International Journal of Innovative Research and Scientific Studies, 8(6) 2025, pages: 561-572

ISSN: 2617-6548

1 " [ ead )
J A ¥ sl % J;« A
lJ l RSS URL: www.ijirss.com B e
Intermational lasurnal of nndvative joLyiol
Research & Scientifec Studies ﬁ

Breaking barriers and driving green change: Female board presence, environmental innovation,

and the power of effective audit committees

Amani Ebnaoof

Department of Management, University College of Tayma, University of Tabuk, Tabuk, Saudi Arabia.

(Email: a.ibnauf@ut.edu.sa)

Abstract

The current study examines the interaction between board-level gender diversity and audit committee effectiveness to
determine its effects on environmental innovation among Malaysian publicly traded companies. The study uses regression
models based on a five-year panel data set of 198 firms containing 990 annual observations (2020-2024). Environmental
innovation is operationalized using the environmental innovation score published in Refinitiv Eikon, and the gender
diversity of the board and effectiveness of the audit committee are proxied using published corporate governance measures.
The empirical findings reveal a strong, positive association between female representation on the board and the
participation of the firm in eco-innovative activities. More critically, it is observed that audit-committee effectiveness
increases this influence, with the conclusion that careful audit oversight enhances the impact of women on the environment.
A combination of the results supports the conclusion that inclusive leadership and effective governance systems can help
foster corporate environmental innovations. The research is relevant to the literature as it establishes a wider geographic
and thematic focus of the previous investigation and provides regulators and companies with practical considerations with
plans to improve sustainability performance by diversifying the boards and increasing the effectiveness of audit
committees.
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1. Introduction
The world has turned to environmental innovation, often referred to as green innovation, as the primary tool in global
campaigns to slow climate change, reduce resource depletion, and achieve sustainable growth [1]. It refers to the
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development and implementation of novel products, processes, or practices that reduce environmental degradation while
increasing ecological efficiency [2]. As economies shift toward low-carbon, environmentally accountable operations,
environmental innovation becomes both an ethical obligation and a strategic priority for firms that want to remain
competitive over the long term, operate in regulatory compliance, and enjoy the confidence of stakeholders [3]. In the case
of public institutions, environmental innovation forms the backbone of policy targets linked to environmental protection,
sustainable urbanization, and sustainable economic development [2]. In turn, operational efficiencies, improvement of
brand reputation, and availability of new market opportunities, especially in industries that are under increased pressure and
scrutiny regarding their environmental impacts, are gained by private enterprises. Companies involved in carbon-intensive
activities, such as manufacturing, energy generation, and processing of resources, are forced to reduce pollution and waste
to maintain their competitive edge and satisfy emerging sustainability requirements [4]. In this regard, the redesign of
production processes and the introduction of environmentally friendly technologies allow organizations to reduce emissions
and resource use without affecting economic activity [1].

In Malaysia, environmental innovation has major strategic and regulatory importance. National plans and policies
explicitly target a low-carbon transition: under the 12th Malaysia Plan and the New Industrial Master Plan 2030, the
country has pledged to achieve net-zero greenhouse gas emissions by 2050 and to decarbonize key industries via energy
efficiency, renewables, and technology adoption [5]. The government has enacted incentives (e.g., tax allowances and
green financing schemes) and stricter environmental standards to encourage corporate adoption of clean technologies.
Indeed, programs under the Economic Transformation Program and National Key Economic Areas explicitly promote the
use of green technology to conserve the environment and reduce pollution [6]. These policies make environmental
innovation a regulatory imperative for Malaysia’s polluting sectors, not only to meet climate commitments but also to open
new growth and investment opportunities in green industries [7].

In the context of modern research on corporate sustainability, the focus has gradually shifted to gender diversity in
corporate boards as a novel factor that determines sustainability performance. Evidence continues to prove that female
directors, compared to their male counterparts, add wider stakeholder views and long-term perspectives, thus developing
increased sensitivity to social and environmental matters [8]. They have been observed to have a more inclusive decision-
making process, increased ethical standards, and a stronger inclination to venture into non-financial risks, which are
essential for sustainability issues such as environmental degradation and climate change [9]. Empirical studies have
established that female leadership is always correlated with increased environmental performance [10], specifically, the
ability to incorporate more effective environmental practices, increased use of green supply chains, and increased
sensitivity to regulatory compliance and stakeholder demands [8]. Analysis of related literature in Malaysia indicates that a
gender-balanced board refers to a high (fewer) ratio of female representation, indicating quality of governance,
strengthened internal control, and reduction of exposure to managerial opportunism [5]. All of these perceptions can be
seen as an indication that gender diversity in the corporate board positively affects the credibility of sustainability
adherence, which includes environmental innovation. Besides, female directors are much more demonstrative in promoting
the concepts of transparency, accountability, and ethics, which are inherently associated with the idea of environmental
innovation and long-term care [11].

