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The impact of environmental, social, and governance (ESG) performance gaps on
firm green innovation is examined in this paper by a panel database of A-share
Chinese listed companies from 2011 to 2021. Usingmultiple linear regression and
conducting a series of endogeneity tests and robustness checks, our empirical
analysis shows that firm ESG performance gaps have significantly positive effect
on green innovation. Both ESG performance below historical aspiration and social
aspiration levels enhance a firm’s green innovation. Confucian culture negatively
moderates the positive relationship between ESG performance gaps and green
innovation, suggesting that firms more influenced by Confucian culture exhibit
reduced green innovation than those less influenced. Additionally, firm
digitalization positively moderates the positive relationship between ESG
performance gaps and green innovation, indicating that firms with higher
levels of digitalization are better equipped to improve green innovation when
facing ESG performance shortfalls. This study extends the existing knowledge of
firm ESG performance and motivation of green innovation. The research findings
offer practical insights for leveraging the motivation and capabilities of green
innovation to attain firm ESG objectives.
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1 Introduction

Firms face growing challenges and risks such as environment destruction, global
economic downtown, and labor relation conflicts in recent years, threatening their
sustainability. Firm’s outside stakeholders especially investors have increasing interest in
the information disclosed related to the environmental, social, and governance (ESG) issues
(Amel-Zadeh and Serafeim, 2018). Sustainability rating agencies evaluate firm’s ESG and
provide ratings or scores as proxies of firm ESG performance (Busch et al., 2016;
Clementino and Perkins, 2021). Existing studies have found that good ESG
performance is usually associated with better financial performance (Wong et al., 2021)
because ESG performance has informational value that enables to lower capital constraints
and cost of capital, and improve analyst forecast accuracy and firm financial performance
(Cheng et al., 2014; Dhaliwal et al., 2011; Dhaliwal et al., 2012). However, there exist firms
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with low ESG performance or experiencing ESG performance
shortfalls, which may hurt investors’ confidence (Broadstock
et al., 2021). These firms could have the pressure of ESG
performance according to their ESG objectives. Therefore, how
do these firms respond to the pressure of ESG performance
should be an important issue to be further explored.

As a crucial strategy to gain firm competitive advantages,
manage environmental issues, and ultimately achieve the goal of
sustainability, green innovation has attracted growing attention
from both academia and practices (Takalo et al., 2021). In
addition to the goals mentioned above, firms are motivated to
greenly innovate under the pressures as well. Studies mainly
identified external pressures including environmental regulation
and market turbulence (Qiu et al., 2020). Less attention has been
paid to investigate how internal pressures motive firm’s green
innovation. In this paper, we focus on the condition that the
firm faces ESG performance shortfalls and regard it as a kind of
firm’s (internal) pressure. We aim to investigate how ESG
performance pressures motivate firm’s green innovation and
further explore the boundary conditions.

Drawing on the behavioral theory of the firm (BTOF) and
previous studies on organization aspirations, that is, financial
performance aspiration and social performance aspiration, we
define ESG performance aspiration including both historical and
social aspiration. Using a sample of Chinese A-share firms from
2011 to 2021, we empirically examine how ESG performance gaps
(below historical and social aspirations) influence firm green
innovation, and how Confucian culture and firm digitalization
moderate the above relationship. The empirical results
demonstrate that ESG performance gaps as firm internal
pressures motivate firms to do green innovation, showing the
positive effect of ESG performance gaps on firm green
innovation. Exploring the boundary conditions by examining the
moderating roles of Confucian culture and firm digitalization, we
find that Confucian culture decreases the firm’s motivation to
greenly innovate and thus negatively moderates the positive
relationship between ESG performance gap and green innovation,
and firm digitalization increases a firm’s capability to take risks and
positively moderates the positive relationship between ESG
performance gap and green innovation. Further analyses
including the endogeneity test and robustness test are adopted to
further make sure the stability of empirical results.

This research makes three major theoretical contributions. First,
we introduce ESG performance aspiration based on the studies of
performance aspiration (Greve, 1998), which is not only an
important firm ESG objective but also a reference point for firm
to understand and interpret its ESG. This study extends current
studies on ESG performance by paying attention to its aspiration
level, which enables to better define and identify good/high or bad/
low ESG performance. Second, we fill up the research gap wherein
how firms respond to its ESG performance (Clementino and
Perkins, 2021). Specially, we investigate how firms take such
strategies as green innovation to respond to ESG performance
gaps, that is, the ESG performance below its aspiration levels. It
reveals how ESG performance shapes firm strategies. Finally, this
research also contributes to existing green innovation studies by
further exploring how internal pressures motive firms to take green
innovation strategies. Different from existing studies on exploring

the relationships between ESG performance and green innovation,
we identify the circumstance when the firm faces ESG performance
gaps and the impact on its green innovation. This study helps to
avoid the causal inversion issue when exploring the relationship
between ESG and green innovation as well. In addition, we also
identify boundary conditions to investigate the motivation and
capability of a firm to greenly innovate during the ESG
performance gaps.

This paper is structured as follows. Section 2 provides the
theoretical foundation of ESG performance and defines ESG
aspiration, followed by theoretical analysis and hypothesis
development. Section 3 states the research design including
sample and data collection, variable definitions and
measurements, and empirical model construction. Empirical
analyses including model testing, endogeneity test, and
robustness test are presented in Section 4. We conclude this
study and discuss managerial implications in Section 5. Finally,
limitation and future directions are discussed in Section 6.

2 Literature review and theoretical
foundation

2.1 ESG performance and ESG performance
aspiration

Listed firm has been increasingly ESG-rated by third-party
institutions (Shanaev and Ghimire, 2022). ESG performance is
recognized as an important part of firm performance by the
public as well. As an aggregated evaluation system on a firm’s
responsibility taking, sustainable development, and ethical
investment, ESG performance has attracted substantial attention
from academia including the domains of finance, accounting, and
management. Existing studies have mainly investigated the
formation of ESG performance, the influence of ESG
performance on firm performance, and the firm’s responses to its
ESG performance.

ESG performance is generally evaluated by different agencies
and measured by the ESG rating scores. ESG rating scores have been
seen as the evaluation of a firm based on a comparative assessment of
its performance on environmental, social, and governance issues
(SustainAbility, 2018). The ESG rating provides a comparable data
source of a wide range of CSR-related practices, policies, and
performances (Crane et al., 2019), increasingly needed by the
public especially investors to meet the information demand for
the firm’s compliance to the ESG properties (Billio et al., 2021). Due
to the rating scores provided by different agencies, a firm’s ESG
ratings are usually disagreed. Increasing scholarly attention has been
paid to the phenomenon of ESG rating disagreement (e.g., Avramov
et al., 2022; Billio et al., 2021; Tsang et al., 2023). The ESG rating
disagreement brings investors uncertainty to evaluate a firm’s true
ESG performance, and therefore has impact on the firm’s risk-return
trade-off, economic welfare, and social impact (Avramov et al.,
2022). Billio et al. (2021) also provided evidence to show that
heterogeneous rating criteria across agencies can lead ESG rating
disagreement. The ESG rating disagreement disperses the effect of
preferences of ESG investors on asset prices but has no impact on
firm financial performance (Billio et al., 2021). Therefore, scholars
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criticize the ESG rating system for the lack of the reliable
measurement of true ESG performance as well (Avramov
et al., 2022).

