * p < 0.1, " p < 0.05, ™ p < 0.01

leaders work with TMT who have environmental protection experience to promote ESG. Column (3) provides the interaction of the
degree of digital leadership (DLeader) and directors’ and officers’ liability insurance (Insured), at 0.0328 (p<0.05). Liability insurance
indeed influences the role of digital leadership. The results support Hypothesis 3c. Column (4) reports the moderating effect of
government environmental attention (Gov_Attention) on ESG. The results indicate that the effect of the interaction between digital
leadership and government environmental attention is 1.8642 (p<0.01), implying that government indeed amplifies the effect of
digital leadership on ESG.

7. Conclusion

Our research reveals that digital leadership plays a pivotal role in driving the adoption of corporate sustainability strategies. By
analyzing data from Chinese A-share manufacturing listed firms spanning from 2009 to 2022, we empirically examine the impact of
digital leadership on corporate ESG performance. Our findings indicate a positive relationship between digital leadership and
corporate ESG performance. This correlation remains robust even after conducting various tests, highlighting the significant influence
of digital leadership. Specifically, we find that digital leadership exerts the greatest influence on corporate governance, trailed
respectively by environmental performance and social responsibility.

Second, our study explores the mechanism of how digital leadership affects corporate ESG. The mediation analysis suggests that
digital leadership enhances firms’ ESG performance by driving firms’ digital transformation and by improving liquidity of the stock
trading. In addition, we argue that certain stakeholders (professional analysts) moderate the link between digital leadership and ESG.
We find that, internally, the presence of female executives strengthens the relationship between digital leadership and corporate ESG
activities; executives’ past experience related to environmental protection also increases the relationship between digital leadership
and ESG. We also find that external stakeholders can moderate the relationship between digital leadership and ESG: D&O insurance
enrollment behavior increases the propensity of digital leaders to engage in ESG activities, and the government’s focus on the envi-
ronment also strengthens the link between the two.

Our study has some theoretical contributions. First, leaders with digital leadership adhere to high levels of ethical standards and
social responsibility, and the characteristics of digital leadership influence the tendency of corporate managers to increase green
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Table 7
Mediating role of digital transformation and traders between digital leadership and ESG.
@™ (2) 3) “@ %) (6) @
DigitT ESG Turnover ESG ESG Turnover (60 days) ESG
(30 days) (30-day TV) (30-day (60-day
TV) V)
DLeader 0.0128"" 0.0302""" 0.0011""" 0.0293"" 0.0290""" 0.0011""" 0.0293""
(0.0056) (0.0072) (0.0002) (0.0072) (0.0072) (0.0002) (0.0072)
DigitT 0.0225"" 0.0229"""
(0.0085) (0.0085)
Turnover (TV) 1.0637""" 1.0701"" 1.0398%**
(0.2361) (0.2361) (0.2634)
FirmSize 0.0699""" 0.2559""" —0.0019™" 0.2595™" 0.2579"" —0.0018’ 0.2593™"
(0.0103) (0.0131) (0.0004) (0.0131) (0.0131) (0.0003) (0.0131)
FirmAge 0.0011 -0.1266"" —0.0057""" —-0.1205""" -0.1205"" —0.0029"" -0.1235""
(0.0335) (0.0427) (0.0012) (0.0427) (0.0427) (0.0011) (0.0427)
Lev -0.1269"" —0.8779"" —0.0018 —-0.8789"" -0.8760"" —0.0028* —-0.8779""
(0.0464) (0.0592) (0.0017) (0.0592) (0.0592) (0.0015) (0.0592)
ROA —0.0552 0.5581""" 0.0055 0.5510"" 0.5523""" 0.0085"" 0.5480""
(0.1084) (0.1384) (0.0039) (0.1383) (0.1383) (0.0035) (0.1383)
Loss 0.0008 —0.0234 0.0020""" —0.0256 —0.0256 0.0029""" —0.0264
(0.0187) (0.0239) (0.0007) (0.0239) (0.0239) (0.0006) (0.0239)
Liquid —0.0091""" 0.0174™"" 0.0005"" 0.0167"" 0.0169""" 0.0007""" 0.0165""
(0.0027) (0.0034) (0.0001) (0.0034) (0.0034) (0.0001) (0.0034)
Dual —0.0042 —0.0223 0.0010"" -0.0235 —0.0234 0.0006 —0.0230
(0.0138) (0.0176) (0.0005) (0.0176) (0.0176) (0.0004) (0.0176)
Topl —-0.1925"" 0.3289""" 0.0034 0.3209"" 0.3253""" 0.0052"" 0.3192""
(0.0714) (0.0911) (0.0026) (0.0910) (0.0910) (0.0023) (0.0911)
Indep —0.5617""" 1.0173" 0.0096" 0.9945™"" 1.0073™" 0.0028 1.0018™"
(0.1220) (0.1558) (0.0044) (0.1557) (0.1557) (0.0039) (0.1557)
Mshare —0.0978% 0.8066""" 0.0199"" 0.7832""" 0.7853""" 0.0002""" 0.0078""
(0.0535) (0.0683) (0.0019) (0.0684) (0.0684) (0.0000) (0.0007)
Tenure 0.0009""" 0.0016™" —0.0001""" 0.0018"" 0.0018""" —0.0001""" 0.0018"""
(0.0003) (0.0004) (0.0000) (0.0004) (0.0004) (0.0000) (0.0004)
SOE —0.0519*% 0.0582 —0.0001 0.0572 0.0584 —0.0011 0.0582
(0.0284) (0.0363) (0.0010) (0.0363) (0.0363) (0.0009) (0.0363)
Intercept —0.0524 2.5052""" 0.0512""" 2.4496""" 2.4504"" 0.0494""" 2.4526""
(0.1809) (0.2309) (0.0065) (0.2311) (0.2311) (0.0059) (0.2312)
Firm FE Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes
Sobel test 0.0003* 0.0011""" 0.0011"""
(0.0002) (0.0003) (0.0003)
R? 0.0221 0.0584 0.1051 0.0589 0.0592 0.1267 0.0587
#Observations 25,706 25,706 25,706 25,706 25,706 25,706 25,706

Standard errors in parentheses: * p < 0.1, " p < 0.05, " p < 0.01

transformation and management disclosure. Digital leaders focus on corporate digital transformation and stock trading turnover
performance to drive corporate ESG strategies. Second, our study also advances the field’s understanding of stakeholders. Leaders need
to manage relationships with stakeholders (Harrison and St. John, 1996), and stakeholders may hold different perspectives on ESG
activities with their firms. When deciding whether to invest in ESG activities, digital leaders may vary in their willingness, depending
on the perspectives of their stakeholders. This finding helps us to better understand the role of stakeholders in digital leaders’
decision-making.

As a result, we offer three practical recommendations based on the findings of this paper. Firms may be able to utilize leaders’
digital leadership to assess the potential to steer the firm towards a sustainable path; it may be more effective for firms’ digital leaders
to start improving ESG performance in terms of improving the level of governance within the firm than in terms of both environmental
protection and social responsibility taking; digital leadership is not the only factor that affects corporate ESG performance, and the
potential influence of stakeholders’ personalities on corporate operations cannot be ignored.

However, our study is limited by using only Chinese firms. While this allows us to control for a more specific sample in this initial
study, researchers for future research may want to explore whether this conclusion is equally applicable in developed countries, or
regions with different institutions, economies, and cultures. Second, the measurement of digital leadership may be refined with new
methods in the field. With the development of online media, the personal remarks by corporate leaders on online media might be used
to conduct an exploration of the digital leadership style of leaders. Furthermore, future research should investigate how the combi-
nation of leadership gender and digital technology impacts a firm’s ESG performance. This will offer a more comprehensive under-
standing of digital leadership’s effect on ESG outcomes.

13



P. Qiao et al. Research in International Business and Finance 73 (2025) 102644

Table 8
Moderating effects of female executives, TMT environmental protection experience, liability insurance for executives, and government environmental
attention on ESG.

(€D (2) 3) @
ESG ESG ESG ESG
DLeader 0.0304""" 0.0289""" 0.0298"" 0.0311""
(0.0072) (0.0072) (0.0072) (0.0072)
TMT_Female —0.0283
(0.0310)
DLeader*TMT_Female 0.0559""
(0.0263)
TMT _Enviro 0.0384"""
(0.0147)
DLeader*TMT_Enviro 0.0290"
(0.0120)
Insured 0.0563""
(0.0238)
DLeader*Insured 0.0328"
(0.0161)
Gov_Attention 2.3655*
(1.2531)
DLeader*Gov_Attention 1.8642"""
(0.5934)
FirmSize 0.2566""" 0.2565""" 0.2554""" 0.2548""
(0.0131) (0.0131) (0.0131) (0.0132)
FirmAge —0.1267""" —0.1266""" —0.1273™" —0.1267"""
(0.0427) (0.0427) (0.0427) (0.0427)
Lev -0.8789"" -0.8787"" —-0.8804""" —-0.8841""
(0.0592) (0.0592) (0.0592) (0.0592)
ROA 0.5611""" 0.5591""" 0.5606""" 0.5597""
(0.1384) (0.1383) (0.1384) (0.1384)
Loss —0.0230 -0.0229 —0.0224 —0.0227
(0.0239) (0.0239) (0.0239) (0.0239)
Liquid 0.0173™" 0.0174™"" 0.0172""" 0.0174™"
(0.0034) (0.0034) (0.0034) (0.0034)
Dual —0.0220 —0.0227 -0.0212 —0.0227
(0.0176) (0.0176) (0.0176) (0.0176)
Topl 0.3243""" 0.3285""" 0.3235""" 0.3296""
(0.0911) (0.0911) (0.0911) (0.0911)
Indep 1.0002"" 1.0076"" 0.9938""" 1.0006"""
(0.1557) (0.1557) (0.1557) (0.1557)
Mshare 0.8053""" 0.8027""" 0.8076""" 0.8103""
(0.0683) (0.0683) (0.0683) (0.0683)
Tenure 0.0016""" 0.0017""" 0.0017""" 0.0016™"
(0.0004) (0.0004) (0.0004) (0.0004)
SOE 0.0583 0.0547 0.0558 0.0578
(0.0363) (0.0363) (0.0363) (0.0363)
Intercept 2.5293"" 2.5052""" 2.5229""" 1.5623"""
(0.2326) (0.2309) (0.2310) (0.5597)
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
R? 0.0583 0.0586 0.0585 0.0586
#Observations 25,706 25,706 25,706 25,706

Standard errors in parentheses: * p < 0.1, " p < 0.05, " p < 0.01
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Abstract

In light of the long-term constraints posed by the "dual carbon" objective, can digital technol-
ogy emerge as a transformative solution for enterprises to embark on a sustainable develop-
ment trajectory? The existing body of research has yet to reach a consensus. In order to
shed further light on the intricate relationship between digital transformation and ESG per-
formance of enterprises, this study empirically examines the mechanisms and boundaries
through which digital transformation influences ESG performance, based on observational
data from A-share manufacturing listed companies in Shanghai Stock Exchange and Shen-
zhen Stock Exchange spanning from 2011 to 2021. The findings demonstrate that digital
transformation exerts a significant positive impact on the ESG performance of manufactur-
ing enterprises. Mechanism analysis reveals that the enabling effect of digital transformation
primarily enhances company transparency, thereby fostering continuous improvements in
ESG performance among manufacturing enterprises. The performance expectation gap will
give rise to the phenomenon of "stop-loss in time" and impede the promotional impact of dig-
ital transformation. Further investigation into industrial characteristics and industry competi-
tion intensity indicates that state-owned enterprises and those operating within highly
competitive environments experience more pronounced effects of digital transformation on
their ESG performance. This study expands the mechanism and boundary of digital trans-
formation on ESG performance of manufacturing enterprises, and provides a new perspec-
tive for manufacturing enterprises to realize the collaborative transformation of digital and
green.

Introduction

In 2004, the United Nations introduced the concept of ESG (Environmental, Social, and Gov-
ernance) in its initiative report titled "Who Cares Wins" [1]. This report provided a new direc-
tion for businesses on how to implement sustainable development principles. The concept of
ESG originates from ethical investment and responsible investment, rejecting the profit-
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centric business philosophy, and advocating for enterprises to incorporate environmental,
social, and governance factors into their investment decisions while considering economic
benefits [2-4]. Currently, there is a global wave of low-carbon transformation underway, lead-
ing all countries worldwide to introduce ESG-related policies and regulations. Examples
include "the Corporate Sustainability Reporting Directive” and "IFRS S1—General Require-
ments for Disclosure of Information Sustainability-related Financial Information". In recent
years, China’s "dual carbon" goal has accelerated the development process of ESG in China [5].
Regulators have issued a series of policies and regulations that gradually require listed compa-
nies to disclose ESG-related information; thus making ESG practices an essential aspect for
enterprise development. However, challenges such as insufficient willingness and limited par-
ticipation in specific corporate practices undermine the positive impact of the ESG system on
China’s economic transformation. Therefore, it is crucial to explore both internal and external
factors influencing enterprises’ performance in implementing ESG.

At present, China is in a critical period of transformation from a manufacturing power to a
manufacturing power [6]. Manufacturing is the backbone of the country’s economic develop-
ment, Facing the medium and long term constraints of "dual carbon" target, whether
manufacturing enterprises can explore a sustainable transformation path is related to the long-
term healthy development of China’s economy [7]. The wave of digital transformation offers a
novel perspective for the sustainable development of manufacturing enterprises. Digital trans-
formation is regarded as the extensive application of digital technology across various aspects
of enterprise survival, operation, and sales [8]. Previous studies have demonstrated that the
adoption of digital technology can enhance the economic efficiency of manufacturing enter-
prises by improving resource allocation efficiency, innovation capability and Profit level [9-
11]. However, can the technological advancements and resource utilization resulting from dig-
ital transformation effectively stimulate the inherent capabilities of manufacturing enterprises
to enhance their environmental, social, and governance (ESG) performance? Although previ-
ous studies have made preliminary explorations into the relationship between digital transfor-
mation and ESG performance [12, 13], the mechanism underlying digital transformation
remains incompletely elucidated, necessitating further exploration of working conditions.
Therefore, this study aims to further expand the existing research on this topic in order to
address the limitations identified in previous studies.

Building upon China’s "dual carbon" goal policy context, this study delves into the potential
of digital transformation in the manufacturing industry to stimulate endogenous drivers for
enhancing ESG performance within enterprises. This investigation aims to unveil the underly-
ing mechanisms of digital transformation, augment existing research findings, and hold signif-
icant theoretical and practical implications. Consequently, this study adopts corporate
transparency as a foundational aspect and integrates the performance expectation gap into its
research framework. Empirical analysis is conducted using observation data from A-share
manufacturing listed companies on Shanghai and Shenzhen Stock Exchanges spanning from
2011 to 2021 to examine the boundaries and mechanisms through which digital transforma-
tion influences corporate ESG performance.

Compared to previous studies, this study innovatively addresses the following aspects: (1)
Previous studies did not investigate whether the relationship between digital transformation
and ESG performance of enterprises would be influenced during periods of declining enter-
prise performance. By introducing the situational condition of performance period gap, this
study further defines the impact of digital transformation on ESG performance and enriches
research on between digital transformation and performance feedback. (2) From a corporate
transparency perspective, this paper elucidates the mechanism through which digital
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transformation affects ESG performance in manufacturing enterprises, offering new theoreti-
cal references and practical insights for sustainable development enabled by digital technology.

Literature review

Since the inception of the ESG concept in 2004, it has garnered significant attention from
investors and business managers owing to its unique ability to balance economic benefits with
social values. Consequently, academic research in ESG-related fields has witnessed substantial
growth [14], with scholars predominantly favoring investigations into the impact of ESG [15].
Mainstream scholars contend that ESG practices can enhance enterprise brand valuation and
foster green innovation capabilities, thereby mitigating business risks and ultimately improv-
ing enterprise value [16-19]. Scholars have also started examining the influencing factors of
enterprise ESG performance. Previous research indicates that factors such as regional digital
finance development and environmental protection tax legislation can significantly contribute
to enhancing enterprise ESG performance [20, 21]. However, existing studies pay more atten-
tion to the external factors that affect the ESG performance of enterprises. In order to fully
play the positive role of ESG system in the low-carbon transformation of Chinese enterprises,
it is necessary to stimulate the endogenous motivation of enterprises to improve ESG
performance.

With the advent of a new wave of scientific and technological revolution, digital technolo-
gies such as big data and blockchain offer a novel avenue for facilitating the high-quality devel-
opment of manufacturing enterprises. Esteemed scholars contend that leveraging digital
technology can enhance resource allocation efficiency, innovation capabilities, and customer
information advantage, thereby fostering the high-quality development of manufacturing
enterprises [9, 11, 22]. In addition to researching the economic benefits of digital transforma-
tion, scholars have also begun to focus on its non-economic value. Specifically, they argue that
the application of digital technology can facilitate green innovation in enterprises and lead to a
reduction in carbon emissions [23, 24]. With the advancement of research, scholars have
started to establish a connection between digital transformation and enterprise ESG perfor-
mance, leading to two main categories in existing research findings: the "empowerment" effect
and the “too much is not good” effect. The "empowerment" effect is specifically reflected in the
fact that digital transformation can improve the ESG performance of enterprises by reducing
agency costs and improving corporate reputation and dynamic capabilities [25, 26]. The “too
much is not good” effect is specifically reflected in the fact that a high level of digitalization
may weaken the ability and motivation of enterprises to carry out ESG practices. Asymmetric
digital transformation and organizational transformation process make it difficult to play the
enabling effect of digital technology, which may lead to "information overload" and reduce the
information processing ability of enterprises. In addition, a large amount of capital investment
in the materialization of digital technology may induce "crowding-out effect”" and delay the
process of enterprise green transformation [27-29].

The concept of transparency emerged from research in the field of information disclosure
[30]. As research on information disclosure expanded, scholars introduced the notion of "com-
pany transparency,” which refers to providing specific company information to external stake-
holders [31]. With the deepening of research, Chinese scholars have refined the concept of
company transparency, that is, the higher the transparency of a company, the wider and
deeper the scope and level of external investors’ access to internal information of a company,
and the stronger the liquidity of information [32]. The application of digital technology offers
a novel perspective for researching company transparency. However, upon reviewing existing
literature, it is evident that scholars tend to associate digital transformation with analysts’
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forecasts and corporate governance [33, 34]. These studies suggest that while there may be a
close relationship between digital transformation and company transparency, further explora-
tion is necessary.

The aforementioned analysis reveals that despite the existence of relevant studies demon-
strating the correlation between digital transformation and ESG performance, certain limita-
tions persist, primarily in the following aspects: (1) the existing research mainly discusses the
influence between the two from the perspective of internal control, green innovation and
information disclosure quality, and its internal influence mechanism needs to be further
expanded. (2) The measurement approach for assessing the extent of digital transformation
within enterprises remains singular, making it challenging to mitigate potential deviations
resulting from false corporate disclosures. (3) What are the requisite conditions for effectively
harnessing the impact of digital transformation empowerment?

Building upon this premise, the present study adopts corporate transparency as a focal
point, integrates the performance expectation gap into the research framework, and explores
whether digital transformation can incentivize enterprises to engage in ESG practices. The
present study contributes to the existing literature on the mechanisms of digital transforma-
tion, elucidates the impact of digital transformation in situations characterized by performance
expectation gaps, and addresses a research gap in this domain.

Theoretical analysis and research hypotheses
Digital transformation and enterprise ESG performance

The process of digital transformation involves a comprehensive reshaping of the traditional
business model, governance mechanism, and organizational structure of an enterprise by inte-
grating artificial intelligence, big data, blockchain, and other digital technologies into various
aspects such as production, sales, and transportation [35]. Existing literature primarily focuses
on the economic performance of digital transformation and its individual non-economic
aspects [36, 37], while only recently has there been exploration of the relationship between dig-
ital transformation and integrated environmental, social, and corporate governance (ESG)
performance [38]. The present study posits that the digital transformation is poised to enhance
the ESG performance of manufacturing enterprises through bolstering their capabilities and
fostering intrinsic motivation.