Although the general trend toward sustainability and green transformation has been pursued in a broader sense [11],
research on the impact of female boardroom representation on corporate boards on environmental innovation has been
scarce in the context of Malaysia. The majority of existing studies on board diversity in the country have primarily focused
on its relationship with overall sustainability initiatives, corporate social responsibility (CSR), and financial results [12, 13].
However, these studies often overlook the more specific mechanisms through which board structure can influence
environmental innovation outcomes. According to some reports, gender-inclusiveness in directorship is positively
correlated with social performance indicators, indicating that the involvement of female directors leads to greater
stakeholder- and community-oriented actions [13]. According to recent literature, female board representation in Malaysia
is linked to more favorable environmental outcomes in broad ethical and social domains; yet, the relationship with more
technically oriented criteria, including research and development investment in sustainable technology, product redesign,
and operational greening, is less clear, with results spanning weak to insignificant correlations [14, 15]. Such remarks
identify an empirical gap: although gender-diverse leadership may promote climbing-level ethical and social goals, there is
a lack of knowledge of its effects on driving essential technological and strategic innovations in environmental future
technology, so this question should be addressed with particular effort [5]. This gap is important to close in order to begin
to understand to what extent and in what ways gender-diverse boards indeed propel substantive rather than symbolic gains
in environmental improvements.

The scope of audit committees has continued to expand in recent literature. In addition to the historical mandate of
overseeing financial reporting and internal controls, audit committees are beginning to actively discuss more governance
topics, such as environmental risks, sustainability strategies, and ESG performance [6]. Despite this development, the
existing literature is still largely concentrated on the traditional oversight role of the audit committee [16, 17] with little
consideration given to how audit-committee effectiveness affects the nonfinancial aspects of corporate performance [18].
Specifically, how audit committees either encourage or discourage environmental innovation has not received much
academic attention. Despite the increasing number of studies that have explored the direct effects of audit-committee
characteristics on firm outcomes, the possible moderating effect of audit-committee effectiveness, particularly in
determining the association between board composition or diversity and environmental innovation, has received little
attention. This gap is particularly significant in the modern environmental scene, where strong audit control plays a central
role in ensuring credibility, accountability, and overall strategic incorporation of environmental innovation efforts.
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This study offers several contributions. First, it contributes to the existing body of literature by addressing a specific
empirical gap concerning the role of female board representation in driving environmental innovation, particularly within
the context of Malaysia [19]. Second, this study advances the literature by introducing and empirically testing the
moderating role of audit committee effectiveness in the relationship between female board representation and
environmental innovation. While most prior research has concentrated on the direct impact of audit committees [16],
limited attention has been paid to their potential influence as a governance mechanism that strengthens or conditions the
effectiveness of board diversity on non-financial outcomes. Finally, the study contributes to the literature by providing
empirical evidence from a developing country, Malaysia, where research on the nexus between female board representation
and environmental innovation remains limited. Accordingly, by shifting the focus to Malaysian industries, this study
addresses an important geographical and contextual gap, offering insights into how gender-diverse boards function under
different institutional pressures and governance environments. This enhances the generalizability of previous findings and
provides a more inclusive understanding of the role of board diversity in promoting environmental innovation globally.

The remainder of this paper is organized as follows. Section 2 reviews the key literature on environmental innovation
and female board representation. Section 3 discusses the theoretical foundation based on the upper echelons and
stakeholder theories. Section 4 develops our hypotheses. Section 5 outlines the methodology, including the sample, data,
variables, and the model. Section 6 presents the empirical results and analysis. Section 7 concludes the paper with the
findings, implications, limitations, and future research directions.

2. Literature Review
2.1. Environmental Innovation

Environmental innovation refers to the development and implementation of products, processes, technologies, or
business models that reduce environmental impacts, enhance ecological efficiency, and contribute to sustainable
development [5]. It goes beyond conventional innovation by integrating environmental considerations into the core of a
firm’s operations and strategic directions. Environmental innovation encompasses a wide range of activities, including
energy-efficient production, waste reduction, recycling technologies, low-carbon logistics, eco-friendly product design, and
cleaner production methods [20]. As environmental concerns become increasingly prominent, environmental innovation
has gained traction as a critical pathway for firms seeking to align their economic performance with environmental
responsibility [4]. Several factors motivate firms to engage in environmental innovations. Regulatory pressure is one of the
most significant drivers, as governments worldwide have introduced stricter environmental standards, emission controls,
and sustainability reporting requirements [21]. In jurisdictions such as Malaysia, where country policy guidelines aim to
reduce greenhouse gas emissions and promote the use of clean technologies, companies are encouraged by tax incentives,
green financing programs, and grants for innovation to adopt eco-efficient behaviors [5]. Dynamic market demand also
plays a significant role: increased consumer awareness and an increasing number of customers who prefer sustainable
products challenge companies to stand out as green. Simultaneously, the demands of external stakeholders have made
environmental responsibility a source of reputation [22]. At the firm level, the desire to pursue environmental innovation is
driven by its need to enhance operational efficiency, minimize expenditure on resource use and waste management, as well
as gain access to new markets and emerging technologies [5].