In addition to the discussion and criticism on ESG performance,
existing studies mainly focus on the consequences of ESG
performance, especially how ESG performance influences firm’s
financial performance and the sequential behaviors or actions.
Based on the evidence from more than 2,000 empirical studies of
ESG, Friede et al. (2015) found that nearly 90% of these studies
report the non-negative relationship and there are still some studies
that found the negative relationship between ESG performance and
financial performance. ESG performance has been informational
value (Dimson et al., 2020; Gyonyorova et al., 2023) with external
and internal mechanisms of the positive effect on firm performance
(e.g., Lian et al., 2023; Wong et al., 2021; Zhang et al., 2024). From
external perspective, good ESG performance could lower a firm’s
risk and information asymmetry, thus alleviating the concerns from
investors. From internal perspective, ESG certification could lower a
firm’s cost of capital and reduce the financial constraint. Good ESG
performance is also beneficial for strengthening a firm’s stakeholder
relationships, including improving employee and consumer loyalty,
and gaining investor support (Clark et al., 2015). Furthermore,
research has examined the relationship between ESG
performance and firm’s actions or behaviors. Clementino and
Perkins (2021) adopted a qualitative inquiry to investigate firm’s
responses to ESG ratings. A two-dimensional topology, that is, active
vs. passive, or conformity vs. resistance, has been proposed to
capture how firms react to ESG ratings differently. Studies have
also found that ESG performance has positive influence on firm
innovation, especially green innovation (Lian et al., 2023; Wong
et al., 2021; Zhang et al., 2024).

Based on the brief review on ESG performance, we identified
two major research gaps. First, how a firm understands and
interprets its ESG performance has been paid less attention.
Existing studies mainly adopt stakeholder theory and take the
perspective of outside stakeholders, to examine how a firm’s
financial performance is affected by their evaluations. ESG
ratings of a firm vary and disagree across agencies, which not
only bring uncertainties to investors but also are not able to reflect
true ESG performance. It is essential for a firm to deeply
understand its ESG ratings and proactively respond to it, which
benefits for shaping positive outside stakeholder’s attitude toward
its ESG. Second, how firms respond to the ESG performance has
been under-researched as well (Clementino and Perkins, 2021).
Existing studies focus more on the informational value of ESG
performance and investigate positive relationships between ESG
performance and firm strategies such as digital transformation and
(green) innovation (Lian et al., 2023; Wong et al., 2021; Zhang
et al., 2024). However, these studies ignored how firms understand
their ESG performance and proactively take strategies as
responses. Furthermore, in the relationships between ESG
performance and firm strategies, there may exist casual
inversion issues. For example, green innovation could also
inversely help a firm to gain better ESG certification (Zheng
et al., 2022). Therefore, exploring how firms proactively take
strategies to respond its ESG performance according to their
understanding and interpretation helps to untangle accurate
relationships between ESG performance and firm strategies.

In order to fill above research gaps, we propose ESG
performance aspiration to help better understand ESG
performance, especially how a firm understand and interpret its
ESG performance. Firms always set various objectives as direction
for their growth and development, including both financial and non-
financial objectives (Xu and Zeng, 2020). Good financial
performance and non-financial performance, that is, corporate
social performance (hereafter CSP), demonstrate the reliability
and responsibility of a firm. Therefore, firms may have their
desired performance objectives, which help them to set goals and
better understand their current performance. Existing studies have
adopted the aspiration level as a type of objective, which indicates a
reference point for decision-making (Kameda and Davis, 1990).
Both financial performance and non-financial performance (CSP)
aspiration have been proposed (e.g., Greve, 1998; Xu and Zeng,
2020). Accordingly, we define ESG performance aspiration as a
firm’s desired ESG performance level in comparison with its
historical level and other firms’ level, that is, historical aspiration
and social aspiration levels. ESG performance aspiration could be
seen as a goal or reference point of a firm on its ESG, enabling the
firm to interpret and make sense of its current ESG performance and
make responses to it as well.

2.2 ESG performance aspiration and green
innovation

In order to explore how ESG performance aspiration influences
the firm’s green innovation, we draw on the behavioral theory of the
firm (hereafter BTOF). In the existing BTOF literature, performance
feedback has become an important context, and numerous scholarly
attention has been paid to study its effect on the firm’s decision
outcomes (e.g., Cyert and March 1963; Greve, 1998). Previous
studies mainly focus on how performance relative to aspiration
levels affects firm’s strategies and actions like organizational change,
acquisitions, and innovation (e.g., Chen and Miller, 2007; Greve,
1998; 2003; Iyer and Miller, 2008). BTOF holds the view that
performance feedback, especially performance below the
aspiration level (negative attainment discrepancy), could lead to
risk-takings. Performance below the aspiration level is always seen as
performance shortfall or failure, which increases the probability of
problematic searching to repair the performance gaps (Cyert and
March 1963; Levinthal and March 1993; Greve, 1998). In addition,
CSP below aspiration levels also motivates a firm to take actions for
reputation repairing or even surviving (Xu and Zeng, 2020).

Accordingly, we focus on the conditions when ESG performance
is below aspiration levels including both historical aspiration and
social aspiration, that is, ESG performance gap. When ESG
performance is below aspiration levels, a firm will attempt to
make the change as a response due to the performance pressure.
Good ESG performance could not only decrease the cost of capital to
reduce financial constraint but also gain support from stakeholders,
whereas ESG performance gap could threat a firm’s reputation and
legitimacy. Therefore, firms are motivated to take risky actions or
strategies to recover their ESG performance. Both historical
aspiration and social aspiration levels are reference points (Greve,
1998), for a firm tomake the change for attaining improvement in its
ESG performance. When a firm’s ESG performance is lower than its
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peers (similar others), it could perceive pressure and take actions as
responses. When a firm’s ESG performance is below its historical
level, changes taken by the firm occur, as well from the learning
perspective. Therefore, when ESG performance is below aspiration
levels, a firm has motivation to take risky actions or strategies.

The BTOF literature has interest on exploring the influence of
performance feedback on R&D expenditures and innovations
(Gavetti et al., 2012). As a type of innovation, green innovation
plays an important role in maintaining environmental management
for organizations and communities (Aguilera-Caracuel and Ortiz-
de-Mandojana, 2013; Arenhardt et al., 2016; Takalo et al., 2021;
Wang et al., 2019; Yang et al., 2016). Green innovation generally
includes both green product/service innovation and green process
innovation (Ambec et al., 2013; Porter, 1991; Tang et al., 2018). It
has been gradually regarded as a firm’s proactive and forward-
looking strategy to achieve firm sustainability in the long run
(Demirel and Danisman, 2019; Li C et al., 2023; Ren et al., 2023;
Takalo et al., 2021). In addition, green innovation also enables a firm
to improve legitimacy, get competitive advantage, support its
strategic goals, and ultimately enhance organizational
performance (Ren et al., 2023; Roy and Khastagir, 2016; Takalo
et al., 2021; Yang et al., 2016).

Considering the long-term oriented purpose, investing in green
innovation could lead to increase a firm’s cost and risk as well (Chen
YS, 2008; Li et al., 2023a). Therefore, green innovation generally
requires both external and internal forces to facilitate (Li et al.,
2023b). Qiu et al. (2020) found that environmental regulation and
market turbulence motive the firm to greenly innovate due to the
pressures. For internal forces, Yuan and Cao (2022) summarized
that resource and knowledge, and organization internal
management can influence firm’s green innovation. To be
specific, scholars have explored that the positive influence of ESG
ratings on firm’s green innovation (He et al., 2022; Lian et al., 2023;
Tan and Zhu, 2022). However, when a firm meets ESG performance
gap, it also has motivation to do such risk-taking actions as green
innovation for better ESG performance. Therefore, we propose the
following hypotheses:

Hypothesis 1. ESG performance gap (when ESG performance is
below historical aspiration level) enhances firm’s green innovation.