From the perspective of behavioral outcomes, digital transformation improves the compre-
hensive strength of enterprises to carry out ESG practices. First of all, the rapid development of
digital finance has broadened the financing channels of manufacturing enterprises [39]. It has
also improved the matching efficiency of both parties of credit, effectively reduced the proba-
bility of resource mismatch and credit default, solved the financial discrimination problem of
"Large enterprises are allocated a substantial loan quota, whereas small enterprises receive a
limited loan quota” [40]. To a certain extent, and reduced the dependence of manufacturing
enterprises on "resource-based" shareholders and large customers due to financing constraints
[9, 41]. This has greatly improved the discourse power of environment-sensitive executives
and improved the intellectual support for enterprises’ ESG practices. In addition, the applica-
tion of digital technology can refine the production and research and development process of
products, reduce the probability of research and development manipulation [42], and provide
conditions for enterprises to give full play to green innovation resources. This undoubtedly
helps improve the green innovation ability of manufacturing enterprises, and then promote
the quality and efficiency of green patents of enterprises, and provide technical support for
ESG practices of manufacturing enterprises [43, 44]. The application of digital platforms and
big data technology has broken the barriers to information acquisition of manufacturing
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enterprises, narrowed the distance between enterprises and customers, and enabled enterprises
to accurately grasp the differentiated needs of customers and improve the competitiveness of
enterprises’ products [45]. At the same time, the application of digital technology improves the
ability of enterprises to integrate internal resources and acquire external resources, blurs the
business boundary of enterprises, transforms the single chain management structure of enter-
prises into a diversified network management structure, improves the sustainable competitive-
ness of enterprises, and provides economic possibilities for enterprises’ ESG practices [46, 47].
Digital transformation consolidates the overall strength of manufacturing enterprises through
the three aspects of "talent-technology-economy", and provides realistic conditions for
manufacturing enterprises to improve their ESG performance.

From the perspective of behavioral motivation, digital transformation improves the willing-
ness of manufacturing enterprises to carry out ESG practices. On the one hand, the application
of digital technology breaks the constraints of time and space of traditional information
exchange, connects stakeholders together through digital platforms, and improves the fre-
quency of internal and external information interaction of enterprises [48]. Active disclosure
of enterprises is no longer the only channel for stakeholders to obtain enterprise information,
narrowing the "information fault line" between enterprises and stakeholders. It provides an
opportunity for external investors to realize the identity transformation from "free rider" to
"administrator” in corporate governance [49]. In addition, the application of big data technol-
ogy makes any behavior of enterprises to follow, and R&D manipulation, false information
disclosure and other violations are contained, which promotes the improvement of the quality
of information disclosed externally and strengthens the internal motivation of enterprises to
improve ESG performance [50, 51]. On the other hand, digital transformation, as a positive
signal of change, will attract the attention of external market players such as the government,
analysts and media [52]. When enterprises are placed under the "spotlight”, their business
behaviors will be amplified infinitely, resulting in a sharp increase in the pressure of external
attention, which is both an opportunity and a challenge for enterprises. Positive ESG practices
will be spread rapidly by the media and analysts, improve the corporate image, and gradually
increase its recognition among the government and consumers, It improves the advantages of
enterprises in obtaining political resources and consumer trust [4, 53]. However, when market
observers dramatize poor market performance, the negative impact of enterprises rises geo-
metrically and may be "labeled” as a shackles that restrict the development of enterprises.
Therefore, in this case, the willingness of enterprises to ESG practices will increase signifi-
cantly. Based on the above analysis, this paper proposes the following hypothesis:

H1: Digital transformation will promote the improvement of ESG performance of
manufacturing enterprises.

Digital transformation, company transparency and corporate ESG
performance

This study posits that digital transformation primarily enhances company transparency,
thereby continuously improving the ESG performance of manufacturing enterprises. On the
one hand, it mitigates the issue of information asymmetry and facilitates external shareholders’
participation in corporate governance through its traceability, immutability, and timeliness
[54, 55]. Furthermore, it curbs managers from exploiting information asymmetry to manipu-
late environmental and social responsibility for profit-driven stock price escalation while
enhancing internal governance transparency to improve non-financial information disclosure

quality [50].

PLOS ONE | https://doi.org/10.1371/journal.pone.0302029  April 17, 2024 5/24



PLOS ONE

Technology empowerment: Digital transformation and enterprise ESG performance

On the other hand, the application of digital technology will improve the circulation fre-
quency of internal and external information of enterprises. The existence of asymmetric infor-
mation between enterprises and stakeholders also gives rise to stakeholders’ distrust and even
aversion to enterprises with high information acquisition costs and low information disclosure
quality, which reduces the market attention of such enterprises [56, 57]. In order to obtain
more external resources to make up for the loss of sustainable strategy, enterprises are more
willing to take advantage of the convenience of digital technology and the characteristics of
low information disclosure cost to actively promote the positive achievements of corporate
environment and social responsibility, and shift from passively improving the quality of infor-
mation disclosure to actively improving it [58]. At the same time, the diversified information
sharing channels derived from digital transformation make it easier for enterprises to identify
false or low-quality information disclosure behaviors, which improves the quantity, quality
and depth of enterprise information obtained by stakeholders [34]. External analysts, media
and other market intermediaries can make more objective and fair market evaluations [59,
60]. It helps enterprises to improve their green and environmental reputation among consum-
ers and governments, and encourages enterprises to carry out ESG practices with confidence.
To sum up, company transparency is the channel through which digital transformation can
improve the ESG performance of manufacturing enterprises. Based on this, this paper puts for-
ward the following hypothesis:

H2: The digital transformation facilitates the enhancement of ESG performance through aug-
menting company transparency.

Digital transformation, performance expectation gap and enterprise ESG
performance

The performance expectation gap refers to the difference between an enterprise’s actual perfor-
mance and its expected performance [61]. According to the theory of corporate behavior, the
performance expectation gap is an important reference for managers to formulate corporate
future strategies [62]. Among them, the expected performance represents the minimum level
of output anticipated by management, and whether the actual performance aligns with man-
agement’s expectations will significantly influence subsequent strategic planning decisions.

Currently, there is no consensus among academia regarding the potential impact of the per-
formance expectation gap. On one hand, when managers observe that actual performance falls
short of expectations, it may lead to a "make or break" situation. According to the Resource
Based View, an enterprise’s competitive advantage relies on its unique resources [63]. When
an enterprise fails to meet expectations in terms of performance, its competitive advantage
begins to decline. As a crucial component of enterprises’ sustainable development strategy,
ESG practices may temporarily compromise their operational performance due to high invest-
ment costs and extended return periods. However, forward-thinking managers recognize that
ESG practices hold significant appeal in terms of corporate reputation, political resources, and
consumer recognition [64, 65]. In order to establish sustainable competitive advantages for
enterprises, managers are more inclined to forego short-term interests and pursue long-term
developmental benefits. At the same time, the talent reserve and organizational structure of
enterprises need to be timely matched with the process of digital transformation to play an
enabling role [66]. However, because the enterprise performance is not up to expectations, the
capital market will cause doubts about the operating conditions of enterprises, making it more
difficult for enterprises to obtain resources from the outside. In the face of "internal and exter-
nal challenges", managers will use limited organizational resources to make up for the gap
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between the application of digital technology and the organizational governance system, give
full play to the enabling role of digital technology, and improve the level of digital governance
of enterprises [30].

However, the performance expectation gap can also result in the occurrence of a phenome-
non known as "stop-loss in time"effect. The decline in business performance leads to internal
anxiety among management and doubts from external investors, which subsequently affects
managers’ judgment and execution capabilities [67, 68]. Since both digital transformation and
ESG practices require significant resource investments, companies that are struggling finan-
cially may find it challenging to sustain these high-cost reform solely with their own resources.
As a result, the enterprise’s transformation process slows down and ESG practices are reduced
or even suspended. Additionally, according to threat-rigidity theory [69], when faced with
continuous expectation gaps, enterprises tend to prioritize survival over thriving. Conse-
quently, decision-making becomes more conservative as organizations immersed in pessi-
mism experience sluggish information processing and acceptance capacities [70, 71]. In such
circumstances, limited market information becomes the basis for strategic decisions made by
management. Choosing riskier reforms or investments during this period would expose enter-
prises to devastating strategic risks that not only fail to alleviate their predicament but also
deplete their resources further. Furthermore, lack of resources exacerbates the difficulty of
implementing ESG practices at this time. Even if enterprise management is willing to exhaust
all options in pursuing original strategic goals, they remain powerless due to resource con-
straints [72]. Based on the aforementioned analysis, this paper proposes the following
hypothesis:

H3a: Performance expectation gap has a positive moderating effect on the relationship
between digital transformation and ESG performance of manufacturing enterprises.

H3b: Performance expectation gap has a negative moderating effect on the relationship
between digital transformation and ESG performance of manufacturing enterprises.

Research design
Research sample and data sources

This study utilizes a sample of manufacturing enterprises listed on the A-shares of the Shanghai
Stock Exchange and Shenzhen Stock Exchange, covering the period from 2011 to 2021. To ensure
consistency with previous studies, the initial sample is refined through the following steps:
Exclusion of samples classified as ST and *ST in the current year; (2) Elimination of samples with
missing data on core variables; 3 Exclusion of samples with less than three consecutive years of
data; @ To mitigate the impact of extreme values, all continuous variables are winsorized at the
1% and 99% levels. Consequently, a total of 6044 observation samples are obtained.

The original financial data utilized in this study, as well as the robustness test concerning
the extent of digital transformation, were sourced exclusively from the China Stock Market &
Accounting Research Database(CSMAR). Furthermore, the word frequency analysis pertain-
ing to digital transformation primarily relied upon annual reports disclosed by listed compa-
nies through Juchao Consulting Network, Shenzhen Stock Exchange, and Shanghai Stock
Exchange. The data analysis was conducted using Python and Stata version 16.0.

Measurement of variables

Dependent variable. ESG performance (ESG). Currently, there exist notable disparities in
the measurement of ESG ratings domestically and internationally, with influential rating
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systems including MSCI, Bloomberg, Shangdao Ronglv, Huazheng, among others. The ESG
rating score provided by Bloomberg was chosen as the proxy index for the core explanatory
variable, based on the sample characteristics outlined in this paper.

Independent variables. Digital transformation (Digital). The measurement method
employed in this study for assessing the extent of digital transformation primarily draws upon
existing research [73], utilizing the construction of digital dictionaries and text analysis to
determine the degree of digital transformation within enterprises. In contrast to previous
approaches that relied on intangible assets related to digital technology, questionnaire surveys,
and ERP system applications [74-76], this measurement method establishes a relatively objec-
tive and comprehensive digital term dictionary based on semantic expressions found in
national policies pertaining to the digital economy. Subsequently, it employs text analysis tech-
niques to construct a more holistic indicator reflecting the level of digitization among Chinese
enterprises. Meanwhile, considering the "right-skewed" feature word frequency data and
avoiding the impact of enterprises not carrying out digital transformation, the total word fre-
quency is added by 1 and then logarithmized.

Mediating variables. Company transparency (Tra). Drawing upon the methodologies
proposed by LANG et al. (2012) and Xiang et al. (2020) [77, 78], this study adopts four com-
prehensive indicators to assess company transparency: earnings quality, audit company qual-
ity, information disclosure rating, and analyst attention.

The first indicator is earnings quality, and this paper chooses DD model to measure corpo-
rate earnings quality:

TCA,, = a, + a,CFO,,_, + a,CFO,, + a,CFO,,,, + a;AREV,, + a;PPE,, + ¢, (1)

i1
Where TCA represents total current accruals, defined as operating profit minus operating cash
flow plus depreciation and amortization expense; CFO denotes operating cash flow; AREV sig-
nifies change in operating income; PPE refers to the value of fixed assets at year-end. All vari-
ables are normalized by dividing them with annual average total assets to mitigate the impact
of firm size. The residual value was derived by conducting sub-annual regression analysis. Sub-
sequently, the standard deviation is computed based on the five-year residuals from year t and
its preceding four years, thereby obtaining the enterprise’s earnings quality index for year t.
Additionally, considering comparability with other indicators, the earnings quality index is
multiplied by -1.

The second indicator is the quality of the audit company, which is measured by whether the
listed company employs the auditors of the Big Four domestic accounting firms to conduct
audit.

The third indicator is the information disclosure rating, which primarily pertains to the dis-
closure ratings of the Shanghai and Shenzhen Stock Exchanges. In this context, A denotes
excellent, B represents good, C signifies pass, and D indicates fail. This study assigns a numeri-
cal value to each rating in descending order: A = 4 and D = 1. Consequently, a higher score
corresponds to a superior quality of information disclosure.

The fourth indicator is analyst attention, referring to the existing research, how many ana-
lysts (teams) have followed the company within a year. in order to avoid the impact of 0 value,
itis added by 1 to take the logarithm.

Based on the aforementioned four indicators, this study constructs a comprehensive indica-
tor to assess company transparency (Tra) by adopting the approach proposed by Xin Qing-
quan et al. (2014) [79]. This is accomplished as follows: computing the average of sample
percentiles for each variable. Considering the delayed initiation of SSE’s information disclo-
sure rating and missing data in certain years, the company transparency index is determined
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as the average of three remaining index sample percentiles. A higher Tra index indicates
greater company transparency.

Moderating variables. Performance expectation gap, referring to Qiu et al. (2022) [80], is
measured by the difference between actual business performance and expected business per-
formance. The specific calculation formula is as follows:

HA,, =oHA;, | + (1- O‘)PuFl (2)

Ai,t = BHAi,t + (1 - ﬁ) SAL,t (3)

The enterprise’s historical expected performance (HA;,) is determined by a weighted com-
bination of its historical expected performance in period t — 1 and the actual operating perfor-
mance in period t — 1, where o represents the weight assigned to this combination and takes a
value between (0,1). Following the practices of Cao Yanan (2023) and Chen(2008) [81, 82], we
set o as 0.4 for calculating historical expected performance. The comprehensive expected per-
formance is calculated by weighting the historical expected performance of the enterprise and
the industry’s expected performance. SA represents the enterprise’s expected performance in
relation to the industry, which is determined as the mean value of ROA for all enterprises in
the industry except Company i. The B weight setting follows Guo Rong et al. (2019) and Rudy
(2016) [83, 84]. Initially set at 0.5, B increases by 0.1 incrementally each time. The weight is
determined based on model fitting, with results indicating that the best fit occurs when = 0.5;
therefore, this paper selects B = 0.5 to weigh the comprehensive expected performance.

When the actual performance falls below the expected performance (P-A<0), a negative
gap is observed between the actual and expected performances. Conversely, when the actual
performance exceeds the expected performance, a positive gap in expected performance is evi-
dent. To further analyze the impact of digital transformation on ESG performance of
manufacturing enterprises considering this expectation-performance gap, we introduce a
dummy variable L1 in this study. The value of L1 is set to 1 when the expectation-performance
gap is < 0 and 0 when it is >0. The constructed variable L1*gap; , represents instances where
actual performance lags behind expectations, with smaller values indicating larger gaps. Addi-
tionally, for ease of comprehension, we multiply L1*gap; ; by -1 to obtain an indicator for the
expected performance gap (Ngap; ;). Higher values indicate greater disparities between actual
and anticipated performances.

Control variables. Drawing on the existing literature, This paper adds enterprise Size
(Size), asset-liability ratio (Lev), growth rate of operating income (Grow), Cashflow ratio
(Cashflow), proportion of independent directors (Indira), years of company establishment
(Listage) and shareholding ratio of the largest shareholder (Topl) as control variables in the
regression model. The detailed variable definition and calculation method are shown in
Table 1.

Model setting

In terms of setting the benchmark model, we adopt a methodology commonly employed in
previous studies [19, 85] and construct the following model to empirically test H1 as proposed
in this study:

ESG;, = B, + p,Digital,, + Z control,, + Year 4 Industry + &, (4)

Where i represents the enterprise and t represents the year. ESGi, t represents the ESG rating
index of enterprise i in year t, Digitali, t represents the degree of digital transformation at the
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Table 1. Variable definitions.

Variable names Symbols Variable explanation
ESG performance ESG Bloomberg ESG Ratings Index
Digital transformation Digital | The logarithm of digital transformation word frequency +1 in the
annual report
Company transparency Tra The percentages of earnings quality, analyst attention, audit firm
quality, and disclosure rating were averaged
Performance expectation gap Ngap | The difference between actual and expected performance of a firm
>0 is assigned a value of 0, and < 0 is multiplied by -1
Enterprise size Size Take the logarithm of the total assets of the business
Asset-liability ratio Lev Total year-end responsible/total year-end assets
Growth rate of operating income Grow Current operating income/previous operating income
Cash flow ratio Cashflow Net cash flow from operating activities/total assets

Percentage of independent directors | Indira | Number of independent directors/total number of board members

Number of years since the Listage | The logarithm of the number of years since the establishment of
establishment of the company the enterprise at the end of the current year +1.
Shareholding ratio of the largest Topl Number of shares held by the largest shareholder/total share
shareholder capital at the end of the year

https://doi.org/10.1371/journal.pone.0302029.t001

enterprise-year level, and Zcontroli,t represents all the control variables in this paper. In addi-
tion to the above control variables, this paper controls the industry and time dummy variables
in the model.

Empirical results analysis
Descriptive statistics and correlation analysis

The descriptive statistical results of the main variables in this paper are presented in Table 2.
Among these, the mean value of ESG performance for manufacturing enterprises is 28.199,
indicating a moderate level of environmental, social, and governance performance among the
sample manufacturing enterprises that are implementing the "dual carbon" target. there is still
significant room for improvement. Furthermore, the minimum value observed among the
sample enterprises is 11.488, while the maximum value is 56.121, suggesting a substantial dis-
parity in ESG practice input between leaders and followers. The digital variable exhibits a max-
imum value of 6.544 and a minimum value of 1.386, highlighting considerable variation in
digital transformation degrees across sample enterprises. The results of other control variables
are basically similar to those of existing studies [28, 29].

Table 2. Descriptive statistics.

Variables N Mean Min Max Sd P50
ESG 6044 28.199 11.488 56.121 8.988 25.923
Digital 6044 3.646 1.386 6.544 1.108 3.583
Size 6044 23.02 20.42 26.16 1.212 22.923
Lev 6044 0.449 0.0569 0.866 0.192 0.458
Grow 6044 0.170 0.414 2.042 0.331 0.1197
Cashflow 6044 0.0644 0.108 0.255 0.0676 0.0585
Indire 6044 0.375 0.333 0.571 0.0561 0.333
Listage 6044 2.912 1.792 3.497 0.323 2.944
Topl 6044 0.361 0.0890 0.789 0.154 0.343

https://doi.org/10.1371/journal.pone.0302029.t002
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Table 3. Regression results.

Additionally, this study conducts a Pearson correlation test on the main variables, and the
results demonstrate a significantly positive correlation coefficient between digital transforma-
tion and enterprise ESG performance, thereby providing preliminary support for hypothesis 1
proposed in this paper. Furthermore, the selected control variables exhibit a statistically signifi-
cant correlation with enterprise ESG performance, indicating the reasonable selection of con-
trol variables in this study. The average VIF of each variable in the model regression is 1.18,
indicating that there is no serious multicollinearity problem in the model.

