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Abstract

Whether corporate digital spending can produce sustainability-related outcomes is still
not well understood. Much of the existing discussion treats digital transformation as a
broad strategic process, but firms make sustainability decisions through more concrete
resource allocations, including investment in information systems, data infrastructure, and
IT-based management tools. This study therefore focuses on IT investment and examines
its relationship with corporate environmental, social, and governance (ESG) performance.
Based on panel data for Chinese A-share listed firms from 2009 to 2024, we estimate fixed-
effects models and further test the roles of technological spillovers, market competition,
and ownership structure. The evidence indicates that firms with higher IT investment tend
to report better ESG performance. This association remains significant when lagged IT in-
vestment is used, suggesting that the result is not merely driven by same-period correlation.
Technological spillovers explain part of the relationship: IT investment appears to support
ESG performance partly by improving technological learning, innovation diffusion, and
knowledge accumulation. By contrast, market competition does not significantly change
the IT investment–ESG relationship. Additional analysis shows that the positive effect
is stronger in state-owned enterprises than in non-state-owned enterprises. The findings
imply that IT investment can be viewed not only as a source of operational efficiency, but
also as a digital resource that may strengthen firms’ capacity for sustainable governance.

Keywords: IT investment; ESG performance; technological spillover effects; digital
transformation; corporate sustainability; ownership structure

1. Introduction
1.1. Research Background

Environmental, social, and governance (ESG) performance has become a widely
used framework for evaluating corporate sustainability, long-term value creation, and
non-financial risk management. Compared with traditional financial indicators, ESG
captures how firms respond to environmental responsibilities, stakeholder expectations,
and governance requirements. Existing research has shown that ESG is increasingly related
to shareholder value, financing conditions, and capital market evaluation [1,2]. At the
same time, ESG measurement is not always consistent. Berg et al. [3] document substantial
divergence among ESG ratings, suggesting that ESG evaluation may vary with the scope
of assessment, indicator selection, and weighting methods. This also means that ESG
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performance should not be treated only as an external rating outcome; it is closely related
to firms’ internal resources, governance routines, and managerial capabilities.

Information technology (IT) investment and digital transformation provide an im-
portant perspective for understanding these internal drivers. IT investment changes how
firms process information, coordinate resources, monitor risks, and organize managerial
decisions. From a resource-based perspective, IT capability can serve as a strategic organiza-
tional resource when it is embedded in business processes and combined with managerial
practices [4]. Recent studies on digital transformation further show that digital technologies
reshape business models, organizational boundaries, and value creation processes [5,6].
For firms facing sustainability pressure, digital transformation is not only a technological
upgrade. It may also support sustainability-oriented innovation by improving data connec-
tivity, organizational learning, and collaborative practices, as emphasized by Robertsone
and Lapin, a [7].

A growing body of empirical research has examined the relationship between digital
transformation and corporate ESG performance. Liu and Jung [8], using evidence from
Korea and China, find that digital transformation contributes to ESG management and
corporate performance. Li and Zhang [9] show that digital transformation improves
ESG performance in strategic emerging industries, with absorptive capacity acting as an
important mediating channel. Lu et al. [10] provide evidence from Chinese listed firms that
digitalization transformation can enhance ESG performance. Wang et al. [11] further find
that digital transformation improves manufacturing firms’ ESG responsibility performance
and that digital strategy may have a stronger role than digital technology itself. Similarly,
Li et al. [12] show that digital transformation enhances corporate ESG performance and
that environmental regulation strengthens this effect. Wu et al. [13] and Guo and Pang [14]
also confirm the positive relationship between digital transformation and ESG performance
in Chinese listed firms.

Although these studies provide useful evidence, two issues remain insufficiently
addressed. First, much of the existing literature relies on broad measures of digital transfor-
mation, such as digital technology-related textual indicators, digital strategy descriptions,
or comprehensive digitalization indices. These measures are valuable for capturing firms’
digital orientation, but they may not fully reflect firms’ actual resource allocation to infor-
mation systems, digital infrastructure, data platforms, and intelligent management tools. IT
investment is a more concrete and observable form of digital resource input. Examining IT
investment therefore helps clarify whether firms’ actual digital spending and organizational
resource allocation can be translated into ESG improvement.

Second, the mechanism linking digital resource input and ESG performance still re-
quires further explanation. Existing studies mainly discuss channels such as absorptive
capacity, environmental regulation, information transparency, green innovation, or media
attention [9,12,14]. However, the role of technological spillovers has not received suffi-
cient attention. IT investment may improve firms’ internal information-processing and
governance capacity, but it may also generate knowledge diffusion, technological learning,
supply chain collaboration, and innovation spillovers. Bloom et al. [15] show that technol-
ogy spillovers can produce important external effects beyond individual firms, indicating
that spillover mechanisms are crucial for understanding the broader consequences of tech-
nology investment. In the ESG context, IT investment may directly improve environmental
monitoring, governance transparency, and stakeholder coordination; at the same time, it
may indirectly enhance ESG performance by promoting technological spillovers.

China provides a suitable setting for examining this issue. Chinese listed firms have
experienced rapid digital transformation while facing growing pressure to improve ESG
disclosure and sustainable governance. Against this background, this study uses Chinese
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A-share listed companies to examine whether IT investment improves corporate ESG
performance and whether technological spillovers serve as an important transmission
mechanism. By shifting the focus from broad digital transformation to IT investment,
and by introducing technological spillovers as a mechanism, this study contributes to the
literature on digital transformation, corporate sustainability, and ESG performance. It
also provides empirical evidence for understanding how digital resource allocation can be
transformed into sustainable governance capability.

1.2. Research Significance

Examining the relationship between IT investment and ESG performance is mean-
ingful because it connects two issues that are often discussed separately: firms’ digital
resource allocation and their sustainable governance outcomes. Existing research has pro-
vided extensive evidence on the economic consequences of digital transformation, but the
question of whether IT investment can generate non-financial governance value remains
less fully answered.

1.2.1. Theoretical Significance

First, this study extends the discussion on the consequences of corporate digitalization
from financial performance to ESG performance. Prior studies on IT investment have
mainly examined productivity, cost reduction, innovation output, or firm value. These
outcomes are important, but they do not fully reflect the broader governance effects of
digital investment. ESG performance captures firms’ environmental management, social
responsibility, and governance quality, and therefore provides a more comprehensive
perspective for evaluating whether digital investment supports sustainable development.
By linking IT investment with ESG performance, this study helps explain how digital re-
source allocation may contribute to corporate sustainability beyond conventional economic
outcomes. This also helps distinguish IT investment from broader digital transformation
indicators by emphasizing actual digital resource allocation rather than only firms’ strategic
digital orientation [4–6].