Hypothesis 2. ESG performance gap (when ESG performance is
below social aspiration level) enhances firm’s green innovation.

2.3 Moderating effects: Confucian culture
and digitalization

The Confucian culture is generally described as a belief system,
tradition, philosophy, or way of life, which has been founded by
Confucius and his disciples for more than 2,000 years (Feng et al.,
2021; Koczkas, 2023). Confucian culture involves such rich
principles and virtues as ren (humaneness), yi (righteousness), li
(propriety), zhi (wisdom), and xin (trust). Being as a dominant social
value and logic, Confucian culture has rooted in societies of some
Eastern Asia countries, especially China (Koczkas, 2023). Confucian
culture plays an important role in understanding the behavioral
logic of Chinese people (Li et al., 2020;Wang and Juslin, 2009) and is

argued to influence organizations and their management practices
(Hofstede and Bond, 1988).

Confucian culture has been explored to influence firm’s
innovation including green innovation. However, the empirical
results of existing studies are compound, which may be due to
the different understandings or operations of Confucian culture and
innovation (Koczkas, 2023). In this paper, we argue that Confucian
culture could negatively impact on firm’s green innovation for
several reasons. First, some specific principles in Confucian
culture like high power distance and hierarchy have been seen as
not enabling to provide proper atmosphere and environment for
innovation (Koczkas, 2023). Second, some beliefs from Confucian
culture may hinder people to take risks (Hilary and Hui, 2009). Li
et al. (2024) found that the thoughts of “golden mean” and “peace is
essential” in Confucian culture may lead to the organizations to be
conservative, and therefore, they are reluctant to take risk for
innovation. Third, Confucian culture emphasizes collectivism, in
line with the characteristic of Chinese social environment.
Collectivism has been found to reduce a firm’s risk-bearing
capability and consequently to reduce to the motivation of a firm
to make change (Li et al., 2013; Li et al., 2024). In addition, Weber
(1958) also argued that Confucian culture is not beneficial for
innovation and therefore negatively impacts on the economic
development. Therefore, in the context of ESG performance gap,
the firm which believes more in Confucian culture is more likely to
be more conservative and not willing to take risks. So, we propose
the following hypothesis:

Hypothesis 3. Confucian culture negatively moderates the positive
relationship between ESG performance gap and firm’s green
innovation. When a firm is more influenced by Confucian
culture, it would reduce green innovation compared with those
who are influenced by Confucian culture less.

As is required in digital economy for industrial development and
national economic growth (Zheng et al., 2022; Guo et al., 2023),
digitalization has become an increasingly important strategy for
firms to gain sustainability and fit economic transformation.
Digitalization refers to the application of digital technologies and
digitalized information or resources to create values for firms in new
approaches (Gobble, 2018; Guo et al., 2023). Existing studies have
investigated that digitalization can elevate firm performance
through reducing costs and improving operational efficiencies
(Heredia et al., 2022; Gobble, 2018; Zhai et al., 2022). Innovation,
especially green innovation, has been found as an important
mechanism to unfold how digitilization improves firm
performance (e.g., Guo et al., 2023; Peng and Tao, 2022).

Based on resource-based view including dynamic capability
theory, scholars found that firm digitalization promotes firm
green innovation (Guo et al., 2023; Li et al., 2023b; Ning et al.,
2023). From this perspective, green innovation requires certain
technological capabilities to facilitate (Tsai and Liao, 2017; Wu
et al., 2020), and digitalization has been seen as an important
technological capability that enables firms to apply digital
technologies to improve their existing business operations
(Heredia et al., 2022). Similarly, BTOF also holds the perspective
that organizational change or risk-taking is jointly determined by
motivation, capability, and opportunity (Greve, 1998; Miller and
Chen, 1994). We have argued that the ESG performance gap
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motivates a firm to improve green innovation. In this context, when
a firm is with a higher level digitalization, it has more capability to
take risks or make the change, and therefore is more likely to
improve green innovation. Therefore, we propose the following
hypothesis:

Hypothesis 4. Firm digitalization positively moderates the positive
relationship between ESG performance gap and firm’s green
innovation. A firm with higher level digitalization is more likely
to have capabilities to improve green innovation when facing ESG
performance gap.

Figure 1 presents the research model and summarizes the
hypotheses of this study. As the model shows, the main effect to
be explored is the positive relationship between ESG performance
gaps and firm green innovation. From both motivation and
capability perspective, we aim to explore the negative moderating
effect of Confucian culture and positive moderating effect of
digitalization, respectively.

3 Research design

3.1 Sample and data

We use a sample of A-share firms listed on the Shanghai and
Shenzhen Stock Exchanges in China to test our hypotheses. The
sources of data used in this paper are as follows. ESG-related data are
from Sino-Securities Index Information Service (Shanghai) (www.
chindices.com). Financial variables are collected from the Wind
database and China Stock Market and Accounting Research
(CSMAR) database. Data on patents and Confucian culture are
from the Chinese Research Data Service (CNRDS).

The raw data are processed as follows: listed firms under special
treatment (ST) or particular transferred (PT) are excluded, and
sample firms from financial and insurance industries are also
dropped, as well as excluding the firms with missing values of
the main variables during the sample period. In order to

minimize the effect of outliers on the regression results, all the
continuous variables are winsorized at the upper and lower 1%
quartiles. Finally, we obtain 3349 A-share listed firms with a total of
22,134 firm-year observations from 2011 to 2021.

3.2 Definition of variables

3.2.1 Dependent variable
The ESG performance gaps include both ESG performance

below historical aspiration (HisGap) and social aspiration
(SocGap). Based on the previous research, the commonly used
method is to define industry expectation gaps through social
comparison (Chen WR, 2008; Greve, 2003; Harris and Bromiley,
2007; Xu and Zeng, 2020). However, decision-makers may also
compare with their “past selves.” So, some scholars have applied
comparisons with historical expectations (Chrisman and Patel,
2012). Therefore, the ESG performance gap in this paper is
measured by the difference between a company’s actual ESG
performance and its ESG performance aspiration. The
performance aspiration can be based on the average level of the
company’s historical performance or the average level of the
industry performance (Chen YS, 2008; Greve, 1998; Xu and
Zeng, 2020). The greater the difference between actual
performance and aspiration level, the more significant the gap.

For the historical aspiration level of ESG performance, we
measured it by using the weighted average of the firm’s actual
performance in period t-2 (weight of 0.4) and period t-1 (weight
of 0.6). If the difference between the actual ESG performance and
historical aspiration is negative, the firm is considered to be in a state
of historical ESG performance gap. The same method is used to
calculate the social aspiration level of ESG performance. The
industry expectation level is the weighted average of the median
performance of the industry in period t-2 (weight of 0.4) and period
t-1 (weight of 0.6). If the difference between the actual ESG
performance and social aspiration is negative, the firm is
considered to be in a state of social ESG performance gap. The

FIGURE 1
Research model and main hypotheses of this study.
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data processing for ESG performance gap uses a truncated dummy
variable approach, where the absolute value of the actual difference
is taken for the performance gap data, and values above the
aspiration level are set to 0 (Chen WR, 2008; Xu and Zeng, 2020;
Wang, 2024).