Benchmark regression results

The regression results in Table 3 demonstrate the impact of digital transformation on enter-
prise ESG performance. In Column (1), only industry and year dummy variables are con-
trolled, while other control variables selected in this study are not included. The regression
analysis reveals a significantly positive coefficient of 0.304 for Digital at the 1% level, providing
preliminary evidence for a positive correlation between digital transformation and ESG

VARIABLES ESG ESG Mechanism test Moderating effect
Tra ESG ESG
Digital 0.304*** 0.278*** 0.009*** 0.203** 0.327%**
(0.112) (0.097) (0.002) (0.094) (0.101)
Tra 7.982%%*
(0.558)
Ngap 4.997
(5.326)
Digital*Ngap -3.000%*
(1.281)
Size 2.422%** 0.079*** 1.790*** 2.376***
(0.092) (0.002) (0.096) (0.094)
Lev -2.887%** -0.239*** -0.979* -2.421%**
(0.487) (0.012) (0.505) (0.515)
Grow -0.430* 0.007 -0.489** -0.576™*
(0.248) (0.007) (0.242) (0.253)
Cashflow 3.137%** 0.428™** -0.280 2.628**
(1.183) (0.030) (1.183) (1.215)
Indire -1.423 0.004 -1.452 -1.256
(1.432) (0.037) (1.405) (1.432)
Listage 1.195%** -0.052*** 1.607*** 1.183***
(0.289) (0.008) (0.285) (0.288)
Topl 2.389*** 0.056*** 1.944%** 2.252%**
(0.587) (0.014) (0.565) (0.596)
Constant 21.202%** -34.529*** -1411%* -23.265*** -33.847***
(1.874) (3.653) (0.074) (4.039) (3.714)
Observations 6,044 6,044 6,044 6,044 6,044
R-squared 0.498 0.575 0.311 0.591 0.576
Industry YES YES YES YES YES
Year YES YES YES YES YES

Note: Heteroscedasticity robust standard errors in parentheses;
%, ** and * indicate significance at the level of 1%, 5% and 10%.

https://doi.org/10.1371/journal.pone.0302029.t003
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performance. Building upon these findings, Column (2) incorporates additional control vari-
ables identified in this research, resulting in a slight decrease in the coefficient of Digital; how-
ever, it remains statistically significant at the 1% level. These results indicate that even after
accounting for industry-specific factors, temporal effects, and firm characteristics, digital
transformation continues to play a significant role in enhancing enterprise ESG performance,
thereby confirming Hypothesis 1 posited in this paper. The aforementioned findings demon-
strate that the benefits derived from digital transformation, including technological advance-
ments, resource optimization, and enhanced management capabilities, can serve as an
endogenous driving force for enterprises to engage in ESG practices. These advantages not
only provide the necessary material foundation but also offer technical support for businesses
to effectively implement ESG initiatives.

Moreover, considering the coefficients of control variables, it can be observed that well-
established large enterprises with ample cash flow and high ownership concentration exhibit a
greater inclination and capability to leverage the benefits derived from digital transformation
in order to enhance their ESG performance. Conversely, enterprises with limited revenue
capacity and a high debt ratio display a higher degree of reluctance towards allocating scarce
resources for ESG practices due to prevailing survival pressures. The findings of this study are
in line with the existing body of research [86, 87].

Robustness and endogeneity test

Change the measurement method of variables. Firstly, in order to enhance stock prices
and attract the attention of uninformed investors, some enterprises tend to embellish facts in
their annual reports, extensively publicize their digital transformation blueprint through ver-
bose narratives, and captivate investors with enticing stories and aspirations. Consequently,
relying solely on keyword frequency analysis within the annual report becomes inadequate for
accurately assessing the extent of digital transformation within these enterprises [88]. There-
fore, this study adopts the Digital Transformation Index from CSMAR as a substitute variable
that encompasses various dimensions including word frequency related to enterprise transfor-
mation, investment in digital resources, formulation of digital strategies, alignment of organi-
zational structure with digital transformation goals, accomplishments in digital
transformation endeavors, and application of digital technologies. This comprehensive mea-
surement system aims to rectify the limitations associated with single-indicator assessments.
Following a baseline regression approach, we incorporate the Digital Transformation Index
(Digital_index) into our model for re-regression analysis. The results are presented as M1 in
Table 4 where it is evident that the regression coefficient for Digital_index exhibits significant
positive association at a 1% level of significance-consistent with previous findings.

Moreover, this study employs the ESG rating provided by huazheng as an alternative index
(ESG_H). Specifically, a value of 9 is assigned to AAA and subsequently decreases in descend-
ing order. A higher score indicates better ESG performance of the company. To minimize
result deviation caused by different rating systems, the mean value of quarterly ratings is
selected as a substitute variable in this paper. The aforementioned empirical method is
employed to test the robustness of the baseline regression results, which are presented in M2
within Table 4. Notably, the Digital regression coefficient exhibits significant positive associa-
tion at a 1% level, thereby further confirming H1 posited in this study.

Extend the observation period. Considering that it takes a certain amount of time for the
technological, management and resource advantages brought by digital transformation to
affect the ESG practice activities of enterprises, we draw on the practice of existing research to
extend the observation period and delay ESG by one, two and three periods. The results are
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Table 4. Robustness test.

VARIABLES M1 M2 M3 M4 M5 M6 M7
ESG ESG_H ESG(-1) ESG(-2) ESG(-3) ESG ESG
Digital 0.080*** 0.289*** 0.254** 0.209* 0.542*** 0.388™**
(0.016) (0.105) (0.110) (0.116) (0.148) (0.131)
Digital_index 0.079%***
(0.011)
Size 2.316™** 0.249*** 2.242%%* 2.063*** 1.9127%** 1.895*** 2.331%%*
(0.092) (0.013) (0.100) (0.105) (0.109) (0.189) (0.129)
Lev -2.8827** -1.117%%* -2.516™** -2.023%** -1.765*** -3.331%%* -2.625%**
(0.486) (0.088) (0.514) (0.536) (0.559) (0.718) (0.690)
Grow -0.389 -0.178*** -0.458* -0.406 -0.197 -0.336* -0.540*
(0.245) (0.040) (0.274) (0.291) (0.316) (0.192) (0.326)
Cashflow 3.134%%* 0.659*** 3.446%** 3.4727%%* 2.105 1.508 4.256™**
(1.180) (0.205) (1.233) (1.308) (1.368) (1.132) (1.605)
Indire -1.732 1.403*** -2.190 -2.368 -3.342** 0.953 -1.099
(1.423) (0.232) (1.501) (1.570) (1.676) (1.765) (1.992)
Listage 1.260*** 0.065 1.385*** 1.602*** 1.833%** 2.114 1.079***
(0.282) (0.048) (0.308) (0.334) (0.371) (1.404) (0.409)
Topl 2.638*** 0.121 2.579%** 2.596*** 2.790*** 1.862 2.069**
(0.586) (0.092) (0.625) (0.668) 0.722) (1.144) (0.843)
Constant -33.625%* -2.710* -31.622%* -18.708™** -27.416%** -23.092%** -30.249%*
(3.498) (1.435) (2.120) (2.419) (3.016) (5.589) (2.969)
Observations 6,044 6,044 5,314 4,654 3,993 5,962 3,182
R-squared 0.578 0.135 0.528 0.509 0.484 0.848 0.551
Industry YES YES YES YES YES NO YES
year YES YES YES YES YES NO YES
High latitude fixed effects NO NO NO NO NO YES NO

Note:

% % and * indicate significance at the 1%, 5% and 10% levels.

https://doi.org/10.1371/journal.pone.0302029.t004

shown in M3, M4 and M5 in Table 4. The regression results are significantly positive at the lev-
els of 1%, 5% and 10% respectively, indicating that H1 in this paper is still robust after the
observation period is extended.

Fixed effect model. Considering the possible estimation errors caused by unobservable
factors that do not change with individuals, this study incorporates individual fixed effects and
industry-year joint fixed effects into the model to enhance its robustness. Moreover, given that
the fixed effect of high latitude already encompasses the impact of industry and year, dummy
variables for industry and year are not included in the regression analysis. The results, pre-
sented in M6 of Table 4, exhibit a significantly positive association at a 1% significance level.

PSM. In order to address the endogeneity problem arising from potential sample self-
selection, this study employs propensity score matching (PSM) for testing purposes. Firstly,
enterprises are categorized based on the median degree of digital transformation. Subse-
quently, all control variables selected in this study are utilized as covariates to pair the samples
using a 1:1 nearest neighbor matching method. To ensure the validity of the matching results,
a balance test is conducted on the matched outcomes, with all normalized bias absolute values
being less than 10%. This indicates that the matching results largely meet the requirements.
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Finally, after matching, regression analysis is performed on 3182 samples and presented in M7
of Table 4. The regression coefficient of Digital remains significantly positive at a level of sig-
nificance of 1%, indicating that the conclusion remains robust after addressing sample self-
selection issues.

Tool variable method. Given the potential reverse causality between digital transforma-
tion and ESG performance of enterprises, wherein digital transformation can foster improve-
ments in ESG performance while enterprises exhibiting good ESG performance may also
demonstrate a greater inclination towards undertaking digital transformation, this study
employs the instrumental variable method to mitigate endogeneity issues arising from reverse
causality. Referring to the existing research [89, 90], we select regional communication level as
the instrumental variable in this study. This choice is motivated by the influence of digital
infrastructure development and communication level in the city where enterprises are located
on their digital transformation process. A higher communication level enhances support for
information, technology, consumer demand, and other aspects crucial for enterprises, thereby
accelerating their digital transformation process. Hence, this variable satisfies the correlation
condition of instrumental variables. Additionally, regional communication level primarily
reflects micro-level application of information technology and does not directly impact enter-
prise ESG performance, meeting the exogeneity condition. Specifically, we employ mobile
phone penetration rate (per 100 people) in the province where an enterprise operates as a
proxy for regional communication level. As shown in Table 5, two-stage regression results
using instrumental variables exhibit significantly positive effects consistent with previous find-
ings. The Kleibergen-Paap rk LM statistic is significant at the level of 1%, which passes the
underidentification test. The Kleibergen-Paap rk Wald F statistic is 53.288, which is larger
than the 16.38 critical value of F test at 10% level in weak instrumental variable identification,
and passes the weak instrumental variable test, indicating that the selection of instrumental
variables in this paper is reasonable to some extent. To sum up, after considering the endo-
geneity problem, digital transformation can still promote the improvement of ESG
performance.

Further analysis

Mechanism test. In order to investigate the mechanism underlying company transpar-
ency in digital transformation and its impact on corporate ESG performance, we construct
models (5) and (6) based on Model (4), following the approach of Wen and Ye (2014) [91], to
empirically test the mediating effect as outlined below:

Tra,, =y, + y,Digital,, + Z control,, + Year + Industry + €, (5)

ESG,, = ¢, + ¢, Digital,, + &, Tra,, + Z control,, + Year + Industry + ¢,, (6)

Columns (4) and (5) of Table 3 show the test results of the action mechanism of digital
transformation affecting enterprise ESG performance. Among them, the coefficient before dig-
ital transformation in Column (4) is significantly positive, indicating that technological advan-
tages and organizational structure changes brought by digital transformation will significantly
improve company transparency. Column (5) is the estimated result of Model 3. The results
show that the coefficient of company transparency (Tra) is significantly positive, indicating
that company transparency plays an intermediary role in the process of digital transformation
affecting the ESG performance of enterprises. The research findings demonstrate that the utili-
zation of digital technology enhances corporate transparency, thereby augmenting the
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Table 5. Tool variable method.

VARIABLES Digital ESG
v 0.003***
(0.000)
Digital 4.848"**
(1.218)
Size 0.049*** 2.177%%*
(0.013) (0.129)
Lev -0.354*** -1.091
(0.072) (0.754)
Grow 0.153%** -1.122%%*
(0.035) (0.347)
Cashflow -0.586™** 5.938***
(0.160) (1.547)
Indire 0.471** -3.466*
(0.192) (1.774)
Listage -0.349*** 2.924***
(0.039) (0.576)
Topl -0.128* 2.790%*
(0.075) (0.691)
Constant 2.780%** -48.852%**
(0.656) (7.390)
Observations 6,044 6,044
R-squared 0.483 0.409
Industry YES YES
Year YES YES

Note:

%, ** and * indicate significance at the 1%, 5% and 10% levels.

https://doi.org/10.1371/journal.pone.0302029.t005

frequency of interaction between enterprises and external investors as well as improving inter-
nal supervision efficiency. Consequently, this engenders both internal and external governance
effects, ultimately enhancing corporate ESG performance.

At the same time, Sobel method is used to test the mediating effect, in which the z-value of
Sobel test is 3.96, p<0.01, which further verfies H2 hypothesis in this paper.

Moderating effect test. In order to deeply reveal what changes will occur in the effect of
Digital transformation on ESG performance when there is performance expectation gap in
manufacturing enterprises, this paper constructs the interaction between performance expec-
tation gap and digital transformation (Digital "Ngap), referring to the existing literature [, On
the basis of Model (4), construct (7) to test the moderating effect of performance expectation

gap:
ESG,, = p, + pDigital,, + p,Ngap,, + p,Digital;  x

7
Ngap,, + p, Y control,, + Year + Industry + &,, @)
The empirical results of the moderating effect are presented in (6) of Table 3, revealing a
significantly negative regression coefficient (-2.787) for the interaction term (Digital*Ngap) at
a 5% significance level. This indicates that the performance expectation gap does not trigger a
"make or break” effect on enterprises. On the contrary, due to the presence of this gap, internal
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survival pressures and external investor doubts lead to reduced environmental protection
investments and fulfillment of social responsibility by enterprise management.

Furthermore, when actual performance falls short of expectations, disputes may arise
within internal management regarding whether to continue with strategic reforms. If there is
an entrenched resistance within management circles, managers from different positions face
significant threats. In such circumstances, persisting with implementing reform strategies
escalates strategic risks and potentially triggers a "stop-loss in time" effect. Additionally, based
on limited attention hypothesis, conflicts over internal control rights further divert managerial
focus away from utilizing digital transformation’s technical advantages to enhance internal
governance efficiency-resulting in declining corporate environmental, social, and governance
performance levels. The hypothesis H3Db in this paper is thus confirmed, indicating that the
performance expectation gap plays a negative moderating role in the relationship between dig-
ital transformation and corporate ESG realization.

Heterogeneity analysis

Nature of property rights. State-owned enterprises possess inherent advantages in
resource acquisition, market competition, innovation strength, strategic reform risk, and other
aspects due to their unique institutional advantages [92]. The process of digital transformation
requires significant capital investment, the recruitment of digital technology talents, and the
implementation of digital technologies. State-owned enterprises enjoy strong credit endorse-
ment which makes financial institutions and external investors prefer supporting them finan-
cially [93]. This effectively mitigates the crowding-out effect on innovation behavior,
environment, and society caused by dedicated capital investment during enterprise reform.

Moreover, state-owned enterprises’ excellent corporate image attracts more talent com-
pared to non-state-owned enterprises, thereby addressing the personnel allocation-technical
resources mismatch during digital transformation that hinders leveraging the enabling effect
of digital technology. Therefore, as key players in China’s ESG system and national strategic
policy implementation initiatives, state-owned enterprises are more proactive in improving
their ESG performance. By contrast, non-state-owned enterprises prioritize seeking economic
benefits through leveraging competitive advantages offered by digital technology amidst fierce
market competition and environmental uncertainty. Non-economic benefits are often not
their core objective. Therefore, based on this analysis,the promotion effect of digital transfor-
mation on ESG performance is significantly greater for state-owned enterprises than for non-
state-owned ones.

This study categorizes enterprises into state-owned and non-state-owned based on their
ownership nature. Columns (1) and (2) of Table 6 present the regression results for different
ownership types. The findings indicate that, in comparison to non-state-owned enterprises,
state-owned enterprises exhibit a higher regression coefficient, suggesting a more significant
role of digital transformation in enabling state-owned enterprises.

Intensity of industry competition. The level of market competition within an industry
significantly influences the strategic formulation of enterprises [94]. In highly competitive
industries, products exhibit high homogeneity and strong substitutability. When transforma-
tive breakthroughs in product innovation are unattainable, enterprises are inclined to leverage
digital technology’s information resources, organizational changes, business models, and other
competitive advantages to enhance non-financial performance in environmental sustainabil-
ity, social responsibility, and corporate governance. This approach aims to bolster enterprise
reputation, cultivate distinctive soft power capabilities, and facilitate differentiation amidst
intense market competition [16, 64].
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Table 6. Heterogeneity test.

VARIABLES State-owned enterprises Non-state-owned enterprises High competition Low competition
ESG ESG ESG ESG
Digital 0.305** 0.246* 0.419%** 0.078
(0.139) (0.137) (0.133) (0.145)
Size 2.478*** 2.419%** 2.118%** 2.675%**
(0.132) (0.142) (0.141) (0.125)
Lev -5.580*** 0.069 -3.768"** -1.975%**
(0.714) (0.673) (0.682) (0.694)
Grow -0.349 -0.509* -0.062 -0.826™*
(0.451) (0.293) (0.332) (0.381)
Cashflow 3.888** 3.962** 1.086 4.249**
(1.822) (1.591) (1.764) (1.612)
Indire -6.249™** 2.383 -4.898** 1.865
(2.161) (2.022) (1.992) (2.038)
Listage 0.940* 0.892** 1.872%** 0.597
(0.570) (0.354) (0.363) (0.467)
Topl 6.093*** -0.056 3.502%%* 0.884
(0.887) (0.828) (0.828) (0.831)
Constant -33.667*** -40.501*** -25.086*** -38.910***
(4.133) (3.083) (3.162) (4.145)
Observations 2,747 3,297 3,016 3,028
R-squared 0.603 0.574 0.575 0.578
Industry YES YES YES YES
Year YES YES YES YES
Note:

#xx, ** and * indicate significance at the 1%, 5% and 10% levels.

https://doi.org/10.1371/journal.pone.0302029.t006

Therefore, this paper argues that the impact of digital transformation on enterprise ESG
performance is more pronounced in highly competitive industries. To test this hypothesis, we
adopt the established research methodology [95] and employ the Herfindahl index (the sum of
squared ratios of each company’s main business income to the total main business income of
the industry) as a measure of industry competition intensity. The regression results are pre-
sented in columns (3) and (4) of Table 6. The findings indicate that low competition does not
yield statistically significant results, whereas high competition exhibits a significantly positive
effect at a 1% level of significance. This suggests that in highly competitive environments,
enterprises can achieve more substantial improvements in their ESG performance through
leveraging digital technology.

Discussion

Firstly, the empirical analysis results confirm the hypothesis (H1) proposed in this study. This
finding aligns with existing research and further substantiates that digital transformation not
only positively impacts financial performance but also serves as an internal driver for enhanc-
ing ESG performance within enterprises [13, 25, 26].

Furthermore, this study confirms the proposition H2. Existing literature predominantly
examines the relationship between digital transformation and ESG performance through the
lenses of total factor productivity and dynamic capability, neglecting the role of corporate
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transparency in this context. On one hand, the application of digital technology brings about
technological advantages that generate a "governance effect,” enhancing internal governance
capabilities by increasing shareholder participation in decision-making and curbing manage-
rial discretion [48]. On the other hand, digital transformation yields a "spotlight effect" that
amplifies market attention towards enterprises and facilitates greater interaction frequency of
internal and external information [59], thereby promoting environmental and social invest-
ments among manufacturing firms to enhance their ESG performance. This research finding
expands upon existing knowledge regarding the mechanisms linking digital transformation
with enterprise ESG performance while contributing to non-economic value research within
the domain of digital transformation.

This study also investigates whether the relationship between digital transformation and
ESG performance is influenced by the performance expectation gap, and the empirical findings
confirm the hypothesis H3b proposed in this study. The underlying reason is that during a per-
formance expectation gap, enterprises face increased strategic risks and heightened internal
and external pressures on management [61, 62]. Pursuing strategic reforms at such times may
not yield immediate turnaround results but can potentially lead to organizational difficulties.
Consequently, the performance expectation gap tends to foster more conservative strategic
decision-making by management, thereby limiting the extent to which digital transformation
can promote ESG performance. This conclusion underscores the significance of performance
feedback in understanding the intrinsic connection between digital transformation and ESG
performance within enterprises while addressing existing research limitations.

Conclusion

In the face of medium and long-term constraints posed by the ’dual carbon’ goal, leveraging
competitive advantages brought about by digital transformation to stimulate ESG practice
motivation and help enterprises explore a sustainable development path with economic and
social benefits has become a major concern for academia and industry. While scholars have
begun exploring the impact mechanism and effect of digital transformation on enterprise ESG
performance, the ’black box’ remains unopened, with impact boundaries yet to be fully
revealed. Therefore, this paper empirically investigates the impact of digital transformation on
ESG performance in manufacturing industries, elucidating its internal mechanisms from a
company transparency perspective while revealing differences in relationships between digital
transformation and ESG performance under conditions of performance expectation gaps.
This study provides new theoretical references and policy implications for deep integration
between digital transformation and green transformations. The findings demonstrate that: (1)
Digital transformation has a significant positive impact on enterprise ESG performance.(2)
Analysis of the influence mechanism reveals that company transparency partially mediates the
relationship between digital transformation and enterprise ESG performance. (3) The perfor-
mance expectation gap will give rise to the phenomenon of "timely stop loss" and impede the
transformative impact of digitalization on the ESG performance of manufacturing enterprises.
(4) Through heterogeneity analysis of the internal and external environment, it is observed
that in highly competitive industries within the external environment, digital transformation
exhibits a more pronounced positive influence on enterprise ESG performance. State-owned
enterprises can fully leverage the enabling role of digital transformation.