Second, this study provides a mechanism-based explanation by introducing tech-
nological spillovers. IT investment is often treated as an internal efficiency-enhancing
tool, but its influence may extend beyond firm boundaries through knowledge diffusion,
technology imitation, collaborative innovation, and industry-level learning. By examining
technological spillovers as a mediating mechanism, this study clarifies how IT investment
may affect ESG performance not only through internal governance improvement, but also
through broader technological learning and diffusion processes. This perspective enriches
the theoretical understanding of how technological progress is translated into sustainable
governance outcomes. Compared with mechanisms such as information transparency,
environmental regulation, or green innovation, the technological spillover perspective
highlights the diffusion and absorption of technological knowledge as a channel through
which IT-related resources may affect ESG performance.

Third, this study adds an internal resource perspective to the literature on ESG deter-
minants. Existing ESG studies often emphasize external institutional pressure, corporate
governance structure, managerial characteristics, or industry conditions. These factors are
important, but they do not fully explain why firms with different digital resource bases
may differ in ESG performance. By incorporating IT investment into the ESG research
framework, this study highlights the role of firm-level digital resource allocation in shap-
ing ESG outcomes and offers a more micro-level explanation for corporate sustainability
differences. In this sense, the study connects ESG performance with the resource-based
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view by treating IT-related investment as a firm-level resource that can support sustainable
governance when embedded in organizational processes [4,16].

1.2.2. Practical Significance

From a managerial perspective, this study helps firms understand the broader value
of IT investment. In the digital economy, firms increasingly invest in information systems,
data platforms, and digital infrastructure. However, IT investment should not be viewed
only as a tool for improving operational efficiency. If properly embedded in environmental
monitoring, stakeholder communication, internal control, and information disclosure, IT
investment may become a strategic resource for improving ESG performance. The findings
of this study may therefore help firms align digital strategies with sustainability objectives.
More specifically, firms may use IT-related investment to improve ESG data collection,
environmental monitoring, internal control, and disclosure quality.

From a policy perspective, this study provides firm-level evidence for the coordinated
development of the digital economy and sustainable governance. China is simultaneously
promoting digital transformation and green development, but policymakers still need
more micro-level evidence on how digital investment affects corporate sustainability. By
examining the effect of IT investment on ESG performance and the mediating role of
technological spillovers, this study offers empirical support for policies that encourage
digital infrastructure investment, technology diffusion, and ESG governance improvement.

From an investment perspective, this study also provides useful information for
capital market participants. As ESG factors become more important in investment decisions,
investors need to understand whether firms’ digital investment has long-term sustainability
value. The results of this study suggest that IT investment may signal not only digital
transformation capacity, but also the potential to improve ESG performance through better
governance, information processing, and technological spillovers.

1.3. Research Framework and Structure

This study combines firm-level IT investment data, technological spillovers, and
market competition to investigate the mechanisms of ESG performance, distinguishing it
from prior studies relying on broader digitalization indices. This study focuses on whether
IT investment can improve corporate ESG performance and how this effect is generated.
The analytical framework includes three parts: the direct effect of IT investment, the
mediating role of technological spillovers, and the moderating role of market competition.
In addition, robustness checks, alternative measurements, and additional analyses are
included in the empirical analysis to ensure the validity and replicability of the results.

First, this study examines the direct relationship between IT investment and ESG
performance. IT investment may improve firms’ information-processing efficiency, resource
coordination, environmental monitoring, internal control, and disclosure transparency.
These functions may help firms perform better in environmental management, social
responsibility fulfillment, and corporate governance.

Second, technological spillovers are introduced as a mediating mechanism. IT invest-
ment may promote technology diffusion, knowledge sharing, organizational learning, and
collaborative innovation. These spillover processes may further support ESG improve-
ment by helping firms adopt more advanced technologies, management practices, and
governance tools.

Third, market competition is incorporated as a moderating factor. Firms operating
under different competitive conditions may differ in their incentives to use IT investment
for long-term governance improvement. Therefore, this study examines whether market
competition changes the relationship between IT investment and ESG performance. In
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addition, ownership heterogeneity is considered by comparing state-owned and non-state-
owned enterprises.

Empirically, this study uses panel data from Chinese A-share listed firms from 2009 to
2024 and applies fixed-effects regression models. The analysis includes baseline regression,
mediation testing, moderation testing, ownership heterogeneity analysis, and robustness
checks using lagged IT investment.

The remainder of this paper is organized as follows. Section 2 develops the theoretical
analysis and research hypotheses. Section 3 describes the research design, including sample
selection, data sources, variable definitions, and model specification. Section 4 presents the
empirical results. Section 5 concludes the study and discusses implications, limitations,
and future research directions.

2. Theoretical Analysis and Research Hypotheses
2.1. IT Investment and Corporate ESG Performance

Information technology investment has gradually moved beyond the role of a purely
operational tool. In many firms, IT systems are now involved in production monitoring,
data storage, internal reporting, risk identification, stakeholder communication, and com-
pliance management. These functions are closely related to ESG performance, because
ESG improvement requires firms to process large amounts of environmental, social, and
governance information in a timely and reliable manner. From a resource-based perspec-
tive, IT-related resources can create organizational value when they are embedded in firms’
management processes and combined with complementary capabilities. Therefore, the
relationship between IT investment and ESG performance depends not only on the amount
of digital input, but also on whether such input improves firms’ information processing,
monitoring, coordination, and governance routines [4,16].

IT investment may first affect ESG performance by improving firms’ ability to collect
and use information. Environmental management, for example, depends on continuous
monitoring of energy consumption, pollutant emissions, production efficiency, and re-
source use. Without sufficient information systems, such data may remain fragmented
across departments, making it difficult for managers to identify risks or take corrective
actions. IT investment can reduce this fragmentation by linking production data, environ-
mental data, and managerial decision-making. In this way, firms are better able to monitor
environmental performance, optimize resource allocation, and reduce unnecessary waste.

IT investment may also support the social dimension of ESG. Firms need to man-
age relationships with employees, suppliers, customers, communities, and regulators.
Digital systems can improve the traceability of supply chain activities, the timeliness of
customer feedback, the standardization of product quality control, and the transparency of
information disclosure. These improvements can reduce information asymmetry between
firms and stakeholders and may encourage firms to respond more effectively to social
responsibility requirements.

In terms of corporate governance, IT investment can strengthen internal control and
improve information transparency. More developed information systems allow firms to
standardize reporting procedures, detect abnormal transactions, improve risk management,
and reduce managerial discretion in information disclosure. These functions may lower
agency costs and governance risks. Since ESG evaluation increasingly emphasizes gover-
nance transparency, compliance, and risk control, IT investment can provide an important
technological foundation for improving governance-related ESG performance.

Therefore, IT investment may enhance ESG performance through several connected
channels: better environmental monitoring, more efficient stakeholder management,
stronger internal control, and improved disclosure transparency. It is not only a tool
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for improving efficiency, but also a digital resource that can support sustainable gover-
nance. In this sense, IT investment may transform digital resources into ESG-related
governance capability by reducing information asymmetry, strengthening internal control,
and improving firms’ responsiveness to stakeholder and regulatory expectations.

