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Abstract: Green innovation is a potent driver of sustainability. Drawing on social network theory, this
paper used data from Chinese listed companies from 2010 to 2020 as a sample and found that inde-
pendent directors’ interlocking network position significantly enhanced corporate green innovation.
Additionally, digital transformation positively moderated this impact, while environmental regula-
tions exhibited a U-shaped influence on this relationship. Further analysis revealed that independent
directors’ interlocking network position can enhance green innovation through leveraging informa-
tion, resource advantages, and environmental responsibilities. The network position of companies
with lower pollution levels and diligent independent directors notably amplified green innovation.
This study clarifies the boundary conditions and mechanisms of corporate green innovation, offering
new ideas and evidence for sustainability.
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1. Introduction

In an era marked by rapid industrialization and urbanization, the conflict between
development and environmental protection is escalating. Governments worldwide are
actively seeking a balance between economic growth and environmental protection. Green
innovation has emerged as a pivotal means for achieving this balance [1,2]. The Chinese
government has also recognized the significance of green innovation and has implemented
the “Carbon Peak Action Plan Before 2030” [3]. This plan highlights the need to bolster
green and low-carbon technological advances, thereby fostering eco-friendly production
practices among companies. Nevertheless, the development and application of green inno-
vation often demand substantial investments of time and resources [4]. Meanwhile, owing
to path dependence, innovation will not spontaneously turn into green transformation [5].
Therefore, how to bolster corporate green innovation capabilities to achieve the “dual
carbon” strategic objective and facilitate the harmonious development of the economy and
environmental protection has become an essential issue.

Independent directors, as part of an important corporate governance system, have a
profound impact on corporate green innovation. Existing works, e.g., Zhang et al. [6], have
shown that the background of independent directors considerably affects corporate green
innovation. Independent directors’ interlocking network position (IDINP), which refers to
the position occupied by independent directors in the network structure formed through
serving in multiple companies at the same time, is a key indicator of an independent
director’s background [7]. Notably, more than 90% of Chinese listed companies have
hired interlocking independent directors [8]. According to social network theory, IDINP
may yield more heterogeneous information and resources, thereby helping independent
directors responsibly perform their duties [9], promoting corporate green innovation.
Nevertheless, the “busy independent director” theory points out that independent directors
wearing multiple hats have to divide their energy [10], and reliance on “relationship”
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networks may lead independent directors to compromise their independence, knowledge,
and efficacy. Therefore, what impact does IDINP have on green innovation? Is this impact
influenced by other macro- and micro-governance factors, such as digital transformation
and environmental regulation? What is the underlying mechanism driving this effect?

Current research on IDINP has largely explored its economic impact on corporate
internal governance and business operations, including outcomes of mergers and acquisi-
tions [7], accounting conservatism [11], corporate investment efficiency [8], and stock price
synchronicity [12], as well as the reduction in the risk of stock price crashes [13]. Overall,
these studies attributed the observed benefits to the informational and resource-related
advantages of IDINP. Current green innovation research primarily focuses on its driving
factors, which are broadly divided into three categories. The first category focuses on
the resource-based view, exploring factors such as absorptive capacity [1], managerial
backgrounds [6,14], stakeholder concerns [15], etc. The second category is grounded in
institutional theory, with a focus on factors such as green credit policies [16], environmental
regulations [17–19], government subsidies [20,21], two-track institutional approaches [22],
and so on. The last category draws upon innovation diffusion theory, examining how
corporate levels of digitalization [4,23–25] and regional digitalization levels [26–29] affect
corporate green innovation.

Although previous research has emphasized IDINP’s positive effects on corporate gov-
ernance, its influence on green innovation remains unexplored. Qiu and Yu [30] mentioned
that independent director networks can affect green innovation but defined them broadly,
overlooking emerging factors like technology and regulations. Meanwhile, the aforemen-
tioned research has predominantly concentrated on information and resource advantages
when investigating the impact mechanism of IDINP, inadvertently overlooking its vital role
in advancing environmental responsibilities. Furthermore, while digital transformation
and environmental regulation are widely acknowledged as drivers of green innovation, no
existing literature has effectively integrated them into a model that considers IDINP and its
impact on green innovation. Based on the above observations, this study aimed to establish
the connection between IDINP and corporate green innovation and reveal the important
moderating role of digital transformation and environmental regulation.

The main contributions of this study are summarized as follows:

• Enhanced understanding of green innovation factors.Compared to the aforementioned
studies that focused on the impact of green innovation based on the resource-based
view, institutional theory, and innovation diffusion theory, and that examined factors
such as stakeholder attention, government subsidies, and level of digitalization, this
paper applies social network theory to explore in depth the impact of IDINP on
corporate green innovation, extending the theoretical application of social networks
in corporate governance and sustainable development.
Additionally, this study diverges from the practice of using developed countries as
samples by focusing on a developing country, China. Given its distinctive relational
culture and its position as the leading emitter of carbon dioxide globally, China
epitomizes a vital context for the exploration of green innovation, particularly through
the IDINP framework.

• Capturing moderating variables and an innovative methodological approach. Previ-
ous research has focused on the impact of digital transformation and environmental
regulation on corporate green innovation [19,25], yet these have not been incorpo-
rated as situational variables in a model that also considers IDINP and its effect on
green innovation. By comprehensively applying social network theory, neoclassical
economics, and the Porter hypothesis, our study reveals, for the first time, the sub-
stantial moderating effects of digital transformation and environmental regulation
within this framework. This study provides a solid theoretical foundation for govern-
ments to formulate green policies and for companies to effectively implement green
innovation initiatives.
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Additionally, this study enhances the precision in quantifying the interplay between
IDINP and a company’s digital transformation by integrating social network analysis
with text analysis. This multifaceted approach surpasses the confines of prior research
that relied on a solitary indicator, thereby providing a more holistic understanding of
interlocking network positions and digital transformation dynamics.

• Clarification of boundary conditions and mechanisms. This research not only clarifies
the contextual constraints that shape the impact of IDINP on corporate green innova-
tion but also, for the first time, reveals how these network positions promote green
innovation through novel mechanisms (environmental responsibility).

The paper is organized as follows: Section 2 gives the origin of the hypotheses, while
Section 3 presents the data and methodology used in this study. Then, Section 4 discusses
the empirical results, and Section 5 goes on to examine the mechanisms and conducts a
heterogeneity analysis. Finally, Section 6 briefly summarizes the article’s findings, offers
policy proposals, and provides its limitations.