2.2. Female Board Representation

The presentation of female board representation refers to females being included in the board of directors, which is
responsible for making strategic decisions, overseeing corporate governance, and maintaining organizational values [11].
Scholarship has identified three key drivers that have spurred this process: regulatory reform, investor activism, and the
growing awareness of the contribution that diversity leadership makes to corporate performance and sustainability [23].
Research also shows that female directors are ethically sensitive, stakeholder-oriented, and participatory in decision-
making [15]. These features are related to more intense supervision, more substantial board discussion, and closer
proximity to the development of long-term value through empirical work [11]. There is also extensive literature to support
that gender diversity in boardrooms has a positive impact on corporate social responsibility, environmental performance,
and risk management [24, 25]. In addition, female directors tend to emphasize ethical, social, and environmental issues,
thereby encouraging broader discussions about sustainability and responsible governance [11]. Empirical research indicates
that the existence of gender-diverse boards will more effectively enable activity monitoring, control agency costs, and
encourage transparency, which will directly influence strategic choices, including those related to green initiatives [26].
Empirical research on sustainability-related topics has attributed a greater percentage of women on corporate boards to
increased environmental disclosure levels, increased involvement in climate-related activities, and an increased tendency to
adopt socially responsible corporate conduct [27, 28]. Studies in developed countries also indicate that companies with
above-average female board representation demonstrate better environmental performance and are more active in their
sustainability-related strategies [29]. However, the relationship between gender diversity in boardrooms and environmental
performance is not consistent in developing economies because of the heterogeneity of institutional frameworks, cultural
practices, and regulatory governance [11].
2.3. Audit Committee Effectiveness

In the existing literature, audit committees are conventionally viewed as the central point for managing fundamental
financial duties, such as maintaining the integrity of financial reporting, managing internal control systems, and overseeing
the external audit process [7]. Historically, audit committees were formed to serve the interests of shareholders by reducing
financial reporting malpractices and improving transparency [7]. Within recent decades, their mandate has been redefined
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as there has been a growing global focus on sustainability and social responsibility [18]. Accordingly, recent governance
thought affirms a need to broaden the audit committee's duties toward environmental, social, and governance (ESG) risks
and sustainability issues [30, 31]. The wider scope indicates that non-financial risks, including climate-related shocks and
intensifying social pressures and regulatory environments, can also have material effects on enterprise financial
performance and sustainability [7]. In this respect, audit committees currently serve as key governance models in
incorporating sustainability and ESG factors into risk management frameworks, as well as disclosure procedures [31].
Empirical studies demonstrate that audit committees increase the accountability of companies, peaking at their
environmental performance, ensuring the activities of firms become compliant with the new sustainability rules and
ethically consistent with the requirements of their stakeholders [32]. The debates in environmental innovation literature also
indicate that enhanced pressure on companies to engage in low-carbon operations and the use of green technologies is
causing their boards to increasingly turn to audit committees to analyze the risks and opportunities of such projects [7]. In
turn, audit committees contribute to corporate environmental developments by seeking to interrogate sustainability
strategies, tracking decisions to become green investors, and also attesting to the authenticity of environmental performance
reporting [31].

3. Theoretical Foundation
3.1. Upper Echelons Theory

Upper Echelons Theory (UET) assumes that the values, experiences, and cognitive foundations of top executives are
reflected in organizational outcomes [33]. In the case of corporate boards, this theory implies that demographic attributes,
including gender, are not only symbolic but also play a role in determining strategic decisions, which also extends to
settling environmentally innovative choices [34]. Due to various life experiences and social expectations, female directors
are likely to bring different values, including ethical sensitivity, inclusiveness, and a long-term perspective on the well-
being of society [18]. These characteristics determine the perception of environmental risks and opportunities, as well as
the prioritization of innovation in favor of sustainability by firms. Through concentration at the top of leadership, UET
posits that the cognitive diversity that female board members bring can expand the range of discussions on the board, break
groupthink, and result in more progressive and socially conscious policies [35]. Such diversity is especially essential when
the issues are complicated and uncertain, such as environmental innovation and those with multiple stakeholders [35].
Female board members can promote the commitment of resources to environmentally responsible R&D, approve the
incorporation of sustainability objectives into corporate strategies, and push ethical procedures that match the expectations
of the public and stakeholders [12]. Another aspect emphasized by UET is that strategic outcomes are not only the product
of individual characteristics but also the interplay within the wider leadership environment. In this respect, gender-diverse
boards are not only a result of demographic change but also the driver of redefining organizational values and behaviors in
response to environmental responsibility [36]. Female directors can create a culture of innovation, transparency, and
accountability within the company’s environmental performance through their contribution to the cognitive and value
structure of the board [18]. Therefore, UET offers a strong theoretical basis for describing how female representation at the
top can stimulate firm-level dedication to environmental innovation.