Hypothesis 1 (H1). Firms with higher levels of IT investment exhibit better ESG performance.

The proposed direct effect is illustrated in Figure 1.

Figure 1. The impact of IT investment on ESG performance.

2.2. The Mediating Role of Technological Spillovers

The relationship between IT investment and ESG performance may not be limited to
a direct internal governance effect. IT investment can also influence firms’ technological
learning, innovation activities, and knowledge diffusion. These processes may generate
technological spillovers, which provide an indirect channel through which IT investment
affects ESG performance [15].

IT investment can strengthen firms’ ability to absorb and apply new technologies.
When firms invest in information systems, data platforms, and digital infrastructure, they
usually improve their capacity to collect technical information, coordinate innovation
activities, and integrate external knowledge. This may reduce the cost of technological
learning and increase the efficiency of innovation activities. As firms accumulate digital and
technological experience, some of their practices may be diffused to other firms through
supply chain cooperation, employee mobility, industry interaction, or imitation by peer
firms. This process is also related to absorptive capacity: firms with stronger digital
infrastructure may be better able to identify, assimilate, and apply external technological
knowledge [17]. Thus, IT investment may not only generate internal technological learning,
but also strengthen firms’ ability to benefit from external knowledge spillovers.

Technological spillovers may also arise from knowledge sharing and organizational
learning. IT systems reduce the cost of information transmission within firms and across
organizational boundaries. Internally, they make it easier for departments to share technical
knowledge, management experience, and operational data. Externally, digital connections
among firms, suppliers, and industrial networks may accelerate the diffusion of technolog-
ical standards and management practices. These processes can strengthen technological
spillovers at the firm, industry, and regional levels.

Such spillovers can contribute to ESG performance in several ways. In the environ-
mental dimension, the diffusion of cleaner technologies, energy-saving methods, and
monitoring tools can help firms reduce pollution and improve resource efficiency. In the
social dimension, knowledge spillovers related to supply chain responsibility, product
safety, and stakeholder communication may improve social responsibility practices. In the
governance dimension, the spread of digital governance tools and internal control practices
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can enhance transparency and compliance. Therefore, technological spillovers may help
transform IT investment into broader ESG improvement.

In this sense, IT investment may affect ESG performance through both a direct gover-
nance channel and an indirect spillover channel. If IT investment promotes technological
spillovers, and technological spillovers further improve ESG performance, then technologi-
cal spillovers can be regarded as a mediating mechanism. This mechanism emphasizes that
the sustainability value of IT investment may arise not only from direct internal governance
improvement, but also from the diffusion and absorption of technological knowledge.

Hypothesis 2 (H2). Technological spillovers play a mediating role in the relationship between IT
investment and corporate ESG performance.

The proposed mediating mechanism is illustrated in Figure 2.

Figure 2. The mediating role of technological spillovers between IT investment and ESG performance.

2.3. The Moderating Role of Market Competition

The effect of IT investment on ESG performance may also depend on the market
environment in which firms operate. Market competition affects firms’ strategic priorities,
resource allocation, and incentives for governance improvement. Under different levels
of competitive pressure, firms may use IT investment in different ways. Some firms may
mainly use IT investment to reduce costs and improve short-term efficiency, whereas others
may embed digital investment into longer-term governance and sustainability practices.

In more competitive markets, firms face stronger pressure to maintain efficiency, repu-
tation, and market trust. They are also more likely to be compared by investors, customers,
suppliers, and regulators. Under such conditions, weak ESG performance may damage
legitimacy and competitiveness. Firms may therefore have stronger incentives to use IT
systems to improve environmental monitoring, supply chain management, information dis-
closure, and internal control. In this case, market competition may strengthen the positive
effect of IT investment on ESG performance.

Market competition may also influence the spillover process. Competitive industries
usually involve more frequent technological imitation, learning, and managerial adjust-
ment. Firms under competitive pressure may pay closer attention to technological practices
adopted by leading firms and may be more willing to use IT investment to support innova-
tion and governance improvement. As a result, the technological spillovers generated by
IT investment may be more easily translated into ESG-related outcomes.

However, the effect of market competition is not necessarily simple. Excessive compe-
tition may also push firms to focus on short-term survival, cost reduction, and immediate
financial returns. If this happens, IT investment may be used mainly for operational effi-
ciency rather than ESG governance. Therefore, whether market competition strengthens
the ESG effect of IT investment remains an empirical question. This ambiguity is par-
ticularly relevant in the Chinese market context, where competitive pressure, regulatory
expectations, ownership structure, and local policy incentives may jointly shape firms’
ESG-related decisions.

Hypothesis 3 (H3). Market competition strengthens the positive impact of IT investment on
corporate ESG performance.

The proposed moderating mechanism is illustrated in Figure 3.
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Figure 3. The moderating role of market competition in the relationship between IT investment and
ESG performance.

3. Research Design
3.1. Sample Selection and Data Sources

This study uses Chinese A-share listed firms from 2009 to 2024 as the research sample
to examine the impact of corporate IT investment on ESG performance and its underlying
mechanisms. The sample period is selected for two main reasons. First, since 2009, the de-
velopment of digital infrastructure and the application of information technology in China
have accelerated substantially, providing a suitable setting for examining the governance
consequences of IT-related investment. Second, ESG evaluation and disclosure practices in
China have gradually improved during this period, which makes it possible to construct a
firm-year panel dataset for empirical analysis.

The sample is processed according to the following procedures. First, financial firms
are excluded because their asset structure, regulatory environment, and business models
differ substantially from those of non-financial firms. Second, firms designated as ST, *ST, or
PT are excluded to avoid the influence of abnormal operating conditions, financial distress,
and risk warning status. In the Chinese stock market, ST refers to “Special Treatment”
firms with abnormal financial or operating conditions, while *ST indicates firms subject to
delisting-risk warning. PT refers to firms subject to special transfer arrangements. Third,
firm-year observations with missing values in key variables other than IT investment are
removed. Fourth, to reduce the influence of extreme values, continuous variables are
winsorized at the 1st and 99th percentiles. As an additional validity check, the baseline
model is also examined without winsorization. In the non-winsorized specification, the
coefficient of IT_Inv remains positive, although its statistical significance becomes weaker.
This suggests that extreme observations may affect the precision of the estimate. Therefore,
the 1% and 99% winsorized specification is retained as the baseline. After these procedures,
an unbalanced panel dataset is obtained for empirical analysis.