2. Theoretical Analysis and Hypotheses
2.1. IDINP and Green Innovation

Social network theory posits that society is a comprehensive network comprised of
connections between individuals, facilitating the exchange of information and resources,
thus becoming a valuable resource for cultivating competitive advantages [31]. A funda-
mental concept within social networks is “centrality” [9], which denotes an actor’s position
within the broader social network. The more central the position, the greater its significance
within the network. Consequently, this study employs centrality as a metric to gauge
IDINP. Regarding the path of impact, this can be elaborated from three aspects: information
advantage, resource advantage, and environmental responsibility.

First, we consider the perspective of information advantage: Green innovation, com-
pared with traditional innovation, is a multi-stage and long-term process [32]. In this
multi-stage process, companies comprehensively consider environmental and social bene-
fits, while pursuing economic profits and continuously assessing and mitigating impacts on
the environment. During this extended period of research, development, and introduction
to the market, companies face the challenge of rapidly evolving environmental technologies
and standards, requiring them to adjust their business models and value chains promptly
to meet new demands. Additionally, since green products and technologies often face
greater market uncertainty, companies need to have sufficient insight to respond to risks on
time. Consequently, green innovation heavily relies on external information channels [33].

IDINP can serve as an important channel for obtaining external information, and
this close connection will also shape the willingness of independent directors to provide
green information [20]. Therefore, using this “information bridge” [12], companies can gain
access to more comprehensive and in-depth green information. Furthermore, a wealth of
diverse information enhances the professionalism and independence of central independent
directors [7], empowering them to evaluate green innovation projects objectively and
comprehensively. This, in turn, helps companies make a more accurate assessment of
green innovation projects, facilitating a more precise understanding of the associated risks
and benefits.

Second, considering the perspective of resource advantages: Green innovation is
marked by significant uncertainty due to the externalities associated with environmen-
tal resource utilization and technological advancements, as well as the requirement for
cross-functional collaboration across various departments [14]. Consequently, companies
often lack the motivation to carry out green innovation. However, IDINP can mitigate
this uncertainty by providing stable internal staff support and external resource invest-
ment. On the one hand, independent directors in a central position often have a more
prominent voice, which is conducive to gaining the support of internal employees and
promoting the integration of dispersed green knowledge and resources [13]. On the other
hand, independent directors in a center position can offer companies access to a more
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extensive and diversified pool of resources through their connections [8]. This, in turn,
helps reduce the costs associated with green innovation, while enhancing the likelihood
of its success. As Tsai and Ghoshal [34] noted, social ties can facilitate the transfer of
productive resources, thereby fostering more significant innovation within organizations.
Additionally, Arribas et al. [35] proposed that relationship capital can serve as a catalyst
for the development of additional R&D and innovation activities, particularly those with
high costs and extended return periods.

Lastly, we consider the perspective of environmental responsibility: Beyond their roles
in supervision and consultation, the board must confer legitimacy on the organization
and prioritize commitment to gaining support from key stakeholders within the environ-
ment. This implies that boards of directors must consider corporate social responsibilities,
particularly environmental responsibility [36]. Wang et al. [37] clearly asserted that the
board of directors plays a pivotal role as the primary decision-maker regarding corporate
environmental responsibility. It is worth noting that independent directors constitute more
than one-third of the boards of directors of listed companies in China. Consequently, inde-
pendent directors must supervise and encourage the board of directors to embrace their
environmental responsibilities, thereby fostering corporate green innovation. Moreover, as
Granovetter [38] proposed, individuals are embedded within social networks, and their
decisions are inevitably influenced by the network’s structure. For independent direc-
tors occupying central positions within an interlocking network, high network centrality
signifies elevated social status and a favorable social reputation within the network [11].
Whether driven by a need to maintain their image or to consider the pressure exerted
by various stakeholders, independent directors are compelled to embrace environmental
responsibilities. This, in turn, stimulates the advancement of green innovation. Addition-
ally, Beji et al. [39] conducted empirical tests that confirmed the notion that directors who
hold multiple corporate positions tend to place greater emphasis on the environmental
performance of the company.

Based on the above analysis, this study asserts that IDINP can yield information and
resource advantages, while also encouraging companies to embrace their environmental
responsibilities, thereby promoting corporate green innovation. From this, Hypothesis 1 is
put forward:

Hypothesis 1. IDINP enhances corporate green innovation.

2.2. Moderating Role of Digital Transformation

Digital transformation refers to a systematic process in which companies use modern
information technology to improve information processing and circulation efficiency [24].
The positive impact of digital transformation on corporate green innovation has been
well verified [4,24,25]. Regarding its moderating role, this study analyzes it through the
following three dimensions.

First, digital transformation greatly improves the information exchange among inde-
pendent directors, reducing costs and promoting green innovation. Specifically, through
digital platforms, independent directors access and share green innovation information
efficiently, consequently narrowing the “information gap” [4]. Moreover, data derived from
digital transformation surpasses manual data in terms of accuracy [27], thus enhancing the
rationality of decision-making among independent directors and garnering managerial
support for green innovation initiatives. Additionally, by using intelligent production
equipment and optimizing the green innovation process, companies can decrease the
costs associated with gathering green information [28]. Furthermore, after analyzing and
processing using digital technologies, the acquired data can yield a substantial volume
of high-quality, valuable information. For example, complex causal relationships among
multidimensional parameters can be effectively identified through algorithmic analysis,
which helps companies discover green innovation opportunities [27].
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Second, digital transformation can optimize resource allocation and promote interac-
tion and cooperation within and outside the interlocking network of independent directors,
further enhancing their role in green innovation. Specifically, with the help of communi-
cation tools such as online platforms and instant messaging, independent directors can
obtain and share market information in real-time, thereby evaluating resource allocation
more accurately. The limited green innovation resources can also be directed to companies
that can maximize their value [1]. Through digital platforms, directors can engage in
virtual meetings and online discussions, without geographical limitations [23], helping to
design and implement resource integration and distribution strategies. Moreover, digital
transformation creates opportunities for independent directors to collaborate with other
stakeholders, including government agencies and environmental organizations [40]. This
collaboration fosters a broader collective effort to advance green innovation.