3.2. Stakeholder Theory

The stakeholder theory is a framework in which the responsibility of an organization is set outside the demands of
shareholder capitalism and expands a wide circle of stakeholders, which includes workers, customers, local communities,
and the natural environment [37]. The theory focuses on being ethical in terms of governance and transparency in terms of
managers, thus promoting the fair incorporation of heterogeneous stakeholders' interests in corporate decision-making. In
this paradigm, the inclusion of women on corporate boards will be useful in enhancing the sustainability orientation of the
organization [38]. Empirical studies show that women directors have a statistical relationship with social awareness and
environmental scrutiny, expanded and inclusive debate, and sensitivity to the issues raised by outside financial parties [18].
The aspects of their representation also relate to the age of orientation at long-term value creation, powerful ethical risk
management, and the ability to respond to challenges in the environment, which is widely recognized as a precondition of
environmental innovation [18]. In the same way, gender-diverse boards display a heightened focus on environmental
innovation, and their female directors favor environmental responsibility, sustainability reporting, and an aggressive
approach to fulfilling shareholders' social needs [5]. Thus, the female representation may influence the priorities of the
boards such that ecological stewardship is more than mere compliance; it transforms into an essential strategic necessity.
Consequently, having women directors acts as a channel through which the concerns of stakeholders, particularly
environmentally focused concerns, find their way into the strategic agenda of the firm [25]. Moreover, stakeholder theory
further emphasizes the effectiveness of audit committees as a moderating factor. Stakeholder accountability is increased
manifold by high-functioning audit committees due to transparency, ethical behavior, and consistency in corporate conduct,
along with the expectations of stakeholders [6] The audit committee helps strengthen the governance framework when it is
independent, experienced, and active, thereby enabling female members of the board to promote environmental innovation
[18]. Through this governance synergy, sustainability initiatives were proposed, evaluated, resourced, and monitored [18].
In short, the stakeholder effect of gender-diverse boards, which are concentrated in audit committees, is multiplied, thereby
creating an institutional context that promotes environmental innovation in meeting societal and environmental needs.
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4. Hypotheses Development
4.1. Female Board Representation and Environmental Innovation

Recent advances in corporate governance research highlight how the composition of the board of directors has a
critical effect on the strategic direction of the organization and, therefore, its process of decision-making in environmental
contexts. One such factor is the representation of women on the board, which has become a significant predictor of the
firm's sustainability orientation [39]. Based on the upper-echelons perspective, which postulates that the performance of
organizations is determined by the attributes and value orientations of their senior executives, it can be concluded that the
inclusion of women within the highest managerial ranks can reconstitute how firms conceptualize, and respond to,
environmental pressures [35, 36]. Empirical data support the role of female directors in bringing heterogeneous views,
increased ethical awareness of societal impact, and an extreme focus on long-term societal implications, thus helping to
give rise to and the application of environment-related policies and influencing sustainability innovation [28]. Moreover,
stakeholder theory emphasizes the necessity of responding to a wide range of stakeholder interests, including both
environmental and social aspects [37].

Although theoretical and empirical evidence that it is linked with female board representation, greater sustainability,
and environmental performance has been growing steadily, the literature still documents inconsistent and sometimes
contradictory conclusions. While many studies point out the benefits of having female directors, such as the ability to
provide ethical leadership, sensitivity to stakeholders, and a long-term perspective [13] other research studies have shown
that simply having women on a corporate board is not a sufficient condition to cause significant environmental change.
Some researchers assume that structural or cultural barriers can limit the impact of female directors, particularly in spheres
where males reign or where a particular organization has established governance traditions [40, 41]. These barriers may be
compounded by poor institutional mechanisms for board diversity, lax environmental standards, and organizational culture
that fail to recognize the importance of women in strategic leadership in developing countries such as Malaysia [18].
Considering the inconsistent and even conflicting evidence regarding the effects of female board representation on
environmental performance and the limited number of studies conducted in developing countries, this paper adopts a more
nuanced and less universal perspective. The current analysis hypothesizes that companies with a higher percentage of
female representation on the board of directors are more likely to implement environmental innovation programs. Female
directors tend to be more ethically conscious, possess a better stakeholder orientation, and have a long-term strategic
outlook, which positively influences organizations to be environmentally responsible and to invest in sustainable
technologies. Therefore, we propose the following hypothesis.

Hi. Female board representation is positively associated with environmental innovation in Malaysian industries.