Theoretical and practical contributions

The exploration of ESG practice in emerging markets holds significant theoretical signifi-
cance for the advancement of the ESG field [96]. Despite China’s rapid development as an
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emerging economy, its research in the realm of ESG is still nascent [97]. By focusing on
China as a research subject, this study not only expands the investigation into influencing
factors on ESG within China but also offers insights applicable to sustainable development in
other developing nations. Moreover, from a corporate transparency perspective, this study
elucidates the logical framework linking digital transformation and enterprise ESG perfor-
mance while broadening our understanding of how digital transformation impacts such per-
formance. It also explores the significance of the performance expectation gap in the internal
relationship between digital transformation and ESG performance, thereby addressing the
limitations of existing research.

From a practical perspective, this study unveils the mechanism and impact of digital trans-
formation on the ESG performance of enterprises, offering a novel empirical reference for
effectively aligning digitization with environmental sustainability efforts in underperforming
companies. Moreover, it provides fresh insights for governments to formulate incentivizing
policies. Specifically, organizations need to shift their development mindset and fully recognize
the long-term advantages of investing in environmental, social, and governance initiatives.
Simultaneously, careful attention should be paid to potential adverse effects arising from digi-
tal transformation; thus necessitating timely adjustments in personnel allocation, organiza-
tional structure, and business processes to ensure optimal utilization of digital technologies’
enabling capabilities. Furthermore, The government should prioritize the impact of altruistic
preferences [98] and develop a robust policy incentive framework encompassing capital infu-
sion, talent cultivation, and equipment provisioning. This will help alleviate resource scarcity-
induced reluctance or apprehension towards ESG investments during the process of enterprise
digitization while partially sharing change-related risks.

Limitation and future research

There are certain limitations in this study. Despite employing text analysis and utilizing data
from the CSMAR database to measure the extent of enterprise digital transformation, it is still
unable to completely mitigate the influence of management behavior such as false disclosure
and exaggeration, which may introduce some deviation between the measurement indicators
and the actual scenario. Future research could explore alternative measurement methods to
minimize potential errors. Furthermore, due to data constraints, this study does not investigate
the effects of the COVID-19 outbreak on enterprises’ ESG practices; Therefore, future studies
can explore disparities in impact before and after the outbreak. Lastly, it is important to note
that our sample only encompasses Chinese market enterprises with ESG rating agency cover-
age and does not encompass emerging markets comprehensively. Subsequent research could
concentrate on discerning differences between digital transformation and ESG performance in
developed versus developing countries.
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Abstract
Al and data are key strategic resources and enablers of the digital transition. Artificial

Correspondence Intelligence (Al) and data are also intimately related to a company's environment,
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social, and governance (ESG) performance and the generation of sustainability related
impacts. These impacts are increasingly scrutinized by markets and other stake-
holders, as ESG performance impacts both valuation and risk assessments. It impacts
an entity's potential to contribute to good, but it also relates to risks concerning, for
example, alignment with current and coming regulations and frameworks. There is cur-
rently limited information on and a lack of a unified approach to Al and ESG and a need
for tools for systematically assessing and disclosing the ESG related impacts of Al and
data capabilities. | here propose the Al ESG protocol, which is a flexible high-level tool
for evaluating and disclosing such impacts, engendering increased awareness of

impacts, better Al governance, and stakeholder communication.

KEYWORDS
big data, Al data, ESG, reporting, sustainability

1 | INTRODUCTION

used in ways relevant for understanding an entity's business value,
development, and position. These relate to how a company, for exam-

Understanding how artificial intelligence (Al) and data impact busi-
nesses and organizations is crucial both for their valuation and gover-
nance, and in this article, | propose a flexible high-level framework for
systematically evaluating and reporting on how an organization's Al
and data capabilities, assets, and activities impact sustainability related
issues. Capabilities describe competencies, tools, methods, and pro-
cesses related to developing Al systems and gathering data. This
might include, for example, a company's competencies related to
developing specific types of algorithms or capabilities for generating
data from sensors. Assets are the algorithms, systems, and data the
entity controls and includes, for example, specific data sets or a social
network platform. Activities describe how capabilities and assets are

ple, develops products where its development capabilities are used to
provide customers with new ways to utilize their data in order to opti-
mize various processes.

Al and data have become key enablers of the digital transforma-
tion (Holmstrom, 2022; Sivarajah et al., 2017; Verhoef et al., 2021) as
they impact a company's growth and capacity for innovation and
value generation (Leitner-Hanetseder & Lehner, 2022; Wamba-
Taguimdje et al., 2020). Being able to communicate technology related
soft assets to investors and other stakeholders is imperative for allow-
ing markets to correctly value an entity and for enabling good gover-
nance (Leitner-Hanetseder & Lehner, 2022). Since Al and data are
intimately related to a company's environment, social, and governance

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Author. Sustainable Development published by ERP Environment and John Wiley & Sons Ltd.
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(ESG) performance due to the impacts of data-based Al systems on
both people and the natural world—through, for example, biased and
discriminatory systems or the carbon footprint of training algorithms
(Crawford, 2021)—understanding the ESG related risks and impacts of
these technologies is consequently crucial for internal decision-
makers, markets, and other stakeholders. In addition, actors such as
the European Union (EU) is pursuing relatively aggressive regulation
on data, Al, and digital services/markets (European Commission,
2022b). Such developments entail new demands for transparency and
risk management and are of obvious importance to companies operat-
ing in the EU, but also others, as regulators elsewhere might pursue
similar paths (Mantymaki et al., 2022b).

Sustainability related impacts are increasingly emphasized by mar-
kets and other stakeholders (Dimson et al., 2020), as ESG perfor-
mance impacts both valuation and risk assessments (Fafaliou
et al., 2022; Friede et al., 2015), and potentially also engenders inno-
vation capacity (Ambec et al., 2013; Fafaliou et al., 2022; Porter &
Van der Linde, 1995). It relates to and describes an entity's potential
to contribute to good, for example to the achievement of the UN's
sustainable development goals (SDGs), but it also relates to risks con-
cerning, for example, alignment with current and coming sustainability
related regulations.

ESG is not a new concept (Crona & Sunsdstrom, 2023), but the
ESG and sustainability reporting and disclosure landscape is rapidly evolv-
ing, and there is no shortage of frameworks, standards, or rating providers
(Dimson et al., 2020; Esty & Cort, 2020; Setra, 2021b). This generates
challenges for those in charge of making decisions both within and about
entities, but also society more broadly, as reflected through the frame-
work of stakeholder capitalism (Freeman et al., 2007; World Economic
Forum, 2020). It also causes problems for companies struggling to analyze
and report on their ESG performance, and for investors who face a lack
of good and comparable data to assess potential investments (Berg
et al., 2022; Dimson et al., 2020; Eng et al., 2021).

A large number of standards and frameworks have led to numer-
ous calls for harmonization (Eng et al., 2021), and efforts to do so are
underway on several fronts, such as the European Unions' Sustainable
Finance Disclosure Regulation (SFDR), Corporate Sustainability
Reporting Directive (CSRD) and EU taxonomy (EU Technical expert
group on sustainable finance, 2020; European Commission, 2022a,
2022c), and the IFRS's International Sustainability Standards Board
(ISSB) (IFRS, 2022).

Adding to this are the challenges associated with understanding
how Al relates to sustainability and ESG (Sztra, 2021a, 2021b, 2022;
van Wynsberghe, 2021). The purpose of this article is to present the
Al ESG Protocol, which is a tool for systematically evaluating and dis-
closing a company's Al and data-driven risks and opportunities related
to ESG and sustainability. While all companies can use the protocol, it
will be particularly relevant for Al and data-intensive companies
where such technologies and assets are considered material for their
stakeholders. This article mainly refers to the entities who adopt the
protocol, and it is primarily addressed at directors and managers, while
the data and statements production will require the participation of

many other actors in the organization using the protocol. The end

result of using the protocol, however, is both intended to be action-
oriented and useful for the reporting entity, but also of use for inves-
tors, public officials, and other stakeholders.

Al ESG protocol is flexible and high-level and is intended as a
supplement that interacts with other frameworks and internal busi-
ness processes. Like the Greenhouse Gas Protocol (World Resources
Institute, 2021), the Al ESG protocol distinguishes between scopes
1, 2, 3, and provides a set of questions that allows all types of entities
to better understand and disclose their impacts, addressing identified
needs for increased awareness and better governance of Al in relation
to ESG (Minkkinen et al., 2022). The protocol allows entities to iden-
tify opportunities and to bridge identified gaps, which can also be dis-
closed to markets, investors, and other stakeholders. By using the Al
ESG Protocol, the entity will also have to consider questions such as
Al readiness and maturity (Holmstrom, 2022), and it consequently
provides value beyond simply mapping ESG impacts.

| begin by establishing the basics related to navigating the world
of ESG and sustainability reporting, as this is required for understand-
ing both why the Al ESG Protocol is useful, and how it might be used
in combination with other standards and frameworks. The next
section establishes the main linkages between Al, ESG, and sustain-
ability to identify the key issues to be mapped and considered. Finally,
the basic structure of the Al ESG protocol is presented.

2 | THE CHAOTIC WORLD OF ESG
AND SUSTAINABILITY REPORTING

Talk of sustainability and ESG abounds in markets, boardrooms, and
C-suites nowadays, and in the context of this article, the main focus is
on sustainability and ESG reporting related to Al and data capabilities,
assets, and activities. However, existing standards and frameworks
are insufficient (Setra, 2021b), and in order to develop the protocol
for assessing the impacts of Al and data, a brief examination of what
is meant by sustainability and ESG is in order.

Sustainability here refers to the concept sustainable develop-
ment, described in the 1987 report Our Common Future produced by
the United Nations' (UN) Brundtland commission (Brundtland
et al., 1987). Sustainable development was here described as meet-
ing current needs without preventing future generations from doing
the same, and it consists of three interdependent dimensions,
namely the environmental, social, and economic. To achieve sustain-
able development, issues belonging to all three dimensions must be
dealt with simultaneously, as we cannot, for example, deal effec-
tively with climate change unless we also handle issues related to
inequality and environmental justice. This concept of sustainable
development forms the foundation of the UN's SDGs and Agenda
2030 (United Nations, 2015). The 17 SDGs describe challenges
related to all three sustainability dimensions, and the aim is to reach
the goals by 2030. While they are not intended as a framework for
ESG or sustainability reporting, they are increasingly often used and
referred to in this context (Arena et al., 2022; Bose, 2020; Garcia-
Sanchez et al., 2022; Sxtra, 2021b; SDG Compass, 2015).
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Sustainable development is now increasingly recognized as some-
thing that not only governments, but also private entities must play a
significant role in promoting (Esty & Cort, 2020). Initiatives such as
EU's Green Deal is consequently premised on the notion that private
capital and activity is essential for reaching sustainability related goals
(European Commission, 2019). Having businesses factor in ESG
entails a move from traditional shareholder capitalism to what is at
times referred to as stakeholder capitalism (Freeman et al., 2007;
Schwab & Vanham, 2021), and corporations are getting on board for
three main reasons. First, regulation and formal requirements, such as
the EU Taxonomy, the SFDR and the CSRD (ERM, 2022; EU Technical
expert group on sustainable finance, 2020; European Commission,
2022a, 2022c). Second, investor pressure and financial market incen-
tives (ERM, 2022; Friede et al, 2015; Marczewska &
2020; Moon, 2014; Nosratabadi et al, 2019;
Verbin, 2020). Third, processes related to increased public demand for

Kostrzewski,

responsible business practices and what is often term the social
license to operate (Demuijnck & Fasterling, 2016; ERM, 2022; He &
Harris, 2020; Verbin, 2020).

The concept of sustainable development also forms the basis of
sustainability and ESG reporting, but it is not necessarily ideal to rely
on the three sustainability dimensions in the finance and reporting
context. With the ESG concept, the economic dimension is replaced
by the governance dimension. While this entails a change in termi-
nology, it is nevertheless unproblematic to connect ESG reporting to
sustainable development and the SDGs. Figure 1, for example,
shows how the SDGs can be classified under the E, S, and G dimen-
sions of ESG. The goals most often considered economic (SDG
8 and 9, for example) are here classified as social goals, as it is the
social implications of economic activity that most clearly relates to
the nonfinancial considerations and risks not covered by a com-

pany's financial reporting. An additional benefit is that governance is

The SDGs through the lens of ESG. From Satra (2021b). Source: Inspired by Berenberg (2018) [Colour figure can be viewed at

given ample attention, and this is particularly important for busi-
nesses working to improve the ESG impact of their Al and data
related activities.

The obligations to gather and disclose sustainability related data
varies between countries, regions, and sectors, and an examination of
all these varieties is beyond this scope of this article. However, the Al
ESG protocol described below is designed to complement common
frameworks, standards, and ratings in order to fill the gap related to
the ESG related impact of a company's Al and data based capabilities,
assets, and activities, and it can be used regardless of which reporting
regime the entity is under and framework they have chosen to use.

Due to the changes in the pressures and nature of expectations
of corporations activities, the term corporate social responsibility
(CSR) has largely given way to ESG reporting, strategies, and plans
(Esty & Cort, 2020; Moon, 2014), which is broader and better reflects
how companies are increasingly taking environmental, social, and gov-
ernance issues seriously (Verbin, 2020). The European Union is
emerging as a proactive and strong actor pushing for increasing trans-
parency and disclosure, and Eckhart (2020) describes the mandatory
obligations in the EU as opposed the approach of the US Securities
and Exchange Commission (SEC). However, things move fast in this
domain, and, for example, the SEC recently approved NASDAQ's
change in reporting requirements on board diversity (Securities and
Exchange Commission, 2021), which had caused wide debates about
the role of issuers in the United States.

Two of the major actors in the world of sustainability and ESG
reporting have been the Global Reporting Initiative (GRI) and the more
investor focused Sustainability Accounting Standards Board (SASB).
The latter become the Value Reporting Foundation, which in turn
becomes part of the ISSB mentioned above (ERM, 2022). The latter is
also a major new development aimed at providing a global standard

for meeting the demand for “high quality, transparent, reliable, and
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comparable reporting” on ESG (IFRS, 2022). There are a wide range of
other standards and frameworks as well, some focusing on specific
issues (such as the Carbon Disclosure Project [CDP] and Task Force
on Climate-Related Financial Disclosures [TCFD]), while others are
general frameworks intended to unify and simplify other frameworks
(such as the World Economic Forum's [WEF] Stakeholder Capitalism
Metrics [SCM]).

The need for better and more easily comparable data is key for
investors who increasingly rely on information about firms' ESG per-
formance. The lack of good and comparable data has led to the
growth of ESG ratings agencies, such as Kinder, Lydenberg, Domini,
Sustainalytics, Moody's ESG, S&P Global, Refinitiv, and MSCI (Berg
et al., 2022). However, due to differences in methodology, and the
aforementioned lack of data quality, these rating agencies display high
variability when ranking the same company (Berg et al., 2022; Dimson
et al., 2020), creating a host of problems related to market uncer-
tainty, but also, for example, attempts to link executive remuneration
to ESG performance (Berg et al., 2022).

3 | ESGAND AI

While Al ethics and digital ethics have arguably reached the pinnacle
of the hype cycle (Goasduff, 2020), there is still little research linking
Al and the concept of ESG, sustainable finance, and sustainability
reporting (Minkkinen et al., 2022; Musleh Al-Sartawi et al., 2022).
Much work has been and is being done on Al and general issues
related to general or aspects of sustainability (Setra, 2021a, 2022; van
Wynsberghe, 2021; Vinuesa et al., 2020), but this is rarely connected
to ESG.

In a recent article Minkkinen et al. (2022) identified a research
gap in this area, finding only three extant relevant articles on the sub-
ject, namely Satra (2021b), Du and Xie (2021), and Brusseau (2021).
While dealing with the linkage between Al and ESG, none of the arti-
cles focus on providing a tool for evaluating and disclosing Al related
ESG impacts, and the need for such a tool is emphasized by Minkki-
nen et al. (2022).

It is also worth noting that there is a lot of research on how Al
can be used in ways relevant to the world of ESG, for example in
accounting (Bose & Bhattacharjee, 2022), in generating ESG ratings
(Crona & Sunsdstrom, 2023), and for addressing the need to find a
way to properly value data and Al capabilities in financial reporting
(Leitner-Hanetseder & Lehner, 2022). However, the Al ESG protocol
here developed focuses on providing a method for evaluating and dis-
closing the ESG related impacts of using Al, and these other areas of
Al use are consequently not directly relevant. Such use of Al can,
however, be reported as ESG relevant through the protocol.

The remainder of this section explains key foundational elements
of the Al ESG protocol in some detail. First, | explain how impacts are
split into three scopes, before briefly presenting the major dimensions
to be considered when evaluating Al and data based impacts related
to environment, social, and governance. The scope of this article pre-

cludes a comprehensive mapping of all sustainability related effects of

Al, however, but issues identified in the broader research literature
are reflected in the protocol (Setra, 2022; Vinuesa et al., 2020).

3.1 | Three scopes of impacts

The complexities of ESG related impacts can at times stand in the way
of undertaking ESG analyses, and when they do not, the resulting ana-
lyses are often not particularly actionable. In order to remedy this
challenge, | build on Satra (2022) and the proposed analytical
approach to the sustainability related impacts of Al. This approach is
partly inspired by the Greenhouse Gas Protocol (World Resources
Institute, 2021) which distinguishes emissions from Scopes 1, 2, and
3, and by doing so, the Al ESG Protocol also ties directly into the most
popular and widely used methods used in the climate change
section of all other frameworks and standards. Figure 2 shows some
of the main sources of risks and impacts in each scope, and these are
discussed in more detail below.

While similar, and partly overlapping, measuring impact is slightly
different from measuring only emissions due to the broader range of
issues to be considered. For the Al ESG Protocol, the scopes are
defined as described below, and examples follow in the next sections.

Scope 1 deals with impacts related directly to a company's core
activities and governance, limited to internal social and governance
impacts and the environmental impacts related to the computing
infrastructure the company directly controls (owns or leases). Data
gathered by the entity is part of Scope 1. Figure 2 shows, for example,
issues related to cybersecurity, the impact of own machines and data,
and own staff.

Scope 2 encompasses the upstream consequences related directly
to the entity's supply chain. Procurement of electricity and cloud ser-
vices is part of Scope 2, and the same goes for the procurement of
development services, support, and algorithms. An important part of
Scope 2 is all the second-hand data the company avails itself of, com-
plementing the data gathered by the entity itself as detailed under
Scope 1. Figure 2 shows this through, for example, the purchasing of
cloud services, the humans involved in the upstream supply chain,
upstream cybersecurity, and energy sourcing.

Scope 3 is the broader upstream and downstream impacts of the
company's Al and data-based capabilities, assets, and activities. This
includes, for example, an algorithm used for Al in hiring, and how this
might entail risks of discrimination, or potentially the reduced occur-
rence of bias in hiring. It also includes how the entity's activities
encourages or discourages consumption, if the entity sells or dissemi-
nates tools that, for example, drive emissions up- or downstream. Fig-
ure 2 shows this through, for example, the datafication of human
relations, increasing use of internet of things (loT) in the business and
private sector, increased targeting and surveillance of individuals and
groups, value creation and innovation, transportation, impact on water
use, nature and biodiversity, and so forth.

In sum, detailing the impacts in these three scopes encompasses
all ESG related impacts stemming from Al and data, which helps both
the entity and its stakeholders understand where in the value chain
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the impacts and risks occur and consequently what can and must be
done to either minimize the negative impacts and risks or maximize
and exploit upside risk and positive impact.