Lastly, digital transformation pushes independent directors to embrace environmental
responsibilities and forces companies to engage in green innovation. On the one hand,
digital technology equips central independent directors with enhanced capabilities for
addressing increased environmental challenges [29]. Through digital transformation, they
gain access to a broader array of data analysis tools, enabling a more accurate understand-
ing and evaluation of the company’s environmental impact. This aids in designing and
implementing eco-innovative products and processes, fulfilling environmental responsi-
bilities more effectively. On the other hand, digital transformation reduces the ability of
companies to conceal negative environmental information or to exaggerate environmen-
tal performance, forcing independent directors at the center to embrace environmental
responsibilities. This, in turn, reinforces corporate commitment to green innovation. Pre-
vious works have also confirmed that digital transformation can enhance the quality of
internal control [4,25], and good internal control quality can reduce the ability to hide or
distort information and strengthen responsibility regarding the disclosure for environmen-
tal data [41]. Therefore, within the context of digital transformation, independent directors
in the center pay more attention to environmental responsibilities and supervise companies
to develop in the direction of green innovation. Accordingly, this study puts forward
Hypothesis 2:

Hypothesis 2. Digital transformation positively moderates the relationship between IDINP and
corporate green innovation.

2.3. Moderating Role of Environmental Regulation

Environmental regulation refers to the supervision and control of companies’ pollu-
tion behavior through the formulation of laws and regulations, to protect and improve
environmental quality [17]. Considering the prolonged nature of green innovation and the
threshold effects often associated with environmental regulations, it is crucial to account
for the time dimension in our research. Previous studies, such as those conducted by
Fan et al. [26] and Li and Du [19], have demonstrated a U-shaped relationship between
environmental regulation and green innovation. Consequently, this study will elaborate
on the moderating effect of environmental regulation in the following two stages: the
short-term “compliance costs”, and the long-term “innovation compensation”.

Neoclassical economics posits that, due to compliance costs, the additional production
expenses incurred as a result of environmental regulations may exert a crowding-out effect,
potentially hindering corporate innovation [42]. Especially in the initial stage, it is difficult
to determine the continuity and certainty of environmental protection policies, which
results in a relative lack of information in interlocking networks (especially about envi-
ronmental regulations), making it impossible to transmit information on green innovation
effectively. Furthermore, as the intensity of environmental regulations increases, companies
face increasing compliance pressure. To meet regulatory requirements, companies prioritize
saving compliance costs. This can be expressed as an increased focus on pollution control
expenditures at the expense of other factors, including reduced investments in interlocking
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network maintenance or research and development of green initiatives [19]. Consequently,
this diminishes the positive influence of independent directors’ interlocking network posi-
tion on corporate green innovation. Several studies have also verified that the compliance
cost pressure brought by environmental regulations in the short term reduces the input
of other factors and inhibits green innovation. For instance, Tang et al. [17] proposed that
China’s “Eleventh Five-Year Plan” environmental regulations temporarily weakened cor-
porate green innovation efficiency by affecting corporate cash flows. Chen et al. [43] found
that China’s carbon emissions trading pilot policy has had a significant negative impact on
short-term corporate green innovation.

The Porter hypothesis proposes that environmental regulation can form “innovation
compensation” [44]. This implies that the benefits gained from green innovation can offset
the costs incurred by companies for environmental management, ultimately enhancing
their competitiveness in the future [19]. In the long term, the positive regulatory effect of
environmental regulations will gradually be released. On the one hand, as environmental
regulations become more stringent, companies face heightened environmental pressures
and elevated costs associated with environmental governance, motivating them to embrace
green innovation [20,22]. Given the significant role of IDINP in green innovation, this
further motivates companies to prioritize the assessment of IDINP. On the other hand,
when the intensity of environmental regulation exceeds a certain threshold, the economic
benefits of early investment in pollution control will gradually increase, and these economic
effects can offset the compliance costs from environmental investment. Consequently,
this provides added incentives and support for IDINP, empowering companies to gain a
competitive edge and sustaining their commitment to green innovation. Based on this, this
study posits Hypothesis 3:

Hypothesis 3. U-shaped environmental regulation moderates the relationship between IDINP and
corporate green innovation.

In summary, the conceptual framework developed in this paper is illustrated in
Figure 1:

Figure 1. The conceptual framework of this paper. The impact of IDINP on green innovation, with
digital transformation and environmental regulation as moderating factors.

3. Data and Methodology
3.1. Data and Sample Selection

Considering the impact of the “2010 Environmental Information Disclosure Guidelines”
released in China and the dataset availability during our research, following Li et al. [45]
and Zhang et al. [6], A-share listed companies on the Shanghai and Shenzhen stock
exchanges were collected for the period from 2010 to 2020.
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All data were obtained from public and authoritative databases and websites com-
monly used by scholars. Specifically, following Ning et al. [24] and Quan et al. [14], sample
data of green patents, which are used to measure green innovation, were derived from the
China National Intellectual Property Administration (CNIPA). Following Ning et al. [24],
data for digital transformation were derived from the annual reports of listed companies
disclosed on the official websites of the Shenzhen and Shanghai Stock Exchanges, obtained
through text analysis. Following Dou and Guan [46], data for environmental regulation
were derived from the China Statistical Yearbook for the relevant year and the website
of the National Bureau of Statistics. The Hexun CSR Report Evaluation System is a spe-
cialized online platform dedicated to evaluating corporate social responsibility reports,
and it features a comprehensive evaluation framework that includes environmental, social,
and governance (ESG) aspects. Data regarding environmental responsibility scores were
obtained from this system. Given that the China Stock Market and Accounting Research
(CSMAR) database is the largest and most precise financial database in China, following
Chen and Nie [8] and Gong et al. [12], the necessary background information on indepen-
dent directors’ concurrent positions for IDINP were derived from CSMAR. Additionally,
other financial data required for this paper were also extracted from this database.

To ensure the accuracy and consistency of data analysis, the data were processed
according to the following criteria: (1) Data from the financial sector were excluded,
due to the industry’s unique structural characteristics, which can introduce analysis bias.
(2) Data from ST and PT category companies were eliminated to prevent research distortion
caused by their operational difficulties and atypical market performance. (3) Observations
with missing data were removed, to avoid potential bias and misleading inferences. (4) To
mitigate against the impact of outliers, all continuous variables were winsorized within
a 1% and 99% quantile range. The final dataset comprised 20,209 observations from
3304 companies. The software used for statistical testing in this article included Stata16.0,
Python3.5, and Pajek5.11.

3.2. Variable Measurement
3.2.1. Dependent Variable

Green innovation (GI): Green patents have the inherent advantage of measuring green
technology innovation [23]. Green patents can be divided into two categories: patent
applications, and patent authorizations. Since patents usually take a period of time, or
even years, to be approved, and as they are affected by the patent granting agency during
the review process, selecting patent applications is relatively more stable and reliable.
Furthermore, green innovation does not involve design patents [24]. Consequently, this
study aligned with the approach used by Liu et al. [4] and employed the total count of
green invention patent applications along with green utility model patent applications as
metrics for quantifying the extent of green innovation.