4.2. The moderating effect of Audit Committee Effectiveness

The growing relevance of sustainability and environmental innovation in corporate strategy has led to an expansion of
audit committees’ responsibilities beyond traditional financial oversight to include ESG-related risks and opportunities [42]
while much of the existing research has focused on the direct role of the audit committee in enhancing reporting quality and
internal controls [32] emerging perspectives suggest that audit committee effectiveness may also influence broader
governance outcomes, particularly when interacting with other board-level attributes, such as gender diversity [43]. Within
the context of stakeholder theory, effective audit committees can be instrumental in ensuring that a firm is able to meet the
expectations of a broad variety of stakeholders, including investors, regulators, local communities, and the larger
environment [44]. Empirical finance results show that female directors, who are commonly associated with increased
responsiveness to stakeholder interests and long-term social performance, express increased support for environmental
innovation [12]. However, this effect is significantly augmented when a responsible and effective audit committee
integrates ESG factors into its oversight efforts [25]. An effective audit committee may strengthen stakeholder-oriented
principles by probing environmental risks and confirming sustainability efforts [18]. The effectiveness of audit committees,
therefore, acts as a governance mechanism in which gender-diverse boards gain the ability to initiate and implement
environmental innovation strategies [34]. Therefore, audit committee effectiveness is likely to condition the strength of the
relationship between female board representation and environmental innovation. Accordingly, we propose the following
hypothesis:

Hy. Audit committee effectiveness positively moderates the relationship between female board representation and
environmental innovation
Accordingly, Figure 1 represents the conceptual framework of the study.
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Figure 1.

Conceptual framework.

5. Methodology
5.1. Sample Selection and Data Collection

The sample selection began with all firms listed on Bursa Malaysia between 2020 and 2024, resulting in 4,975 firm-
year observations from 995 unique companies. This period was chosen due to the increased availability of environmental-
related data and the introduction of regulatory requirements in 2020 mandating greater gender diversity on corporate boards
in Malaysia [18]. Further, this study uses the Refinitiv database due to its comprehensive coverage, methodological
consistency, and relevance in emerging markets like Malaysia, where publicly available innovation metrics are often
limited or inconsistent [5]. Unlike alternative sources, which may rely heavily on firm self-reporting or voluntary
disclosures, Refinitiv applies a structured and independent assessment approach, ensuring greater objectivity and
comparability [45]. Its robust scoring framework allows for a reliable cross-sectional analysis of environmental innovation,
making it especially suitable for examining the relationship between board characteristics and environmental innovation
outcomes. Subsequently, we narrowed our sample to include only those observations with available data on environmental
innovation from Refinitiv Eikon, resulting in 1,025 firm-year observations for Malaysian companies between 2020 and
2024. Observations lacking information on female board representation, audit committee effectiveness, or any of the
control variables were excluded. The final sample used to test our hypotheses comprises 990 firm-year observations from
198 distinct Malaysian firms. Table 1 provides a summary of the sample selection process.

Table 1.
Sample description.

Sample selection

Number of observations containing environmental innovation data across the duration of the study, 2020-2024 | (1025)

Minus observations with missing data for other variables (35)

Sampled observations 990

5.2. Variables Measurement

Environmental innovation (ENIN) is measured through the environmental innovation score, which is an index
extracted using the Refinitiv database. This indicator measures a firm’s representation in environmentally focused
innovation efforts: the creation of environmentally friendly products, the integration of clean technologies, the increase in
energy and resource efficiency, the implementation of systems aimed at reducing emissions and waste, and the overall
environmental burden [5] The index provides a standardized, measurable value that is also an indicator of the intensity and
efficacy of environmental innovation practices undertaken by a firm over time. The upper quartile scores indicate a strong
inclination towards environmental innovation [46]. At the same time, female board representation (FEPR) is quantified in
terms of board gender diversity (%) using the data provided by the Refinitiv database, which indicates the percentage of
women on the board of directors, calculated as the percentage of total board members who are female [18]. As a continuous
variable, the measure permits variation both between firms and across industries: the larger the percentage, the more likely
gender diversity is at the board level; thus, a greater presence and potential impact of women in strategic decision-making
processes [39]. Meanwhile, a composite index of four indicators of audit committee effectiveness (ACEFF), namely
independence, the size of the audit committee, the frequency of meetings, and financial expertise, was calculated, giving a
score between zero and four [18]. Additionally, the study incorporates several control variables to account for factors that may
influence environmental innovation independent of board gender diversity. Table 2 presents definitions of the study variables.
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Table 2.
Variable Definitions.

Variable Acronym | Measurement

Environmental ENIN The environmental innovation score is a company’s capacity to reduce

Innovation environmental impact through the development and use of innovative
technologies, products, services, or processes.

Female board | FERP The number of female board members is divided by the total number of board

representation members and multiplied by 100%.