The data used in this study are compiled from multiple sources. Corporate ESG
performance is measured using Huazheng ESG rating data provided by Huazheng Index
Information Service [18]. Financial characteristics, including firm size, leverage, profitabil-
ity, and ownership structure, are obtained from the Wind database [19]. The technological
spillover variable is constructed using patent-related data from CNRDS, which provides
firm-level innovation and patent information for Chinese listed firms [20]. Market competi-
tion is measured by the Herfindahl–Hirschman Index (HHI), which is calculated based on
firms’ operating revenue shares within the same industry-year. IT investment is proxied by
an annual report-based text indicator that captures firms’ observable IT-related investment
and digital transformation intensity.

For the IT investment variable, firm-year observations without identifiable IT invest-
ment records are coded as zero in the baseline specification, because IT_Inv is constructed
to capture observable IT-related investment and digital resource allocation. In other words,
when no identifiable IT-related investment information is reported or captured for a given
firm-year observation, the baseline measure treats the firm as having no observable IT
investment record. To address the possibility that non-observed IT investment records
may not necessarily indicate zero actual IT investment, an additional robustness check
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is conducted using only firm-year observations with observable IT investment records.
This additional test helps evaluate whether the baseline result is driven by the coding rule
for non-observed IT investment records. Because the dataset is an unbalanced panel, the
number of observations per firm varies across the sample period. This variation occurs
because firms enter and exit the sample in different years and because some variables are
not available for all firm-year observations. The unbalanced structure therefore reflects the
listing history of firms, sample screening procedures, and variable availability.

3.2. Variable Definitions

To examine the impact of IT investment on corporate ESG performance and its under-
lying mechanisms, this study defines the main variables from five aspects: the dependent
variable, the core explanatory variable, the mediating variable, the moderating variable,
and control variables.

3.2.1. Dependent Variable

ESG Performance (ESG).
The dependent variable is corporate ESG performance, which reflects firms’ overall

performance in environmental responsibility, social responsibility, and corporate gover-
nance. This study uses Huazheng ESG rating data to measure corporate ESG performance.
The Huazheng ESG rating provides systematic evaluations of Chinese listed firms based
on publicly available information and covers the environmental, social, and governance
dimensions. A higher ESG value indicates better ESG performance.

3.2.2. Core Explanatory Variable

IT Investment (IT_Inv).
The core explanatory variable is IT investment. Because firm-level IT expenditure is

not always disclosed as a standardized financial statement item, this study uses an annual
report-based text indicator as a proxy for firms’ IT investment intensity and digital resource
allocation. This indicator is constructed from firms’ annual report disclosures by identifying
IT-related expressions associated with information systems, digital infrastructure, data
platforms, intelligent management tools, and other digital technology applications. It
captures the extent to which firms disclose observable IT-related investment and digital
transformation activities in annual reports. A higher value indicates a higher level of
observable IT-related investment and digital resource allocation.

3.2.3. Mediating Variable

Technological Spillovers (Tech_Spill).
The mediating variable is technological spillovers. This study uses the logarithm of the

number of patent applications, ln(1 + Patent), as a proxy for technological spillovers. Patent-
related data are obtained from CNRDS, which provides firm-level innovation and patent
information for Chinese listed firms. Patent applications reflect observable technological
innovation activities and potential knowledge diffusion. A higher value indicates stronger
observable technological innovation and spillover potential.

3.2.4. Moderating Variable

Market Competition (HHI).
The moderating variable is market competition. This study uses the Herfindahl–

Hirschman Index (HHI) to measure industry concentration. HHI is calculated based on
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firms’ operating revenue shares within the same industry-year. Specifically, for industry j
in year t, HHI is calculated as follows [21]:

HHIjt =
n

∑
i=1

(
Xijt

Xjt

)2

, Xjt =
n

∑
i=1

Xijt

where Xijt denotes the operating revenue of firm i in industry j in year t, and Xjt denotes
the total operating revenue of all firms in the same industry-year.

A higher HHI indicates higher industry concentration and lower competitive intensity.

3.2.5. Control Variables

To control for other factors that may affect corporate ESG performance, the following
control variables are included:

(1) Firm Size (Size): measured as the natural logarithm of total assets at the end of the
fiscal year, controlling for scale effects. Data are obtained from the Wind database.

(2) Financial Leverage (Lev): measured as the ratio of total liabilities to total assets,
capturing firms’ leverage levels. Data are obtained from the Wind database.

(3) Profitability (ROA): measured as the ratio of net profit to total assets, controlling for
firm operating performance. Data are obtained from the Wind database.

(4) State Ownership (SOE): a dummy variable that equals 1 if the firm is state-owned and
0 otherwise. Data are obtained from the Wind database.

All variable definitions and measurements are summarized in Table 1.

Table 1. Definition of Model Variables.

Variable Category Variable Name Abbreviation Variable Definition

Dependent Variable Corporate
ESG Performance ESG

Composite score of firms’ environmental,
social, and governance performance,
measured using Huazheng ESG rating data

Independent Variable Information Technology
Investment IT_Inv

Annual report-based text indicator used as a
proxy for firms’ observable IT-related
investment and digital resource allocation

Mediating Variable Technological Spillover Effect Tech_Spill
Technological innovation and spillover
potential, proxied by the logarithm of patent
applications, ln(1 + Patent)

Moderating Variable Market Competition HHI

Herfindahl–Hirschman Index, calculated as
the sum of squared operating revenue
shares of firms within the same
industry-year

Control Variable Firm Size Size Firm asset scale, measured as the natural
logarithm of total assets

Control Variable Financial Leverage Lev Firm leverage level, measured as the ratio of
total liabilities to total assets

Control Variable Profitability ROA Firm profitability, measured as the ratio of
net profit to total assets

Control Variable Ownership Structure SOE
Dummy variable indicating state ownership;
equals 1 if the firm is state-owned, and
0 otherwise

3.3. Model Specification

This study uses firm-level panel regression models to examine the relationship between
IT investment and ESG performance. Firm fixed effects are included to control for time-
invariant unobserved firm characteristics, such as corporate culture, industry position-
related managerial routines, and long-term governance style. Year fixed effects are included
to control for macroeconomic conditions, policy changes, and other time-specific shocks
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that affect all firms in a given year. Standard errors are clustered at the firm level to account
for potential serial correlation and heteroskedasticity within firms over time. A fixed-effects
specification is used as the main model because unobserved firm-level characteristics are
likely to be correlated with both IT investment and ESG performance. In this context, the
random-effects assumption that unobserved firm heterogeneity is uncorrelated with the
explanatory variables is relatively strong.

(1) Baseline Regression Model (Testing Hypothesis H1)

To examine whether IT investment is positively associated with corporate ESG perfor-
mance, the following baseline regression model is specified:

ESGit = α + β1IT_Invit + ∑ βkControlit + µi + λt + εit

where ESGit denotes the ESG performance of firm i in year t; IT_Invit represents the level
of IT investment of firm i in year t; Controlit is a vector of control variables, including firm
size, leverage, profitability, and state ownership; µi and λt denote firm fixed effects and
year fixed effects, respectively; and εit is the random error term.