The three scopes help sort impacts from various sources up- and
downstream, but another key distinction needs to be made between
different types of impacts and risks. As the protocol is based on the
ESG approach, the main types to which | now turn relate to environ-

mental, social, and governance issues.

3.2 | Environmental impacts and risks
The environmental dimension is currently getting most attention in the
ESG world (ERM, 2022), and climate has been the obvious headline
grabber. The Paris agreement is still key for understanding climate tar-
gets (UNFCCC, 2022). Companies are now increasing setting
NetZero targets and strategies (ERM, 2022), and Al and data related
emissions must be part of such strategies. The integrity of natural sys-
tems is, however, increasingly attracting attention both on its own and
because it is integral to solving climate related challenges (ERM, 2022).
The main issue related to Al in this dimension is how Al both con-
sumes energy and generates emissions (Bender et al., 2021), and
potentially allows for solutions that help mitigate climate change and
promote adaption efforts (Rolnick et al., 2022). Al will potentially
simultaneously have both positive and negative emission related
impacts, and determining whether or not an entity's use of Al is sus-
tainable requires us to understand both sides of the equation
(Seetra, 2022). The direct emissions generated from Al will often be

Examples of sources of impact and risks in Scopes 1, 2, and 3. Source: Author's own arrangement [Colour figure can be viewed at

confined to Scopes 1 and 2, while Scope 3 is where an entity can
demonstrate positive impact.

Computing infrastructure also has a material basis (Barley, 2020;
Brevini, 2021). This necessitates a consideration of the use of mate-
rials in and environmental impacts of the machinery used, either by
the entity itself, or through data on or from, for example, cloud pro-
viders in the supply chain. While emissions from the production of
equipment matters, so do aspects related to hazardous waste, rare
minerals, and so forth.

As has become clear, Al is not only relevant with regard to climate
change adaptation and mitigation, but also has potential impacts
related to, for example, biodiversity, innovation, and making sense of
data in order to face environmental challenges, land use change, use
of water (Crawford, 2021; Sztra, 2022; Vinuesa et al., 2020).

3.3 | Social impacts and risks
Investors are increasingly focusing on the social aspects of an entity's
activities. A range of developments encourage this, and examples of
drivers include COVID-19 and the great resignation, the black lives
matter movement, and new regulation related to modern slavery
(ERM, 2022; He & Harris, 2020). This all means that issues related to
(a) employee satisfaction, engagement, and retention, (b) supply chain
issues and human rights, and (c) the broader impact related to social
justice and discrimination are important for investors.

These are all issues known to be relevant for the use of Al and

data. The broader impacts of Al is a staple of mainstream digital or Al
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ethics, and issues of discrimination and bias in such systems are
increasingly well understood. Such issues mainly fall into Scope 3 in
the Al ESG protocol. Regarding supply chain issues, Crawford (2021),
for example, has explored these issues in great detail. In the context
of the Al ESG protocol, issues related to the rights of data subjects
are included in the analysis of supply chain human rights issues in
Scope 2 and own data gathering in Scope 1.

In addition to discrimination and bias, there is also a need to deal
with the economic consequences related to inequality, poverty, access
to infrastructure, and so forth under the social dimension of the Al
ESG protocol. As discussed by Satra (2021a, 2022), Al is part of a
broader and potentially unsustainable socio-technical system, which is
arguably not conducive to promoting all aspects of SDGs 8, 9, and
10, for example. Who owns the data, who has access to services, who
benefits from the solutions made, and so forth, are important ques-
tions in this context. Issues related to using Al and data to promote
growth and innovation are also relevant in this category, but they
must be coupled with an analysis of the social consequences to be
complete.

Finally, issues related to consumer activity and political institu-
tions must also be analyzed under the social banner. This reflects
broader market trends related to expectations for companies to take
responsibility for and make efforts to engender positive and sustain-
able behavior from their customers and partners (ERM, 2022), and
also how their products, solutions, and systems relate to and interact
with democracy and political institutions, which has become relevant
due to, for example, how social media have been used to impact elec-
tions (Greenfield, 2018).

3.4 | Governance

One of the main benefits of using the Al ESG protocol is that it
focuses attention on governance related issues, and that it does so
based on approaches from the finance and investor world where such
issues have a long history and where mature and well-established
frameworks and tools exist. This is arguably particularly important for
governing Al and data intensive entities, as they are part of a relatively
immature industry with rapid growth—struggling to find good gover-
nance approaches. There is, for example, an extreme proliferation of
frameworks for responsible, trustworthy, and otherwise “ethical” Al
(Floridi & Cowils, 2019; Jobin et al, 2019; Mittelstadt, 2019), and
ongoing debates about the relationships between ethics and politics
and regulation, both in and of corporations using Al and data based
solutions (Floridi, 2018; Sxtra & Fosch-Villaronga, 2021). Neverthe-
less, there are emerging governance approaches to Al worth noting,
and these both can and should be considered when using the Al ESG
protocol. The protocol itself favors no specific approach, and simply
requires an entity to describe and disclose their approach to the gov-
ernance of Al and data related risks and opportunities, and this could
be based on some of the approaches to Al governance being devel-
oped (Miantymdki et al., 2022a; Mintymaki et al, 2022b;
Papagiannidis et al.,, 2022; Schneider et al., 2022). It is, however,
imperative that Al governance is seen as an integrated part of an

entity's existing governance structure, and the proposals by Manty-
maki et al. (2022a) and Mantymaki et al. (2022b) account for this need
and focus on Al unique aspects and how Al governance relates to, for
example, IT and data governance. Governance also related to stake-
holders, and Cihon et al. (2021) highlights the need for multistake-
holder approaches and cooperation for good Al governance. This is in
line with existing approaches to sustainability and ESG, for example
with the network, forum, and guidance approach found in UN Global
Compact (UN Global Compact, 2022).

In addition to broader governance related issues, the protocol can
also be combined with various approaches to auditing and assurance of
Al systems (Raji et al., 2020). On a lower level, impact assessments for
specific algorithms have also been proposed and presented as the natu-
ral evaluation of auditing and assurance (Metcalf et al., 2021). While
impact assessments are required, it remains unclear if replacing topical
assessments (e.g., “environmental impact assessments”) with technol-
ogy defined ones (algorithmic impact assessment) negates the need for
auditing and assurance. In the world of sustainability reporting and dis-
closure, internal and external auditing processes, and limited or reason-
able assurance work will most likely retain their functions.

In the Al ESG protocol, governance issues relate to risk control,
governance systems, auditing systems, and to what degree a corpora-
tion has strategies and plans related to Al and data capabilities, assets,
and activities. Scope 1 encompasses most of these issues, but gover-
nance is also included in the other scopes through, for example, indi-
cators related to performing due diligence and assessments of their
suppliers and partners.

As the Al ESG protocol is not a complete and full ESG reporting
framework, issues related to general issues of governance, such as
board composition, and so forth, will be handled through the more
general framework used. The TCFD framework, for example, provides
recommendations for disclosure on governance and risk management
that could with good effect be incorporated into the reporting on the
governance issues in the Al ESG protocol (TCFD, 2022). If the com-
pany does not report on ESG through broader frameworks, certain
general indicators could be included in the protocol, but this will
mainly be relevant for companies that are highly Al and data intensive,

for which the Al ESG protocol will reflect most material issues.

4 | THE AIESG PROTOCOL

With the preliminaries in place, we can now see how this all comes
together in constituting the Al ESG protocol. The protocol is a high-
level tool and method that allows all companies to systematically evalu-
ate and disclose the impacts of their Al and data based capabilities,
assets, and activities. These three categories were selected as they cover
the key factors related to ESG related potential for impact (capabilities
and assets), whereas activities highlight current and actual use of Al and
data. Combined with the distinction between three scopes, the struc-
ture of the protocol can be shown as the cube in Figure 3.

The protocol ties directly into the GHG protocol, as discussed,
and if the environmental impacts covered by the Al ESG protocol are
calculated according to the GHG protocol, this can feed directly into
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the entity's general climate accounting, while also allowing for separat-
ing the Al and data driven emissions. This resembles the approach of
the TCFD, which is a framework for reporting on climate related finan-
cial risks and opportunities. This framework also requires the use of the
GHG protocol for climate related metrics and targets, and provides a
set of recommendations for governance, strategy, and risk management
disclosures, with 11 key disclosures in total (TCFD, 2022).

The Al ESG protocol is flexible as it is built to connect with other
standards and frameworks and internal processes and governance
structures. This flexibility enables the protocol to be used by many dif-
ferent actors in highly varied contexts. However, the high-level nature
and flexible approach also entail that the protocol is not primarily tar-
geted at stakeholders interested in purely quantitative and directly
comparable data for companies within or between sectors.

The protocol was gradually developed through the author's own
work on the Al ethics and the relation to governance and sustainabil-
ity reporting (Setra, 2021a, 2021b, 2022), and through his work as a
sustainability consultant in KPMG Norway. This combined experience
demonstrated both the lack of actionable potential in much Al ethics
related work, as it tends to be developed far away from corporate
C-suites, and how existing sustainability and ESG related standards
and frameworks lack sufficient sector specific guidance for Al and
data intensive companies. The process consisted of an examination of
relevant existing standards and frameworks and the subsequent
development of the new Al ESG protocol which incorporates key

insights from, for example, Al ethics.

41 | Protocol structure

The Al ESG protocol can be completed through manual reconstruction
of the information contained in this article, or through ready-made
tools online or offline, being produced and scheduled to be made
available spring 2023.* The structure of the entire protocol is pre-
sented in Figure 4, and while a completed protocol provides the most

AIESGprotocol

2022@Henrik Skaug Stra

. Initial descriptive statement

‘ Main impact statement

‘ Risk and opportunities

. Action plan

FIGURE 4 The Al ESG protocol structure. Source: Author's own
arrangement [Colour figure can be viewed at wileyonlinelibrary.com]

value to the reporting entity and stakeholders, it is also possible to
only do parts of the protocol. Decisions regarding how to use the pro-
tocol must be made on the basis of how the protocol fits into the
entity's existing ESG and sustainability related strategy and reporting
structures. The Al ESG protocol's four main parts are the initial
descriptive statement, the main impact statement, the risks and
opportunities statement, and an action plan, each of which is
described below.

The Initial descriptive statement contains a qualitative description
of how and where Al and data capabilities and assets reside in the
organization, and what sort of activities are related to these capabili-
ties and assets. Users of the protocol are encouraged to include an
organizational chart which helps situate Al and data in the organiza-
tion. This statement should also help clarify who is operationally in
charge of developing and handling Al and data in the organization, but
also who is formally responsible. Furthermore, any relevant strategy,
action plan, and governance related documents should be linked to
and briefly explained, including, for example, processes related to Al
and data internal audits (Minkkinen et al., 2022; Raji et al., 2020).
Finally, if relevant, the entity should describe its ethics policy and
whether this is based on existing frameworks or guidelines related to,
for example, trustworthy or responsible Al (Dignum, 2019; High-Level
Expert Group on Artificial Intelligence, 2019).

Key elements in the initial descriptive statement:

. Where in the entity is Al used?

. What sort of data does the entity control?

What sort of Al and data related capabilities does the entity have?
. How is Al and data used in the contexts described above?

. Who is operatively in charge, and who holds responsibility?

oA W N P

. What are the relevant strategies, plans, and governance
documents?
7. Is there an ethics policy, and/or does the entity subscribe to any

ethics/sustainability standard?

The Main impact statement is the core of the Al ESG protocol and
is described in more detail in the next section detailing the impact
questionnaire. This is the part of the protocol where impacts related
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FIGURE 5 Double materiality, with outbound impact considered
first, then inbound risks and opportunities. Source: Author's own
arrangement [Colour figure can be viewed at wileyonlinelibrary.com]

to ESG for all scopes are mapped based on a set structure and guiding
questions. This statement is both qualitative and quantitative and pre-
sents both known impacts and data and knowledge gaps. Key ele-
ments in the main impact statement are described in the next section.

In the Risks and opportunities part, an entity will evaluate the con-
tent of Parts 1 and 2 in order to arrive at a comprehensive picture of
the risks and opportunities (upside risk) related to the entity's Al and
data based capabilities, assets, and activities. This is facilitated by the
structure of the main impact statement, which conveys both known
impacts and identified data and knowledge gaps. Depending on the
entity's approach to risk management, this analysis can be integrated
into a broader approach. If the entity does not have other supporting
processes the Al and data risk assessment can be integrated into, the
Al ESG Protocol suggests constructing a risk matrix and performing a
materiality analysis of Al and data related topics (Jebe, 2019; Ni
et al,, 2010), and finally coupling this with an Al and data readiness
assessment. The protocol is open for a variety of approaches to these
latter aspects, and a business can, for example, use the Al readiness
framework proposed by Holmstréom (2022).

Key elements in the risks and opportunities statement:

. What are the main identified risks and opportunities?
Risk analysis and matrix
Materiality analysis and matrix

O DN

Readiness assessment

It is highly encouraged to adopt a double materiality approach to
the identification of material issues do be disclosed, which is also the
approach adopted in the GRI framework and European regulation on
sustainability disclosure for financial (SFDR) companies and others
(as seen in the EU taxonomy and in the coming CSRD) (Adams
et al., 2021; Deloitte, 2022). The double materiality approach pro-
posed is shown in Figure 5 and highlights how material issues are not
restricted to those that pose financial risks and opportunities for a
company (left/inbound arrow), but also the sustainability related
impacts of the company's activities (right/outbound arrow). It is
recommended to start with an analysis of outbound impact before
assessing the risks and opportunities for the company's development,
performance, and position (often referred to as financial materiality

and the approach adopted in the TCFD), as this encourages casting

the net broadly enough to avoid unduly prioritizing traditional finan-
cial risks (Adams et al., 2021).

Finally, it is encouraged to follow Step 3 with the development of
an action plan for improving ESG performance, unless Al and data are
naturally integrated in existing strategies and action plans. Based on
the risk assessment and materiality analysis, the entity can identify
which Al and data related aspects require attention, either in terms of
negative impact mitigation, positive impact development, or attending
to gaps in Al and data readiness. The action plan should describe
which topics are addressed, what should be done, when it should be
done, and describe in detail who oversees implementation and who
controls progress on the initiatives described. It is also highly recom-
mended to include a roadmap and a discussion of where the entity is
currently at in its “Al ESG journey.” When first reporting according to
the protocol, not all data and statements will be complete, and it will
be useful both for the entity and stakeholders to know what plans are
in place for improving ESG performance and reporting in subsequent
years.

Key elements in the action plan:

1. What must be done to limit risks and exploit opportunities?

2. What is the timeline for each action?

3. Who is responsible for implementation and overseen
implementation?

4. How will the action be implemented?

4.2 | Impact questionnaire outline
The impact statement will partly be a statement of qualitative
answers related to policy and approaches, and partly indicators
measuring the quantity of capabilities, assets, and activities. As
indicated by the presentation of potentially relevant topics above,
all potential aspects cannot be covered in this article, but the main
categories of the initial impact questionnaire are presented in
Figure 6. The protocol builds on the division of Al impacts into the
micro, meso, and macro levels (Satra, 2022), and also uses the
guide questions presented in Al for the SDGs (Sztra, 2022) as a
starting point for many of the topics. This provides an approach
which ensures that all major impacts are considered, but users of
the protocol can decide to use other approaches if this is consid-
ered beneficial for their context.

For each topic, the Al ESG protocol suggests providing a qualita-
tive statement and one or more of the following, depending on

suitability:

1. Quantitative data on relevant indicators

N

. Links and references to relevant indicators from other standards
and framework (i.e., GRI)

. Links to data sources (internal/external)

. Links to policies, assessments, processes

. Person/department responsible

o U AW

. External sources of information (suppliers, partners, etc.)
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Number of owned computers - Type and categories

Cooling/power etc owned and operated on premises

Datasets produced and owned - governance and cybersecurity

Datasets produced and owned - Privacy and user interests

Workers exposure to environmental harms

Workers exposure to harmful data etc

Algorithms/models (intemally developed) - energy cost in training (potentially also equipment costs/degradation)
Algorithms/models (intemally developed) - negative impacts related to source data, privacy, etc
Algorithms/models (intemally developed) - positive impacts related to source data, privacy, etc
Algorithms/models (internally developed) - documentation of origin and legality of data used

Al readiness evaluation results

Electricity bought (for own computers - Al related)

Type of electricity used (category)

Algorithms/models (externally developed) - energy cost training and approx. number of users (potentially also equipment costs/degradation)
Algorithms/models (externally developed) - negative impacts related to source data, privacy, etc
Algorithms/models (externally developed) - positive impacts related to source data, privacy, etc
Algorithms/models (externally developed) - risk assessment origin and legality of data used, due dilligence
Own and sourced computer equpiment - Production (life cycle assessment)

Own and sourced computer equipment - Workers' rights

Own and sourced computer equipment - Materials and circularity

Use of company's Al based services - Positive environmental impact

Use of company's Al based services - Negative environmental impact

Use of company's Al based services - Positive social impact

Use of company's Al based services - Negative social impact

Use of company's Al based services - Positive sustainability related economic impact

Use of company's Al based services - Negative sustainability related economic impact

Use of company's Al based services - ESG risk

The Al ESG protocol is a high-level framework intended to be
used with other frameworks, and this is also in line with the Esty and
Cort's (2020) proposal to see reporting as tiered. Tier one contains the
core mandatory disclosure elements, whereas tier two contains
industry-specific indicators tailored specifically to, in this case, Al and
data intensive entities.

As described above, general corporate governance related issues
are reported through, for example GRI indicators on board composi-
tion, qualifications, and so forth, while the Al ESG protocol supple-
ments the Tier 1 framework with more specialized information on
governance related specifically to Al and data based capabilities,
assets, and activities. Furthermore, the goal of the Al ESG protocol is
not to subsume all existing or future more specialized frameworks and
approaches to Al and data, and it can accommodate various
approaches to, for example, ethical Al, Al auditing, Al impact assess-
ments and Al governance approaches.

Another example of an additional framework already mentioned
is the Al readiness framework of Holmstrom (2022). This framework
consists of questions related to past and present issues related to Al
in the categories of technologies, activities, boundaries, and goals, and
constitutes one potentially valuable tool for use within the protocol—
both in the initial descriptive statement, but particularly in the risks

and opportunities part of the protocol.

5 | CONCLUSION

As Al and data capabilities, assets, and activities are increasingly impor-
tant parts of modern organizations, understanding how these generate
impacts, risks, and opportunities is imperative for proper governance and
oversight. There is a lack of tools for systematically evaluating and dis-
closing such impacts and risks (Minkkinen et al., 2022), and the Al ESG
protocol has here been proposed to meet this need.

The Al ESG protocol is a high-level and flexible tool intended to
supplement existing standards and frameworks (e.g., the GHG proto-
col and the TCFD) and serves the Tier 2 function in the proposed
future ESG hierarchy proposed by Esty (2020), as it provides special-
ized tools and indicators particularly relevant for Al and data intensive
entities.

Another aspect of flexibility is that the protocol opens for various
optional activities related to risk and maturity assessments and the
development of action plans. This is done to meet the need for mak-
ing ESG data more actionable and valuable not just for investors, but
also for those making strategic decisions in the entity (Minkkinen
etal., 2022).
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ARTICLE INFO ABSTRACT
Keywords: This paper constructs an analytical framework of digital transformation affecting enterprise ESG
Digital transformation performance based on the investment perspective. And empirical analyses are conducted using

Enterprise growth capacity
ESG performance
Intermediary effect

firm-level panel data of Chinese A-share listed companies from 2009 to 2020 in the China’s Stock
Markets. It is found that digital transformation significantly improves enterprise ESG perfor-
mance. Digital transformation improves enterprise ESG performance by enhancing risk-taking
capacity, mitigating agency conflicts, and suppressing management overconfidence. Heteroge-
neity analyses show that the effects of digital transformation on capital investment efficiency and
firms’ ESG performance are more pronounced among firms in mature and declining stages. Digital
transformation has a significant impact on capital investment efficiency and corporate ESG per-
formance in both technology-intensive and capital-intensive firms. These findings are crucial for
understanding the key role of digital transformation in shaping long-term economic growth po-
tential and sustainability from an investment perspective.

