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Abstract

This paper examines whether women’s attitudes toward environmental innovation
are impacted by their individual differences in skills, expertise, experience, and
technical knowledge, as well as their visibility and legitimacy on boards. Using the
categorization of directors developed by Hillman et al (J Manag Stud 37(2):235-
256, 2000) and a dataset including the largest non-financial Spanish-listed entities
reported on the IBEX-35 between 2015 and 2019, we can confirm the influence of
female business expert and support specialist directors on environmental innova-
tion. We find that although female business expert directors seem to positively influ-
ence environmental innovation even below a critical mass, female support specialist
directors are only significant and positive drivers of eco-initiation when they gain
power and authority on the board. This study confirms the need to examine the con-
nection between women directors and eco-innovation based not only on their exper-
tise and experience but also on their position and legitimacy on the board. In this
regard, our results provide evidence that female support specialists need to have a
large enough representation on boards to be effective in developing green initiatives.
Our results are robust to alternative measures of green innovation (i.e., environmen-
tal performance) and overcome endogeneity concerns.
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1 Introduction

Environmental innovation (also known as eco-innovation or green innovation) is
related to environmental practices such as new procedures, techniques, or prod-
ucts that reduce the environmental impact of alternative practices (OCDE 2009).
It is also linked to developing techniques and procedures designed to provide
environmental benefits (Nadeem et al. 2020) and create value for consumers and
companies (Berrone et al. 2013). Organizations must partake in environmental
innovation to prevent the undesirable social and environmental consequences of
climate change (Hermundsdottir and Aspelund 2021), gain competitive advan-
tages, and avoid damaging their legitimacy and reputation (Zaman et al. 2022).
In the decision-making processes involving environmental innovation, the board
of directors plays a key role in formulating strategies that mitigate adverse effects
on the environment, guiding successful green innovations, and implementing eco-
friendly practices oriented toward sustainable development.

Female characteristics linked to benevolence, universalism, inclination to com-
ply with rules and laws, ethical behavior, and stakeholder orientation suggest that
women might be more willing to follow or promote green and eco-friendly ini-
tiatives than men (Sun et al. 2021). On boards, the gender socialization theory
considers women directors to be tougher monitors, legitimacy providers, signal-
ing tools, and more concerned with all stakeholders’ needs. Women also tend to
be particularly sensitive to company decisions related to corporate social respon-
sibility and environmental practices (Nielsen and Huse 2010) and often possess
a long-term orientation, which might favor adopting greener decisions (Nadeem
et al. 2020). There is evidence that women directors promote voluntary climate
change disclosure (Ben-Amar et al. 2017), corporate social responsibility disclo-
sure (Ramén-Llorens et al. 2021), process and product innovation (Nadeem et al.
2020), patent development (Chen et al. 2018), and carbon-emissions reductions
(Konadu et al. 2022). However, evidence about the association between women
directors and environmental innovation is still scarce and not always positive.
Some theories and empirical evidence suggest a negative or insignificant effect of
women directors on green initiatives due to their increased risk aversion and less
confidence in making high-risk, complex, and financially uncertain decisions.
Other adverse consequences of board gender diversity might include conflict
or slower decision-making (Sheridan et al. 2011). Other investigations have not
found any significant effect between women directors and greenhouse gas (GHG)
disclosures (Prado-Lorenzo and Garcia-Sanchez 2010), product innovation (Galia
and Zenou 2012), or investment in innovation (Bianchi et al. 2012).

The evidence regarding board gender diversity and eco-innovation is even more
complex since most previous literature examines women directors as a single homo-
geneous subgroup without analyzing the differences among females. However,
women’s attitudes toward environmental innovation are not only affected by their
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gender but also by individual differences in skills, expertise, and business knowledge
(Hambrick and Mason 1984). Task-related fault lines occur when members have dif-
ferent characteristics in terms of professional history, educational background, and
expertise. These attributes may determine the abilities of the group and their atti-
tudes toward innovation (Hutzschenreuter and Horstkotte 2013). Some recent studies
have examined the role of different groups of women directors on firm outcomes,
stressing that when considering gender influences on business outcomes, it is vital
to look beyond gender and take other female attributes into account. Kim and Starks
(2016) indicated that women directors can enhance boards’ advisory effectiveness
by contributing with diverse and unique perspectives, while Ramén-Llorens et al.
(2021) revealed that businesses that have female directors with technical and indus-
trial knowledge are successful in implementing CSR disclosure strategies.

Therefore, the main purpose of this paper is to analyze whether there is a rela-
tionship between the experience and expertise of female directors and the extent
to which they propose and adopt environmental innovations. Throughout, we use
Hillman et al.’s (2000) board classification and identify female directors who are
business experts and support specialists according to their respective business and
technical expertise. We hypothesize that more women business experts and support
specialists result in more innovative opportunities and improved innovative pro-
cesses (Miller and Triana 2009). In addition, we analyze whether the influence of
female directors who are business experts and support specialists varies depending
on their strength in the boardroom. We base our analyses on the critical mass theory,
which states that women can substantially influence board discussions only when
there is a high enough number (or proportion) of female directors to form a critical
mass (Joecks et al. 2013; Liu et al. 2014). Finally, we conclude by studying whether
the effectiveness of female directors is dependent on the amount of female represen-
tation in each group of women directors.

In this context, we address two research questions: (i) do female business experts
and support specialist directors influence environmental innovation? and (ii) is the
influence of women directors conditioned by a critical mass on boards? Using a data-
set of 175 non-financial, Spanish-listed observations of firms on the IBEX-35 between
2015 and 2019, we aim to fill these research gaps. The Spanish case is especially inter-
esting due to legal initiatives to incorporate women into the workforce and higher posi-
tions in corporate companies initiated in the first decade of this century (Garcia-Meca
et al. 2022). Spain provides a unique setting to study these questions as there has been
a remarkable increase in women on boards in recent years since the latest amendment
to the Spanish Corporate Governance Code (June 2020) recommended a female board
gender quota of at least 40%.! Furthermore, the importance of environmental concerns
in the Spanish economy is rising. This has prompted the Spanish Council of Ministers

! According to data gathered from firms’ annual corporate governance reports, there were 29.26% more
women on the boards of public companies at the end of 2021 than there were at the end of the previous
year. This indicates that, on average, businesses have come close to meeting the 2015 Good Governance
Code’s 30% goal. Given that women make up 34.20 percent of the boards of Ibex-35 firms, the trend
among larger businesses is more encouraging. This means that they have just over five percentage points
left to achieve the goal of 40% established in the previous Code revision (CNMV) by the end of this year.
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to approve the Spanish Science, Technology, and Innovation Strategy 2021-2027. The
main goals of this initiative are to boost the amount of public and private investment
in R&D+1i up to 2.12% of the GDP by 2027 and increase environmental investment,
among other measures, to ensure a sustainable and fair future for upcoming genera-
tions, in line with the 2030 Sustainable Development Goals.

Our results confirm the influence of female business experts and support special-
ist directors on environmental innovation. However, it is important to note that the
proportion of women on boards influences innovation differently when female busi-
ness experts and support specialist directors are compared. For instance, the effect of
women with technical knowledge only proves significant when the proportion of this
group is high enough. Although female business expert directors seem to positively
influence environmental innovation with a proportion below a critical mass, the evi-
dence demonstrates that female support specialist directors are only significant and
positive drivers of eco-initiatives when they gain power, legitimacy, and authority
on the board. Our results are robust to alternative measures of green innovation (i.e.,
environmental performance) and overcome endogeneity concerns.