If the estimated coefficient β1 is significantly positive, it indicates that IT investment
significantly improves corporate ESG performance, thereby supporting Hypothesis H1.

(2) Mediation Model (Testing Hypothesis H2)

Based on the baseline analysis, to further examine the mediating role of technological
spillovers in the relationship between IT investment and ESG performance, the following
mediation models are constructed:{

Tech_Spillit = γ0 + γ1IT_Invit + Controls + ε1

ESGit = α0 + α1IT_Invit + δTech_Spillit + Controls + ε2

where Tech_Spillit denotes the technological spillover effect variable of firm i in year t, and
all other variables are defined as previously described.

This mediation framework tests the mediating role of technological spillovers through
a two-step procedure. First, the significance of γ1 is examined to determine whether IT
investment significantly affects technological spillovers.

Second, after Tech_Spillit is included in the ESG regression, the coefficient δ is used to
test whether technological spillovers are associated with ESG performance. If γ1 and δ are
statistically significant and the coefficient of IT_Invit declines in magnitude after Tech_Spillit
is included, this indicates a partial mediating effect. In addition, Sobel and Bootstrap tests
are used to further assess the statistical significance of the indirect effect [22,23].

In the Sobel test, the indirect effect is calculated as the product of the coefficient linking
IT investment to technological spillovers and the coefficient linking technological spillovers
to ESG performance. The Sobel statistic is calculated as follows:

z =
âb̂√

b̂2SE2
â +

̂
a2SE2

b̂

where a and b denote the estimated coefficients of IT_Inv in the Tech_Spill regression and
Tech_Spill in the ESG regression, respectively, and SE(a) and SE(b) are their standard errors.
In addition, this study uses Bootstrap resampling with 500 replications to construct the 95%
confidence interval of the indirect effect.

(3) Moderation Model (Testing Hypothesis H3)
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To investigate the moderating effect of market competition on the relationship between
IT investment and ESG performance, the following moderation model is specified:

ESGit = α + β1IT_Invit + β2HHIit + β3IT_Invit × HHIit + Controls + εit

where HHIit denotes the level of industry concentration faced by firm i in year t. Since a
higher HHIit indicates higher industry concentration and lower competitive intensity, the
interaction term should be interpreted from the perspective of industry concentration. If β3

is statistically significant, it indicates that industry concentration changes the relationship
between IT investment and ESG performance. If β3 is significantly negative, it would
imply that stronger market competition strengthens the ESG effect of IT investment; if β3

is significantly positive, it would imply that higher industry concentration strengthens
this effect.

4. Empirical Results
4.1. Statistical Analysis
4.1.1. Descriptive Statistics

Table 2 presents the descriptive statistics for the main variables. The average ESG
score is 73.21, with a standard deviation of 5.35. This indicates that ESG performance
among Chinese listed firms is not extremely dispersed, but there is still sufficient variation
across firms for empirical analysis. The minimum and maximum values, 36.62 and 100,
also suggest that firms differ substantially in their sustainability-related practices.

Table 2. Descriptive statistics of main variables.

Count Mean Sd Min Max

ESG 48,319 73.21023 5.345917 36.62 100
IT_Inv 48,319 41.10282 56.6369 0 436
Tech_Spill 48,277 15.06558 86.03787 0 4087
HHI 46,700 0.1744986 0.1503628 0.0375 1
Size 48,296 22.1973 1.334847 14.94164 28.79073
Lev 48,296 0.4137937 0.2086243 0.0075216 1.956752
ROA 48,296 0.0340097 0.0774574 −2.745937 0.9736895
SOE 48,291 0.3283013 0.4696 0 1

The mean value of IT investment (IT_Inv) is 41.10, while the standard deviation is 56.64.
The relatively large dispersion shows that firms differ considerably in their commitment
to information technology. Some firms report little or no IT investment, whereas others
have invested more heavily in information systems, digital infrastructure, and related
management tools. This variation provides an empirical basis for examining whether IT
investment is associated with ESG performance.

Technological spillovers (Tech_Spill) also vary greatly across firms. The mean value is
15.07, but the maximum value reaches 4087, indicating a right-skewed distribution. This
pattern is consistent with the fact that innovation activity and knowledge diffusion are often
concentrated in a relatively small group of firms with stronger technological capabilities.

The average HHI is 0.174, with a standard deviation of 0.150. This suggests that the
sample covers industries with different degrees of market concentration and competitive
intensity. Among the control variables, the average firm size is 22.20, the average leverage
ratio is 0.414, and the mean ROA is 0.034. State-owned enterprises account for about one-
third of the sample observations. Overall, the descriptive statistics indicate that the sample
contains meaningful variation in digital investment, technological spillovers, industry
structure, and firm characteristics.
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4.1.2. Correlation Analysis

Table 3 reports the Pearson correlation coefficients. IT investment is positively corre-
lated with ESG performance at the 1% significance level. This preliminary result is consis-
tent with the expectation that firms with greater digital resource input tend to have better
ESG outcomes. However, this pairwise correlation should be interpreted only as descriptive
evidence, and causal inference requires the fixed-effects regressions reported below.

Table 3. Pearson Correlation Coefficients among Main Variables.

ESG IT_Inv Tech_Spill HHI Size Lev ROA SOE

ESG 1
IT_Inv 0.115 *** 1
Tech_Spill 0.117 *** 0.114 *** 1
HHI −0.0378 *** −0.0198 *** −0.00883 * 1
Size 0.219 *** 0.0192 *** 0.279 *** 0.0147 *** 1
Lev −0.109 *** −0.0545 *** 0.0869 *** 0.0192 *** 0.473 *** 1
ROA 0.197 *** −0.0583 *** −0.0000914 −0.0135 *** 0.0262 *** −0.324 *** 1
SOE 0.0533 *** −0.136 *** 0.0508 *** 0.0429 *** 0.356 *** 0.297 *** −0.0515 *** 1

Pearson correlation coefficients are reported. * p < 0.10, *** p < 0.01.

Technological spillovers are also positively correlated with ESG performance. In
addition, IT investment is positively correlated with technological spillovers, which is
consistent with the mechanism proposed in this study: IT investment may support ESG
improvement partly through technological learning and knowledge diffusion.

The signs of the control variables are broadly in line with economic intuition. Firm size
and profitability are positively correlated with ESG performance, while leverage is nega-
tively correlated with ESG performance. This suggests that larger and more profitable firms
may have stronger resources to support ESG-related activities, whereas highly leveraged
firms may face greater financial constraints.

The pairwise correlations among the explanatory variables do not indicate a serious
multicollinearity concern. The largest absolute correlation coefficient among the main
explanatory and control variables is 0.473 between Size and Lev, while the correlations be-
tween IT_Inv and other explanatory variables are relatively low. Therefore, the correlation
results provide a preliminary basis for the subsequent regression analysis.