1. Introduction

Adam Smith pointed out in "The Wealth of Nations" that value creation is the fundamental driving force for a country’s wealth
accumulation and growth. In the era of the industrial economy, enterprises, as the main body of value creation, are the source of power
to promote social progress. As the core element of enterprise management, capital scarcity, and liquidity play a vital role in enterprise
growth capacity creation and become the concentration of enterprise control rights. Reflect. Since the reform and opening up, Chinese
enterprises have undergone tremendous changes for more than 40 years, creating double miracles of scale expansion and value growth.
However, in the face of the changes in the domestic "triple pressure" situation, Chinese enterprises still have insufficient industrial
integration and low factor efficiency (Wang & Lee, 2022). As well as the lack of new development momentum and other issues, the
extensive value growth model of "large-scale capital investment promotion" is unsustainable. The most direct economic consequence of
the application of digital technology is a change in factor efficiency. Capital is one of the core production factors for economic growth
and development. In the past, crude investments have reduced capital efficiency, and they will inevitably be affected by the all-round
transformation of digital technology - application of digital technology (Li et al., 2023). The application of digital technology will make
the mode of capital factor application gradually shift from crude capital accumulation to precise and efficient capital efficiency
enhancement, pointing out the direction for improving enterprise ESG performance and promoting the ability of economic
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transformation and sustainable development.

When exploring the factors influencing enterprise Environmental, Social, and Governance (ESG) Performance, current research
focuses on the dual dimensions of overall corporate behavior and individual behavior of top executives. The overall behavior of a
company is manifested in its comprehensive commitment and strategic deployment regarding environmental protection, social re-
sponsibility, and corporate governance, directly impacting the company’s ESG performance (Clementino & Perkins, 2021). The in-
vestment capability, educational background, and emotional and psychological characteristics of top executives also play a crucial role
in shaping enterprise ESG performance. Additionally, corporate governance capability, organizational flexibility, clarity of strategic
actions, and the construction of social relationship networks are all considered significant factors influencing enterprise ESG per-
formance (Singh & Pillai, 2022). Therefore, enterprises need to comprehensively consider all aspects in order to accurately formulate
and implement strategies that meet enterprise ESG standards, thereby promoting both sustainable economic development and social
value.

In analyzing the transmission mechanisms of how digital transformation affects enterprise ESG performance, existing literature
presents diverse viewpoints and insufficient exploration of transmission mechanisms. On the one hand, Alkaraan et al. (2022) argue
that digital transformation can effectively enhance a company’s ESG performance through measures such as improving information
transparency and optimizing decision-making processes. Luo et al. (2023) believe that digital transformation can drive companies to
more actively fulfill ESG responsibilities, leading to a significant improvement in ESG performance. On the other hand, Fang et al.
(2023) suggest that during the process of digital transformation, companies may experience significant changes in talent and resource
structures, which could have a short-term adverse impact on ESG performance. Especially in the context of the digital economy era,
enterprises ESG performance may faces challenges that will inevitably lead to profound changes in traditional production methods and
models.

As a comprehensive indicator for assessing the non-financial performance of enterprises, enterprise ESG performance not only
reflects the performance of enterprises in various aspects such as environmental sustainability, social responsibility and corporate
governance, but also profoundly reflects the ability of long-term economic growth and sustainable development. As a key indicator of
capital allocation and utilization, investment efficiency is directly related to the rationality and effectiveness of economic resource
allocation. Efficient investment efficiency means that an enterprise is able to accurately identify market opportunities and optimize
capital allocation in order to maximize the use of economic resources. Key factors such as the governance mechanism, decision-making
efficiency and risk management capability of enterprises are fully reflected in investment efficiency. Further, economies with efficient
investment tend to be better able to balance short-term economic interests with long-term sustainable development. While pursuing
economic returns, enterprises continue to improve their enterprise ESG performance through continuous innovation and improvement
to realise long-term values such as environmental protection and social responsibility, which ultimately benefit the whole economy.
Therefore, investment efficiency significantly reflects the core values of enterprise ESG performance and economic sustainability.

Given that current research lacks in-depth analysis from the investment perspective when exploring the relationship between
digital transformation and ESG performance, this paper focuses on the three dimensions of investment willingness, investment con-
fidence, and investment sentiment to systematically explore the mechanism of digital transformation’s impact on enterprise ESG
performance. By adopting rigorous empirical research methods such as fixed effects, this paper aims to examine the specific effects of
digital transformation on ESG performance and reveal the underlying mechanisms. This research not only helps to enrich the theo-
retical discussions in related academic fields, provides an important basis for the optimal allocation of economic resources and sus-
tainable economic development strategies in the context of the digital economy.

2. Theoretical analysis and hypothesis formulation

With the in-depth application of digital technology, the operational logic of enterprises is undergoing unprecedented changes,
which in turn has a profound impact on ESG performance. First, the advancement of digital transformation has optimized ESG-related
investment decisions by significantly reducing information asymmetry inside and outside the enterprise, with enterprises more
accurately assessing the risks of investment projects. Second, the organizational model changes driven by digital technology have
enhanced the level of information governance in enterprises, and also motivated management to more actively seize market oppor-
tunities and assume social responsibility, and to continuously improve corporate governance (Zhang & Zhao, 2023). The dual-wheel
drive of operation logic and organizational model change comprehensively improves the ESG performance and lays a solid foundation
for sustainable and long-term development economically. Based on the above analysis, this article puts forward the following
hypotheses.

H1. Digital transformation improves enterprise ESG performance.

The depth of empowerment that digital technologies provide to businesses elicits various responses from internal elements and
behaviors within the enterprise. ESG performance, as an essential pursuit for sustainable development, undergoes changes in its
performance during the process of digital transformation. Firstly, there is the impact of excessive ESG performance. Excessive ESG
performance in companies often stems from limitations in the company’s capacity to manage environmental, social, and governance
risks, preferences of leaders towards certain ESG performance aspects, and external macroeconomic factors. In a digital environment,
companies can utilize the efficient information dissemination capabilities of digital technologies to reduce information asymmetry
regarding ESG performance both internally and externally. This helps leaders gain a deeper understanding of the actual circumstances
of projects, standardize ESG performance preferences, and enhance the scientific assessment of ESG risks and expected returns of
projects. Secondly, there is the impact of insufficient ESG performance. The organizational restructuring process brought about by
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digital transformation in companies can effectively reform the governance structure of ESG performance both internally and exter-
nally. The improvement in governance levels helps urge management to seize ESG profit opportunities, reduce tendencies of man-
agement to seek stability, and shrink investments in ESG, thereby addressing issues of insufficient ESG performance. Therefore, this
article proposes the following hypotheses.

H2. Digital transformation improves risk-taking and boosts enterprise ESG performance.

In reality, due to incomplete and asymmetric information, it is often difficult to optimize corporate decision-making within the
environmental, social and governance (ESG) domain, which in turn triggers a series of problems such as environmental damages, lack
of social responsibility and poor governance. However, with the advent of the digital era, digital transformation of corporate
governance structures and organizational models provides new perspectives and tools for improving ESG performance. Specifically,
digital transformation significantly improves the transparency and efficiency of corporate decision-making management, internal
control and other processes in the ESG area by building an accurate and reliable data information system. First, digital transformation
reconfigures the traditional organizational power structure and promotes the formation of a decentralized and disintermediated grid
organizational model. The open and ecological organizational model helps the rise of grassroots autonomous organizations, which in
turn reduces the marginal cost of information acquisition and processing, realizes ESG-related multi-agent autonomous decision-
making, and improves the efficiency and quality of ESG decision-making. Second, digital technology, with its intuitive and quanti-
tative features, can accurately depict the production, sales and innovation activities of enterprises, especially in terms of environ-
mental and social responsibility. With the help of data analysis and visualization technologies, companies are able to examine their
own performance in ESG more clearly, weakening the information advantage of controlling shareholders and management and
reducing agency costs. Based on the above analysis, this article puts forward the following hypotheses.

H3. Digital transformation can effectively improve enterprise ESG performance by reducing corporate agency conflicts.

Traditional financial theory emphasizes that firms should aim to maximize profits, but in practice, managers are often constrained
by irrational factors. In particular, when managers are overconfident, they may overestimate the company’s ESG performance,
misleading investors and leading to misallocation of resources, which only harms the long-term value of the enterprise and may also
have a negative impact on economic sustainable and long-term development. In the context of the digital era, digital transformation
helps company management gain a more comprehensive understanding of the company’s ESG performance and clarify the boundaries
of the company’s dynamic ESG capabilities, thus avoiding unrealistic ESG commitments or investment decisions made due to over-
confidence. Through accurate data analysis and real-time monitoring, management can more accurately assess the company’s en-
terprise ESG performance and formulate an ESG strategy that is in line with the company’s actual situation. Second, digital
transformation can widely mobilize the participation of employees and external stakeholders to strengthen the company’s enterprise
ESG governance through its powerful external expansion and internal penetration capabilities. Internal and external partners form a
good interaction and jointly promote the improvement of enterprise ESG performance. In addition, in the process of manager turnover,
the historical data formed by the detailed preservation and analysis of past ESG performance data by digital technology can help the
new manager understand the company’s enterprise ESG status and form a lasting accumulation of ESG experience. It ensures the
consistency and continuity of enterprise ESG strategy and promotes the long-term stable development. Based on the above analysis,
this article puts forward the following hypotheses.

H4. Digital transformation reduces management overconfidence and effectively improves enterprise ESG performance.

Digital technology is an innovative and increasingly important tool that has shown great potential to drive enterprise ESG per-
formance improvement. Digital technology not only possesses a high threshold of application and a deep knowledge base, but is also
conceptually complementary to other management tools and techniques. First, from the perspective of factor endowment theory,
technology-intensive enterprises have effectively promoted the optimization of environmentally friendly practices, social re-
sponsibility commitment and corporate governance structure by building an internal enterprise ESG knowledge system. When digital
technology is applied, the various production sectors in the economy can quickly adapt to the new digital technology, reducing the
difficulty of resource integration in the economy, thus accelerating the achievement of the goal of sustainable economic development.
Meanwhile, capital, as a core element of enterprise operations, has a direct relationship with enterprise ESG performance in terms of its
liquidity and utilization efficiency. Introducing digital technology into enterprise operations builds a financial information system that
realizes accurate management and monitoring of enterprise capital flow. With the further application of digital technology, enterprises
are able to allocate resources more efficiently and promote the overall improvement of enterprise ESG performance. In addition, based
on the perspectives of enterprise organization theory and learning theory, the functional characteristics of digital technology provide
opportunities for enterprise management to quickly collect and learn cross-industry knowledge. In the early stages of corporate
organizational growth, with the increase of industry knowledge barriers and the complexity of corporate organizational structure, the
challenges faced by management in decision-making become increasingly severe. However, with the aid of digital technology,
management can quickly grasp industry dynamics and best practices, forming a late-mover advantage and thus driving a breakthrough
in enterprise ESG performance and economic growth. Based on this, the following hypotheses are proposed.

H5. The effect of digital transformation on enterprise ESG performance is heterogeneous for firms with different life cycles and factor
endowments.
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3. Research design
3.1. Model setting and variable selection

3.1.1. Model setting

An efficient investment decision-making process often implies that a firm is able to fully consider the potential impact of its projects
on the environment, pay attention to employee welfare and social responsibility, and maintain a good corporate governance structure
(Landi et al., 2022). Therefore, a firm’s investment decision and capital allocation process directly reflects its consideration of ESG
performance. Further, by focusing on a firm’s investment efficiency, it not only provides insight into the strengths and weaknesses of its
financial performance, but also indirectly evaluates the firm’s performance in terms of ESG (Ellili, 2022). Therefore, corporate in-
vestment efficiency can be used as a proxy indicator for ESG performance to comprehensively assess the comprehensive performance
of enterprises from the perspective of investment, providing a more comprehensive and objective evaluation basis for the sustainable
development of enterprises. The investment non-efficiency index proposed by Richardson and Chen is selected as the proxy index of
corporate capital investment efficiency, and the following model is constructed with reference to the intermediary effect model:

Investgichic = By + f1DCGric + i X + € + & + pye )
Investcnenic = fo + f1DCGrie + PieX + € + & + (2
TobinQ; = o + p1DCG1ye + PoInvestyicnic + S X + & + & + py 3)
TobinQy = By + 1 DCG1y + PoInvestchenit + X + €1 + € + Hy 4)

3.1.2. Core variables

3.1.2.1. Digital transformation indicators. In order to ensure the robustness and accuracy of the conclusion, this article uses a variety of
indicators to measure the degree of digital transformation of enterprises based on the analysis and reference of relevant academic
research.

(1) Digital text word frequency index. This study uses Python tools to compile annual reports of A-share listed companies on the
Shanghai Stock Exchange and Shenzhen Stock Exchange. Then, it uses the JavaPDFbox library to extract all text content from
these reports. These text data are used as data sources for subsequent filtering of feature words (Chen et al., 2019). We built an
indicator system for enterprise digital transformation. Taking into account the "right-skew" characteristics of the data, we
logarithmically processed it to obtain an overall indicator that is more consistent with the distribution characteristics to
describe the degree of digital transformation of the enterprise.

(2) Pilot indicators for implementing enterprise "integration of informatization and informatization" projects. This article refers to
the method of constructing binary dummy variables: (1) Set Dum as a dummy variable for whether the enterprise has become a
pilot enterprise for the integration of "informatization and informatization." Dum = 1 represents the enterprise during the
sample period. Becomes a pilot enterprise for the integration of "two informatization," Dum = 0 means that the listed company
has not become a pilot enterprise for the integration of "two informatization"; (2) Set Time as a dummy variable after the
enterprise becomes a pilot enterprise for the integration of "two informatization," that is, the year (including the current year)
after the enterprise becomes a "two-informatization" integration pilot enterprise, the value is assigned to 1. Otherwise, it is 0.
The cross-multiplication term of the above binary dummy variable is set to the double difference statistic Dum x Time to form a
digital transformation index. This reflects the impact of being a pilot enterprise of "two-technology" integration on ESG
performance.

3.1.2.2. Investment efficiency index.
(1) Richardson model capital investment efficiency (Investgi)

First, we estimate the expected investment of enterprises based on the model of Richardson (2006). The specific equation is as
follows:

Invest, = ayg + a; Growth,_; + asLev, 1 + azCash,_1 + asLnAge, 1 + asLnAsset,_; + agReturn,_; + ayInvest, ; + &, 1)

(2) Chen model capital investment efficiency (Investcpe,)

First, we estimate the expected investment of enterprises based on the model of Chen and Chen (2011). The specific equation is as
follows:

Invest; = ag + a;Growth;_, + a;NEG;;_1 + asGrowth_, X NEG,_; + €;; 2)



Y. Li et al. International Review of Economics and Finance 96 (2024) 103686

in, NEG is a dummy variable, which takes 1 when the operating income growth rate is less than zero and 0 otherwise. Growth is
defined in the same way as model (1). Through annual and industry regression, the absolute value of the residual is the enterprise’s
inefficient investment level (a reverse indicator of capital investment efficiency).

3.1.2.3. Mechanism variables.
(1) Enterprise agency conflict

Generalized agency costs consist of three components: the principal’s supervision costs, the agent’s guarantee costs, and residual
losses, but no method can directly measure agency costs. The existing literature on quantitative research on agency costs is provided by
Ang etal. (2000), who chose two indicators, management expense rate, and asset turnover rate, to measure two aspects of agency costs,
respectively. Since then, relevant research at home and abroad has followed this idea (Anderson & Reeb, 2003; Li, 2007). The sales
expense ratio (Expense, Operating Expense Ratio) is the ratio of operating expenses to annual sales. This indicator can effectively
measure the degree of effective control of operating costs by company management, including excess allowance consumption and
other direct agency costs (Cheng & Meng, 2023). It can be said that under a specific ownership and management structure, the product
of the difference in sales expense ratio between a company and a benchmark company without agency problems and the company’s
total assets reflects the amount of expenses related to the company’s excess agency costs.

(2) Corporate risk-taking

This article measures corporate risk-taking from the following four dimensions: (1) Performance dimension, measured by the
volatility of corporate profits and annual volatility of stock returns. (2) Policy behavior dimension, measured by R&D intensity and
debt ratio. (3) Survival status dimension, the measurement index is the company’s survival time. (4) Attitude dimension, the mea-
surement index is the weighted average investment life of failed projects within the company within nine years. Considering that most
literature measures risk-taking levels from the performance dimension and that China’s stock market has problems such as high
volatility.

(3) Corporate management is overconfident

Referring to the research of Libby and Rennekamp (2012), we can judge whether the managers of listed companies are over-
confident based on whether their profit forecasts have changed. We selected companies that disclosed first-quarter reports,
semi-annual reports, third-quarter reports, and annual report profit forecasts from 2009 to 2020 as the objects of sample selection. We
collect these earnings forecast information and stipulate that if the company’s actual earnings level is lower than the predicted
earnings level at least once during the sample period, the company’s managers will be defined as overconfident.

3.1.2.4. Control variables. Table 1 shows the names of measurement variables and their related definitions. It is not difficult to see that
in Table 1, this article selected indicators such as Ratio of independent directors and The large shareholder holdings to measure the

Table 1
Names of measurement variables and their related definitions.
variable name variable Variable definitions
tag
corporate governance variables
board size Boardsize Board size
Ratio of independent directors Indepen Ratio of number of independent directors to board size
The largest shareholder holds shares Dorl Proportion of shares held by the largest shareholder to total share capital
Whether the two positions are Dual When the chairman and general manager are the same person, the value is 1; otherwise, the value is 0

combined into one
firm characteristic variables

Company Size Size The logarithm of the company’s total assets at the end of the year

ownership attributes Nature The actual owner attribute of the company, when Nature

Company financial resource status

company return on assets ROA Net profit before tax/average total assets

Interest coverage ratio LXBZ Corporate EBIT/Interest Expense

Inventory turnover ITA Enterprise sales revenue/ending inventory value

Leverage ratio LEVE Total equity capital/total assets

Main business growth rate GMP (Operating income for the current period - Operating income for the previous period)/Operating income

for the previous period
Industry characteristic variables

industry return on assets LnROA Average ROA calculated by year and industry according to the industry classification of the China
Securities Regulatory Commission
Industry financial leverage Lnleve The average asset-liability ratio calculated by year and industry according to the industry classification of

the China Securities Regulatory Commission
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equity structure of the enterprise, and also selected indicators such as Company Size, Company return on assets, and Leverage ratio to
measure the operational and debt paying capabilities of the enterprise. In addition, to further enhance the stability of the results, this
article also added industry control variables such as Industry characteristic variables, Industry return on assets, and Industry financial
leverage to eliminate the influence of industries on the empirical results.

3.1.3. Descriptive statistics

Table 2 is the descriptive statistics and correlation analysis table of the main variables involved in this study. Observing the
standard deviation of the variables, it can be found that there is a significant difference between the maximum value and the minimum
value of the capital investment efficiency of listed companies, indicating that there are still many listed companies in China that have
more room for improvement in terms of enterprise ESG performance investment. In addition, the differences in agency conflicts among
listed companies are also large, which shows that many listed companies in my country still have problems, such as information
asymmetry in their governance structures and mechanisms. The relationship between risk-taking and corporate investment efficiency
also shows a specific positive correlation. However, the correlation coefficient between management overconfidence and corporate
investment efficiency is positive, which is different from some actual situations, so it is still worthy of scrutiny and further verification.