Our study makes a number of contributions to previously conducted research.
This paper enriches the knowledge about this topic, responds to calls for an explora-
tion of the results of different professionals on boards (Jain and Jamali 2016), and
provides possible explanations for the conflicting evidence about the effects of board
gender diversity and green initiatives. This is the first paper that highlights the dif-
ferent roles of women board members (depending on their business experience and
technical expertise) in green innovation and confirms previous results regarding the
outcomes of women with different levels of experience and areas of expertise in sus-
tainable initiatives (Ramoén-Llorens et al. 2021). We also contribute to the existing
research on green innovation by identifying the role of women directors in environ-
mental innovation and extending the available empirical evidence about the impor-
tance of board composition and expertise in green practices. Finally, we add to the
research on critical mass by demonstrating how the impact of female directors on
eco-innovation can vary due to the diversity of the board as well as their strength,
influence, and authority in the boardroom. Particularly, this research supports the
idea that not all female directors are equally adept at advancing environmental inno-
vation and that in some cases, especially amongst female support specialists, a high
enough proportion of women on boards needs to be reached to develop green initia-
tives. Lastly, this investigation extends previous empirical evidence concerning the
effect of a critical mass of female directors on firm outcomes (e.g., Ben-Amar et al.
2017; Garcia-Meca et al. 2022).

During a period when external pressures for green innovation have become
increasingly important, and many governments have started to implement policies
to nominate qualified women to boards, an understanding of the outcomes and inter-
relations between these groups of female directors and green initiatives is an impor-
tant and timely matter. The results are also relevant for firms that intend to promote
eco-innovative practices and appoint new directors to their boards.

The rest of the paper is structured as follows. After this introduction, Sect. 2
provides the theoretical framework supporting the research hypotheses. Section 3
includes the method, detailing the sample of analysis, measurement of the variables
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and models, and analysis technique. Finally, Sect. 4 reports the results, and Sect. 5
provides the principle concluding remarks of the paper.

2 Theoretical background: research hypotheses
2.1 Environmental innovation and gender-based fault lines

Environmental issues are of global concern (Long and Liao 2021) and have arisen
in the strategic agendas of companies worldwide. Over the past few years, stake-
holders’ concerns about environmental problems have increased, and companies
have begun to face more environmental regulations and pressure to make changes in
their strategies, policies, and practices. Companies strive to align their firms’ envi-
ronmental goals with those of their stakeholders (Gonzélez-Benito and Gonzalez-
Benito 20006).

As a result, environmental innovation, also known as green innovation or eco-
innovation (Hermundsdottir and Aspelund 2021), has recently become a hot topic in
social policy and academic research. As a crucial indicator of a firm’s contribution
to environmental concerns, environmental innovation has met or exceeded environ-
mental performance standards in some firms. This innovation consists of creating
new products or modifying existing ones. Additionally, it relates to the creation of
methods and practices that lessen emissions, thereby providing environmental ben-
efits (Nadeem et al. 2020) and increasing firm value for consumers and companies
(Berrone et al. 2013). Clearly, environmental innovation is an essential process for
companies. It is also heavily encouraged by governments and demanded by soci-
ety as a means of contributing to environmentally friendly practices (Bossle et al.
2016; Wen et al. 2022). In return, environmental innovation practices have a posi-
tive effect on business performance (Przychodzen and Przychodzen 2015; Khanchel
et al. 2023) and allow companies to enhance their legitimacy (Berrone et al. 2013)
and reputation (Nadeem et al. 2020).

Previous research recognizes the various external and internal factors that prompt
firms’ proactive attitudes toward environmental innovation. On the one hand, stake-
holders (such as customers and regulatory stakeholders) are essential external driv-
ers when addressing environmental concerns (Henriques and Sadorsky 1996). From
the agency perspective, companies should be aware of all their stakeholders’ con-
cerns to gain their approval (Elmagrhi et al. 2019). Environmental innovation, there-
fore, is an issue that has generated a great deal of interest and also exerted pres-
sure in recent decades (Moreno-Ureba et al. 2022). In the case of customers, their
awareness of threats to the environment and the need to deal with them has caused
changes in consumption choices (Marchi 2012a, b). When regulatory stakeholders
gain legitimacy and are able to access resources within the social system in which
the company operates, they are encouraged to get involved in environmental issues
(Castellé6 and Lozano 2011). Without active involvement, companies risk losing
resources provided by the government, being exposed to public scrutiny, and dam-
aging their social legitimacy (Kassinis and Vafeas 2006). Organizational capabilities
are identified as internal driving factors in environmental innovation. They consist of
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a set of technological and human resources, such as practical and theoretical knowl-
edge, intangible experience, and specialized knowledge, which allow companies to
enhance and develop new green products and processes (Valdez-Juarez et al. 2016).
Like any innovation policy, environmental innovation requires significant resources
to integrate strategic processes. In addition, the long-term benefits of the innova-
tion remain uncertain even when the processes have been integrated (Markman et al.
2004; Ahuja et al. 2008).

One of the most important resource providers to a company is its board of direc-
tors. Based on the agency theory, the corporate board’s role is to monitor and super-
vise functions to prevent managers from behaving opportunistically and prioritizing
their own interests over the interests of shareholders (Jensen and Meckling 1976;
Goh et al. 2016; Shahab et al. 2019). From a resource-dependency approach, the
board provides a company with strategic advice, experience, expertise, knowledge,
perspectives, and networking (Pfeffer and Salancik 1978) which, according to the
cognitive diversity view, leads to more creative problem-solving and better team
performance (Hillman et al. 2000; Horwitz and Horwitz 2007; Sobral and Bisseling
2012). Moreover, boards are considered key factors in supporting innovative strate-
gies that directly impact a company’s level of innovation (Zahra et al. 2000). In this
regard, the literature has called for a deeper analysis of board composition and board
members’ individual roles, backgrounds, and other characteristics (Van Ees et al.
2008; Galia et al. 2015).

Among the plausible drivers of sustainability and environmental innovation in
boards, it is crucial to examine the role of board diversity. Diverse boards, strenu-
ously supported by regulatory bodies and society at large, are made up of a reason-
able number of independent directors (Aggarwal et al. 2019) who provide compa-
nies with a broader vision and a greater diversity of external resources to carry out
their business strategies (Triana et al. 2015). Gender diversity has become one of
the most prominent components of diversity, with research showing that women are
more likely to engage in social activities and address the demands of multiple actors
(Nuber and Velte 2021). The aforementioned resource dependence theory suggests
that independent and gender-diverse boards are more knowledgeable (Campbell and
Minguez-Vera 2008; Conyon and He 2017) and innovative (Torchia et al. 2011) than
boards that are not diverse, providing all the positive traits that women contribute
to a male-dominated board (Kabongo and Okpara 2019). Additionally, having more
women on the board may increase access to talent, which makes external resources
more available to companies and provides them with broader perspectives on how
to better implement their business strategies and attain better economic outcomes
(Garcia-Meca et al. 2015; Reguera-Alvarado et al. 2017; Saggese et al. 2021). Gen-
der diversity has been shown to improve companies’ reputations (Navarro-Garcia
et al. 2020) and creativity (Torchia et al. 2011), favor problem-solving (Westphal
and Milton 2000), generate higher quality decisions (Cruz et al. 2012), increase
financial performance (Bennouri et al. 2018; Francoeur et al. 2008; Liu et al. 2014;
Nadeem et al. 2019; Reguera-Alvarado et al. 2017; Campbell and Minguez-Vera
2008), and improve organizations’ CSR policies (Bear et al. 2010; Nadeem et al.
2017), among many other positive outcomes. Moreover, research shows that gender
diversity can influence not only innovation levels (Torchia et al. 2011) and firms’
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ability to innovate (Galia and Zenou 2012) but it also helps companies identify new
innovative opportunities in general (Miller and Triana 2009) and environmental
innovation opportunities in particular (Nadeem et al. 2020; Pan et al. 2020).