Audit committee | ACEFF The sum of the 4 indicators (independence, size, meeting, and financial expertise)

effectiveness is within the range of zero and four.

Board effectiveness BOEFF Is the sum of the four indicators (independence, size, gender, and meeting). A
higher score typically indicates higher board effectiveness.

Institutional Investor | INV The proportion of the total number of common shares held by all institutional
owners of the total common shares outstanding at year-end

ESG Score ESG ESG scores from Refinitiv which reflect how well a company integrates ESG

Score factors into its operations, strategy, and public disclosures based on publicly

reported data.

Firm size FSIZE The logarithm of total assets

Return On Assets ROA Return On Assets

Return On Equity ROE Return On Equity

6. Empirical Findings
6.1. Descriptive Investigation

Table 3 presents descriptive statistics of the variables used in this study. The mean Environmental Innovation (ENIN)
score is 21.11, with a wide range from 4.00 to 71.86, indicating substantial variation in Environmental Innovation practices
among the sampled firms. Female board representation (FERP) has a mean of 26.04%, suggesting that, on average, over a
quarter of board members are female, although some firms report no female representation and others reach up to 62%. The
mean Board Effectiveness (BOEFF) score is 3.49 out of a possible 4, while Audit Committee Effectiveness (ACEFF)
averages 3.92 out of 4, implying generally strong governance structures across firms. Institutional Investor (INV)
ownership has a relatively high mean of 70.14%, reflecting the considerable monitoring influence of institutional
shareholders. The ESG Score shows an average of 34.55, with a minimum of 0 and a maximum close to 85, indicating
varying levels of ESG engagement and disclosure. Firm Size (FSIZE), measured as the natural logarithm of total assets,
averages 11.24, showing a diverse sample of small to large firms. In terms of financial performance, the average Return on
Assets (ROA) is 3.42%, while the Return on Equity (ROE) is 3.61%, although both show large standard deviations and
minimum values, highlighting performance volatility across the dataset. These statistics collectively illustrate the
significant heterogeneity among firms, justifying the inclusion of control variables in the regression analysis to account for
firm-specific differences.

Table 3.

Descriptive statistics.

Variables Mean Standard Deviation Minimum Maximum
ENIN 21.1110 16.4394 4.000 71.8571
FERP 26.0408 13.4456 0.000 62.0000
BOEFF 3.4940 0.9658 1.000 4.0000
ACEFF 3.9230 0.8484 2.000 4.0000
INV 0.7014 0.2004 0.1116 0.9924
ESG Score 34.5540 16.1276 0.000 84.9770
FSIZE 11.2444 1.3331 4.1071 13.5180
ROA 0.03420 0.0886 -0.5311 0.6557
ROE 0.0361 0.5175 -15.5982 0.9353

Note: ENIN = Environmental Innovation; FERP= Female board representation: BOEFF = Board effectiveness: ACEFF = Audit committee effectiveness: INV = Institutional
Investor: environmental, social and governance = ESG Score: FSIZE = Firm size: ROA= Return on Assets: ROE = Return on Equity.

6.2. Correlation Matrix

Table 4 displays Pearson's correlation coefficients of the key variables used in this study. The correlation between
Environmental Innovation (ENIN) and Female Board Representation (FERP) is positive (r = 0.1292), suggesting a modest
association between gender-diverse boards and environmental innovation. Board Effectiveness (BOEFF) and Audit
Committee Effectiveness (ACEFF) show stronger positive correlations with ENIN (r = 0.3660 and r = 0.3384,
respectively), indicating that firms with more effective governance structures are more likely to engage in environmental
innovation. A moderate positive correlation is also observed between ENIN and Institutional Investor Ownership (INV) (r
= 0.4435), implying that greater institutional ownership is associated with stronger environmental innovation efforts. By
contrast, ENIN exhibits negligible correlations with ESG Score, Firm Size (FSIZE), Return on Assets (ROA), and Return
on Equity (ROE), with coefficients close to zero, suggesting that environmental innovation may not be directly tied to a
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firm’s overall ESG rating or financial performance metrics. Additionally, there was no evidence of multicollinearity among
the independent variables, as none of the correlations exceeded 0.70 [18]. This supports the validity of including these
variables simultaneously in the regression analysis, without risking distortion from highly interrelated predictors. Overall,
the correlation analysis provides initial empirical support for the expected relationships and shows the robustness of the
subsequent multivariate regression models.

Table 4.

Correlation Analysis.