4. Empirical analysis
4.1. Baseline regression

Based on the in-depth theoretical analysis, this section aims to further empirically validate the potential impact of digital trans-
formation on enterprise ESG performance from the perspective of corporate investment decisions. To this end, a research framework
similar to the previous one is adopted, and regression analysis is conducted through the digital word frequency index of annual reports
as the key explanatory variable. From the empirical results in Table 3, both Models 1 and 2 significantly indicate that there is a positive
correlation between enterprise digital transformation and its enterprise ESG performance. Specifically, the empirical model verifies
that digital transformation helps to reduce corporate misbehavior or underperformance in investment decisions, which in turn en-
hances enterprise ESG performance. This is attributed to the positive impact of digital transformation on enterprise ESG performance
in several ways. Digital transformation enhances enterprise ESG effectiveness by improving the ability to collect, analyze and process
data, optimizing an enterprise’s governance structure, and improving the efficiency and transparency of decision-making, enabling an
enterprise to identify and manage investment risks more effectively, and reduce the adverse impacts arising from investments. To
further enhance the robustness of this conclusion, the Tobit model is introduced as an alternative empirical test. The Tobit model has a
unique advantage in dealing with restricted dependent variables and can more accurately capture the marginal impact of digital
transformation on enterprise ESG performance. The regression analysis of the Tobit model yields conclusions consistent with the fixed
effects model, further confirming the positive effect of digital transformation on enterprise ESG performance. This confirms hypothesis
1.

4.2. Robustness check

To ensure the robustness of the empirical results, this paper uses other explanatory variables to conduct regression and verify
whether conclusions similar to the above regression results can be obtained.

Table 2
Descriptive statistics of variables from 2009 to 2020.
minimum value maximum value mean median number standard deviation Correlation coefficient

Q 0.152 126.951 2.137 1.643 2.571 1
DCGy 0 6.098 0.888 0 1.180 0.069
DCG, 0 1 0.409 0 0.492 0.183
Investgich 0.006 130.699 44.701 34.310 46.495 —0.025
Investchen 0.012 128.562 44.235 33.488 46.175 —-0.027
Conflict 0.021 87.452 0.324 0.140 17.023 —0.332
Risk 0.086 0.182 0.118 0.119 0.028 0.089
ocC 0 1 0.367 0 0.482 0.046
Board 1.098 2.890 2.146 2.197 0.197 —0.120
Indepen 0.090 0.800 0.369 0.333 0.054 0.024
Dual 0 1 0.273 0 0.445 0.075
Dorl 3 89.091 34.403 32.165 14.479 —0.076
Size 17.388 27.386 21.642 21.533 1.224 —0.422
ROA —-1.751 1.560 0.041 0.040 0.082 0.372
LXBZ —19621.8 97970.7 35.858 2.103 1056.742 0.005
ITA 0 411161 38.693 3.561 3402.075 —0.049
LEVE 0.007 16.329 0.416 0.403 0.288 —0.339
GMP —0.999 665.541 0.332 0.124 6.757 0.088
InROA —-0.128 0.187 0.048 0.045 0.022 0.017
Inleve —1.638 3.039 0.392 1.210 0.228 0.136
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Table 3
Empirical results of digital transformation and capital investment efficiency.

@™ (2) 3) @
Investgicn Investchen Investgich Investchen
Fixed effect Fixed effect Tobit Tobit

DCGy —0.871 *** —0.905*** —0.019*** —0.018***
(-2.67) (-2.75) (-4.38) (-4.23)

Board 2.006 1.385 0.012 0.016
(0.42) (0.29) (0.36) (0.49)

Indepen —1.624 —4.400 0.070 0.090
(-0.11) (-0.31) (0.62) (0.80)

Dual 2.544* 2.389 0.016 0.017
(1.65) (1.54) (1.33) (1.44)

Dorl 0.278%** 0.283%** 0.002%** 0.001%**
(3.79) (3.86) (4.71) (4.46)

Size —12.072%** —12.472 *** —0.070 *** —0.067***
(-13.33) (-13.76) (-11.80)

ROA 110.929 105.756%** 0.112%**
(8.73) (8.32) (10.45)

LXBZ —0.015 —0.023 —0.000
(-0.42) (-0.64) (-0.68)

GMP 1.040%** 0.990%** 0.009%**
(10.04) (9.56) (10.02)

ITA —0.007** —0.007** —0.000
(-2.31) (-2.30) (-1.62) (-1.57)

LEVE 43.291%%* 41.645%** 0.044%** 0.045%**
(9.17) (8.81) (13.09) (13.42)

Inleve —5.080 —4.298 0.040 —0.003
(-1.62) (-1.37) (0.15) (-0.01)

InROA 0.716 0.618** 0.026 0.006
(1.64) 1.97)

Constants 272.670%** 284.598%**
(11.33) (11.82)

individual effect control control

time effect control control

N 11578 11578 10524 10524

R2- 0.059 0.058

F 47.111 46.551

4.2.1. Endogeneity test—instrumental variable regression

According to the development laws of the telecommunications industry, when China builds communication infrastructure, it
mainly promotes it from two aspects. The first is to erect aerial cables and optical fibers, and the second is to lay underground
communication optical cables. Therefore, we believe there is a positive relationship between the density of underground pipe corridors
and urban informatization, and it assists the digitalization of local enterprises. Therefore, we collected the underground pipe network
density in 1984 by collecting provincial and municipal statistical yearbooks and city statistical yearbooks as the instrumental variables
of this article. On the one hand, urban pipe corridors lay a first-mover advantage for the construction of information infrastructure and
provide the possibility for the digitalization of enterprises in the jurisdiction; on the other hand, the density of underground pipe
networks at the urban level has nothing to do with the investment efficiency of the enterprise itself. Therefore, the density of urban
underground pipe networks also meets exogenous conditions in terms of economic explanation.

Through two-stage instrumental variable regression, it was found that the density of underground pipe networks in the city where
the company was located in 1984 positively affected its level of digital transformation. Table 4 shows the regression results of
instrumental variables. After two-stage instrumental variable regression, it is found that consistent with the previous article, digital
transformation indicators and instrumental variable regression shows a positive and significant effect in the first stage of regression.
After removing confounding factors in the second stage, digital transformation still has a significant impact on reducing inefficient
investments and promoting enterprise ESG performance. At the same time, the Cragg-Donald Wald F tests of the two sets of regressions
are 16.087 and 18.016, respectively, which are much greater than 10. This shows that the selected instrumental variables do not have
the problem of weak instrumental variables, and the above conclusion is robust.

4.2.2. Propensity score matching and difference-in-differences estimation
1) Variable setting and propensity score matching

In order to further verify the robustness of the relevant conclusions, this study uses the *two informatization’ integration standard
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Table 4
Instrumental variable regression of digital transformation and capital investment efficiency.
@™ 2) 3 “@
DCG, Investgicn DCG, Investchen
The first stage second stage The first stage second stage
DCG, —3.446%* —4.056***
(-2.02) (-3.49)
Boardsize —0.826** —0.102%** —0.623* —0.216%*
(-1.98) (-3.21) (-1.85) (-2.20)
Indepen —0.041 —0.053 —0.032%* —0.043%***
(-1.59) (-1.34) (-2.26) (-2.42)
Dual 0.045* —0.084*** —0.065%** 0.084**
(1.81) (-3.45) (-3.64) (2.01)
Dorl —0.271%%* —0.146%** —0.099** —0.062%*
(-3.01) (-2.05) (-1.73) (-1.94)
Size —0.079%*** 0.058 0.018** 0.054**
(-3.64) (2.05) (1.70) (2.06)
ROA —0.128%** —0.087*** 0.109 0.091
(-3.49) (-2.58) (1.12) (1.39)
LXBZ —0.002* —0.001 0.001* 0.002%**
(-1.77) (-1.01) (1.84) (1.75)
GMP 0.489%** 0.158** —0.094*** —0.041%*
(3.49) (2.05) (-3.18) (-2.16)
ITA 0.001 0.000 0.002 * 0.001 **
(1.54) (1.19) (1.70) (2.11)
LEVE 0.002 0.058 0.015 0.004
(1.19) (1.26) (1.54) (0.39)
Inleve —0.071 —0.067 ** 0.013 0.057 *
(-0.36) (-2.15) (1.33) (1.88)
InROA 0.094** 0.291 0.078 0.036%***
(2.10) (1.04) (1.49) (2.65)
v 1.380%** 1.064***
(5.05) (5.49)
Constants —9.482%** —4.056%*** —16.194*** —13.241%**
(-2.84) (-2.60) (-6.31) (-3.18)
individual effect control control control control
time effect control control control control
N 12483 12483 12483 12483
R2 - 0.159 0.242 0.341 0.105
Cragg-Donald Wald F statistic 16.087 18.016

implementation pilot as the digital external impact of the benchmark enterprise to construct double differential variables. The term’
two informatization’ refers to integrating informatization and industrialization, a key concept in this study. Then, the propensity score
matching (PSM) method is used to form a PSM sample as a robustness test for the above conclusion. During the experiment, the samples
were divided into the participating group (also called the experimental group, where *Treated = 1’ indicates companies that were
designated as ’informatization and industrialization’ integration standards) and the non-participating group (also called the control
group, where 'Treated = 0’ indicates companies that were not designated as such). The preliminary difference analysis is shown in
Table 5.

2) Measurement results of double differential

This section verifies the robustness of the mechanism of digital transformation’s impact on enterprise ESG performance and its

Table 5
Mean and median difference test.
Participate in the " integration of informatization and Not participating in the " integration of informatization and  mean
informatization " certification informatization " certification difference
mean mean t -statistic
Investg.,rowhead 38.221 56.127 —12.025%**
Investchenrowhead — 36.654 55.161 —11.921%**
median number median number Median
difference
Investg.,rowhead 29.542 38.498
Investchenrowhead — 28.969 37.541
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breakdown based on the external impact of the "two-technology" integration policy and the double-difference model. Table 6 shows
the measurement results of digital transformation on capital investment efficiency under the double-difference estimation. The results
show that the coefficient of the double-difference variable is significantly positive, reaching the 1% significance level. This indicates
that the conclusion that digital transformation improves enterprise ESG performance is robust. Moreover, this effect is more evident in
the PSM sample. The above conclusion is also consistent with the conclusion in Table 3 in the previous article, which verifies the
robustness of the benchmark regression results in this article.

5. Further discussion
5.1. Analysis of impact mechanism

5.1.1. Digital transformation, risk tolerance and enterprise ESG performance

Digitalization not only bolsters the external financing capabilities of enterprises but also fortifies their financial stability, thereby
enhancing enterprise ESG performance. Table 7 presents the crucial findings of our study, which explores the relationship between
enterprise digital transformation and enterprise ESG performance in the full sample. Our research reveals that digital transformation
significantly enhances the risk-taking ability of enterprises. This finding, verified in Model 1 underscores the role of digital technology
in improving corporate organizational and financial resilience. Moreover, our study demonstrates that the positive impact of digital
transformation on risk-taking capabilities is robust and universally applicable to both state-owned and private enterprises. This sig-
nificant finding, in line with our hypothesis 2, contributes to the understanding of the transformative power of digitization in the
corporate finance landscape. Model 3 and Model 4 provide crucial insights into the role of corporate risk-taking capabilities in
enhancing enterprise ESG performance. The empirical results underscore that bolstering these capabilities can curtail inefficient in-
vestments, laying a robust groundwork for corporate investment and augmenting enterprise ESG performance. This affirms that
corporate digital transformation can foster ESG performance by augmenting risk-taking capabilities.

Table 6
Digital transformation and capital investment efficiency (PSM-DID method).
(€8] 2) 3) “@
Investgich Investchen Investgich Investchen
Full sample Full sample PSM sample PSM sample
DCG, —0.009 *** —0.008 *** —0.007 ** —0.016 **
(-2.75) (-2.67) (-2.41) (-2.02)
Board —0.049 —0.061 —0.011 —0.006
(-0.25) (-0.31) (-1.11) (-0.64)
Indepen —0.034 —0.036 —0.008 0.018
(-0.63) (-0.67) (-0.03) (0.63)
Dual 0.012 0.011 —0.006 * —0.005
(1.58) (1.51) (-1.77) (-1.52)
Dorl 0.041 0.037 —0.015 —0.015
(1.55) (1.41) (-1.05) (-0.98)
Size —0.057 —0.053 —0.006 *** —0.006 ***
(-1.40) (-1.32) (-3.00) (-3.20)
ROA —0.005 0.015 —0.035 —0.012
(-0.09) (0.27) (-1.34) (-0.45)
LXBZ —0.001 —0.001 —0.001 —0.001
(-0.31) (-0.21) (-0.87) (-0.89)
GMP 0.022 *** 0.022 *** —0.010 *** —0.008 **
(5.45) (5.60) (-2.71) (-2.12)
ITA 0.002 0.004 0.012 * 0.008
(0.15) (0.32) (1.81) (1.17)
LEVE —0.025 —0.020 0.020 * 0.011
(-1.05) (-0.85) (1.77) (0.97)
Inleve —0.013 —0.015 —0.010 * —0.009
(-1.05) (-1.16) (-1.87) (-1.63)
InROA —0.004 0.052 —0.003 * —0.025 *
(-1.18) (1.35) (-1.84) (-1.93)
Constants 0.190 * 0.181 * 0.196 *** 0.199 ***
(1.93) (1.87) (3.90) (3.82)
individual effect control control control control
time effect control control control control
N 9080 9080 4560 4530
R2- 0.122 0.130 0.112 0.105
F 5.139 5.527 3.075 2.827
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Table 7
Digital transformation risk tolerance and capital investment efficiency.
m (2) 3) “@ %) 6)
Risk Risk Investgicn Investchen Investgicy Investchen
DCG 0.030 *** 0.022 *** —0.057 *** —0.051 ***
(7.97) (5.09) (-3.02) (-2.72)
DCG x Nat 0.025 ***
(3.42)
Risk —0.068 *** —0.061 *** —0.046 ** —0.042 *
(-3.71) (-3.37) (-1.99) (-1.84)
Risk x Nat 0.026 0.022
(0.89) (0.75)
Nature 0.039 —0.006 —0.006
(1.549) (-1.27) (-1.29)
Board —0.015 *** —0.015 *** —0.004 —0.001 —0.015 *** —0.015 ***
(-5.36) (-5.27) (-0.10) (-0.02) (-5.48) (-5.39)
Indepen 0.010 0.010 0.053 0.058 0.010 0.010
(1.15) (1.16) (0.39) (0.43) (1.15) (1.19)
Dual —0.016 * —0.019 ** 0.028 * 0.027 * —0.017 * —0.019 **
(-1.77) (-2.02) (1.83) (1.79) (-1.83) (-2.06)
Dorl —0.020 *** —0.019 *** 0.017 ** 0.017 ** —0.022 *** —0.020 ***
(-4.31) (-4.06) (2.43) (2.50) (-4.76) (-4.42)
Size 0.096 *** 0.097 *** —0.012 *** —0.012 *** 0.102 *** 0.103 ***
(18.78) (18.96) (-16.34) (-16.11) (21.09) (21.15)
ROA —0.010 —0.009 0.109 *** 0.113 *** —0.009 —0.008
(-1.46) (-1.33) (8.66) (9.02) (-1.32) (-1.17)
LXBZ 0.00 0.000 —0.000 —0.000 0.000 0.000
(0.39) (0.40) (-0.62) (-0.41) (0.41) (0.41)
GMP —0.008 ** —0.008 ** 0.009 *** 0.009 *** —0.008 ** —0.008 **
(-2.05) (-2.10) (8.87) (9.34) (-2.05) (-2.09)
ITA —0.000 —0.000 —0.000 ** —0.000 ** —0.000 —0.000
(-0.95) (-0.92) (-2.11) (-2.12) (-0.96) (-0.93)
LEVE —0.015 —0.014 0.042 *** 0.043 *** —0.017 —-0.017
(-0.59) (-0.56) (9.39) (9.61) (-0.68) (-0.68)
Inleve 0.019 *** 0.019 *** —0.046 ** —0.051 ** 0.019 *** 0.019 ***
(9.85) (9.83) (-1.98) (-2.18) (9.98) (9.91)
InROA 0.008 * 0.021 *** 0.141 ** 0.091 *** 0.098 ** 0.072 ***
(1.91) (3.98) (2.25) (4.92) (2.43) (3.81)
Constants —0.063 *** —0.068 *** 0.292 *** 0.285 *** —0.075 *** —0.080 ***
(-4.52) (-4.85) (13.82) (13.52) (-5.51) (-5.78)
individual effect control control control control control control
time effect control control control control control control
N 12484 12305 11407 11407 12483 12304
R2- 0.103 0.104 0.058 0.059 0.102 0.102
F 104.784 89.035 43.215 43.750 103.449 87.906

5.1.2. Digital transformation, agency conflict and enterprise ESG performance

This section first examines the perspective of investment initiative, selecting agency conflict as the characterization criterion. The
primary reason is that agency conflict encapsulates the discord between management and shareholders, with the ultimate goal of
corporate investment behavior being to maximize corporate profits. Therefore, the ability of management to invest to maximize
shareholders’ interests has emerged as a crucial factor influencing the efficiency of enterprise ESG performance. The potential benefits
of digital transformation in this context are significant, offering a promising avenue for improving enterprise ESG performance.

As evidenced by the results in Table 8, in Model 1, without considering the moderating effect of the nature of the enterprise,
enterprise digital transformation can significantly reduce agency conflicts, with the significance level of the regression coefficient
reaching 1%. We have initially concluded that digital transformation can significantly reduce agency costs. In Model 2, the coefficient
of the cross-product term of enterprise nature variables and digitalization indicators is significantly negative. It is significantly larger
than the regression coefficient of digital transformation indicators. Although this indicates to some extent that digital transformation
has reduced agency costs of state-owned enterprises more significantly, the effect does not appear to be that pronounced. This may be
due to the inherent separation of management rights and ownership of state-owned enterprises and the existence of soft budget
constraints in state-owned enterprises, which results in the limited role of digital transformation. Model 3 and Model 4 studies the
relationship between corporate agency conflict and enterprise ESG performance. It can be seen that agency conflict increases ineffi-
cient investment reduces ESG performance. In other words, agency conflict is significantly negatively related to ESG performance. The
regression coefficients in Models 5 and 6 reach a significance level of 5%, confirming that digital transformation of enterprises can
improve ESG performance of private enterprises by reducing agency conflicts. However, according to the regression coefficient of the
cross-product between the nature of the enterprise and the efficiency of capital investment, it can be found that agency conflict within

10



Y. Li et al. International Review of Economics and Finance 96 (2024) 103686

Table 8
Digital Transformation, Agency Conflict and capital investment efficiency.
m (2) 3) “@ %) 6)
Conflict Conflict Investgicn Investchen Investgicy Investchen
DCG —0.029 ** —0.006 ** —0.012 *** —0.010 **
(-2.30) (-2.23) (-2.37) (-1.99)
DCG x Nat —0.072 *
(-1.72)
Conflict 0.063 ** 0.043 * 0.002%* 0.023%**
(2.25) (1.87) (2.09) (2.77)
Conflict x Nat —0.016 —0.016
(-1.26) (-1.25)
Nature 0.025 * —0.008 —0.013
(1.71) (-0.19) (-0.32)
Board —0.039 ** —0.039 ** 0.002 0.014 —0.039 ** —0.038 **
(-2.39) (-2.31) (0.03) (-2.38) (-2.30)
Indepen —0.015 —0.008 0.004 —0.016 —0.010
(-0.31) (-0.17) (0.29) (-0.33) (-0.21)
Dual 0.059 0.069 0.027 * 0.060 0.070
(1.10) (1.26) 1.77) (1.12) (1.28)
Dorl —0.003 —0.003 0.018 *** —0.003 —0.003
(-1.34) (-1.30) (2.60) (2.67) (-1.18) (-1.20)
Size 0.013 *** 0.013 *** —0.012 *** —0.012 *** 0.012 *** 0.012 ***
(4.70) (4.64) (-16.95) (-16.68) (4.39) (4.33)
ROA 0.998 *** 1.019 *** 0.108 *** 0.112 *** 0.996 *** 1.017 ***
(25.24) (25.47) (8.57) (8.90) (25.19) (25.41)
LXBZ —0.000 —0.000 —0.000 —0.000 —0.000 —0.000
(-1.22) (-1.23) (-0.65) (-0.44) (-1.20) (-1.20)
GMP —0.007 *** —0.008 *** 0.092 *** 0.096 *** —0.007 *** —0.008 ***
(-3.74) (-3.75) (8.97) (9.41) (-3.74) (-3.75)
ITA 0.000 0.000 —0.000 ** —0.000 ** 0.000 0.000
(0.10) (0.09) (-2.08) (-2.09) (0.09) (0.08)
LEVE 0.064 *** 0.062 *** 0.042 *** 0.043 *** 0.064 *** 0.062 ***
(4.39) (4.19) (9.34) (9.59) (4.39) (4.20)
Inleve 0.028 ** 0.029 *** —0.060 *** —0.066 *** 0.029 *** 0.030 ***
(2.55) (2.60) (-2.59) (-2.84) (2.58) (2.66)
InROA 0.004 —0.005 —0.021 *** —0.005 *** 0.011 * 0.004 **
(1.65) (-1.54) (-3.18) (-4.15) (1.82) (1.98)
Constants —0.113 —0.129 0.291 *** 0.285 *** —0.081 —0.098
(-1.41) (-1.58) (13.71) (13.47) (-1.03) (-1.24)
individual effect control control control control control control
time effect control control control control control control
N 12367 12190 11321 11321 12366 12189
R2- 0.057 0.059 0.057 0.057 0.057 0.059
F 55.089 48.195 41.913 42.612 54.943 48.087

the enterprise does not have a significant impact on the capital investment efficiency and ESG performance of state-owned enterprises,
and even agency conflict improves the capital investment efficiency and ESG performance to a certain extent.