The bounded rationality theory (Simon 1972) states that an individual’s ability
to make decisions is limited, and when making decisions, he/she will choose the
alternative that maximizes their benefits. Gender diversity on a board of directors
provides alternative views for company decision-making on environmental innova-
tion since females and males have perceptions, attitudes, and other characteristics
that are significantly different from one another (Liao et al. 2018). Similarly, and
according to the social role theory? (Eagly 1987), gender stereotypes and beliefs
have an impact on how men and women behave. These beliefs may function as
social norms and as personal dispositions. While social norms are embedded in
what others expect, personal dispositions are connected to each person’s perception
of his/her gender (Wood and Eagly 2009, 2012). In this context, men are perceived
as more agentic (e.g., assertive, aggressive, self-confident, competitive, and inde-
pendent) and with a greater tendency to adopt behaviors appropriate for a leadership
position. Women, on the other hand, are thought to be more communal (e.g., help-
ful, sensitive, kind, and conscious of their social responsibilities) (Eagly and Karau
1991; Fondas 1997; Eagly et al. 2003) and typically demonstrate higher levels of
moral awareness, are more empathetic to disadvantaged groups, pay more attention
to those who need support, and are more concerned about how businesses interact
with their stakeholders due to their empathy and care (Eagly 1987; Campopiano
et al. 2022; Eagly et al. 2003; Boulouta 2013). To comply with the gender role spill-
over (or gender-based expectations for behavior in the workplace), women could
feel more pressure to behave in a more caring and communal way and refrain from
adopting leadership behaviors that are more often associated with men (Aluchna and
Krejner-Nowecka 2016).

Building on this paradigm, female directors are often more receptive and sup-
portive, behave more responsibly and sensitively when faced with moral and ethical
issues, and tend to focus most of their attention on groups in need of support (Eagly
1987; Campopiano et al. 2022). Their emotional and altruistic behavior (Boulouta
2013) and stakeholder-oriented attitude (Sun et al. 2021; Alcaide-Ruiz and Bravo-
Urquiza 2022) lead them to address stakeholders’ requests and decrease environ-
mental damage (Liao et al. 2018).

Moreover, corresponding with their attributed gender role, female directors place
great focus on their companies” image and social relationships and adopt more
social than performance-oriented behavior. This leads to a positive relationship
between the presence of women on boards and proactive environmental strategies
(Hur et al. 2016; De Masi et al. 2021), such as the reduction of greenhouse gas emis-
sions (Tingbani et al. 2020; Konadu et al. 2022), or environmental innovation within
firms (Torchia et al. 2011; Fritz and Knippenberg 2017; Liao et al. 2018), among
others.

2 In the literature, the gender role theory (Eagly and Karau 1991) is also referred to as the social role
theory (Eagly 1987).
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However, to our knowledge, previous studies have focused on social and envi-
ronmental performance and reporting environmental commitment but have not
examined environmental innovation taking into consideration that the influence of
female directors on boards depends on their particular experience and expertise.
This research gap makes this gender-task-related fault line worthy of our attention.

When discussing gender diversity, we must acknowledge that it not only refers to
innate differences or differences in ethical sensitivity between men and women but
also what we consider fault lines. According to the similarity-attraction paradigm
(Byrne 1971), individuals in a group are not independent members but are attracted
to others with similar characteristics. This generates subgroups, also known as fault
lines (Wu et al. 2021). According to the fault line theory, a group can be divided into
homogeneous subgroups based on the alignment of their members’ attributes (Wu
et al. 2021; Lau and Murnighan 1998; Pearsall et al. 2008). The literature on gender
diversity usually studies the mere presence of female directors, considering them a
homogeneous group. However, the task-related fault lines that occur when members
have different characteristics in terms of professional experience, educational back-
ground, area of expertise, and so on should be taken into account. These attributes
determine the knowledge, skills, and abilities of this group and directors’ attitudes
toward innovation (Hutzschenreuter and Horstkotte 2013). Moreover, according to
the upper echelon theory (Hambrick and Mason 1984; Hambrick 2007), executives’
background characteristics influence how they make strategic decisions, which also
affects how their organizations perform. Recently, Dabbebi et al. (2022) and Las-
soued and Khanchel (2022) have provided insights from the upper echelons theory
to explain how CEO personality traits influence ESG disclosure.

Depending on the human capital assigned to each director and the taxonomy
of directors’ resource-dependent functions put forward by Hillman et al. (2000),
female board members are classified into two categories called “business experts”
and “support specialists” (Hillman et al. 2000). The former are women who pro-
vide the board with their knowledge, experience, skills, and professional background
acquired in other companies where they held positions as board executives (Hillman
et al. 2000). Given their professional background and previous experience, this type
of director can identify business threats and opportunities, undoubtedly affecting
their firms’ decision-making (Faleye et al. 2014). Recent evidence suggests that the
experience, skills, knowledge, and broader perspectives provided by female business
expert directors lead to better environmental and social performance (Ben Barka
and Dardour 2015) and a positive impact on strategic decisions like corporate social
responsibility (CSR) disclosure (Ramdn-Llorens et al. 2021).

In addition to business experts, boards may be made up of directors the company
relies on due to their human capital contributions, that is, talent, experience, and
technical knowledge in specific areas such as finance, accounting, law, marketing,
and environmental and social issues, among others (Bear et al. 2010; Shaukat et al.
2016). This specific group is known as support specialist directors (Hillman et al.
2000). Unlike business experts, support specialists have general expertise in man-
agement issues (Hillman et al. 2000) and oversee decision-making in strategic mat-
ters concerning sustainability and the environment (Konrad et al. 2006; Galbreath
2016). Boards with female support specialists are more likely to engage in social
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responsibility and sustainable practices (Setd-Pamies 2015), and audit committee
directors who have a background in finance are more likely to report on environmen-
tal sustainability issues (Helfaya and Moussa 2017). The characteristics that define
female support specialists are essential in adopting sustainable environmental initia-
tives (Garcia Martin and Herrero 2020) since female support specialists are moti-
vated to meet stakeholders’ expectations and obtain their approval (Diamantopoulos
et al. 2003). Accordingly, these specialists’ technical expertise and specific skills
lead them to carefully consider companies’ situations and think deeply about their
firms’ innovative decisions (Ma et al. 2021).