Variables ENIN FEPA BOEFF | ACEFF | INVESTOR ESG FSIZE | ROA | ROE
ENIN 1.000

FERP 0.1292 1.000

BOEFF 0.3660 0.1019 1.000

ACEFF 0.3384 0.0985 0.3983 1.000

INV 0.4435 0.0592 0.1291 0.0852 1.000

ESG Score 0.0556 -0.0287 -0.0160 -0.0292 0.0504 1.000

FSIZE -0.1025 -0.0559 0.0443 0.0209 -0.1168 -0.0008 1.000

ROA -0.0001 -0.0026 -0.0978 -0.0388 -0.0187 0.1551 | -0.0152 | 1.000

ROE 0.0164 -0.0251 -0.0419 -0.0480 -0.0102 -0.0097 | -0.0270 | 0.3743 | 1.000

6.3. Regression Results

Table 5 presents the results of the direct effect regression model examining the relationship between Female Board
Representation (FERP) and Environmental Innovation (ENIN), along with several control variables. The coefficient for
FERP is 0.1148 and is statistically significant at the 1% level (t = 3.26), indicating a positive and meaningful relationship
between the proportion of female directors and environmental innovation among Malaysian firms. This finding suggests
that companies with more gender-diverse boards are more likely to engage in environmental innovation practices such as
eco-product development, cleaner technologies, and sustainability-oriented R&D. This result aligns with prior studies that
highlight the role of female directors in enhancing firms' sustainability orientation. For instance, Bear et al. [47] and Liao et
al. [48] found that female directors tend to prioritize long-term stakeholder interests and are more likely to advocate for
environmental and social responsibility. In the Malaysian context, where research remains limited, this finding provides
valuable empirical evidence that gender-diverse leadership positively contributes to environmental performance. From a
theoretical perspective, this result supports the assumptions of both the upper echelons theory and stakeholder theory.
According to the upper echelons theory, the demographic and cognitive attributes of top executives, including gender,
shape organizational decisions and outcomes [36]. Female board members, often associated with ethical sensitivity,
inclusiveness, and long-term thinking, may influence board discussions and strategic directions toward sustainability and
innovation [5]. Likewise, stakeholder theory emphasizes the importance of considering diverse stakeholder interests, which
female directors are more likely to prioritize [6]. The significant and positive effect of FERP on ENIN reflects the ability of
gender-diverse boards to align organizational actions with broader environmental and stakeholder expectations.

Regarding the control variables, board effectiveness (BOEFF) shows a strong and statistically significant positive
relationship with environmental innovation (f = 5.6116, t = 8.94), indicating that high-functioning boards are more likely to
support and oversee environmental innovation initiatives. Institutional investor ownership (INV) also exhibits a strong and
significant effect (B = 66.292, t = 9.99), suggesting that firms with higher institutional ownership are under more pressure
to adopt sustainable and innovative practices.

Table 5.

Direct Effect Regression Results.
Variables Coefficients t-sat
FERP 0.1148 3.26***
BOEFF 5.6116 8.94***
INV 66.292 0.99***
ESG Score -0.0098 -0.32
FSIZE -0.3551 -0.29
ROA -0.5444 -0.1
ROE 0.0222 0.12
R? 0.28
Prob > chi2 0
Obs 990

Note: ENIN = Environmental Innovation; FERP = Female board representation; BOEFF = Board effectiveness; ACEFF = Audit committee effectiveness; INV = Institutional
Investor: environmental, social and governance = ESG Score; FSIZE = Firm size: ROA = Return on Assets: ROE = Return on Equity: *** p<.01, ** p<.05, * p<.1.

Other variables, such as ESG Score, Firm Size (FSIZE), Return on Assets (ROA), and Return on Equity (ROE), do not

show statistically significant relationships with environmental innovation in this model. This implies that environmental
innovation may be more strongly influenced by governance structures and stakeholder oversight than by firm size or short-
term financial performance. However, their inclusion as control variables remains important to ensure that the effects of the
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FERP and BOEFF are not confounded by other firm-level characteristics. Overall, these findings underscore the
importance of board composition and governance quality in driving environmental innovation and support the view that
female leadership on corporate boards plays a strategic role in advancing sustainability goals.

Table 6 presents the results of a hierarchical regression analysis used to test the moderating effect of audit committee
effectiveness (ACEFF) on the relationship between female board representation (FERP) and environmental innovation
(ENIN). Hierarchical regression is a stepwise modeling approach in which variables are entered into the regression
equation in stages to observe changes in the model’s explanatory power (R-squared) and assess the incremental effect of
added variables or interactions. This method is particularly useful for testing moderation because it allows the researcher to
compare the baseline model with the interaction model and determine whether the interaction term contributes significantly
to explaining the variance in the dependent variable. In Step 1, the baseline model includes only control variables (e.g.,
board effectiveness, institutional ownership, ESG Score, firm size, ROA, and ROE), establishing a reference point with an
R-squared value of 0.27. In Step 2, FERP is introduced, significantly improving the model fit (R? increases to 0.28) and
confirming the positive and significant direct effect of female board representation on environmental innovation (f =
0.1148, t = 3.26***). In Step 3, audit committee effectiveness (ACEFF) is added to the model. The coefficient is positive
and statistically significant (f = 5.8891, t = 8.13***), suggesting that more effective audit committees are independently
associated with greater environmental innovation. The inclusion of ACEFF improved the model’s explanatory power (R? =
0.32, an increase of 0.04), highlighting its direct contribution. Step 4 introduces the interaction term (FERP x ACEFF,
labeled "ACEFF*ACEFF" in the table), which tests the moderating effect. The interaction term is positive and marginally
significant (B = 0.0523, t = 1.96), indicating that the effectiveness of the audit committee strengthens the positive
relationship between female board representation and environmental innovation. When the audit committee is highly
effective, the influence of female directors on environmental innovation is enhanced. The model’s R-squared increases to
0.34, with an additional R2 change of 0.02, indicating that the interaction adds meaningful explanatory power to the model.