Additionally, to address issues related to the right-skewed distribution, the method
employed by Chen et al. [25] was adopted, involving adding 1 to the data and applying the
logarithmic transformation. Lastly, considering the difference between absolute quantity
and relative quantity, this paper used the proportion of the number of green patents applied
by an enterprise in that year to the number of all patents applied in that year as a substitute
variable for the dependent variable and put this into a robustness test.

3.2.2. Independent Variable

IDINP (Centrality): Drawing from the methodology proposed by Guo and Lv [7],
centrality was employed as a metric to gauge the interlocking network positions. To obtain
centrality data, Python3.5 and Pajek5.11 software were used. The background information
of independent directors was queried through Python3.5 software, to ensure the uniqueness
of their IDs. Subsequently, an adjacency matrix was constructed using Python3.5 based on
the working relationship between independent directors. This matrix was then imported
into Pajek5.11 software to calculate centrality. The centrality included degree centrality,
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closeness centrality, and betweenness centrality [47]. In line with the approach presented by
Qu et al. [48], IDINP was assessed through the product of these three centrality measures.
Moreover, degree centrality, closeness centrality, and betweenness centrality were subjected
to a robustness test to ensure the reliability of the findings, as follows:

Degree centrality measures the number of other independent directors who are directly
connected to an independent director. The more direct connections it has, the stronger it is
in the overall interlocking network of independent directors. The calculation is performed
as follows:

Degreei =

∑
j

Xi,j

g − 1
(1)

where i stands for the independent director i, j represents other independent directors
except i, Xij represents the number of network connections, and g represents the total
number of independent directors in a certain year. Since the number of independent
directors in listed companies in different years is different, g − 1 is used to eliminate this
size difference. ∑

j
Xi,j represents the number of connections between independent director

i and the other independent directors j.
Closeness centrality measures the distance between an independent director and the

other independent directors. The closer the distance to the other independent directors, the
higher the centrality, and vice versa. That is, in a social network, if a person is less dependent
on others in the process of information dissemination, this means that the person’s network
status can avoid being controlled by others and they have strong decision-making ability.
The calculation is performed as follows:

Closenessi =
g − 1
n
∑

j=1
di,j

(2)

di,j indicates the number on the shortest path between independent director i and in-

dependent director j.
n
∑

j=1
di,j represents the sum of the shortest paths between independent

director i and all other independent directors j. This indicator is equal to the reciprocal
of the sum of the distances between independent director i and all other independent
directors j.

Betweenness centrality measures the degree to which an independent director controls
other independent directors in the network. In other words, the independent director in
the central position can control the information between the other two nodes and become
the medium for information exchange. The calculation is performed as follows:

Betweennessi =

∑
j<k

gjk(ni)
gjk

(g − 1)(g − 2)
(3)

gjk indicates the number of shortest paths connecting independent director i and inde-
pendent director k, gjk(ni)

indicates the number of independent directors i on the shortest

path between independent director i and independent director k, ∑
j<k

gjk(ni)
gjk

represents the

number of unique tasks i on the shortest connection path of the network.

3.2.3. Moderating Variable
Digital Transformation

Digital Transformation (DT): Referring to Huang et al. [49], Python3.5 was used to
extract the natural logarithm of the cumulative word frequencies across five distinct dimen-
sions within the textual information found in the company’s annual report. This logarithm
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serves as a metric for evaluating the progress of corporate digital transformation. These
five dimensions of word frequency, pertinent to enterprise digital transformation, included
“artificial intelligence technology”, “big data technology”, “cloud computing technology”,
“blockchain technology”, and “digital technology application”. Logarithmic transformation
was employed to account for the inherent right-skewness frequently observed in such data.

Environmental Regulation

Environmental Regulation (ER): The intensity of environmental regulation is a reflec-
tion of the pollution control costs of companies. The greater the intensity of environmental
regulation, the higher the pollution control costs of companies. Given that this paper pre-
dominantly focused on the investment outlays and compensatory aspects of environmental
regulation, the intensity of environmental regulation was quantified by assessing the ratio
of industrial pollution control investments within the province where the company is
located, specifically within the secondary industrial sector.

3.2.4. Control Variable

Drawing on Du et al. [28], this study selected control variables from three aspects:
company characteristics, corporate governance, and litigation risk. Among these, company
characteristics included company size, nature of property rights, listing age, leverage
ratio, inventory ratio, and capital intensity. Corporate governance factors included the
shareholding ratio of the top shareholder, the size of the board of directors, the proportion
of independent directors, the frequency of board meetings, and duality. Litigation risks
included whether the company was audited by a “big four” accounting company and the
turnover rate of outstanding shares. Furthermore, heavily polluting companies and the
degree of marketization were added as additional variables.

To account for unobservable time and industry-specific effects, this paper also incor-
porated year and industry dummy variables. Table 1 provides detailed information about
these variables.

Table 1. Definition of variables. The measurement methods for each statistical variable.

Type Name Symbol Definitions

Dependent Variable Green Innovation GI The natural logarithm of the total number of green patent
applications filed by the company that year plus 1

Independent Variable Interlocking Network Position of Independent
Directors Centrality The product of degree centrality, closeness centrality, and

betweenness centrality

Moderating Variable
Digital Transformation DT Frequency of words related to digital transformation in

annual reports

Environmental Regulation ER The intensity of environmental regulations in the province to
which the company belongs

Control Variable

Company Size Size The natural logarithm of the company’s total assets
Nature of Property Rights Soe Dummy variable, the state-owned value is 1, otherwise it is 0

listing Age Age Company listing age

Leverage ratio Lev Total liabilities at the end of the year divided by total assets at the
end of the year

Inventory Ratio Inv Ending inventory divided by ending total assets

Capital Intensity Cap Ratio of net fixed assets at the end of the year divided by total
assets at the end of the year

The Shareholding Ratio of the Top Shareholder Top The ratio of the number of shares held by the largest shareholder
to the total share capital

Size of the board Board Total number of board members
Proportion of Independent Directors Indep Proportion of independent directors on the board of directors

The Frequency of Board Meetings Meeting Number of board meetings held per year

Duality Dual The dummy variable equals 1 if the Chairman and CEO are the
same person, 0 otherwise

BigFour Bigfour Dummy variable, takes the value 1 if audited by the Big Four,
otherwise 0

Turnover Rate of Outstanding Shares Turnover Annual stock trading volume divided by stock
outstanding capital

Heavy Polluting Enterprises Pollution Dummy variable, if the enterprise belongs to a heavily polluting
industry, the value is 1, otherwise, it is 0

Marketization Degree Market
Dummy variable, the marketization index of the current year

where the company is located is higher than the national median
of that year, and the value is 1, otherwise, it is 0
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Table 1. Cont.

