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Abstract: Gender-related corporate social responsibility (CSR) practices are receiving increasing
attention from all stakeholders, as the commitment to achieving equal opportunities for women has
become a top priority. However, the reality is that women remain under-represented at the most
senior corporate level, and there is a lack of knowledge about many of the implications this situation
entails. This study aimed to provide the first analysis of the direct effect and the indirect effect
(through leverage) of board gender diversity on business efficiency. The stochastic frontier approach
was used to estimate efficiency. Possible determinants were studied using a fixed effects model with
instrumental variables to correct for endogeneity problems. A sample of 91 Spanish listed companies
was selected. Data were gathered for the period 2004 to 2015. This period is of great interest because
it spans two different contexts in terms of gender legislation. The key findings are that promoting
gender diversity is important to boost efficiency and that it is vital to consider possible indirect effects
such as the role of leverage.

Keywords: gender diversity; corporate social responsibility; board of directors; stochastic frontier;
technical efficiency; business performance

1. Introduction

In recent decades, interest from investors and governments in strengthening corporate governance
has intensified, particularly in the wake of major corporate failures. Essentially, the core of corporate
governance is a board of directors that fulfils its duties of supervising the management, safeguarding
the interests of shareholders, and ensuring legal compliance [1]. Ultimately, the aim of these duties is
to enhance organizational efficiency [2]. Unsurprisingly, therefore, major efforts have been devoted to
studying board characteristics and their influence on business performance, with gender representing
a key consideration [3].

On the spectrum of diversity, gender has received extensive attention, given the lack of women at
the top levels of corporate management and the belief that they are important to ensure the effectiveness
of corporate governance [4]. These gender issues have resulted in initiatives appearing increasingly
often in corporate social responsibility (CSR) programs [5] and have been cited in sustainability reports
as contributing to an organization’s social impact [6]. It is worth noting that the GRI (Global Reporting
Initiative) Standards, which offer the most widely used reference for preparing sustainability reports,
include as part of their social dimension gender diversity and equal opportunities in relation to the
governance bodies of organizations [6]. Consequently, the European Commission drafted a proposal
for a Directive of the European Parliament and of the Council on improving the gender balance by
setting a minimum objective of a 40% presence of the under-represented sex among the nonexecutive
directors of companies listed on stock exchanges [7]. Despite these efforts, the gender gap persists
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at the most senior level of European organizations, with an average of 26.7% female board members
among the major listed companies in the European Union [8].

In Spain, the setting of the current study, this percentage was 23.66% in 2018 [9]. Although this
figure is close to the European average, it is still some distance from the percentage stipulated by
the aforementioned legislation, even though Spain was the second country in the world to establish
mandatory gender quotas [10]. The active participation by political forces in this matter is also
noteworthy. These efforts have resulted in the Good Governance Code of Listed Companies [11].
Legislation was also passed so that by 2015 there would be minimum representation of 40% of both
genders on the boards of directors of companies required to present annual accounts [12]. The aim was
to foster gender diversity in the work environment [13]. Spain therefore offers an interesting context for
studies of corporate social responsibility (CSR) in relation to issues of gender in corporate governance.

There is still a pressing need to shed light on the relationship between the gender diversity of
the board of directors and business performance, given the mixed findings reported in the extensive
literature on this topic [14]. This lack of consensus may be explained by, among other things, two
important considerations. First, most studies have focused on analyzing the direct relationship between
gender diversity and business performance. However, numerous indirect effects should be considered
when studying this relationship [15–17]. Prime examples include the firm’s debt management and
risk [18]. Second, scholars have typically used profitability ratios [19–21] or measures of market
capitalization [22,23], even though technical efficiency, despite rarely having been used in gender
studies, is actually one of the most accurate and least ambiguous measures for the analysis of an
organization’s performance [24]. To the best of our knowledge, just five studies have used technical
efficiency as a performance measure to explain a range of corporate governance mechanisms, including
the issue of gender [13,25–28], although gender diversity formed the core of the analysis in only one of
the cited studies [13].

For all of the above reasons, the aim of this study was to analyze the extent to which the social
dimension of CSR—specifically, the gender component of the social dimension of CSR, operationalized
as female representation and gender diversity of the board of directors—affects the technical efficiency
of Spanish listed companies. Technical efficiency is measured using stochastic frontier analysis
(SFA) [29,30]. The analysis examines both the direct and indirect influence (through leverage) of
female representation and gender diversity on technical efficiency. Although Gallego-Álvarez and
García-Sánchez [13] specifically examined the relationship between gender diversity in the most senior
corporate positions and technical efficiency (measured using SFA) in Spain, they studied the period
prior to the enactment of gender legislation (Ley Orgánica 3/2007). In contrast, this study covered a
longer period (2004–2015). It is thus the first of its kind to consider the new legal framework. Hence,
it is the first study to examine the possible effect of this new legislation on female representation
at the most senior levels of Spanish firms and the influence of this legislation on the impact that
female representation has on organizational management and performance. It is also the first study to
move beyond the direct relationship by considering the possible indirect relationship between gender
diversity and efficiency.