To summarize, in this study, we investigate the unexamined issue of gender-based
fault lines and the primary drivers for environmental innovation and green initia-
tives. In other words, we try to determine whether the experience and expertise of
women directors are significant in making companies greener and more innovative.
We expect that the greater presence of women business experts and support special-
ists leads to more creative decision-making (Midavaine et al. 2016), the develop-
ment of new innovative opportunities, and the improvement of innovative processes
(Miller and Triana 2009). Thus, a more positive attitude toward investment in envi-
ronmental innovation is expected as the proportion of female business experts and
support specialists increases. In this respect, the following hypotheses are proposed:

HIA. Female business experts are effective in increasing environmental
innovation.

HIB. Female support specialists are effective in increasing environmental
innovation.

2.2 Critical mass, gender-based faultlines, and environmental innovation

As previously discussed, prior studies report that female presence on control and
management teams may support the development of new ideas (Galia et al. 2015),
resulting in a positive relationship between board gender diversity and firm innova-
tion (Mukarram et al. 2018). However, contradictory results point to negative (Rossi
and Cebula 2015) or non-significant relationships between the two factors (Bianchi
et al. 2012; Jiraporn et al. 2017). This raises the question: why do some previous
studies exhibit a positive, others a negative, and some, a non-existent effect?

Among the many possible reasons, the quota of female representation appears
to be a determining factor, considering that, in line with the critical mass theory
(Kanter 1977a), the mere presence of women in boardrooms is not sufficient to
influence board decision-making (Torchia et al. 2011). The critical mass theory pos-
tulates that when a minority group, such as women directors on boards (Gong et al.
2021), reaches a certain threshold or critical mass of at least 35% of a group (Kanter
1977b), the power of this minority group increases and can change group decisions.

With the growing importance of female participation in boards of directors,
previous research finds that female behavior can only be manifested in male-dom-
inated environments when there are more women with seats on the board (Amo-
relli and Garcia-Sanchez 2021). According to the token theory, the mere presence
of a woman is not enough to influence decision-making because she is considered
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a token and can be easily ignored. This can make it difficult for her to express her
opinions (Konrad et al. 2008). Critical mass theory-based studies on board gender
diversity support the idea that "one woman is a token, two is a presence, and three
is a voice" (Torchia et al. 2011). If there is only one woman on the board, she will
have few opportunities and little power and influence (You 2019) since male direc-
tors may overlook her talent or refuse to support her. This idea is supported by the
social identity theory (Turner 1987). If we consider the presence of only two female
directors on a board, they may be viewed as competition, conspirators, or a type of
over-compliance rather than a firm’s commitment to improving diversity (You 2019;
Konrad et al. 2008; Chang et al. 2018). However, according to the critical mass the-
ory, the contribution that women make to a company becomes more visible when a
critical mass of at least three women is reached (De Masi et al. 2021; Schwartz-Ziv
2017; You 2019), considering that the average board size is approximately 10 people
(Joecks et al. 2013; Konrad et al. 2008). At this threshold, the typical problem of
feeling like part of the ’outsider-group’ is minimized, which increases the degree of
trust, participation, and influence female directors have in the decision-making pro-
cess (Arena et al. 2015; Konrad et al. 2008) and promotes the development of more
creative and innovative ideas (Konrad et al. 2008; Torchia et al. 2011). It has been
shown that increasing the percentage of female directors up to a critical mass posi-
tively influences corporate environmental actions (Cabeza-Garcia et al. 2018; Ben-
Amar et al. 2017; Gong et al. 2021) and increases corporate transparency through
higher ESG disclosure scores’ (Amorelli and Garcia-Sanchez 2020; Atif et al. 2019;
De Masi et al. 2021; Hollindale et al. 2017; Wasiuzzaman and Wan Mohammad
2020).

Regarding the proposed classification of female directors according to their expe-
rience (business experts) and specific and technical knowledge (support special-
ists), we argue that a critical mass of women with these backgrounds increases their
self-confidence and decreases their sense of inferiority (Arena et al. 2015; Chau
and Quire 2018). Moreover, this threshold makes it easier for them to be heard in
board discussions (Konard et al. 2008), which could enhance their involvement in
decisions and lead to increased environmental innovation. Therefore, the following
hypotheses are proposed in terms of the critical mass of business experts and sup-
port specialists:

H2A. A critical mass of female business experts is needed to find a positive effect
on environmental innovation.

H2B. A critical mass of female support specialists is needed to find a positive
effect on environmental innovation.

3 Some authors, such as Manita et al. (2018), point out that despite reaching a female critical mass, there
is no significant relationship between gender diversity and the disclosure of sustainability issues.
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Table 1 Sample selection from 2015 to 2019

Obs
Initial sample of firm-year observations
Spanish Stock Market 148 firms X 5 years — 725 observations
Minus:
Firms not listed in the IBEX 35 113 firms X 5 years — 565 observations
Total firm-year observations available (reports analyzed) 35 firms X 5 years — 175 observations
Single firm observations 35 firms indexed in the IBEX 35
3 Method

3.1 Data and sample

Using a Spanish sample and analysis from 2015 to 2019, this article aims to explore
the influence of board gender diversity on environmental innovation by focusing on
the role of female directors classified as business experts and support specialists. In
addition, it examines the influence of the number of these women on specific envi-
ronmental performance to test the critical mass vs. tokenism paradigms.

To meet these objectives, data was collected in the following way. First, we
selected the companies indexed on the Spanish stock exchange for the period
2015-2019. Our sample at this point consisted of 148 firms indexed on the Span-
ish stock market. Then, we excluded the companies not included in the IBEX 35%
from the initial list, resulting in a sample of 35 listed firms from 2015 to 2019. We
excluded firms not listed in the IBEX 35 because they lacked information about
environmental performance, eco-innovation, and other areas the paper needed to test
the proposed models.

In the second stage, we obtained economic, financial, and accounting informa-
tion from the SABI database, which compiles complete information on Spanish and
Portuguese companies, for all 35 firms. In the third stage, we hand-collected and
compiled information about board composition and characteristics (board size, num-
ber of board meetings, gender diversity, female expertise, female experience, etc.)
from the Spanish National Stock Market Commission (CNMV) and firm web pages.
We combined this information with the previous data collected from SABI. Finally,
in the fourth stage, we obtained and merged ESG data from the Thomson Reuters

4 IBEX 35, created by Bolsas y Mercados Espaoles, is the primary stock market index used as a bench-
mark for the Spanish stock market (BME). It is made up of the 35 mostly liquid companies listed on the
Spanish Stock Exchange Interconnection System on the four Spanish stock exchanges (Madrid, Barce-
lona, Bilbao, and Valencia). It is a market capitalization-weighted index, meaning that, similar to indexes
like the S&P 500, not every company included in the index has the same weight.
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Eikon and ASSET4 databases.” ASSET4 aggregates data from a variety of sources,
including sustainability reports, annual reports, and information on corporate web-
sites, and delivers statistics on environmental, social, and governance (ESG)-related
concerns for businesses worldwide (Konadu et al. 2022).

After merging the information contained in different databases, the above selec-
tion strategy gave us a final sample of 35 firms and 175 firm-year observations (i.e.,
35 firms over 5 years) (Table 1).