4.2. Baseline Regression Analysis

To test Hypothesis H1, which posits that higher levels of corporate IT investment
are associated with better ESG performance, this study estimates the baseline regression
model using a fixed effects approach. The regression results are reported in Table 4. The
model treats firms as the panel units (Group variable: fid), with a total of 48,287 firm-year
observations and 5231 individual firms. Standard errors are adjusted for clustering at the
firm level (Std. err. adjusted for 5231 clusters in fid), and year fixed effects are included to
control for time-specific shocks.

Table 4 reports the baseline regression results. The coefficient of IT investment is
positive and statistically significant at the 1% level after controlling for firm fixed effects,
year fixed effects, and firm-level characteristics. This result supports Hypothesis 1 and
indicates that firms with higher IT investment tend to achieve better ESG performance.

The result suggests that IT investment may have governance value beyond operational
efficiency. Information systems, data platforms, and digital management tools can improve
how firms collect information, monitor risks, coordinate resources, and disclose ESG-
related information. These functions may help firms improve environmental management,
stakeholder communication, internal control, and governance transparency.
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The estimated coefficients of the control variables are generally consistent with expec-
tations. Firm size is positively associated with ESG performance, suggesting that larger
firms may have more resources and stronger external visibility. Leverage is negatively
associated with ESG performance, which may reflect the pressure of debt obligations on
sustainability-related investment. Profitability is positively related to ESG performance,
implying that financially stronger firms are better positioned to support ESG activities. The
coefficient of SOE is positive but not statistically significant in the baseline regression.

Table 4. Baseline Regression Results.

ESG

IT_Inv 0.0045 ***
(0.0011)

Size 1.5642 ***
(0.0856)

Lev −6.1402 ***
(0.3100)

ROA 1.4918 ***
(0.4816)

SOE 0.2388
(0.2130)

Constant 42.7878 ***
(1.7707)

Observations 48,287

Firm fixed effects Yes
Year fixed effects Yes

Firm-clustered standard errors are reported in parentheses. *** p < 0.01.

Overall, the baseline results provide initial evidence that IT investment is positively
related to ESG performance after accounting for unobserved firm heterogeneity and year-
specific shocks. The next step is to examine whether technological spillovers explain part
of this relationship.

4.3. Mediation Effect of Technological Spillovers

After establishing the positive relationship between IT investment and ESG perfor-
mance, this study further examines whether technological spillovers serve as a transmission
channel. The underlying logic is that IT investment may first improve firms’ technological
learning, innovation diffusion, and knowledge accumulation, and these spillover effects
may then contribute to ESG improvement.

Following the standard stepwise mediation approach, three regressions are estimated.
The first regression tests the direct effect of IT investment on ESG performance. The second
regression examines whether IT investment is associated with technological spillovers. The
third regression includes both IT investment and technological spillovers in the ESG model.
If technological spillovers remain significantly related to ESG performance while the coeffi-
cient of IT investment declines in magnitude, this would suggest a partial mediation effect.

Table 5 reports the mediation test results. Column (1) confirms the positive effect
of IT investment on ESG performance. Column (2) uses technological spillovers as the
dependent variable. The coefficient of IT investment is positive and statistically significant,
indicating that firms with higher IT investment tend to generate stronger technological
spillover effects.
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Table 5. Mediation Effect Test Results.

ESG
Direct

Tech_Spill
Mechanism

ESG
Mediation

IT_Inv 0.0045 *** 0.1173 *** 0.0041 ***
(0.0011) (0.0424) (0.0011)

Size 1.5642 *** 11.2058 *** 1.5221 ***
(0.0856) (1.8573) (0.0853)

Lev −6.1402 *** −19.9865 *** −6.0617 ***
(0.3100) (4.4043) (0.3095)

ROA 1.4918 *** −9.0194 *** 1.5177 ***
(0.4816) (3.2441) (0.4811)

SOE 0.2388 −13.9517 * 0.2941
(0.2130) (8.0590) (0.2134)

Tech_Spill 0.0037 ***
(0.0009)

Constant 42.7878 *** −231.8379 *** 43.6575 ***
(1.7707) (39.2524) (1.7638)

Firm fixed effects Yes Yes Yes

Year fixed effects Yes Yes Yes

Observations 48,287 48,272 48,272
Firm-clustered standard errors are reported in parentheses. * p < 0.10, *** p < 0.01.

Column (3) includes both IT investment and technological spillovers in the ESG re-
gression. Technological spillovers have a positive and significant coefficient, while the
coefficient of IT investment remains significant but becomes smaller than that in Column (1).
This pattern indicates that technological spillovers partially mediate the relationship be-
tween IT investment and ESG performance.

This result is consistent with the mechanism proposed in this study. IT investment
may improve ESG performance directly by strengthening internal information systems and
governance capacity. At the same time, it may also support ESG improvement indirectly
through technological learning, knowledge diffusion, and the adoption of more advanced
management and environmental practices. Therefore, Hypothesis 2 is supported.

To further verify the mediation effect, this study conducts Sobel and Bootstrap tests.
The Sobel test shows that the indirect effect is statistically significant (z = 2.27, p = 0.023).
The Bootstrap test with 500 replications reports an indirect effect of 0.0004, with a 95%
confidence interval of [0.00028, 0.00059]. Since the confidence interval does not include
zero, the mediation effect is statistically supported. These results further confirm that
technological spillovers are an important channel through which IT investment affects
ESG performance.

4.4. Moderating Effect of Market Competition

The previous analysis shows that IT investment improves ESG performance and that
technological spillovers partly explain this relationship. This section further examines
whether the effect of IT investment varies across different market environments. Market
competition may influence firms’ incentives to use IT investment for either short-term
efficiency improvement or longer-term governance upgrading.

To test the moderating effect, the interaction term between IT investment and HHI is
added to the baseline model. Since a higher HHI indicates greater industry concentration
and lower competitive intensity, the interaction term should be interpreted in relation to
industry concentration rather than competition intensity itself.
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Table 6 reports the moderation test results. The coefficient of IT investment remains
positive and statistically significant, indicating that the positive relationship between IT
investment and ESG performance still holds after industry concentration and the interaction
term are included.

Table 6. Regression Results of the Moderating Effect (HHI).

ESG

IT_Inv 0.0050 ***
(0.0014)

HHI 0.9668 ***
(0.3697)

IT_Inv # HHI −0.0020
(0.0048)

Size 1.5715 ***
(0.0861)

Lev −6.0872 ***
(0.3159)

ROA 1.4008 ***
(0.4970)

SOE 0.1757
(0.2171)

Constant 42.4489 ***
(1.7802)

Firm fixed effects Yes

Year fixed effects Yes

Observations 46,696
Firm-clustered standard errors are reported in parentheses. # denotes the interaction term. *** p < 0.01.