Type Name Symbol Definitions

Year & Industry Dummies

Year Year Year dummy variables are assigned a value of 1 for the relevant
year and 0 for all other years.

Industry Industry

Industry dummy variables are assigned as binary indicators
based on the standard industry classification (CSRC’s Industry

Classification of Listed Companies, revised edition 2012), with a
value of 1 for companies in a specific industry and 0 for all others.

3.3. Empirical Framework

To test Hypothesis 1, this study constructed the following model:

GIi,t = α0 + α1Centralityi,t + αkΣkControlsi,t + εi,t (4)

To test Hypothesis 2, the interaction term (Centrality × DT) was introduced, and the
following model was constructed:

GIi,t = α0 + α1Centralityi,t + α2DTi,t + α3Centralityi,t × DTi,t + αkΣkControlsi,t + εi,t (5)

To test Hypothesis 3, this study introduced the first-order and quadratic terms of envi-
ronmental regulation and their respective interaction terms with IDINP, and constructed
the following model:

GIi,t = α0 + α1Centralityi,t + α2ERi,t + α3ER2
i,t + α4Centralityi,t × ERi,t

+α5Centralityi,t × ER2
i,t + αkΣkControlsi,t + εi,t

(6)

In the equation, i is the company and t is the year. Controls are the control variables
and ε is the random disturbance term.

4. Empirical Analysis
4.1. Descriptive Statistics

Table 2 shows the descriptive statistics for the variables. It can be seen from the table
that the average value of green innovation was 0.441 and the median was 0, which means
that nearly half of the companies exhibited green innovation practices. China has a consider-
able journey ahead in the pursuit of green innovation. The mean value of IDINP was 0.009,
the maximum value was 0.064, and the minimum value was 0. These values indicate a large
variance among IDINP. Moreover, the variance expansion coefficient (VIF) constructed
using all variables was less than 5, so there was no issue with varying multicollinearity.

4.2. Basic Regression Results

Table 3 shows the regression results of the relationship between the IDINP (Centrality)
and the green innovation (GI) of the listed companies. Column (1) of Table 3 shows the
results of univariate logistic regression. The coefficient of IDINP is significantly positive at
the 1% level (Coefficients = 3.4748, p < 0.01). Columns (2) to (4) are the regression results
after adding control variables. It is evident that after adding all control variables, the
coefficient of the IDINP was still significantly positive at the 1% level (Coefficients = 3.3958,
p < 0.01), which means that IDINP was significantly positively related to green innovation.
The regression results are consistent with Hypothesis 1.

4.3. Moderating Effect Test Results

Column (1) of Table 4 shows the regression results after adding digital transformation
(DT) and the interaction item (Centrality × DT) of IDINP and digital transformation.
The results show that IDINP, digital transformation, and their interaction terms are all
significantly positive at the 1% level. This means that digital transformation positively
adjusts the correlation between the IDINP and the green innovation of listed companies.
Hypothesis 2 is supported.
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Table 2. Results of descriptive statistics. Observing the observations, mean, standard deviation,
median, minimum value, maximum value, and VIF of each variable provides an understanding of
the dataset’s characteristics.

Variable N Mean Std. Dev. Median Min Max VIF

GI 20209 0.441 0.852 0.000 0.000 3.850 -
Centrality 20209 0.009 0.013 0.004 0.000 0.064 1.05
DT 20209 8.621 21.140 1.000 0.000 132.000 1.45
ER 20209 21.090 15.320 15.870 3.072 77.650 1.39
Size 20209 21.980 1.302 21.820 19.300 25.920 1.39
Soe 20209 0.394 0.489 0.000 0.000 1.000 1.24
Age 20209 10.000 6.775 9.000 0.000 25.000 1.22
Lev 20209 1.413 1.138 1.088 0.000 8.491 1.03
Inv 20209 0.881 2.968 0.110 0.000 23.050 1.36
Cap 20209 0.222 0.167 0.187 0.002 0.713 1.41
Top 20209 34.490 14.900 32.200 8.500 74.450 1.10
Board 20209 8.654 1.732 9.000 5.000 15.000 1.44
Indep 20209 0.375 0.054 0.353 0.333 0.571 1.50
Meeting 20209 15.220 6.017 14.000 5.000 35.000 1.10
Dual 20209 0.256 0.477 0.000 0.000 1.000 1.10
Bigfour 20209 0.055 0.229 0.000 0.000 1.000 1.13
Pollution 20209 0.268 0.443 0.000 0.000 1.000 1.43
Market 20209 0.830 0.375 1.000 0.000 1.000 1.28

Column (2) of Table 4 shows the regression results after adding environmental regula-
tion (ER) and its quadratic term (ER2). The results show that IDINP was still significantly
positive at the 1% level. Compared with column (4) of Table 3, the coefficient of IDINP
decreased. This means that environmental regulation plays a moderating role in the
relationship between the IDINP and the green innovation of listed companies.

Column (3) of Table 4 shows the enhanced regression outcomes, which include the
interaction terms derived from the linear and quadratic expressions of IDINP and environ-
mental regulation for a more comprehensive analysis. The results show that the interaction
term (Centrality × ER) of the IDINP and environmental regulation was significantly nega-
tive at the 1% level, while the squared term of the interaction term (Centrality × ER2) was
significantly positive at the 5% level. This suggests that in cases of relatively lenient environ-
mental regulation, it exerts an adverse moderating effect on the relationship between IDINP
and the levels of green innovation in listed companies. Conversely, when environmental
regulation attains a certain level of stringency, it will have a positive regulating effect on the
above relationship. In other words, environmental regulation has a U-shaped regulatory
impact. Hypothesis 3 is confirmed.

4.4. Robustness Tests

(1) To mitigate the potential for reverse causality, a one-period lag was applied to both the
independent variables and control variables. The regression outcomes for this lagged
period are presented in Column (1) of Table 5. The findings reveal that the IDINP,
after accounting for a one-period lag, exhibited a significant positive association at
the 1% significance level, consistent with the results observed in the baseline model.