3.2 Measurement of the variables

Increasing gender diversity in boardrooms has been proposed as a way of enhanc-
ing corporate governance and as a fundamental factor in strengthening ESG per-
formance and its implications. Nevertheless, diversity cannot be understood only in
terms of gender; it is necessary to examine board diversity in terms of experience
and expertise. Therefore, this study empirically examines whether boards with more
female directors who are business experts or support specialists impact environmen-
tal innovation. We focus on the results of board resource diversity on environmental
or ecological innovation, understood as (i) the organizational capability to develop
eco-efficient products or services (Arena et al. 2018); (ii) the development of new
or modified techniques, systems, processes, and product designs to avoid or reduce
environmental harm (Kemp and Arundel 1998); and (iii) driving the reduction of
toxic emissions (Carrién-Flores and Innes 2010).

Some authors, like Arena et al. (2018) and Konadu et al. (2022), point out that
the main problem with implementing measures that represent environmental innova-
tion is that companies are not required to disclose their spending on environmental
research and innovation or new ecologically friendly products, services, and sys-
tems. Consistent with these authors, we address this weakness by relying on infor-
mation available in the Thomson Reuters Eikon and ASSET4 databases, widely used
in prior ESG literature. Specifically, Env_Innovation reflects a company’s capacity
to reduce environmental costs and burdens for its customers, thereby creating new
market opportunities through new environmental technologies, processes, and eco-
designed products. Companies are rated from O to 100, representing the lowest to
highest levels of environmental innovation (Schiessl et al. 2022).

Regarding the main explanatory variables linked to board resource diversity,
we focus on female business experts and female support specialists. Using the
works of previous authors (e.g., Garcia-Meca and Palacio 2018), we use the Hill-
man et al. (2000) taxonomy to classify directors, adapting it to women, where
Fem_BE and Fem_SS represent the proportion of female business experts and
female support specialists on the board, respectively. Fem_BE is measured as
the ratio of female business experts to the total number of board directors, while
Fem_SS is the ratio of female support specialists to the total number of board

5 As Omran et al. (2021) clearly noted, Semenova and Hassel (2015) report that Eikon-based ESG
measures are highly correlated with two other highly regarded indexes, the KLD index and the Global
Engagement Services (GES), which suggests that the ASSET4 measurement approach to environmental
performance and innovation is relevant, comparable, and consistent.
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directors. According to Kroll et al. (2007), business experts are executives from
other organizations who were previously part of the company or are currently
retired (excluding inside executives and support specialists) who advise manage-
ment on key decisions. Support specialists are directors who tend to be trained
in law, accounting, public relations, or financial investment who offer links and
specialized knowledge to companies to help them access sources of financial and
legal support.

This paper also explores whether the existence of a critical mass of female
business experts or support specialists influences the impact these women have
on environmental innovation. With this in mind, we follow the measures pro-
posed by previous studies for the critical mass of women directors (e.g., Torchia
et al. 2011; Liu et al. 2018; Saggese et al. 2020; Konadu et al. 2022) and propose
the following measures: (i) CM_Fem_BE is the proxy for the critical mass of
female business experts as a dummy variable coded as 1 if the board has at least
three female business experts and 0 otherwise and (ii) CM_Fem_SS is the proxy
for the critical mass of female support specialists as a dummy variable coded as 1
if the board has at least three female support specialists and 0 otherwise.

3.3 Model and technique of analysis

This paper examines whether women’s attitudes toward environmental innovation
can be affected by their individual differences in skills, expertise, experience, or
technical knowledge, as well as their visibility and legitimacy on boards. Thus,
we aim to provide insight into two closely related objectives. First, we examine
the implications of female business experts and female support specialists on
environmental innovation. Second, we look into whether a critical mass of female
business experts and support specialists improves women’s ability to influence
environmental innovation.

Concerning these objectives, we tested the first objective using the following
regression model:

Env_Innovation;, =, Fem_BE;, + p,FemSS;, + p;Size; + p,0OwnCon;,

+ fsRD,, + fsCEODual,, + f,BSize,, + fsCSRComSize,,

+ foBDiv,, + pioEnv_Innovation_Lag,, + f, Industry;

+ PpYear, +n; + py

(Model I)

where Env_Innovation, Fem_BE, and Fem_SS are the dependent and explana-
tory variables, respectively, described in Sect. 3.2; Size is the natural logarithm of
total assets (Saggese et al. 2020); OwnCon is measured as the percentage of com-
mon stocks owned by the largest and second-largest shareholders (Garcia-Meca and
Palacio 2018); RD is the R&D expenditures per cash flow (Martinez-Ferrero et al.
2016); CEODual is a dummy variable taking the value of 1 if the CEO and chair-
person are the same person and O otherwise (Liao et al. 2015); BSize is the num-
ber of directors on the board (Konadu et al. 2022); CSRComSize is the number of
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directors on the CSR committee (Radu and Smaili 2021); BDiv is the percentage of
female directors on the board (Konadu et al. 2022; Liao et al. 2015); Env_Innova-
tion_Lag is the first lag of the dependent variable; n is the unobservable heterogene-
ity; and p is the classical error term. We also controlled for industry and year. Annex
1 provides a summary of the variables (symbols, measures, and references).

Concerning the second objective, we examine whether environmental innova-
tion is influenced by paradigms from the critical mass theory, testing the following
regression model:

Env_Innovation;, =p, CM_Fem_BE;, + f,CM_FemSS,, + p;Size,
+ p,0wnCon;; + psRD,, + psCEODual;, + p;BSize,,
+ psCSRComSize,, + foBDiv, + B,oEnv_Innovation_Lag,,

+ By Industry; + p\,Year, + n; + p;,
(Model II)

where the dependent and control variables have been previously described, and
CM_Fem_BE and CM_Fem_SS are detailed in Sect. 3.2. We again control for
industry and year.

These models are examined for panel data, which allows us to (i) control for
unobservable heterogeneity, (ii) reinforce the consistency and explanatory power of
the analysis, and (iii) provide more informative data and greater variability.

Regarding the technique of analysis, an important issue that must be addressed
regarding the analysis technique is endogeneity. This arises from reverse causal-
ity, implying that a change in our dependent variable (environmental innovation)
changes the value of at least one of the explanatory variables (e.g., female business
experts). This reverse causality occurs because the choice of female directors is not
random, and the decision can also be influenced by the level of environmental or
ESG performance. The technique of analysis must solve the econometric problem
caused by reverse causality.

Due to endogeneity concerns and before estimating the simultaneous equations,
it is necessary to test whether a set of estimates obtained by ordinary least squares
(OLS) are consistent or not. At this respect, Davidson and MacKinnon (1993) sug-
gest an augmented regression test (Durbin—-Wu—Hausman test), which can easily be
formed by including the residuals of each endogenous variable, as a function of all
exogenous variables, in a regression of the original model. In our case and because
of the obtained in the regression is different from 0, the OLS estimate is not consist-
ent and it is necessary to use instrumental variables (IV). IV methods allow for con-
sistent estimation when the explanatory variables (covariates) are correlated with
the error terms in a regression model, solving the self-selection bias.