Based on the previous empirical results, it can be speculated that digital transformation cannot improve the capital investment
efficiency and ESG performance of state-owned enterprises by reducing agency conflicts. The difference in this mechanism between
state-owned and private enterprises may stem from the differences in their investment decision-making methods and governance
mechanisms. It also shows that the optimization of information symmetry by digitization can only play a limited role in state-owned
enterprises that naturally form agency conflicts. In general, the empirical evidence in this section further validates part of Hypothesis 3.
It points out the differences in the mechanism effect of digitization on corporate capital investment efficiency and ESG performance by
mitigating agency conflicts under the different natures of enterprises.

5.1.3. Digital transformation, management overconfidence and enterprise ESG performance

Overconfidence stems from corporate management’s cognitive bias and the need to understand their element endowments,
capability boundaries, and market conditions. This overconfidence can, to a certain extent, increase putschism in the business process
and raise investment risks. The gambler mentality that arises from management under the guidance of blind self-confidence can lead to
deformed investment behavior, waste corporate resources, and ultimately damage enterprise ESG performance. However, integrating
digital technology can steepen the corporate management’s learning curve for internal and external information and data, enhance the
rational motivation for investment, and reduce the management’s blind confidence.

Table 9 presents the comprehensive measurement results of digital transformation on management overconfidence. Model 1 re-
veals that digital transformation can significantly diminish the emotional interference of corporate management’s overconfidence.
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Table 9
Digital transformation, management overconfidence and capital investment efficiency.
m (2) 3) “@ %) 6)
ocC oC Investgicn Investchen Investgich Investchen
DCG —0.010%*** —0.002 —0.044* —0.042*
(-2.55) (-0.77) (-1.74) (-1.77)
DCG x Nat —0.025%**
(-2.48)
oc 0.008* 0.009* 0.002%*
(1.88) (1.79) (2.15)
OC x Nat 0.006***
(4.19)
Nature —0.080 —0.063
(-2.28) (-1.24)
Board —0.016 —0.024 —0.001 —0.016 —0.025
(-0.43) (-0.62) (-0.23) (-0.43) (-0.65)
Indepen —-0.180 —0.156 —-0.010 —-0.181 —-0.164
(-1.51) (-1.29) (-0.59) (-1.52) (-1.35)
Dual 0.326 *** 0.323 *** 0.003 ** 0.326 *** 0.323 ***
(26.97) (26.28) (2.04) (26.99) (26.29)
Dorl —0.026 —0.027 *** 0.032 *** —0.026 —-0.027
(-4.30) (-4.35) (3.54) (3.65) (-4.27) (-4.38)
Size —0.029 *** —0.027 *** —0.012 *** —0.011 *** —0.030 *** —0.028 ***
(-4.15) (-3.86) (-11.88) (-11.64) (-4.54) (-4.23)
ROA —0.377 *** —0.380 *** 0.102 *** g —0.380 *** —0.386 ***
(-3.62) (-3.62) (6.71) (6.88) (-3.65) (-3.68)
LXBZ —0.000 —0.000 —0.000 —0.000 —0.000 —0.000
(-0.35) (-0.39) (-0.65) (-0.45) (-0.35) (-0.38)
GMP 0.022 ** 0.021 ** 0.006 *** 0.006 *** 0.022 ** 0.022 **
(2.32) (2.31) (4.91) (5.32) (2.32) (2.33)
ITA 0.002 *** 0.002 *** 0.018 * 0.025 *** 0.002 *** 0.002 ***
(3.26) (3.23) (1.90) (2.65) (3.25) (3.249)
LEVE —0.004 —0.010 0.037 *** 0.040 *** —0.001 —0.084
(-0.00) (-0.28) (6.62) (7.13) (-0.00) (-0.22)
Inleve 0.028 0.030 —0.003 —0.004 0.028 0.030
(1.11) (1.19) (-0.94) (-1.31) (1.10) (1.20)
InROA —0.082 * —0.010 0.051 —0.009 0.015 *** —0.005
(-1.84) (-1.48) (1.08) (2.65) (-1.46)
Constants 1.085 *** 1.070 *** 0.286 *** 1.110 *** 1.103 ***
(5.63) (5.48) (10.02) (5.89) (5.78)
individual effect control control control control control control
time effect control control control control control control
N 9862 9716 8416 8416 9862 9716
R2- 0.085 0.084 0.047 0.049 0.085 0.083
F 65.355 54.303 24.568 25.543 65.323 54.068

However, Model 2 indicates that the digital transformation indicator’s regression coefficient is insignificant. These results suggest that
digital transformation can notably reduce the overconfidence of state-owned enterprise managers. It can be seen from Model 3 and
Model 4 that management overconfidence significantly increases the company’s inefficient investment and causes a certain degree
reduction in enterprise ESG performance. The main reason lies in the irrational emotional interference of managers during the in-
vestment process. The underlying reason could be that state-owned enterprises, with their stronger credit endorsement and looser
financing environment, tend to overestimate the market environment and form incorrect intuitions about the profit expectations of
investment projects. However, in the digital transformation process, digital technology reshapes the market perception of corporate
management.

Combining the previous empirical results on digital transformation and management overconfidence, it can be believed that state-
owned enterprises can reduce the irrational emotions of corporate management’s overconfidence through the implementation of
digital transformation, further promote corporate investment efficiency-added, and improve enterprise ESG performance. Moreover,
digital management and control of the operation, planning, and construction of investment projects can also allow corporate man-
agement to standardize budgets and effectively reduce blind investment motivation, reducing resource waste and increasing enterprise
ESG performance. Based on the above analysis, hypothesis 4 is confirmed.

5.2. Heterogeneity analysis

Based on the above analysis, we found that state-owned enterprises and non-state-owned enterprises are affected by the differences
in the nature and factor endowments of the enterprises themselves, and the impact mechanisms of digital transformation on enterprise
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ESG performance are also significantly different. We conducted sub-sample regression for enterprises at different stages of develop-
ment and different endowment resources to further explore the heterogeneous characteristics of the effect of digital transformation on
enterprise ESG performance. The results are shown in Table 10 and Table 11.

5.2.1. Heterogeneous impact of life cycle

It is generally believed that at different stages of enterprise development, in the face of changes in governance mechanisms,
business structure, and financial status, enterprises’ investment and financing strategies also have different characteristics. What
deserves more attention is that the cash flow distribution of enterprises at different development stages is also different, which may
also have a heterogeneous impact on the capital investment efficiency and enterprise ESG performance of enterprises. Therefore, the
life cycles of enterprises are distinguished according to the cash flow portfolio division method. The results are shown in Table 10.
Generally speaking, enterprise digital transformation has a certain degree of impact on enterprise inefficiency investments at different
stages. Specifically, it can be seen from Model 3 and Model 6 that digital transformation has the most significant impact on the capital
investment efficiency and enterprise ESG performance of enterprises in a recession, which is relatively significant. This may be due to
the fact that companies in recession have weak cash flow capabilities and internal control capabilities, and their business segments and
product structures lag behind market demand, which may lead to large deviations in the investment process. Digital technology-
enabled enterprises can improve the above problems to a large extent, thus reducing inefficient investments in enterprises to
enhance ESG performance.

In comparison, digital transformation also has a significant reduction effect on mature enterprises’ inefficient investments. This
may be more due to the improvement of internal control of enterprises by digital technology and the smooth flow of internal and
external information channels. On the contrary, growth-stage companies’ businesses are relatively single, and their budgets are tight.
This results in the management of growth-stage companies being willing to have a deeper understanding of the supply and demand side
of the market and the company when making external investments and expansions and acting more cautiously. Therefore, in Model 1
and Model 4, the insignificant impact of digital transformation on corporate inefficiency investment is reflected more. Based on the
above analysis, hypothesis 5 is partially verified.

Table 10
Regression results for different life cycles.
@ 2) 3) [©)] ) (6)
growth period mature stage Recession growth period mature stage Recession
Investgicn Investgicn Investgicn Investchen Investchen Investchen
DCG; 0.001 —0.106 * —0.263 ** —-0.015 —0.083 ** —0.237 **
(0.01) (-1.91) (-2.41) (-0.12) (-2.17) (-2.14)
Board -0.215 0.360 1.213 -0.276 0.386 1.933 **
(-0.21) (0.69) (1.48) (-0.27) (0.73) (2.20)
Indepen -0.014 0.021 —0.001 -0.017 0.020 0.009
(-0.48) (1.45) (-0.08) (-0.56) (1.36) (0.38)
Dual 0.027 —0.006 —0.020 0.028 —0.003 —0.008
(0.84) (-0.40) (-0.76) (0.88) (-0.19) (-0.28)
Dorl 0.033 ** 0.025 *** 0.012 0.031 ** 0.024 *** 0.016
(2.11) (3.10) (0.93) (2.00) (2.91) (1.14)
Size —0.015 *** —0.003 *** —0.003 *** —0.014 *** —0.003 *** —0.009 ***
(-8.82) (-3.39) (-5.33) (-8.59) (-3.32) (-4.97)
ROA 0.210 *** 0.045 *** 0.017 0.213 *#* 0.048 *** 0.020
(6.90) (3.58) (0.92) (7.03) (3.849) (1.02)
LXBZ —0.000 —0.000 * 0.000 —0.000 —0.000 0.000
(-1.24) (-1.82) (1.05) (-0.95) (-1.50) (1.10)
GMP 0.082 *#* 0.0416 *** 0.027 0.087 *#* 0.041 *** —0.030
(6.08) (7.33) (0.14) (6.48) (7.13) (-0.14)
ITA —0.000 *** —0.009 0.021 * —0.000 *** —0.005 0.027 **
(-2.74) (-1.19) (1.90) (-2.77) (-0.62) (2.29)
LEVE 0.037 *** 0.008 0.057 *** 0.038 *** 0.008 0.063 ***
(3.81) (1.49) (6.77) (4.02) (1.48) (7.03)
Inleve —0.004 0.001 0.052 —0.062 0.008 0.013
(-0.76) (0.05) (0.88) (-0.97) (0.03) (0.22)
InROA 0.005 —0.001 —0.021 0.056 —0.003 —0.005
(0.54) (-1.04) (-0.14) (0.59) (-0.34) (-1.52)
Constants 0.365 *** 0.083 *** 0.200 *** 0.357 *#* 0.082 *** 0.176 ***
(7.58) (2.95) (4.37) (7.43) (2.88) (3.59)
individual effect control control control control control control
time effect control control control control control control
N 4756 4017 1677 4756 4017 1677
R2- 0.070 0.047 0.113 0.071 0.045 0.110
F 21.741 11.426 8.867 21.924 11.029 8.641
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Table 11
Regression results of different factor endowments.
@™ ) 3) @ ) 6)
labor technology capital labor technology capital
Investgich Investgicn Investgicn Investchen Investchen Investchen
DCGy 0.062 —0.067 *** —0.073 *** 0.053 —0.058 *** —0.086 ***
(0.41) (-8.09) (-5.76) (0.35) (-8.28) (-5.86)
Board 0.016 —0.005 0.001 0.019 * —0.004 0.006
(1.43) (-0.82) (0.17) (1.72) (-0.78) (0.07)
Indepen 0.035 —0.002 —0.036 0.035 0.002 —0.033
(1.15) (-0.13) (-1.39) (1.17) (0.12) (-1.27)
Dual 0.084 0.144 0.010 —0.092 0.191 0.040
(0.22) (0.72) (0.03) (-0.24) (0.96) (0.14)
Dorl 0.041 ** 0.019 * 0.024 * 0.044 ** 0.017 * 0.022 *
(2.06) (1.85) (1.92) (2.27) (1.73) (1.75)
Size —0.004 * —0.012 *** —0.014 *** —0.004 —0.011 *** —0.014 ***
(-1.85) (-10.71) (-8.81) (-1.59) (-10.50) (-8.59)
ROA 0.180 *** 0.083 *** 0.066 *** 0.191 0.088 *** 0.065 ***
(5.13) (4.83) (3.10) (5.50) (5.09) (3.04)
LXBZ —0.000 —0.000 0.000 —0.000 —0.000 0.000
(-0.64) (-0.49) (0.09) (-0.46) (-0.33) (0.20)
GMP 0.024 *** 0.007 *** 0.072 *** 0.022 *** 0.008 *** 0.078 ***
(7.62) (6.81) (4.26) (7.30) (7.37) (4.62)
ITA —0.000 ** 0.022 0.004 —0.000 ** 0.029 0.009
(-2.27) (1.02) (0.20) (-2.30) (1.35) (0.49)
LEVE 0.036 *** 0.041 *** 0.031 *** 0.034 *** 0.045 *** 0.031 ***
(2.88) (6.70) (3.69) (2.78) (7.24) (3.69)
Inleve 0.011 —0.015 *** —0.001 0.009 —0.017 *** —0.001
(1.07) (-2.58) (-0.45) (0.93) (-2.81) (-0.45)
InROA —0.009 ** —0.077 * —0.012 0.007 * —0.058 —0.005
(-2.08) (-1.94) (-0.59) (1.93) (-1.62) (-0.48)
Constants 0.059 0.298 *** 0.358 *** 0.036 0.290 *** 0.351 ***
(0.89) (9.83) (7.94) (0.56) (9.53) (7.76)
individual effect control control control control control control
time effect control control control control control control
N 1806 5750 3825 1806 5750 3739
R2- 0.080 0.065 0.086 0.080 0.067 0.652
F 11.158 28.443 26.435 11.186 29.349 511.633

5.2.2. Heterogeneous impact of factor endowments

Generally speaking, differences in factor endowments such as human, physical, and technological capital will affect the direction
and preferences of corporate investment and financing decisions. This may also have heterogeneous effects on enterprise ESG per-
formance. This section distinguishes enterprises based on differences in enterprise factor endowments. It divides them into three types:
technology-intensive, labor-intensive, and capital-intensive, and uses a double fixed effect model for regression. The results are shown
in Table 11. For capital-intensive and technology-intensive enterprises, inefficient investments formed under both calculation methods
can be reduced under digital transformation conditions. This may be because technology-intensive companies can better understand
and connect with digital technologies. At the same time, technological investment projects of technology-intensive enterprises are
often characterized by high risks, high information barriers, and high sunk costs. Therefore, digital technology helps companies better
understand technical issues in investment projects, reduce information barriers, and improve capital investment efficiency and en-
terprise ESG performance. In addition, for capital-intensive enterprises, abundant capital projects mean more significant capital in-
vestment, but more significant capital investment means an increased possibility of more incredible capital waste, and digital
technology hurts capital-intensive enterprises. The application may be more reflected in controlling and supervising financial budgets.
On the contrary, the impact of digital transformation on the capital investment efficiency and enterprise ESG performance of labor-
intensive enterprises is insignificant, and inefficient investment is increased to a certain extent. Based on the above analysis, hy-
pothesis 5 is partially verified.

6. Conclusion and enlightenment

Enterprise ESG performance not only reflects the long-term value and sustainability of an enterprise, but also profoundly embodies
the trend of economic transformation towards sustainable development, the rise of green economy, and the restructuring of economic
structure. Digital transformation is the core driving force of current economic development, not only transforming the operational
models of enterprises but also profoundly influencing ESG performance, revealing the inevitable trend of economic transformation
towards sustainable development. Based on the investment perspective, this paper explores the impact of digital transformation on
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enterprise ESG performance from the perspectives of investment intention, investment confidence and investment sentiment. Taking
Chinese A-share listed companies as the research object, the results show that (1) digital transformation significantly improves en-
terprise ESG performance. (2) Digital transformation improves enterprise ESG performance by enhancing risk-taking ability, miti-
gating agency conflicts, and curbing management overconfidence. (3) Enterprise digital transformation significantly inhibits
management overconfidence, which is more significant for managing state-owned enterprises. In addition, suppressed managerial
overconfidence can significantly improve the capital investment efficiency and enterprise ESG performance of state-owned enterprises,
but it has no significant impact on private enterprises. (4) For companies in different life cycles, digital transformation has an impact on
capital investment efficiency and enterprise ESG performance is more evident for companies in mature and declining stages. For
enterprises with different factor endowments, digital transformation has a significant impact on the capital investment efficiency and
enterprise ESG performance of technology-intensive and capital-intensive enterprises. Then, this study also uses a quasi-natural
experiment method and combines two econometric techniques to verify the robustness of the conclusions in this study. The
research findings are paramount in understanding the critical role of digital transformation in shaping the long-term economic growth
potential and sustainable development capabilities from an investment perspective.

After an in-depth analysis, the following macro-level insights can be drawn. Firstly, enterprise ESG has become the focus of global
attention against the backdrop of the increasing prominence of the topic of sustainable development of the global economy. Digital
transformation, as an innovative development path, plays a significant role in enhancing enterprise ESG performance and promoting
sustainable economic development. Through the use of advanced technology and data analysis methods, economic systems can
accurately assess and manage their impact on enterprise ESG performance, and thus build a more sustainable and responsible
development model. The digital transformation not only meets society’s continued elevation and expectations of enterprise ESG
standards, but also provides a key impetus for the economy’s transition to a greener, more inclusive and transparent direction. Sec-
ondly, given that different industries and enterprises are at different stages of development with varying life cycle characteristics and
needs, the implementation of digital transformation should take full account of their differences. Through the implementation of
personalized and enterprise-specific digital transformation strategies and close attention to the life cycle characteristics and needs of
different industries and enterprises, the comprehensive, coordinated and sustainable development of the economy can be more
effectively promoted.

Statement

Based on the investment perspective, this paper provides an in-depth discussion on the impact mechanism of digital transformation
on enterprise ESG (environmental, social and governance) performance and constructs a corresponding analytical framework. By using
firm-level panel data of Chinese A-share listed companies from 2009 to 2020, we conduct an exhaustive empirical analysis. The
findings show that digital transformation plays an important role in significantly enhancing firms’ ESG performance. Specifically,
digital transformation significantly improves enterprise ESG performance through mechanisms such as enhancing firms’ risk-taking
capacity, effectively mitigating agency conflicts, and curbing management overconfidence. These improvements are reflected not
only in environmental protection and social responsibility performance, but also in the optimization of corporate governance struc-
ture. Further heterogeneity analyses reveal that the impact of digital transformation on capital investment efficiency as well as
corporate ESG performance is particularly significant among firms in maturity and decline. This suggests that digital transformation
can play a positive and facilitating role in helping firms achieve sustainable growth at different stages of the firm life cycle. In addition,
we find that digital transformation has a significant impact on the efficiency of capital investment as well as the ESG performance of
firms in both technology-intensive and capital-intensive firms. This finding further confirms the key role of digital transformation in
driving enterprises to transform and upgrade and achieve high-quality development.

These findings not only help us to better understand the critical role of digital transformation in shaping long-term economic
growth potential and sustainability from an investment perspective, but also provide a strong reference for governments, enterprises
and investors in formulating relevant policies and strategies.

Data availability

The authors do not have permission to share data.
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