(2) The Heckman two-step method was employed to mitigate against potential sample
self-selection issues. In Heckman’s first-stage regression model, the explanatory vari-
able was set as a dummy variable Centrality_D (assigned a value of 1 if the IDINP
exceeds the sample median, and 0 otherwise). Additionally, the IDINP for other
companies within the same industry was incorporated as an exogenous instrumental
variable. Following the computation of the Ni-Mills Ratio (IMR), it was then incorpo-
rated into the second-stage model for estimation. The regression results are presented
in Column (2) of Table 5 using the Heckman two-step method. The findings indicate
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that IMR was not statistically significant, while IDINP was significantly positive at
the 1% significance level, suggesting the absence of a self-selection problem.

(3) To further mitigate against endogeneity concerns, instrumental variables were used for
testing, and weak instrumental variable tests were performed. Given the challenges
in identifying suitable instrumental variables in social network analysis, this study
adopted an approach inspired by Hu et al. [9]. This approach introduces IDINP
as an independent variable into the regression model to predict residuals, which
are subsequently employed as instrumental variables. The rationale behind this
choice was that these residuals are independent of the other control variables, while
exhibiting a strong correlation with IDINP. The results are shown in column (3) of
Table 5. The results show that the positive relationship between the IDINP and the
level of green innovation in listed companies remained robust.

(4) Substituting the dependent variable, we employed the ratio of green patents filed
by companies to the total patents filed in a given year (IPC) as a proxy variable.
Column (4) of Table 5 displays the regression results with the dependent variable
replacement. The findings reveal a significantly positive correlation between IDINP
and green innovation within the company at a 1% significance level, aligning with
the central hypothesis of this paper.

(5) Substituting the independent variable, we employed degree centrality (Degree), be-
tweenness centrality (Betweenness), and closeness centrality (Closeness) as alternative
variables for IDINP. Columns (5)–(7) of Table 5 display the regression results with each
independent variable replacement, respectively. The outcomes demonstrated a strong
and significantly positive correlation between the degree centrality, betweenness
centrality, and closeness centrality of the independent directors’ interlocking network
and the level of green innovation among listed companies, all at a 1% significance
level. This consistency underscores the robustness of the central findings of this paper.

Table 3. Regression results of the impact of IDINP on corporate green innovation. IDINP is highly
related to green innovation.

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

Centrality 3.4748 ***
(7.3174)

2.9594 ***
(6.3051)

2.9697 ***
(6.4909)

3.3958 ***
(7.7074)

Size - 0.0109 **
(2.0731)

0.0096 *
(1.8989)

0.0171 ***
(3.5038)

Soe - 0.0127
(0.9561)

0.0071
(0.5533)

0.0089
(0.7235)

Age - −0.0138 ***
(−15.2978)

−0.0157 ***
(−17.9613)

−0.0074 ***
(−8.4101)

Lev - 0.0030
(0.5679)

0.0028
(0.5566)

0.0008
(0.1697)

Inv - 0.0155 ***
(8.0348)

0.0141 ***
(7.5544)

0.0204 ***
(10.8357)

Cap - 0.0080
(0.2130)

0.0557
(1.5347)

−0.1263 ***
(−3.3243)

Top - −0.0007 *
(−1.8133)

−0.0001
(−0.2452)

0.0006 *
(1.7046)

Board - 0.0314 ***
(7.8625)

0.0401 ***
(10.3444)

0.0409 ***
(10.9128)

Indep - 0.3127 **
(2.3627)

0.2488 *
(1.9463)

0.2448 **
(1.9870)

Meeting - −0.0024 **
(−2.3496)

−0.0018 *
(−1.8190)

−0.0017 *
(−1.7910)
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Table 3. Cont.

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

Dual - 0.0339 **
(2.4372)

0.0149
(1.1085)

0.0087
(0.6686)

Bigfour - 0.4142 ***
(15.4074)

0.3991 ***
(15.3669)

0.4252 ***
(16.9051)

Pollution - −0.2051 ***
(−14.9844)

−0.1918 ***
(−14.5025)

−0.3993 ***
(−27.3749)

Market - 0.1227 ***
(7.6876)

0.0980 ***
(6.3474)

0.1248 ***
(8.3317)

Year - - Control Control
Industry - - - Control

Constant 0.4096 ***
(55.5259)

0.7464 ***
(4.7161)

0.4682 ***
(3.0255)

0.0573
(0.3669)

R2 0.0026 0.0522 0.1166 0.1848
Observations 20209 20209 20209 20209
Note: z-statistics are shown in brackets. *** p < 0.01; ** p < 0.05; * p < 0.1.

Table 4. The test results for the moderating effect. The moderating variables are digital transformation
and environmental regulation.

Variable (1) (2) (3)

Centrality 2.4947 ***
(5.2162)

3.3824 ***
(7.6777)

6.5038 ***
(5.4458)

DT 0.0026 ***
(7.2657)

- -

Centrality × DT 0.1064 ***
(4.4645)

- -

ER - −0.0008
(−0.6615)

0.0014
(0.9685)

ER2 - 0.0000
(0.5953)

−0.0000
(−0.8427)

Centrality × ER - - −0.2482 ***
(−2.6922)

Centrality × ER2 - - 0.0031 **
(2.3139)

Size 0.0189 ***
(3.8695)

0.0188 ***
(3.8297)

0.0187 ***
(3.8125)

Soe 0.0075
(0.6127)

0.0085
(0.6917)

0.0085
(0.6882)

Age −0.0071 ***
(−8.0547)

−0.0076 ***
(−8.5616)

−0.0076 ***
(−8.6240)

Lev 0.0009
(0.1903)

0.0008
(0.1694)

0.0009
(0.1766)

Inv 0.0244 ***
(11.4932)

0.0248 ***
(11.6576)

0.0248 ***
(11.6537)

Cap −0.0558
(−1.4554)

−0.1219 ***
(−3.2011)

−0.1239 ***
(−3.2534)

Top 0.0008 **
(2.1459)

0.0006
(1.5761)

0.0006
(1.5835)

Board 0.0387 ***
(10.3534)

0.0403 ***
(10.7537)

0.0402 ***
(10.7330)

Indep 0.1873
(1.5253)

0.2306 *
(1.8719)

0.2260 *
(1.8342)

Meeting −0.0017 *
(−1.7622)

−0.0017 *
(−1.8172)

−0.0017 *
(−1.7995)
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Table 4. Cont.