However, IV cannot be employed in the presence of heteroskedasticity and auto-
correlation, which are two economic problems that our regression models suffered
from once we examined the modified Wald and Wooldridge tests. IV is not efficient
when a regression analysis has the aforementioned problems. Given the existence of
heteroskedasticity, serial autocorrelation, and endogeneity at this stage, we decided
to use the dynamic panel GMM (Arellano and Bond 1991). specifically, we use the
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dynamic two-step estimator proposed by Roodman (2009) since it is an IV estimator
that controls for the previously mentioned problems.®

GMM estimators use the lagged values of the right-hand side variables included
in the model as instruments. They are uncorrelated with the error term when deriv-
ing the estimator, as Arellano and Bond (1991) demonstrated, that is, E[(pil, ..., pit)
| (zil, ..., zit) (wil, ..., wit)] where z and w are instruments for the same explana-
tory variable. The number of instruments should not be very large in relation to the
number of observations because the results could be biased, although the higher
the number of instruments, the higher the level of efficiency. The most adequate
instruments are the closest lags, since the furthest cannot contain information on
the current value of the variables because of there is frequently a delay between the
decision taken by an individual and its actual realization. The closest lags in the dif-
ference GMM estimator are t — 1 and t for endogenous and predetermined variables
(Pindado and Requejo 2015).

4 Descriptive and regression results
4.1 Descriptive results

Table 2 summarizes the statistics of the dependent, test, and control variables for
the 175 firm-year observations used as the analysis sample in our regression mod-
els. As a dependent variable with a possible range from 0 to 100, overall ecological
innovation has a mean value of approximately 54, indicating that there is still room
for improvement. Regarding the presence of female business experts and support
specialists on the boards, 24.6 percent were female business experts, while 25.1 per-
cent were support specialists, which shows low female presence on boards. How-
ever, the data was controlled for differing board size as some had almost 7 direc-
tors while others, such as the CSR committee, averaged 5 directors. In 33.1% of the
observations, the CEO was also the firm’s chairperson. Finally, Table 2 reports the
bivariate correlations among variables, showing that there were no multicollinearity
problems.’

6 As robustness check, additional regression models are examined using an adequate estimator that con-
siders that the dependent variable is an index in the range 0 to 100. Concretely, several Tobit regres-
sions for panel data models are used. Unlike linear models, this regression considers the extremities of
the rating scale (0 and 100) in a special way. In this regard, by using the maximum likelihood method,
Tobit models provide efficient, consistent estimates of coefficients, because when the likelihood function
is maximized, it incorporates information from both censored and uncensored observations. The basic
Tobit model supposes that there is a latent variable (called yit*) that can be explained by an observable.
variable(s) (called xit). Results using Tobit estimator support the main evidence, ensring the robustness
of our evidence and are available upon request to the authors.
7 We calculated the variance inflation factors (VIFs) for each model estimated and reported in Table IIL
In general, a VIF of 1 means that there is no correlation between a predictor and the remaining predictor
variables; the general rule of thumb is that VIF values equal to or exceeding 4 warrant further investiga-
tion. Our results comply with this threshold.
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Table 3 The influence of female business experts and female support specialists on environmental inno-
vation

Env_Innovation

Model I Model 1T

Coef Std. Err Coef Std. Err
Main variable
Fem_BE 5.622%% 2.393
Fem_SS -3.794 1.243
CM_Fem_BE 8.793 1.732
CM_Fem_SS 8.068** 3.119
Control variables
Size 1.585 1.437 2. 129%** 1.742
OwnCon -0.147 0.511 —1.298%%* 0.197
RD —2.624%* 1.294 —9.484 %% 5.128
CEODual —5.926%* 2.592 —1.187%* 1.84
BSize 6.382 6.536 0.761 1.592
CSRComSize —2.682 1.079 8.075%%%* 3.104
BDiv —2.198%* 1.079 —6.682 6.116
Env_Innovation_Lag 0.052 0.232 —2.673%%* 1.011
Controlled by year and industry
AR(2)* Pr>2z=0.354 Pr>2z=0.127
Hansen test Prob > chi2=0.243 Prob > chi2=0.302
Wald test Prob > chi2 =0.000 Prob > chi2 =0.000

VIF Fem_BE: 2.40; Fem_SS:
3.02; Size: 1.81; CSRComSize:
0.989; Bsize: 0.790; BDiv: 0.780;
CEODual: 2.46; RD: 2.73; Own-
Con: 3.54

VIF CM_Fem_BE: 3.21; CM_Fem_
SS: 3.22; Size: 1.16; CSRCom-
Size: 0.947; Bsize: 1.31; BDiv:
0.820; CEODual: 1.85; RD: 1.66;
OwnCon: 3.04

Sample: 175 firm-year observations from 2015-2019 (35 unique firms) (The variables are winsorized.
Winsorizing our variables implies that the values at the tails of the distribution are not removed but are
recoded to fewer extreme values. In this paper, 10 per cent of the lowest values are recoded to the value of
the 10th percentile and 10 per cent of the highest values are recoded to the value of the 10th percentile.)

* #% and *** represent statistical significance at 90%, 95% and 99%, respectively

#Wald is a test of the joint significance of the reported coefficients, asymptotically distributed as 2 under
the null hypothesis of no relationship. Hansen’s test of over-identification restrictions is the test for the
validity of the over-identifying restrictions for the GMM estimator, asymptotically distributed as 2,
under the null hypothesis (HO) that "the over-identifying restrictions are valid." AR (2) is a serial correla-
tion test of order i using residuals in first differences. Arellano-Bond’s test for AR(2) in first differences is
the test for second-order serial correlation in the first differenced residuals, asymptotically distributed as
N(0,1) under the null hypothesis (HO) of "no serial correlation of the error terms." The p-value of Arel-
lano-Bond’s test for AR(2) suggests that the null hypothesis of “inexistence of serial correlation between
the error terms” cannot be rejected; similarly, the p value of Hansen’s test suggests that the null hypothesis
of “validity of over-identifying restrictions” cannot be rejected. Therefore, these results support the instru-
ment validity of each regression model reported
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4.2 Regression analysis

Table 3 reports the two-step GMM results for Models I and II, estimating whether
female business experts and support specialists are effective in increasing environ-
mental innovation and whether a critical mass is needed to find a positive effect on
decision-making in this area.

Model I depicts the effect of female business expert and support specialist direc-
tors on environmental innovation. The results show that the coefficient of female busi-
ness experts is positive and statistically significant (coef. 5.622, p <0.05), supporting
hypothesis 1A. That is, female business experts are effective in increasing environmen-
tal innovation. However, the results do not support hypothesis 1B, given the non-signif-
icant effect of female support specialists on environmental innovation (coef. —3.794;
p>0.10). Based on these findings and the identification of female directors as busi-
ness experts or support specialists (according to their respective business and technical
expertise), the results demonstrate that a greater presence of female business experts
leads to the encouragement of innovative opportunities and improved innovation pro-
cesses. However, greater ecological innovation is not driven by the mere presence of
female support specialists. Is it possible that a critical mass is needed?