The ESG performance data in this paper comes from the
Shanghai Huazheng Index (www.chindices.com), including
environmental (E-score), social (S-score), and corporate
governance (G-score), and the final comprehensive ESG
evaluation score (Huang, 2023; Li and Wang, 2024). The
Huazheng ESG rating assigns the evaluated entities a rating from
“AAA” to “C” across nine levels. The total ESG score, primary
indicators, secondary indicators, and tertiary indicators’ scores are
all standard scores ranging from 0 to 100. Higher scores indicate
better performance in the respective indicators.

3.2.2 Independent variable
Green innovation (GreenInno): as policy evaluation often

requires an outcome perspective, the number of green patents
serves as both the result of a firm’s green innovation activities
and an indicator of a firm’s green innovation intensity.
Therefore, this study uses the natural logarithm of the number of
green patent applications plus one as a proxy variable for green
technology innovation (Petruzzelli et al., 2011; Wang et al., 2019).

3.2.3 Moderators
Two moderating variables are adopted in this paper, the

Confucian culture of the region where the firm is located (Confu)
and firm digitalization (Digital). This paper refers to the approach
from previous research to construct an index of Confucian cultural
intensity using a geographic proximity distance model (Li et al.,
2020). By obtaining the latitude and longitude of the registered
locations of listed companies and the historical number and
coordinates of Confucian temples, we calculate the natural
logarithm of the number of Confucian temples within a 200 km
radius of the company’s registered location for the given year
(Confu) as a proxy variable for the influence of Confucian
culture (Li et al., 2020). The greater the number of Confucian
temples per unit distance, the stronger the influence of
Confucian culture on the firm. Referring to the study by Guo
et al. (2023), firm digitalization (Digital) is measured in this
paper by the digital investment component of a firm’s intangible
assets. Specifically, when the detailed items of intangible assets
include keywords related to digital transformation technologies
such as software, network, client, management system, intelligent
platform, and related patents, these detailed items are defined as
digital technology intangible assets. The sum of multiple digital
technology intangible assets for the same firm in the same year is
used as a proxy variable for Digital (Song et al., 2022).

3.2.4 Control variables
Referring to the previous research, a series of control variables

are selected in this paper as firm-level determinants of firm
innovation. Size is measured as the logarithm of total assets
(Díaz-Díaz et al., 2008), and firms with substantial assets can
allocate more resources to innovation (Wu et al., 2022). FirmAge
is the natural logarithm of firm age, calculated by subtracting the
year of incorporation from the current year. Leverage (Lev) is

defined as the ratio of total debt to total assets in this paper
(Benkraiem et al., 2023). We also control for return on equity
(ROE) and firm ownership concentration (TOP1), which are
crucial to corporate innovation (Wang et al., 2020), among which
TOP1 is measured by the proportion of shares held by the largest
non-CEO shareholder. Based on the prior research, audit quality
positively affects a firm’s technological innovation (Nguyen et al.,
2020). Therefore, we also control for related variables in this paper. If
the listed firm is audited by one of the Big 4 audit firms
(PricewaterhouseCoopers, Deloitte Touche Tohmatsu Limited,
Ernst and Young, and Klynveld Peat Marwick Goerdeler), Big4
equals “1”; otherwise, it equals “0” (Li and Wang, 2024).
Characteristics of the executive team, such as average age
(TMTAge), environmental background (EP_Execu), and CEO
duality (Dual), also influence their investment in green
innovation (Wang et al., 2022; Pascariati and Ali, 2022;
Sun et al., 2023). Table 1 presents the detailed definitions of
all variables.

3.3 Model construction

In order to test the research hypothesis of this paper, we estimate
the following ordinary least squares (OLS) specification with robust
standard errors for firm i and year t. The fixed-effect regression
model is constructed to investigate the impact of ESG performance
gap on firm’s green innovation.

GreenInnoi,t+1 � β0 + β1GapESGi,t

+ β2Moderatorsi,t+β3Interactioni,t + β4Controlsi,t

+∑Year +∑ Industry + εi,t.

(1)
In Equation 1, β0 is the constant term added to the model,

GreenInnoi,t-1 represents green innovation (GreenInno) of firm i in
year t+1, GapESGi,t means historical ESG performance aspiration
gap (HisGap) and industry ESG performance gap (SocGap) of firm i
in year t, and Moderatorsi,t and Controlsi,t represent all moderators
and control variables as explained in the previous section,
respectively. Interactioni,t represents the interaction terms of the
independent variable and moderators.∑Yearmeans the year-fixed
effect and∑ Industry is the industry-fixed effect, which are used to
account for unobservable variations in firm value between years and
firms. εi,t is the random disturbance term of the model. This study
will verify Hypothesis 1, Hypothesis 2 by observing the estimated
coefficient β1, and Hypothesis 3 and Hypothesis 4 by β3. One-period
lag is used in this paper for all explanatory variables, which is
equivalent to advancing the dependent variable by one period, in
order to reduce the possibility of reverse causation.

4 Empirical results and analysis

4.1 Descriptive statistics and
correlation analysis

Table 2 presents the descriptive statistics for the main research
variables in this study. The results indicate that the mean value of
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HisGap is 1.4228, and the mean value of SocGap is 2.2633. This
suggests that the sampled companies perceive a greater gap in ESG
performance than their industry peers. Regarding the control
variables, the mean value of Big4 is 0.0637, indicating that 6.77%
of the sampled companies are audited by one of the Big 4 accounting
firms. Approximately 26% of the executives hold dual roles as both
chairman and CEO, and about 48% of the executive teams have
environmental experience.

Table 3 shows the correlation results among the main variables.
The results indicate that GreenInno has a significant positive

correlation with both SocGap and HisGap (r = 0.100, p < 0.01;
r = 0.026, p < 0.01). To further validate the research hypotheses of
this study, the following sections will conduct statistical tests on the
relationships among these variables.

4.2 Benchmark regression results

In this paper, we perform variance inflation factor analysis to
avoid the problem of multicollinearity among variables before
formal regression (Dalal and Thaker, 2019), and the results show
that the maximum and minimum values of VIF are 1.68 and 1.01,
and the mean value is 1.22, which are all less than 10, so
multicollinearity is not a major concern.

As shown in the first column of Table 4, the regression coefficient
betweenGreenInno and SocGap is significantly positive (β = 0.0046, p <
0.01). The second column presents the regression results with control
variables included, and the coefficient remains significantly positive (β=
0.0039, p < 0.01). The third and fourth columns show the regression
results betweenGreenInno andHisGap (β= 0.0031, p< 0.05; β= 0.0028,
p < 0.05). These findings support Hypothesis 1 and Hypothesis 2,
indicating that ESG performance gaps, including ESG performance
below both social aspiration and historical aspiration level, enhance a
firm’s green innovation.

4.3 Endogeneity test

4.3.1 Sample selection issues
The propensity score matching (PSM) method is used in this

paper to address potential issues of omitted variables and sample

TABLE 1 Names of control variables and calculation methods.

Variable Definition

GreenInno The natural logarithm of the number of green patent applications

SocGap ESG performance below historical aspiration

HisGap ESG performance below social aspiration

Confu The natural logarithm of the number of Confucian temples within a 200-km radius of the firm’s registered location for the given year

Digital The digital investment component of a firm’s intangible assets

Size The natural logarithm of total assets at the end of a given year

FirmAge The natural logarithm of the difference between the firm’s year of establishment and the year of enumeration

Lev The ratio of total debt to total assets

ROE Return on equity

TOP1 Fraction of shares owned by the biggest non-CEO shareholder

TMTAge Average age of the top management team

Big4 A dummy variable set equal to 1 if the firm is audited by one of the Big 4 audit firms, and 0 otherwise

Dual A dummy variable set equal to 1 if the board chair is also the CEO, and 0 otherwise

EP_Execu Number of executives with environment-related experience

Industry Industry dummy variables

Year Year dummy variables

TABLE 2 Descriptive statistics.