The coefficient of HHI is significantly positive, suggesting that industry structure is
associated with ESG performance. However, the interaction term between IT investment
and HHI is not statistically significant. This means that industry concentration does not
significantly change the effect of IT investment on ESG performance. Since HHI is inversely
related to competitive intensity, the result also indicates that the expected moderating role
of market competition is not supported. Therefore, Hypothesis 3 is not supported.

One possible explanation is that IT investment works mainly through firms’ internal
digital governance capacity rather than through external competitive pressure. Information
systems and digital infrastructure can improve monitoring, coordination, disclosure, and
internal control across different types of industries. As a result, the ESG-related value of IT
investment may remain relatively stable across competitive environments.

Another possible explanation is that market competition has mixed effects. Competi-
tive pressure may encourage firms to improve governance and reputation, but it may also
push firms to focus on cost reduction and short-term efficiency. These two effects may
offset each other, leading to an insignificant moderating effect in the empirical results.

4.5. Heterogeneity Analysis Based on Ownership Structure

To further examine the heterogeneity in the impact of IT investment on corporate
ESG performance, this study divides the full sample into state-owned enterprises (SOEs)
and non-state-owned enterprises (non-SOEs) based on ownership structure. Fixed-effects
regressions are conducted separately for each subsample, and interaction terms are in-
troduced in the full-sample regression to formally test for differences in effects across
ownership types. The regression results are presented in Table 7.
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Table 7. Results of Firm Heterogeneity Analysis.

ESG (Full Sample) ESG (SOEs) ESG (Non-SOEs)

IT_Inv 0.0032 ** 0.0124 *** 0.0010
(0.0013) (0.0023) (0.0012)

Size 1.6488 *** 1.6450 *** 1.5856 ***
(0.1161) (0.1416) (0.0857)

Lev −6.0830 *** −4.8141 *** −6.0622 ***
(0.3806) (0.5690) (0.3087)

ROA 1.6503 *** −1.2883 1.3717 ***
(0.5332) (0.9020) (0.4794)

SOE = 1 −0.3345
(0.2294)

SOE = 1 # IT_Inv 0.0142 ***
(0.0021)

Constant 42.1700 *** 39.5409 *** 42.5833 ***
(2.3570) (3.0281) (1.7718)

Firm fixed effects Yes

Year fixed effects Yes

Observations 48,287 15,854 32,433
Firm-clustered standard errors are reported in parentheses. # denotes the interaction term. ** p < 0.05, *** p < 0.01.

Table 7 reports the heterogeneity analysis by ownership structure. The results indi-
cate that the effect of IT investment differs between state-owned enterprises (SOEs) and
non-state-owned enterprises (Non-SOEs). For state-owned enterprises, the coefficient is
larger and more statistically significant, suggesting that IT investment has a stronger ESG-
enhancing effect in state-owned firms. For non-state-owned enterprises, the coefficient is
positive but not statistically significant, indicating that the ESG effect of IT investment is
weaker in this subsample.

The interaction regression provides further evidence. The coefficient of the interaction
term between IT investment and the state-owned enterprise dummy is positive and signifi-
cant at the 1% level. This indicates that state ownership strengthens the marginal effect of
IT investment on ESG performance.

This difference may be related to the institutional characteristics of state-owned en-
terprises. Compared with non-state-owned firms, state-owned enterprises usually face
stronger policy expectations, closer regulatory oversight, and higher disclosure require-
ments. These conditions may encourage them to connect IT investment more directly with
environmental monitoring, compliance management, internal control, and ESG disclosure.

For non-state-owned enterprises, IT investment may be used more often for opera-
tional efficiency, cost control, or market expansion. Financial constraints and short-term
competitive pressure may also limit their ability to convert IT investment into ESG-related
outcomes. Therefore, although IT investment is still positively related to ESG perfor-
mance among non-state-owned firms, the effect is weaker than that observed among
state-owned enterprises.

Overall, ownership structure shapes the ESG returns of IT investment. The results
suggest that digital resources are more likely to produce sustainability-related benefits when
firms face institutional incentives and governance pressure that support ESG improvement.

4.6. Robustness Checks Using Lagged IT Investment

To further mitigate potential concerns related to reverse causality, this study re-
estimates the baseline model by incorporating the core explanatory variable—IT investment
(IT_Inv)—with a one-period lag. The regression results are reported in Table 8.
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Table 8. Robustness Test Results Using Lagged IT Investment.

ESG

L.IT_Inv 0.0048 ***
(0.0012)

Size 1.7042 ***
(0.0932)

Lev −5.8724 ***
(0.3415)

ROA 1.1662 **
(0.5352)

SOE 0.3744 *
(0.2261)

Constant 38.2446 ***
(1.9501)

Firm fixed effects Yes

Year fixed effects Yes

Observations 42,651
Firm-clustered standard errors are reported in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Table 8 reports the robustness check using one-period lagged IT investment. The
coefficient of lagged IT investment remains positive and statistically significant at the
1% level. This indicates that prior IT investment is positively associated with current
ESG performance.

Using lagged IT investment helps reduce concerns about reverse causality. If firms
with better ESG performance simply invest more in IT during the same period, the contem-
poraneous regression may overstate the effect of IT investment. The lagged specification
provides additional evidence that IT investment precedes subsequent ESG improvement.

The sign and significance of the coefficient are consistent with the baseline regres-
sion. This suggests that the main conclusion is robust. It also indicates that IT investment
may have a persistent effect, which is reasonable because digital infrastructure, informa-
tion systems, and governance capabilities usually take time to accumulate and influence
ESG outcomes.

4.7. Robustness Analysis Based on Observable IT Investment Records

The baseline specification codes firm-year observations without identifiable IT invest-
ment records as zero. However, the absence of identifiable IT investment records may not
necessarily indicate that actual IT investment is zero. To address this concern, this study
further re-estimates the baseline model using only firm-year observations with observable
IT investment records. The results are reported in Table 9.

Table 9. Robustness Checks for IT Investment Measurement.

Baseline Specification Observable IT Investment
Sample

IT_Inv 0.0045 *** 0.0041 ***
(0.0011) (0.0013)

Controls Yes Yes
Firm fixed effects Yes Yes
Year fixed effects Yes Yes
Observations 48,287 32,628
Within R-squared 0.0612 0.0582

Firm-clustered standard errors are reported in parentheses. *** p < 0.01.
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Table 9 reports the results of this additional robustness check. The coefficient of
IT_Inv remains positive and statistically significant at the 1% level in the observable IT
investment sample. This indicates that the baseline conclusion is not driven solely by
coding non-observed IT investment records as zero.