Building on this question, in Model II, we analyzed whether the influence of female
business expert and support specialist directors varies depending on their strength
within the board. Thus, Model II tests whether the effect of a critical mass of business
experts and support specialists is necessary to produce positive effects on environmen-
tal innovation. The test yielded a non-significant effect, so we can conclude that a criti-
cal mass of female business experts is not necessary to reinforce firms’ commitment
to ecological innovation (coef. 8.793; p>0.10). The presence of one female business
expert on the board is enough to increase environmental innovation. The above result,
thus, does not support hypothesis 2A. However, a critical mass of female support spe-
cialists has a significant, positive effect on promoting ecological innovation strategies
(coef. 8.068; p<0.01). Clearly supporting hypothesis 2B, the evidence obtained here
allows us to confirm that a critical mass of female support specialists on the board is
necessary to improve ecological and green innovation.

Our results confirm the positive influence of female business expert and sup-
port specialist directors on environmental innovation. However, we also note that
the proportion of female directors influences innovation differently when comparing
business experts and support specialists, as the effect of a woman with technical
knowledge is only significant when there are enough other female support specialists
on the board.

This paper investigates the effects of board resource diversity (female business
experts and support specialists) on environmental innovation based on data provided
by the ASSET4 database. Corporate ESG performance in general and environmental
performance in particular can also be influenced by the proportion of female busi-
ness experts and support specialists. Could environmental performance gain further
relevance and prominence in firms with more female business experts and support
specialists on the board? What about their impact on ESG performance?
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In addition to the above findings, the following two analyses aim to provide fur-
ther insight into the influence of female business experts and support specialists on
(i) environmental performance and (ii) ESG performance while further examining
the role of critical mass.

For the first analysis, regression Models I and II set A replace environmental
innovation with environmental performance, while in set B, it is replaced with ESG
performance as follows:

Env_Performance [ESG,, = p,Fem_BE; + f,FemSS,, + f;Size,
+ B,0wnCon;, + BsRD,, + f,CEODual;, + p;BSize;,
+ ByCSRComSize,, + PyBDiv, + B, Env_Performance_Lag,,
/ESG_Performance_Lag + B, Industry; + p,,Year, + n; + p,
(Model IA-IB)
Env_Performance [ESG;, =, CM_Fem_BE;, + p,CM_FemSS,, + f;Size,
+ p,0OwnCon;, + psRD, + f;CEODual,
+ B;BSize;, + fsCSRComSize, + foBDiv,
+ BioEnv_Performance_Lag,, /ESG_Performance_Lag

+ p,Industry, + p,Year, + n; + u,,
(Model ITA-IIB)

where Env_Performance is the environmental pillar score of the ESG index pro-
vided by ASSET4 based on three categories: resource use, emissions, and innovation
(Omran et al. 2021). This score ranges from 0 to 100, with 100 indicating the high-
est level of environmental performance. ESG_Performance measures the firms’
ESG performance based on ten categories weighted proportionately and accord-
ing to the three pillar scores (environmental, social, and governance): resource use,
emissions, innovation, management, shareholders, CSR strategy, workforce, human
rights, community, and product responsibility (Sassen et al. 2016). This score also
ranges from O to 100, with a higher value indicating better ESG performance, and
Env_Performance_Lag and ESG_Performance_Lag are the first lags of the
dependent variables.

The results reported in Table 4 show the evidence obtained from regressed Mod-
els IA and IB, where the dependent variable is environmental performance. Table 5
shows the results for Models ITA and IIB, where the dependent variable is global
ESG performance. Thus, the findings in Tables 4 and 5 support the conclusions
reported in Table 3. Female business expert directors seem to positively influence
environmental and ESG performance even below a critical mass. However, women
support specialist directors are only significant and positive drivers of environmen-
tal and ESG performance when they gain power, legitimacy, and authority on the
board; that is, when they constitute a critical mass. This data again confirms that
the positive effect of female directors on ESG performance depends not only on the
expertise of these directors but also on the proportion of female support specialists
on the board. Thus, the effect of female directors’ expertise and experience must be
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addressed by examining the relevance of critical mass, or the fault line effects, of
different positions on the board.

5 Discussion

Under the increasing environmental pressure of recent years, green innovation has
become a strategic means of gaining competitive advantages and avoiding damage
to firms’ legitimacy and reputation. Despite some previous research that has exam-
ined the role played by female characteristics in eco-innovative decisions, the evi-
dence is still relatively scarce and sometimes conflicting. Some theories and empiri-
cal evidence suggest positive effects on environmental innovation, highlighting
female attributes related to universalism, benevolence, and stakeholder orientation,
while others suggest women directors have a negative or non-significant effect on
green initiatives due to their higher risk-aversion and less confidence when making
complex decisions involving high risks and considerable financial support.

Our results find that women with industry expertise gained from experience as
executives in other companies contribute to environmental innovation when they
are part of a board. Female business expert directors contribute with new, diverse
perspectives based on their experience in other environments and often aid in
decisions regarding internal matters and markets. They provide useful resources
and relevant connections for decision-making involving green innovation. On the
other hand, despite the specific backgrounds, technical knowledge, and qualifica-
tions of support specialist female directors, the ability of these women to affect
innovative decisions is limited by their tokenism within the corporate hierarchy.
Our evidence confirms that business expert female directors seem to positively
influence environmental innovation even below a critical mass. However, women
support specialist directors are only significant and positive drivers of eco-initi-
atives when they gain power and authority on the board, confirming the critical
mass theory. In contrast to business experts, support specialists need to reach a
high enough proportion on boards to be effective in developing green initiatives.
Although female business expert directors seem to positively influence environ-
mental innovation below a critical mass, female support specialists are only sig-
nificant, positive drivers of eco-initiatives when they gain power, legitimacy, and
authority on the board. This builds upon the critical mass theory as female sup-
port specialist directors need to reach a high enough number (or proportion) to
form a critical mass to exert a substantial influence on ecological innovation.

Our results confirm that below a critical mass, women directors hired for their
technical skills and with no previous managerial experience in the industry seem
to act as mere tokens with no influence on innovative decisions due to their lim-
ited role, power, authority, and legitimacy on the board. Nevertheless, the critical
mass theory does not affect all women directors in the same way. Female direc-
tors with prior business expertise in other companies seem to hold a powerful and
legitimate position on boards and have been shown to make significant contribu-
tions to green innovation despite being under-represented. These findings help
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Table 4 Further analysis. The influence of female business experts and female support specialists on
environmental performance

Env_Performance

Model I Model II

Coef Std. Err Coef Std. Err
Main variable
Fem_BE 1.390%#* 0.352
Fem_SS —4.300 0.473
CM_Fem_BE —2.944 1.06
CM_Fem_SS 8.969%:#:* 1.272
Control variables
Size 3.178%#* 1.131 2.763 %% 1.156
OwnCon —0.639%#* 0.094 —0.571%%* 0.08
RD — 1,323k 2.997 —6.272%%% 2.091
CEODual —1.115%%%* 3914 —1.000%#%*%* 3.604
BSize 1.969%#:#* 0.604 1,927 0.649
CSRComSize —3.34 8%k 1.743 -0.370 1.266
BDiv —6.753%* 2.975 -2.922 2.493
Env_Performance_Lag —3.807%#** 2.958 —3.338%*:* 2.122
Controlled by year and industry
AR(2) Pr>z=0.356 Pr>z=0.368 Pr>z=0.127
Hansen test Prob>chi2=0.205 Prob>chi2=0.587
Wald test Prob > chi2 =0.000 Prob > chi2 =0.000

Sample: 175 firm-year observations from 2015-2019 (35 unique firms)

*, *% and *** represent statistical significance at 90%, 95% and 99%, respectively

explain the contradictory results found in previous studies concerning gender
diversity that analyzed the role of women without examining the relevance of
critical mass or the fault line effects of different positions on boards according to
their experience and expertise.