Variable Mean SD Min Max

GreenInno 0.4302 0.8885 0 7.0622

SocGap 2.2633 3.5576 0 24.1160

HisGap 1.4228 2.5385 0 25.0580

Size 22.3615 1.2849 19.5677 26.4523

FirmAge 2.9252 0.3160 1.3863 3.5835

Lev 3.2124 2.7034 1.0790 31.3792

ROE 0.0636 0.1249 −0.8773 0.4171

Dual 0.2599 0.4386 0 1

EP_Execu 0.4799 1.1580 0.0000 21.0000

TMTAge 49.4868 3.1547 35.6000 62.8800

TOP1 33.9288 14.9235 0.2863 89.9858

Big4 0.0637 0.2442 0 1
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selection bias (Bai, 2011). To ensure comparability between the
treatment and control groups, we group the samples based on the
median values of HisGap and SocGap. We then use the nearest
neighbor matching method within a caliper, matching samples at a
1:1 ratio. After matching, the sample sizes for the treatment and
control groups are 11,488 and 12,220, respectively, indicating a good
matching effect.

As shown in the first and second columns of Table 5, the
results demonstrate that after using the PSM method to control
for potential endogeneity issues, the regression coefficients of
SocGap andHisGap with GreenInno are significantly positive (β =
0.0049, p < 0.01; β = 0.0038, p < 0.05), that is, H1a and H1b
remain valid.

4.3.2 Controlling for industry changes over time
In the previous regression models, in this paper, time-fixed

effects and industry-fixed effects are controlled for to account for
their potential impact on the results. However, over time, the
systemic structure of industries and their external environments
undergoes dynamic changes (Amore et al., 2017), leading to
differences in the development of various industries over time,
which in turn affects firms’ green technology innovation. To
mitigate the impact of this factor on the research conclusions, in
this paper, the variations in different industries are further
controlled for over time. The regression results are shown in
Table 6. The results indicate that after considering this factor, the
conclusions of this paper remain robust.

4.3.3 GMM dynamic panel analysis
There are issues of serial correlation in firm-level green

innovation. To address this, we further employ the system
GMM regression to test the robustness of the previous
conclusions (Khattak et al., 2022). The lagged dependent
variable (L. GreenInno) is selected as the GMM instrument
variable for regression estimation, with the results presented
in Table 7. As the test statistics shown in Table 7, the AR (1)

p-value is less than 0.1, and the AR (2) p-value is greater than 0.1,
which indicates that there is only first-order autocorrelation in
the disturbance term of the system GMM estimation, with no
higher-order autocorrelation, thus meeting the conditions for
using the system GMM. The Hansen p-value is greater than 0.1,
indicating the validity of the instrumental variable. The
regression results in the two columns of Table 7 show that the
regression coefficients of SocGap and HisGap are both
significantly positive at the 5% level (β = 0.0110, p < 0.05; β =
0.0067, p < 0.05), indicating that after considering the serial
correlation characteristic of green technological innovation
(controlling for L. GreenInno and its resulting endogeneity),
the promoting effects of SocGap and HisGap on
GreenInno still exist, confirming the robustness of the
previous conclusions.

4.4 Examination of moderating effect

Table 8 presents the results of the moderation tests. From the
regression results in columns one to four, it can be observed that the
regression coefficients of SocGap and GreenInno are consistently
positive and significant, thus confirming Hypothesis 1 and
Hypothesis 2. Columns two and three introduce the moderating
variables Confu and Digital, along with the interaction terms
interconfus and interdigitals with the independent variable
SocGap. Column four represents the full model. The regression
coefficients of the interaction terms (β = −0.0038, p < 0.01; β =
0.0006, p < 0.01) indicate that Confu negatively moderates the
positive relationship between SocGap and GreenInno, whereas
Digital positively moderates this relationship. Therefore,
hypotheses 2 and 3 are supported. Confucian culture negatively
moderates the positive relationship between ESG performance social
gap and firm’s green innovation, and firm digitalization positively
moderates the positive relationship between ESG social performance
gap and firm’s green innovation.

TABLE 3 Correlation analysis.

Variable (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

(1) GreenInno 1.000

(2) SocGap 0.100*** 1.000

(3) HisGap 0.026*** 0.594*** 1.000

(4) Size 0.247*** 0.171*** 0.055*** 1.000

(5) FirmAge −0.025*** −0.058*** 0.018*** 0.157*** 1.000

(6) Lev −0.098*** 0.031*** 0.011* −0.367*** −0.112*** 1.000

(7) ROE 0.059*** 0.212*** 0.113*** 0.137*** −0.033*** 0.059*** 1.000

(8) TOP1 0.020*** 0.097*** 0.041*** 0.217*** −0.091*** −0.057*** 0.137*** 1.000

(9) TMTAge 0.101*** 0.121*** 0.065*** 0.336*** 0.182*** −0.097*** 0.070*** 0.154*** 1.000

(10) Big4 0.154*** 0.080*** 0.034*** 0.360*** 0.017*** −0.082*** 0.071*** 0.147*** 0.180*** 1.000

(11) Dual −0.007 −0.044*** −0.041*** −0.162*** −0.082*** 0.093*** −0.011* −0.071*** −0.170*** −0.064*** 1.000

(12) EP_Execu 0.207*** 0.035*** −0.001 0.095*** −0.014** −0.095*** 0.001 −0.039*** −0.007 0.005 −0.004 1.000

***p < 0.01, **p < 0.05, *p < 0.1.
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From the regression results in columns one to four of Table 9, it
can be observed that the regression coefficients of HisGap and
GreenInno are consistently positive and significant, thus
confirming H1a and H1b. Columns two and three introduce the
moderating variables Confu and Digital, along with the interaction
terms interconfuh and interdigitalh with the independent variable
HisGap. Column four represents the full model consisting all
variables. The regression coefficient of the interaction term
interconfuh is negative but not significant (β = −0.0012, p > 0.1)
and that of interdigitalh is positive but not significant (β = 0.0002,
p > 0.1), indicating that for ESG performance historical gap,
Hypothesis 3 and Hypothesis 4 are not supported.

4.5 Robustness test

4.5.1 Changing the measurement of
independent variables

Based on the study by Gao et al. (2022), when the ESG
performance rating is C-CCC, ESG performance is assigned a
value of 1; when the rating is B-BBB, ESG performance is
assigned a value of 2; and when the rating is A-AAA, it is
assigned a value of 3. Accordingly, the social gap for ESG
performance SocGap1 is recalculated, interconfus1 and
interdigitals1 represent the interaction terms between Confu and
Digitalwith SocGap1, respectively. The regression results in Table 10
indicate that all hypotheses are validated.

TABLE 4 Benchmark regression results.