Table 6.
The Moderating Effect Regression Results.
Variables Step 1 Step 2 Step 3 Step 4
BOARD Coef 5.626 5.6116 3.7192 3.572
t-stat 11.33*** 8.94*** 5.79%** 5.59***
INV Coef 68.3317 66.2928 54.5387 52.953
t-stat 18.47*** 9.99*** 9.38*** 9.01***
ESG Score Coef -0.0086 -0.0098 -0.0146 -0.01290
t-stat -0.35 -0.32 -0.56 -0.50
FSIZE Coef -0.7069 -0.3551 -0.7319 -0.5347
t-stat -0.76 -0.29 -0.66 -0.47
ROA Coef 0.0302 -0.5444 -1.5723 -0.9399
t-stat 0.01 -0.10 -0.34 -0.21
ROE Coef -0.0414 0.0222 0.2558 0.3042
t-stat -0.06 0.12 1.30 1.56
FERP Coef 0.1148 0.0806 0.0770
t-stat 3.26*** 2.53** 2.42**
ACEFF Coef 5.8891 6.6087
t-stat 8.13*** 8.73***
ACEFF* ACEFF Coef 0.0523
t-stat 1.96
Number of obs. 990 990 990 990
F-test 56.17 56.17 73.31 67.28
Prob > chi2 0.0000 0.0000
R-squared 0.27 028 0.32 0.34
R2 change 0.01 0.04 0.02

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

7. Conclusion

This study examines the relationship between female board representation and environmental innovation, with a
particular focus on whether audit committee effectiveness moderates this relationship. This research was motivated by the
growing global and national emphasis on sustainability, gender diversity, and corporate accountability, particularly within
Malaysian industries. Despite increased attention to sustainability-related issues, prior research in the Malaysian context
has largely concentrated on board gender diversity's general influence on sustainability or CSR, with a limited empirical
focus on its specific effect on environmental innovation. Furthermore, the moderating role of audit committee effectiveness
in this relationship has been overlooked. The analysis was based on a sample of 990 firm-year observations from 198
publicly listed Malaysian companies covering the period 2020 to 2024. The study utilized data drawn from Refinitiv’s ESG
database, incorporating measures for environmental innovation, board gender diversity, audit committee effectiveness, and
a set of control variables, including board effectiveness, institutional ownership, ESG score, firm size, and financial
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performance indicators (ROA and ROE). Panel data regression and hierarchical modeling techniques were employed to test
the direct and moderating effects, respectively.

The findings reveal that female board representation has a statistically significant and positive effect on environmental
innovation, affirming that gender-diverse boards are more likely to pursue sustainability-driven strategies. The results also
indicate that audit committee effectiveness has a direct positive impact on environmental innovation and moderates the
relationship between female board representation and environmental innovation. Specifically, the positive influence of
women on boards becomes stronger in firms with highly effective audit committees. These findings are robust across
multiple model specifications. Theoretically, this study contributes to both upper echelons theory and stakeholder theory by
showing that demographic diversity among top executives, particularly gender diversity, influences firm-level strategic
outcomes such as environmental innovation. For policymakers, the findings support gender diversity and board
effectiveness regulations as mechanisms for accelerating environmental innovation. For firms, the study highlights that
appointing female directors should not be viewed as a symbolic act but as a strategic decision that can be enhanced through
strong governance structures such as an active and capable audit committee. Together, gender-diverse leadership and
effective governance can serve as powerful levers driving Malaysia’s environmental transformation and fulfilling national
sustainability commitments. Despite the strengths of these findings, several limitations of this study must be acknowledged.
It employs a cross-sectional panel design, which restricts its ability to draw definitive causal inferences. While significant
associations are observed, the directionality and long-term evolution of the relationships among female board
representation, audit committee effectiveness, and environmental innovation cannot be fully captured. Future research
employing longitudinal or experimental designs could offer deeper insights into the causal pathways and the temporal
dynamics involved.
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