Variable (1) (2) (3)

Dual 0.0035
(0.2707)

0.0084
(0.6491)

0.0089
(0.6834)

Bigfour 0.4237 ***
(16.9050)

0.4249 ***
(16.8892)

0.4251 ***
(16.8967)

Pollution −0.3890 ***
(−26.7316)

−0.3986 ***
(−27.3301)

−0.3984 ***
(−27.3157)

Market 0.1220 ***
(8.1754)

0.1235 ***
(7.5345)

0.1243 ***
(7.5818)

Year Control Control Control
Industry Control Control Control
Constant 0.0248

(0.1589)
0.0322
(0.2039)

0.0064
(0.0406)

R2 0.1914 0.1856 0.1859
Observations 20209 20209 20209

Note: z-statistics are shown in brackets. *** p < 0.01; ** p < 0.05; * p < 0.1.

Table 5. Endogeneity and robustness test results. The approaches included the use of lagged variables,
Heckman two-stage correction, instrumental variables, and replacing dependent and independent
variables.

Variable (1) (2) (3) (4) (5) (6) (7)

Centrality 3.2256 ***
(6.7857)

3.3884 ***
(4.2123)

3.4216 ***
(7.7083)

0.2644 ***
(2.8847)

- - -

Degree - - - - 0.0022 ***
(6.0018)

- -

Closeness - - - - - 0.7893 ***
(6.1095)

-

Betweenness - - - - - - 31.3968 ***
(7.0358)

Control Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes

Industry Yes Yes Yes Yes Yes Yes Control
Constant 0.1054

(0.5835)
−0.7729
(−1.1258)

0.0416
(0.2640)

0.0955 ***
(2.9317)

0.0197
(0.1255)

−0.0201
(−0.1286)

−0.0090
(−0.0576)

IMR - 0.3926
(1.2755)

- - - - -

Wald chi2(41) - - 4557.09 - - - -
Prob > chi2 - - 0.0000 - - - -

R2 0.1929 0.1856 0.1865 0.0948 0.1846 0.1847 0.1852
Observations 15682 20209 19878 20209 20209 20209 20209

Note: z-statistics are shown in brackets. *** p < 0.01.

5. Further Analysis
5.1. Mechanism Test

In the theoretical analysis and hypotheses, this paper delineated three mechanisms
through which IDINP can facilitate corporate green innovation: information advantage,
resource advantage, and heightened environmental responsibility. To evaluate these mech-
anisms, and take into account the broad range of information and resource advantages, as
well as environmental responsibilities, this article adopted the approach of Gong et al. [12].
According to their perspective, stock price synchronicity reflects the degree of information
sharing within Chinese industries. A high level of stock price synchronicity can indicate
greater transparency in the information environment among Chinese companies. Therefore,
stock price synchronicity was used as an alternative variable to represent information
advantage. Furthermore, government subsidies(SUB) received by the company are con-
sidered an alternative measure of resource advantage. Additionally, this paper utilized
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the Hexun CSR report evaluation system’s environmental responsibility rating (CER) as
an indicator of environmental responsibility. Consequently, a causal stepwise regression
analysis was conducted, followed by Sobel tests to examine the outcomes.

The results of the study are presented in Table 6. Specifically, columns (1) and (2)
of Table 6 report the role of information advantage. The coefficients of IDINP and stock
price synchrony exhibited significant positive correlations at the 1% significance level. This
indicates that the IDINP effectively facilitates information transmission, thereby elevating
the level of green innovation among listed companies. Columns (3) and (4) of Table 6 report
the role of resource advantages. The coefficients of IDINP and government subsidies are
positively related to the green innovation of listed companies at the 1% level. This shows
that IDINP is conducive to absorbing government subsidies and providing more resource
guarantees for green innovation. Columns (5) and (6) of Table 6 report the role of environ-
mental responsibility. The coefficients of IDINP and environmental responsibility exhibit
significant positive correlations at the 1% significance level. This underscores that IDINP
indeed encourages companies to assume environmental responsibilities, consequently
augmenting the level of green innovation.

Table 6. Test results of the mechanism of IDINP and corporate green innovation. Testing the
mediating role of informational advantage, resource advantage, and environmental responsibility.

Variable
Information Advantage Resource Advantage Environmental

Responsibility

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

Centrality - 3.2965 ***
(7.3463)

- 2.3911 ***
(5.2711)

- 3.2023 ***
(7.1275)

SYN 0.3197 ***
(9.8156)

0.3127 ***
(9.6075)

- - - -

SUB - - 0.0864 ***
(25.7847)

0.0850 ***
(25.3034)

- -

CER - - - - 0.0125 ***
(10.3642)

0.0122 ***
(10.1045)

Controls Yes Yes Yes Yes Yes Yes
Constant −0.1748

(−1.0860)
−0.1590
(−0.9889)

−1.1696 ***
(−6.9694)

−1.1438 ***
(−6.8176)

0.0084
(0.0512)

0.0060
(0.0370)

R2 0.1885 0.1907 0.2061 0.2072 0.1864 0.1886
Observations 19513 19513 19149 19149 18965 18965

Sobel test 0.0518 *** (2.676) 1.2370 *** (10.61) 0.1016 *** (3.783)
Indirect effect 0.0518 *** (2.6758) 1.230 *** (10.6080) 0.1016 *** (3.7829)
Direct effect 2.9101 *** (6.0690) 1.5523 *** (3.2467) 2.4258 *** (5.0308)
Total effect 2.9619 *** (6.1756) 2.7893 *** (5.7034) 2.5274 *** (5.2431)

Proportion of total
effect that is mediated 0.0174 0.4434 0.0402

Note: z-statistics are shown in brackets. *** p < 0.01.

5.2. Heterogeneity Analysis

The first consideration was whether the company is a heavy polluter. This study
divided the sample into two subgroups based on whether the listed companies qualify as
heavy polluters. The results are shown in columns (1) and (2) of Table 7. These findings
indicate that the positive association between IDINP and corporate green innovation
was statistically significant for non-heavy polluting companies but not for their heavy-
polluting counterparts. Possible reasons for this include the following: Non-heavy polluting
companies are more likely to implement green innovation because their business models
and technical feasibility are more adaptable. In contrast, heavily polluting companies may
face higher technical thresholds and cost pressures, thus limiting the implementation of
green innovations. In this case, the effect of IDINP may be relatively weak.

The second consideration was whether the independent directors fulfilled their duties
diligently. In this study, the attendance rate of independent directors at three meetings was
employed as a measure of their diligence. The sample was stratified into two subgroups
based on whether the diligence level surpassed the industry average. The results are shown
in Table 7, columns (3) and (4). The results show that when independent directors are
relatively diligent, the positive relationship between the IDINP and the green innovation
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of listed companies is more significant. A possible reason for is that when independent
directors are relatively diligent, they can devote more time and energy to participating
in corporate green innovation-related affairs, thereby better exerting the positive effect of
IDINP for green innovation.