Once female business experts and support specialists are examined as drivers
of ecological innovation, our results are in line with previous studies reporting
that female directors contribute to boards with diverse and unique skills and a
greater focus on stakeholders (Sun et al. 2021; Campopiano et al. 2022). They
promote corporate social responsibility practices (Bear et al. 2010; Nadeem et al.
2017), environmental innovation opportunities (Nadeem et al. 2020; Pan et al.
2020), and ecological and green innovation (e.g., Kim and Starks 2016). How-
ever, this paper examines an area that has lacked attention in previous research
as it explores more than just gender diversity on boards. We focus on groups of
women with different qualities and their impact on environmental innovation and
performance. Our evidence is in line with the limited amount of prior research
regarding this subject that explains that female directors with industry experi-
ence and technical expertise are effective in pursuing CSR disclosure strategies
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Table5 Further analysis. The influence of female business experts and female support specialists on
ESG performance

ESG_Performance

Model I Model II

Coef Std. Err Coef Std. Err
Main variable
Fem_BE 2.056%#* 0.763
Fem_SS —1.006 0.893
CM_Fem_BE —1.382 1.681
CM_Fem_SS 6.871%%* 1.203
Control variables
Size 2.505%#* 1.447 2.1847%%% 1.987
OwnCon —0.544 %% 0.101 —0.424%%%* 0.076
RD —2.082%#* 1.226 — 1.0327%%%* 1.978
CEODual — 1.517%%* 1.214 —1.279%** 1.411
BSize 1411k 0.65 1.607%%* 0.614
CSRComSize —4.966 1.877 -1.774 1.198
BDiv —4.749 1.203 —6.089 2.359
ESG_Performance_Lag — 277294 1.094 —2.500%%#%* 3.900
Controlled by year and industry
AR(2) Pr>z=0.816 Pr>z=0.193
Hansen test Prob> chi2=0.202 Prob>chi2 =0.445
Wald test Prob > chi2 =0.000 Prob > chi2 =0.000

Sample: 175 firm-year observations from 2015-2019 (35 unique firms)

*, *% and *** represent statistical significance at 90%, 95% and 99%, respectively

(Ramoén-Llorens et al. 2021) and environmental and social performance (Ben
Barka and Dardour 2015). Our results find evidence that corresponds with other
studies pointing out that: (i) female business expert directors contribute to better
environmental and social performance (Ben Barka and Dardour 2015) and have
a positive impact on strategic decisions such as CSR disclosure (Ramén-Llor-
ens et al. 2021); and (ii) female support specialists are more engaged in socially
responsible and sustainable practices (Setd-Pamies 2015; Garcia Martin and Her-
rero 2020). Female directors with financial expertise in audit committees are
more likely to report sustainability and environmental information (Helfaya and
Moussa 2017). Furthermore, the results agree with previous research finding that
only when women support specialists reach a high enough number (or propor-
tion) to form a critical mass can they substantially influence board discussions
(Joecks et al. 2013; Liu et al. 2014).
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From a theoretical perspective and the analysis of differences among female
directors, our findings support: (i) the gender socialization theory by demonstrat-
ing that women tend to be more stakeholder-oriented and show more benevo-
lence, universalism, inclination to comply with rules and laws, ethical behavior,
and empathy, as Malik et al. (2021) and Sun et al. (2021) propose; (ii) the upper
echelon theory by showing that female expertise on boards (those with busi-
ness experience and specialization) is associated with more empathetic behavior
resulting in attempts to increase ecological innovation and performance (Nadeem
et al. 2020; Konadu et al. 2022); (iii) the agency theory, with findings that gender
diversity is an essential mechanism to meet stakeholders” demands (Neville et al.
2019) as ecological innovation is often requested; (iv) the faultline theory by
showing that female directors can be divided into homogeneous subgroups (busi-
ness experts and support specialists) based on the alignment of their attributes
(Wu et al. 2021), which determine the knowledge, skills, and abilities of each
group and the directors’ attitudes towards innovation (Hutzschenreuter and Hor-
stkotte 2013); and (iv) the critical mass theory by showing how female support
specialist directors are positive drivers of eco-initiatives when they gain power
and authority in the board, coinciding with findings previously reported in other
studies (e.g., Joecks et al. 2013; Ben-Amar et al. 2017; Fan et al. 2019).

6 Concluding remarks

In this paper, we suggest that women’s attitudes toward environmental innovation
can be affected by their individual differences in skill, expertise, experience, and
technical knowledge, as well as their role and legitimacy on boards. Using a sam-
ple of Spanish firms from the period 2015-2020, we analyzed whether the differ-
ent skill sets of female directors played a role in how strongly they encouraged
environmental innovation. The women were classified according to their business
and technical expertise and divided into two groups: business experts and support
specialists. In addition, we analyzed whether the effectiveness of both groups of
female directors was conditional on the amount of female representation on each
board. Controlling for different measures of green innovation and overcoming
endogeneity issues, this paper finds support for the premise that female expertise
on boards aids in guiding successful green innovations and eco-friendly practices
oriented to sustainable development.

From a practical point of view, these findings have implications for manag-
ers and highlight the unavoidable link between governance and sustainability.
The environmental transformations necessary for the future require more diverse
teams with members with different skills, competencies, cultures, and points
of view. Overall, firms should be more aware of the unique differences among
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female directors to better understand how diversity really impacts environmental
innovation. Our findings also provide insight into how women’s attitudes toward
environmental innovation can be affected by their individual differences in skills,
expertise, experience, and technical knowledge. When companies look for “diver-
sity,” they should not only focus on “gender diversity” but also on diversity in
terms of the competencies, skills, and abilities of these women.

This paper also has implications for policymakers. Our findings support recent
regulations and laws for appointing a legitimizing number of women in relevant
positions; that is, a gender diversity percentage that leads to real, non-cosmetic,
effective participation in decision-making on boards. In this regard, our findings
confirm that the mere presence of female support specialists is not enough to influ-
ence decision-making on sustainability issues. Gender equality cannot be achieved
without considering women’s levels of representation and legitimacy on boards.

Finally, we would also like to acknowledge some research gaps that can be
examined in future studies. For instance, future research could look into the role
of other individual characteristics of female directors related to their educa-
tion, age, or tenure. Specific female competencies in sustainability skills should
also be studied in future work concerning gender diversity and sustainability.
Future studies should also solve the lack of robustness checks—because of data
availability—using alternative measures of environmental innovation, like the
number of green patents that authors like Khanchel et al. (2023) and Wen et al.
(2022) proposed. The use of this alternative proxy can ensure the consistency
and robustness of the evidence here reported. In addition, we propose that future
investigations extend the study sample to other non-European countries and ana-
lyze the moderating role of institutional and cultural factors. They could exam-
ine, for instance, differences in economic development or education quality.
Moreover, future studies should expand the period of analysis to include 2020
and 2021. Additional control variables could be considered in future research
(e.g., firm leverage, profitability, age, and industry concentration) according to
previous studies (Dabbedi et al., 2023).

Appendix

See Table 6.
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