4.8. Discussion

The empirical results provide several implications for understanding the relationship
between IT investment and ESG performance. First, the positive coefficient of IT_Inv
suggests that IT-related investment can support ESG improvement by strengthening firms’
information-processing capacity, internal control, monitoring systems, and disclosure
transparency. This finding is consistent with the resource-based perspective, which argues
that IT-related resources can generate organizational value when they are embedded in
firms’ managerial and governance processes.

Second, the mediation results show that technological spillovers partially explain
the relationship between IT investment and ESG performance. This indicates that the
ESG effect of IT investment is not limited to internal governance improvement. IT-related
investment may also promote technological learning, innovation diffusion, and knowledge
accumulation, which can further support environmental management, social responsibility
practices, and governance quality. At the same time, because patent-related indicators
mainly capture observable innovation outputs, this mechanism should be interpreted
as evidence of observable technological spillover potential rather than the full range of
informal or tacit knowledge diffusion.

Third, the moderating effect of market competition is not supported. One possible
reason is that IT investment may affect ESG performance mainly through internal digital
governance capability rather than external competitive pressure. Another possible reason
is that market competition may have mixed effects: it may encourage firms to improve
reputation and governance, but it may also push them to prioritize cost reduction and
short-term efficiency. These opposing forces may weaken the moderating role of market
competition in the empirical results.

Finally, the ownership heterogeneity results suggest that the ESG effect of IT in-
vestment is stronger in state-owned enterprises. This may be related to the institutional
environment in China [24]. Compared with non-state-owned enterprises, state-owned
enterprises usually face stronger policy expectations, regulatory oversight, and disclosure
pressure. These institutional conditions may make it easier for IT investment to be con-
nected with environmental monitoring, compliance management, internal control, and
ESG disclosure. Therefore, the findings should be understood in relation to the Chinese
capital market and corporate governance context.

5. Conclusions and Policy Implications
5.1. Conclusions

Using panel data from Chinese A-share listed firms from 2009 to 2024, this study
examines whether IT investment improves corporate ESG performance and further explores
the roles of technological spillovers, market competition, and ownership structure. The
empirical results provide several findings.

IT investment is positively associated with corporate ESG performance. After control-
ling for firm fixed effects, year fixed effects, and firm-level characteristics, the coefficient of
IT investment remains significantly positive. The robustness test using lagged IT investment
produces a consistent result, suggesting that the relationship is not only a contemporane-
ous correlation. Taken together, these findings indicate that IT investment may support
ESG improvement by strengthening firms’ information-processing capacity, monitoring
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systems, internal control, and disclosure transparency. In addition, the coefficient remains
positive and statistically significant when the model is re-estimated using only firm-year
observations with observable IT investment records.

Technological spillovers partially explain how IT investment is related to ESG perfor-
mance. The mediation results show that IT investment promotes technological spillovers,
and technological spillovers are further associated with higher ESG performance. This
means that the sustainability effect of IT investment is not limited to internal efficiency or
governance improvement. It may also work through technological learning, knowledge dif-
fusion, and innovation spillovers, which help firms improve environmental management,
social responsibility practices, and governance quality.

The moderating effect of market competition is not statistically supported. The in-
teraction term between IT investment and HHI is insignificant, indicating that industry
concentration does not significantly change the relationship between IT investment and
ESG performance. Since HHI is inversely related to competitive intensity, this result also
suggests that the expected moderating role of market competition is not supported. This
result suggests that the ESG-enhancing effect of IT investment may depend more on firms’
internal digital governance capacity than on short-term differences in competitive pressure.

Ownership structure matters. The positive effect of IT investment on ESG performance
is stronger among state-owned enterprises than among non-state-owned enterprises. This
may be because state-owned enterprises face stronger policy expectations, regulatory
oversight, and disclosure requirements, which help them connect IT investment more
directly with ESG-related governance practices. This finding should be understood in
relation to the institutional environment and governance expectations faced by Chinese
listed firms.

Overall, the evidence suggests that IT investment should not be understood only as
an efficiency-oriented expenditure. When digital resources are embedded in information
processing, monitoring, disclosure, internal control, and technological learning, they may
become part of firms’ sustainable governance capability. These findings should be inter-
preted in the context of Chinese A-share listed firms and China’s institutional environment.

5.2. Policy Implications

The findings offer several implications for firms, policymakers, and investors.
For firms, IT investment should be integrated into ESG-related governance processes

rather than treated only as a technical upgrade. Information systems, data platforms, and
digital infrastructure can support environmental monitoring, stakeholder communication,
compliance management, and disclosure quality. To realize these benefits, firms need to
connect IT investment with ESG objectives at the strategy and management levels. For
example, firms can use digital systems to collect environmental data, monitor supply
chain responsibility, standardize internal reporting, and improve the traceability of ESG-
related information.

For policymakers, digital economy policies and ESG governance policies should be
coordinated more closely. Policies that encourage firms to invest in digital infrastructure,
improve data governance, and promote technological diffusion may also contribute to
corporate sustainability. In particular, policy support can help firms transform digital
investment from isolated technical input into governance capability. Such support may
include clearer ESG data standards, incentives for digital infrastructure investment, and
mechanisms that encourage technology diffusion among firms.

The heterogeneous results also suggest that policy design should consider ownership
differences. State-owned enterprises can play a demonstration role in digital governance
and ESG disclosure. For non-state-owned enterprises, targeted support may be needed to
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reduce financial constraints, improve access to digital resources, and encourage the use
of IT investment for long-term ESG improvement rather than only for cost reduction or
operational efficiency.

For investors, IT investment may provide additional information for assessing firms’
long-term sustainability potential. Firms with stronger digital resource allocation may be
better positioned to improve ESG performance through information systems, technolog-
ical learning, and governance transparency. Therefore, IT investment can be considered
together with traditional ESG indicators when evaluating firm value and sustainability
risk. However, investors should interpret IT investment together with firms’ actual ESG
disclosure quality and governance outcomes, rather than treating digital investment as a
standalone signal.

5.3. Limitations and Future Research

This study has several limitations. First, IT investment is measured using an annual
report-based text indicator, which may not fully capture the structure, quality, and appli-
cation scenarios of firms’ digital investment. Future research may combine annual report
text indicators with more detailed firm-level information on IT expenditure, digital infras-
tructure, and digital technology adoption. Second, technological spillovers are proxied by
patent-related indicators, which may not fully reflect informal knowledge sharing, process
innovation, or management-related technology diffusion. Future studies could use supply
chain networks, regional innovation data, or inter-firm knowledge flows to provide a more
comprehensive measurement.

Finally, this study focuses on Chinese A-share listed firms, and the findings should be
interpreted in relation to China’s institutional and capital market environment. Although
the use of lagged IT investment helps reduce reverse causality concerns, stronger causal
identification is still needed. Future research may extend the analysis to cross-country
samples and adopt instrumental variables, quasi-natural experiments, or policy shocks to
provide stronger causal evidence.
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