(1) (2) (3) (4)

Variable GreenInno GreenInno GreenInno GreenInno

SocGap 0.0046*** 0.0039***

(3.4679) (2.9494)

HisGap 0.0031** 0.0028**

(2.2665) (2.0128)

Size 0.0369*** 0.0393***

(3.6464) (3.8966)

FirmAge 0.1626** 0.1550**

(2.2295) (2.1270)

Lev 0.0024 0.0025

(1.0579) (1.1178)

ROE 0.1416*** 0.1435***

(3.8880) (3.9382)

TOP1 −0.0018*** −0.0017***

(−2.7807) (−2.7256)

TMTAge 0.0056** 0.0057**

(2.2804) (2.3447)

Big4 0.0344 0.0347

(0.9606) (0.9697)

Dual −0.0041 −0.0042

(−0.3247) (−0.3341)

EP_Execu 0.0006 0.0003

(0.0747) (0.0437)

Constant 0.3461** −1.0927*** 0.3583** −1.1229***

(2.2574) (−3.2590) (2.3366) (−3.3509)

Year Dummy YES YES YES YES

Industry Dummy YES YES YES YES

Observations 22,134 22,134 22,134 22,134

R-squared 0.030 0.033 0.030 0.033

Note: t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 5 PSM test results.

(1) (2)

Variable GreenInno GreenInno

SocGap 0.0049***

(2.6923)

HisGap 0.0049*** 0.0038**

(2.6923) (1.9630)

Size 0.1252*** 0.1395***

(12.9578) (14.9226)

FirmAge −0.1113*** −0.1028**

(−2.6598) (−2.5437)

Lev 0.0007 0.0002

(0.2604) (0.0666)

ROE 0.2250*** 0.1960***

(4.0138) (3.9085)

TOP1 −0.0006 −0.0015**

(−0.8983) (−2.3745)

TMTAge 0.0055* 0.0105***

(1.9087) (3.7615)

Big4 0.1784*** 0.1732***

(4.4705) (4.3935)

Dual 0.0089 0.0145

(0.5421) (0.9009)

EP_Execu 0.0518*** 0.0639***

(6.0301) (7.5878)

Constant −2.6162*** −3.0773***

(−9.7325) (−11.8249)

Year Dummy YES YES

Industry Dummy YES YES

Observations 11,488 12,220

Note: t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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Similarly, Table 11 recalculates HisGap1, interconfuh1, and
interdigitalh1. The regression results in Table 9 also indicate that
the previous conclusions are robust.

4.5.2 Changing the measurement of
dependent variables

According to Chang et al. (2015) and Lian et al. (2023), green
innovation can also be measured by the number of green patents
granted to a company within 1 year. This metric is considered to more
accurately reflect the firm’s actual innovation capabilities during the
current period. Table 12 re-examines the relationship using the natural

logarithm of the number of patents granted (GreenInno1) as the
dependent variable and SocGap as the independent variable. The
results remain consistent with previous findings.

Table 13 represents the relationship using the natural logarithm
of the number of patents granted (GreenInno1) as the dependent
variable and SocGap as the independent variable. The results remain
consistent with previous findings.

4.5.3 Other tests
In order to effectively resolve issues of heteroskedasticity,

autocorrelation, and cross-sectional correlation in panel data, the

TABLE 6 Controlling for industry changes over time.

(1) (2) (3) (4)

Variable GreenInno GreenInno GreenInno GreenInno

SocGap 0.0046*** 0.0038***

(3.4814) (2.8678)

HisGap 0.0034** 0.0031**

(2.4777) (2.2112)

Size 0.0338*** 0.0362***

(3.2644) (3.5065)

FirmAge 0.0392 0.0318

(0.5141) (0.4170)

Lev 0.0030 0.0031

(1.3036) (1.3518)

ROE 0.1383*** 0.1396***

(3.6869) (3.7221)

TOP1 −0.0010 −0.0010

(−1.5734) (−1.5178)

TMTAge 0.0064*** 0.0065***

(2.5802) (2.6496)

Big4 0.0503 0.0506

(1.3948) (1.4025)

Dual −0.0002 −0.0002

(−0.0125) (−0.0195)

EP_Execu −0.0060 −0.0063

(−0.7583) (−0.7915)

Constant 0.4833*** −0.6424* 0.4938*** −0.6749*

(2.7746) (−1.8123) (2.8342) (−1.9058)

Year Dummy YES YES YES YES

Industry Dummy YES YES YES YES

Year*Industry YES YES YES YES

Observations 22,134 22,134 22,134 22,134

R-squared 0.058 0.060 0.058 0.060

Note: t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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Driscoll–Kraay fixed-effect regression model is adopted in this study
for the estimation of long-term coefficients (Driscoll and Kraay,
1998; Beylik et al., 2022). The regression results remain consistent
with previous findings.

Additionally, the fixed-effect regression may be too strong for
our analysis. As such, we conducted the robustness test using the

random-effect regression (Xu and Zeng, 2020). The findings are
consistent with those from the fixed-effect models.

5 Conclusion and implications

5.1 Conclusion

Firms are motivated to pursue better ESG ratings for
building positive impression on stakeholders and
demonstrating their sustainability. Good ESG performance
could not only lower the capital constraint and cost of capital
but also alleviate information asymmetry and improve firm
reputation. On the contrary, a firm with low ESG
performance or ESG performance gap is more likely to be
doubted for its growth and sustainability by stakeholders. An
important issue arises that how firms take actions or strategies as
responses to ESG performance gaps. Based on BTOF, in this
study, how the firm ESG performance gaps motivate its green
innovation in a Chinese listed firm context is empirically
examined. The empirical results show that the firm tends to
greenly innovate more when its ESG performance is below both
historical aspiration and social aspiration levels, that is, ESG
performance gaps. The results also indicate that ESG
performance pressure could be a motivation of firm’s green
innovation. Following the logic of BTOF, we further explore
boundary conditions from the perspective of firm motivation
and capability, and testify the roles of Confucian culture and
digitalization. It is found that Confucian culture could reduce
firm’s motivation to take risks, which means that firms are less
likely to greenly innovate when facing ESG performance gaps.
However, digitalization demonstrates firm’s capability, which
enables the firm to take more risks and facilitates green
innovation during the ESG performance gaps.

5.2 Practical implications

Implications for managerial practices are also provided in this
study. First, firms are supposed to make sense of their ESG
performance based on the ESG ratings or scores provided by
third-party institutions. Firms may face ESG performance
shortfalls or failures, which bring them with pressures. Both
historical aspiration and social aspiration levels provide reference
points, shaping firms’ ESG objectives and helping firms to evaluate
their current ESG performance. Accordingly, firms could adjust
their strategic priorities and take actions as responses to attain their
ESG performance aspirations and meet their ESG objectives.
Second, green innovation could be a proper strategy or action for
firms to improve their ESG performance, especially dealing with
ESG performance gaps. Green innovation is not only a response
strategy under external pressures such as environmental regulation
and market turbulence but also a proactive choice of internal
management purpose when facing internal pressures such as ESG
performance gap. Third, firms should leverage their motivation and
capabilities of risk-takings under ESG performance pressures. It is
essential to identify and evaluate how factors like cultures and
capabilities impact risk-takings. In addition to organizational

TABLE 7 GMM dynamic panel analysis.