Table 7. Heterogeneity Analysis results. Distinguishing whether a company is a heavy polluter and
whether independent directors are relatively diligent.

Variable
Non-Heavy Pollution Heavy Pollution Non-Diligent Diligent

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

Centrality 4.6878 ***
(8.6155)

−0.5703
(−0.8431)

4.7592 **
(2.2620)

3.2374 ***
(7.4711)

Controls Yes Yes Yes Yes

Constant −0.0286
(−0.1485)

0.1548
(0.6810)

−1.2937 *
(−1.6598)

0.0940
(0.5900)

R2 0.1794 0.2013 0.2005 0.1853
Observations 14791 5418 632 19577
Note: z-statistics are shown in brackets. *** p < 0.01; ** p < 0.05; * p < 0.1.

6. Discussion and Conclusions
6.1. Discussion

In a time of pressing environmental issues, green innovation is key for corporations
pursuing sustainability. Existing research, drawing from the resource-based view, institu-
tional framework, and innovation diffusion theory [1,16,23], has considered the drivers of
green innovation. However, explorations of IDINP’s impact on corporate green innovation
through social network theory remain scant. This article considered this gap, provid-
ing empirical evidence for the positive impact of IDINP on corporate green innovation
and highlighting the significant moderating roles played by digital transformation and
environmental regulation.

The incremental effect of IDINP on green innovation, with a measured growth factor
of 3.3958, underscores the crucial role that independent directors with core positions play in
fostering sustainable progress. This finding resonates with the principles of positional value
highlighted by social network theory [31] and represents a significant contribution to the
literature on corporate governance and sustainability. Concurrently, the control variables
including company size, inventory ratio, board size, big four, the degree of marketization,
the shareholding ratio of the top shareholder, and the proportion of independent directors
were positively correlated with green innovation, which is consistent with the findings
in the literature Du et al. [28]. Listing age, capital intensity, frequency of board meetings,
and heavy polluting companies were negatively correlated with green innovation, aligning
with the literature Quan et al. [14]. However, the nature of property rights, leverage ratio,
and duality were not significantly related with green innovation. The inclusion of these
control variables not only enhanced the explanatory power of the model but also revealed
the multifaceted factors influencing green innovation.

This study highlights digital transformation’s significant impact on enhancing corpo-
rate green innovation by adding digital transformation as a moderating variable, reinforcing
its importance as a key driver of green innovation [24]. Environmental regulation’s effect
displays a U-shaped trend, which is consistent with Fan et al. [26] and Li and Du [19],
indicating a complex and layered impact that should be carefully weighed in policy design.
Additionally, unlike prior studies, such as those of Guo and LV [7] and Xing et al. [13],
which concentrated solely on the informational and resource advantages of IDINP, this
paper differentiated itself by illuminating both the informational and resource strengths
of IDINP and its notable role in advancing environmental responsibility. In a heterogene-
ity analysis, this paper found that the positive impact of IDINP on green innovation is
more pronounced in non-heavy polluting companies. Possible reasons or this were dis-
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cussed in the preceding sections. This finding diverges from the predominant focus of
the existing literature on studying green innovation within heavily polluting firms [16,49].
Furthermore, the more significant IDINP–green innovation relationship when independent
directors exhibit higher diligence underscores the importance of their active engagement in
their roles.

This paper has limitations that future research should address and overcome. First,
the scope of this study was limited to the Chinese market, due to data collection constraints.
As one of the major carbon-emitting countries, it provides a focused case study. However,
future research should look beyond China and compare how different countries approach
IDINP and its impact on green innovation, to gain a broader understanding. Second, the
data used in this study only went up to 2020, limited by the availability of later data. Newer
data need to be gathered to better understand the current trends and movements in green
innovation. Lastly, this study discussed green innovation without delving into the specific
differences between technological and managerial innovation. Green innovation is a wide
field, and future studies should explore in more depth how IDINP works in different types
of green innovation. Additionally, including more factors like company culture, market
demand, and policy support could widen the scope of this research and provide a richer,
more varied framework for analysis.

6.2. Conclusions

Based on empirical research conducted on A-share listed companies’ data from 2010
to 2020 in China, this study revealed that IDINP has a significant influence on enhancing
corporate green innovation. Moreover, as companies deepen their digital transformation,
the positive impact of IDINP on green innovation becomes more pronounced. The effect
of environmental regulation on the relationship between IDINP and green innovation
is not a simple linear one. In the short term, the compliance cost pressure brought by
environmental regulations will inhibit the positive role of IDINP in green innovation.
However, when the strictness of environmental regulations exceeds a certain threshold,
the economic benefits brought about by initial investments in pollution control will offset
the compliance costs. This, in turn, provides greater incentives and support for IDINP,
assisting companies in carrying out green innovation. Further analysis found that IDINP
can enhance green innovation by leveraging information and resource advantages, and
by taking on environmental responsibilities more proactively. Last but not least, this
study revealed that this incentivizing effect is more pronounced for companies with less
severe pollution issues and those with more diligent independent directors. These findings
highlight the critical role of IDINP in driving green innovation across different companies.

Drawing from the findings of this study, the following practical policy suggestions are
offered to encourage the advancement of green innovation:

For companies: First, companies, especially those aspiring to accelerate green innova-
tion, should recognize the key role of IDINP in driving green innovation. Companies can
systemically cultivate and strengthen their internal IDINP and actively introduce external
independent directors who possess social networks, to expand the scope of their corporate
social networks, thereby further promoting the positive green effects brought about by
these social networks. Second, considering the crucial role digital transformation plays
in enhancing the relationship between IDINP and green innovation, companies need to
stay current with technological trends and speed up their digitalization efforts. Lastly,
given the heterogeneous performance resulting form pollution status and independent
director diligence, companies can set up oversight mechanisms to enhance the diligence of
their independent directors and improve the company’s green performance, especially in
non-polluting companies.

For government departments: First, there is a need to establish a robust supervisory
mechanism for independent directors, to ensure that IDINP can truly play a constructive
role in promoting corporate green innovation. Relevant government departments should
refine their policies surrounding the independent director system and clearly define their
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duties and operational methods, to ensure their actions can be effectively monitored and
regulated. Second, the consistent progression of environmental regulations is vital, con-
sidering their prolonged affirmative influence on the synergy between IDINP and green
innovations. Government departments need to ascertain the effective enactment of environ-
mental legislation, thereby fostering a regulatory milieu that encourages sustainable growth.
This will guide and assist companies in pursuing commercial success, while fulfilling their
ecological responsibilities and commitments, thereby achieving sustainable development.
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