(1) (2)

Variable GreenInno GreenInno

L.GreenInno 0.1267*** 0.1331***

(4.3607) (4.8196)

SocGap 0.0110**

(2.2024)

HisGap 0.0067**

(1.9756)

Size −0.0098 −0.0225

(−0.0579) (−0.1479)

FirmAge −0.2160 −0.1234

(−0.4595) (−0.2553)

Lev 0.0076 0.0273

(0.2609) (0.9492)

ROE −0.0074 0.3892

(−0.0248) (1.2182)

TOP1 0.0055 0.0130

(0.3076) (0.8957)

TMTAge 0.1297** 0.0433

(2.0980) (0.7829)

Big4 −0.0390 −0.6609

(−0.0356) (−0.6440)

Dual −0.6493* −0.6669**

(−1.9180) (−2.4682)

EP_Execu 0.5918*** 0.6298***

(5.4826) (5.9054)

Constant −7.6798 −1.7440

(−1.3982) (−0.2555)

Year Dummy YES YES

Industry Dummy YES YES

Observations 33,646 29,764

AR(1) 0.000 0.000

AR(2) 0.189 0.206

Hansen 0.498 0.286

Note: t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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culture, local culture such as Confucian culture could shape a firm’s
risk preference and behaviors as well (Du, 2017). Firms should
emphasize the role of culture when making risk-taking decisions

under ESG performance gaps while also evaluating their owned
resources and capabilities. A firm’s digitalization demonstrates its
technological capability and would facilitate firm’s take risks.

TABLE 8 Examination of moderating effect-SocGap.

(1) (2) (3) (4)

Variable GreenInno GreenInno GreenInno GreenInno

SocGap 0.0039*** 0.0038*** 0.0039*** 0.0039***

(2.9494) (2.9076) (2.9860) (2.9467)

Interconfus −0.0036** −0.0038**

(−2.2176) (−2.2969)

Confu 0.0006 0.0074

(0.0166) (0.2218)

interdigitals 0.0006*** 0.0006***

(3.2109) (3.2377)

Digital 0.0056*** 0.0056***

(8.9523) (8.9497)

Size 0.0369*** 0.0369*** 0.0263*** 0.0263***

(3.6464) (3.6459) (2.5845) (2.5833)

FirmAge 0.1626** 0.1616** 0.1434** 0.1426**

(2.2295) (2.2152) (1.9719) (1.9615)

Lev 0.0024 0.0023 0.0021 0.0021

(1.0579) (1.0395) (0.9548) (0.9368)

ROE 0.1416*** 0.1411*** 0.1494*** 0.1488***

(3.8880) (3.8737) (4.1124) (4.0979)

TOP1 −0.0018*** −0.0018*** −0.0018*** −0.0018***

(−2.7807) (−2.7677) (−2.8548) (−2.8444)

TMTAge 0.0056** 0.0056** 0.0052** 0.0052**

(2.2804) (2.2890) (2.1310) (2.1367)

Big4 0.0344 0.0336 0.0211 0.0203

(0.9606) (0.9379) (0.5897) (0.5671)

Dual −0.0041 −0.0042 −0.0053 −0.0054

(−0.3247) (−0.3286) (−0.4194) (−0.4256)

EP_Execu 0.0006 0.0007 0.0007 0.0008

(0.0747) (0.0848) (0.0839) (0.0964)

Constant −1.0927*** −1.0946*** −0.7912** −0.8120**

(−3.2590) (−3.1487) (−2.3555) (−2.3338)

Year Dummy YES YES YES YES

Industry Dummy YES YES YES YES

Observations 22,134 22,134 22,134 22,134

R-squared 0.033 0.033 0.040 0.040

Note: t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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6 Limitation and future directions

Although significant contributions are made in this study to
existing ESG and green innovation research, there still exist

several limitations, providing direction for future studies.
First, as we stated in the literature review part, existing
measurements of corporate performance, that is, the ESG
rating scores of a firm, vary across different third-party

TABLE 9 Examination of moderating effect-HisGap.

(1) (2) (3) (4)

Variable GreenInno GreenInno GreenInno GreenInno

HisGap 0.0028** 0.0028** 0.0028** 0.0028**

(2.0128) (2.0046) (2.0343) (2.0270)

interconfuh −0.0011 −0.0012

(−0.6096) (−0.6651)

Confu −0.0009 0.0071

(−0.0255) (0.2135)

interdigitalh 0.0002 0.0002

(0.9671) (0.9713)

Digital 0.0063*** 0.0063***

(10.9934) (10.9971)

Size 0.0393*** 0.0393*** 0.0264*** 0.0264***

(3.8966) (3.9023) (2.6116) (2.6161)

FirmAge 0.1550** 0.1546** 0.1349* 0.1348*

(2.1270) (2.1204) (1.8561) (1.8541)

Lev 0.0025 0.0025 0.0023 0.0023

(1.1178) (1.1173) (1.0196) (1.0206)

ROE 0.1435*** 0.1434*** 0.1537*** 0.1537***

(3.9382) (3.9370) (4.2311) (4.2309)

TOP1 −0.0017*** −0.0017*** −0.0018*** −0.0018***

(−2.7256) (−2.7262) (−2.8271) (−2.8316)

TMTAge 0.0057** 0.0057** 0.0053** 0.0053**

(2.3447) (2.3447) (2.1945) (2.1910)

Big4 0.0347 0.0345 0.0178 0.0176

(0.9697) (0.9636) (0.4979) (0.4915)

Dual −0.0042 −0.0043 −0.0058 −0.0059

(−0.3341) (−0.3369) (−0.4618) (−0.4677)

EP_Execu 0.0003 0.0004 0.0007 0.0007

(0.0437) (0.0468) (0.0850) (0.0911)

Constant −1.1229*** −1.1204*** −0.7726** −0.7918**

(−3.3509) (−3.2237) (−2.3028) (−2.2773)

Year Dummy YES YES YES YES

Industry Dummy YES YES YES YES

Observations 22,134 22,134 22,134 22,134

R-squared 0.033 0.033 0.039 0.039

Note: t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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evaluation institutions. Future research could benefit from a
comparative analysis of ESG ratings provided by multiple
agencies, such as SynTao Green Finance and RKS ESG rating,

to ensure the consistency and reliability of these assessments.
Second, we measure ESG by using the rating score, which is an
aggregated evaluation of firm ESG performance. The ESG

TABLE 10 Changing the measurement of the independent variable SocGap1.

(1) (2) (3) (4)

Variable GreenInno GreenInno GreenInno GreenInno

SocGap1 0.0328*** 0.0320*** 0.0342*** 0.0333***

(3.2384) (3.1543) (3.3827) (3.2957)

interconfus1 −0.0253** −0.0264**

(−2.0308) (−2.1271)

Confu −0.0020 0.0024

(−0.0609) (0.0720)

interdigitals1 0.0066*** 0.0066***

(4.6048) (4.6086)

Digital 0.0057*** 0.0057***

(9.6050) (9.6166)

Size 0.0374*** 0.0375*** 0.0277*** 0.0278***

(3.7059) (3.7193) (2.7321) (2.7438)

FirmAge 0.1632** 0.1632** 0.1492** 0.1495**

(2.2376) (2.2381) (2.0528) (2.0560)

Lev 0.0023 0.0023 0.0021 0.0021

(1.0330) (1.0215) (0.9308) (0.9195)

ROE 0.1429*** 0.1425*** 0.1493*** 0.1488***

(3.9246) (3.9133) (4.1129) (4.1019)

TOP1 −0.0018*** −0.0018*** −0.0018*** −0.0018***

(−2.7844) (−2.7810) (−2.7973) (−2.7958)

TMTAge 0.0056** 0.0057** 0.0053** 0.0054**

(2.3019) (2.3186) (2.1885) (2.2040)

Big4 0.0334 0.0331 0.0235 0.0231

(0.9317) (0.9231) (0.6562) (0.6470)

Dual −0.0041 −0.0043 −0.0044 −0.0046

(−0.3250) (−0.3376) (−0.3493) (−0.3642)

EP_Execu 0.0003 0.0003 0.0004 0.0004

(0.0354) (0.0337) (0.0515) (0.0512)

Constant −1.1029*** −1.1005*** −0.8429** −0.8523**

(−3.2910) (−3.1666) (−2.5094) (−2.4501)

Year Dummy YES YES YES YES

Industry Dummy YES YES YES YES

Observations 22,134 22,134 22,134 22,134

R-squared 0.033 0.033 0.040 0.041

Note: t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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performance contains multiple dimensions to evaluate, that is,
environmental (E), social (S), and governance (G) dimensions.
Future studies could empirically investigate each dimension,

especially the performance gaps, to explore how they have
influence on corporate strategies. Furthermore, we have tried
to explore the boundary conditions that impact the relationship

TABLE 11 Changing the measurement of the independent variable HisGap1.

(1) (2) (3) (4)

Variable GreenInno GreenInno GreenInno GreenInno

HisGap1 0.0070 0.0058 0.0092 0.0080

(0.5589) (0.4650) (0.7405) (0.6452)

interconfuh1 −0.0410*** −0.0414***

(−2.6116) (−2.6463)

Confu −0.0038 0.0044

(−0.1127) (0.1317)

interdigitalh1 0.0071*** 0.0072***

(2.9460) (2.9643)

Digital 0.0058*** 0.0058***

(9.6144) (9.6134)

Size 0.0394*** 0.0399*** 0.0271*** 0.0275***

(3.9155) (3.9589) (2.6813) (2.7234)

FirmAge 0.1544** 0.1544** 0.1323* 0.1326*

(2.1177) (2.1176) (1.8203) (1.8253)

Lev 0.0026 0.0026 0.0022 0.0023

(1.1475) (1.1775) (1.0050) (1.0366)

ROE 0.1462*** 0.1459*** 0.1544*** 0.1541***

(4.0151) (4.0073) (4.2537) (4.2466)

TOP1 −0.0017*** −0.0018*** −0.0018*** −0.0018***

(−2.7389) (−2.7520) (−2.8408) (−2.8580)

TMTAge 0.0058** 0.0058** 0.0054** 0.0054**

(2.3555) (2.3674) (2.2133) (2.2218)

Big4 0.0346 0.0343 0.0183 0.0181

(0.9647) (0.9571) (0.5134) (0.5061)

Dual −0.0043 −0.0046 −0.0057 −0.0061

(−0.3394) (−0.3650) (−0.4536) (−0.4823)

EP_Execu 0.0004 0.0002 0.0005 0.0003

(0.0468) (0.0278) (0.0609) (0.0442)

Constant −1.1311*** −1.1296*** −0.7878** −0.8087**

(−3.3753) (−3.2506) (−2.3486) (−2.3268)

Year Dummy YES YES YES YES

Industry Dummy YES YES YES YES

Observations 22,134 22,134 22,134 22,134

R-squared 0.032 0.033 0.039 0.040

Note: t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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between ESG performance gaps and corporate green innovation
from the perspective of motivation and capability. Subsequent
research could further explore contextual mechanisms that may

exist, such as corporate culture, regulatory environments, or
other industry-specific factors. It would be helpful for
broadening the applicability of the findings shown in this study.

TABLE 12 Changing the measurement of the dependent variable SocGap.

(1) (2) (3) (4)

Variable GreenInno1 GreenInno1 GreenInno1 GreenInno1

SocGap 0.0086*** 0.0086*** 0.0086*** 0.0086***

(5.6389) (5.6807) (5.6444) (5.6860)

interconfus 0.0022 0.0021

(1.1433) (1.1069)

Confu 0.0571 0.0620

(1.4846) (1.6147)

interdigitals 0.0004 0.0003

(1.5449) (1.5131)

Digital 0.0040*** 0.0040***

Size 0.2414*** 0.2413*** 0.2338*** 0.2336***

(20.7874) (20.7793) (19.9734) (19.9583)

FirmAge 0.1429* 0.1463* 0.1295 0.1331

(1.7058) (1.7458) (1.5474) (1.5894)

Lev 0.0064** 0.0065** 0.0063** 0.0063**

(2.5028) (2.5212) (2.4430) (2.4618)

ROE −0.0037 −0.0032 0.0020 0.0026

(−0.0893) (−0.0767) (0.0482) (0.0625)

TOP1 −0.0004 −0.0004 −0.0004 −0.0004

(−0.5213) (−0.5512) (−0.5642) (−0.5964)

TMTAge 0.0024 0.0024 0.0022 0.0021

(0.8711) (0.8448) (0.7783) (0.7499)

Big4 −0.1233*** −0.1228*** −0.1332*** −0.1327***

(−2.9976) (−2.9837) (−3.2353) (−3.2243)

Dual −0.0055 −0.0057 −0.0064 −0.0066

(−0.3799) (−0.3949) (−0.4397) (−0.4568)

EP_Execu 0.0666*** 0.0667*** 0.0667*** 0.0668***

(7.3684) (7.3795) (7.3862) (7.3995)

Constant −5.2659*** −5.4224*** −5.0506*** −5.2190***

(−13.6704) (−13.5764) (−13.0579) (−13.0266)

Year Dummy YES YES YES YES

Industry Dummy YES YES YES YES

Observations 22,134 22,134 22,134 22,134

R-squared 0.182 0.183 0.184 0.185

Note: t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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TABLE 13 Changing the measurement of the dependent variable HisGap.

(1) (2) (3) (4)

Variable GreenInno1 GreenInno1 GreenInno1 GreenInno1

HisGap 0.0053*** 0.0053*** 0.0053*** 0.0053***

(3.3385) (3.3552) (3.3592) (3.3768)

interconfuh 0.0011 0.0011

(0.5532) (0.5246)

Confu 0.0549 0.0605

(1.4269) (1.5750)

interdigitalh 0.0000 0.0000

(0.1541) (0.1447)

Digital 0.0044*** 0.0044***

(6.6872) (6.7186)

Size 0.2467*** 0.2466*** 0.2377*** 0.2375***

(21.3098) (21.2963) (20.4172) (20.3995)

FirmAge 0.1259 0.1290 0.1123 0.1155

(1.5035) (1.5390) (1.3417) (1.3796)

Lev 0.0068*** 0.0068*** 0.0066** 0.0066***

(2.6262) (2.6354) (2.5693) (2.5793)

ROE 0.0012 0.0015 0.0084 0.0087

(0.0298) (0.0360) (0.2014) (0.2090)

TOP1 −0.0003 −0.0003 −0.0003 −0.0004

(−0.4186) (−0.4390) (−0.4759) (−0.4990)

TMTAge 0.0028 0.0027 0.0025 0.0025

(0.9962) (0.9758) (0.9038) (0.8810)

Big4 −0.1226*** −0.1223*** −0.1349*** −0.1346***

(−2.9778) (−2.9702) (−3.2757) (−3.2699)

Dual −0.0058 −0.0060 −0.0069 −0.0071

(−0.3993) (−0.4128) (−0.4728) (−0.4883)

EP_Execu 0.0661*** 0.0662*** 0.0663*** 0.0664***

(7.3071) (7.3191) (7.3415) (7.3556)

Constant −5.3346*** −5.4859*** −5.0908*** −5.2564***

(−13.8506) (−13.7343) (−13.1746) (−13.1277)

Year Dummy YES YES YES YES

Industry Dummy YES YES YES YES

Observations 22,134 22,134 22,134 22,134

R-squared 0.182 0.182 0.183 0.184

Number of stkcd 3,349 3,349 3,349 3,349

Note: t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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