These research aims were pursued using data on a sample of 91 firms. Fixed effects estimation
with instrumental variables was performed to provide consistent estimators by correcting for problems
of endogeneity. A key conclusion is that better female representation and greater gender diversity in
corporate governance structures are important for reducing corporate inefficiency.

This study thereby contributes in several ways to the extensive literature on the linkages between
gender diversity at the most senior corporate level and business performance. First, the performance
measure and its calculation method have not typically been used in research on gender. Second,
the study shows the importance of analyzing the management of leverage as a possible pathway for
the indirect relationship between gender diversity and performance in terms of technical efficiency.

This study has four further sections following this introduction. Section 2 consists of two
subsections providing the theoretical foundations of the focal relationship. The first subsection offers
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an overview of the reasons why gender diversity influences performance. The second subsection
reviews the studies that have examined the link between different characteristics of boards of directors
and efficiency calculated using frontier techniques. Section 3 presents the characteristics of the sample,
defines the variables, and reports the data sources. Section 4 describes the estimation method and then
presents and discusses the results. Section 5 states the conclusions and limitations of the study and
offers suggestions for future lines of research.

2. Theoretical Background

2.1. Gender Diversity of the Board of Directors and Business Performance: An Overview

This study is based on the idea that the structure of the board of directors, specifically its gender
diversity, affects business performance. This assertion is supported by extensive literature that offers
numerous arguments for the influence of women in management. These arguments are often based on
a range of theories and on the differences between men and women, and the influence of women on
corporate boards is assessed using a variety of indicators of firm performance [14].

One of the most commonly used theoretical foundations to explain board gender diversity is
agency theory [31], which is based on the notion that more heterogeneous boards are more independent.
Thus, control is greater, and the costs associated with agency problems will therefore be lower [23,32,33].
However, scholars such as Farrel and Hersh [34], Bonn and Yoshikawa [35], and Hillman and
Shropshire [36] have highlighted the importance of resource dependence theory [37] with respect to
the relationship between diversity and performance. Their argument is based on the idea that the
board of directors acts as a liaison between the firm and the outside world. Therefore, board gender
diversity offers a source of competitive advantage by enabling access to key resources [38] through a
bigger, better network of contacts, which is particularly important to boost the value of the firm [39].
As mentioned earlier, gender diversity may be thought of as an indicator of a greater focus on the
interests of all those who bear a relation to the firm, and not just those of shareholders. Therefore,
stakeholder theory [40,41] is also relevant to this study. In short, the presence of more women on
the board of directors enhances the independent judgment of its members, thereby reducing agency
costs and addressing the interests of stakeholders [42]. This situation increases relational capital
and enables firms to secure critical resources to ensure their competitive success [37] and boost their
performance [43]. In light of these arguments and the work of other scholars [10,19,21,39,44], this study
used a multitheoretical approach, based on the notion that phenomena described by different theories
can affect the relationships between board gender diversity and firm performance.

Other studies have focused on the characteristics that distinguish men and women. These
distinguishing characteristics lead to expected behaviors in each case that exert different effects,
not only on governance but also on the implications of this governance. The distinctions between
men and women include differences in certain values. For example, benevolence and universality are
more common among women, which explains why women make decisions that are more stakeholder
oriented [45]. Moreover, female entrepreneurs tend to opt for participatory, rather than authoritative,
management [46]. In addition, there are also differences in the characteristics that affect corporate
decisions related to financing or investment. Men are more self-sufficient than women, who display
greater risk aversion than men. These differences explain why women directors are less likely to issue
debt, provide greater return on capital, and make fewer corporate acquisitions [18]. Other studies
provide further support for the relationship between women-led management and lower debt and
women’s more conservative stance toward risk [47,48].

It should also be noted that fostering gender diversity in corporate governance is associated not
only with advantages but also disadvantages in terms of value creation for the firm. Although the
advantages relate to better monitoring of management, given the greater independence of the board
and the more exhaustive and complex decision-making processes, the disadvantages stem from the
fact that this greater complexity creates more opportunity for conflict and weaker cohesion [13].
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However, it is essential to consider the factors that affect the role of women on corporate boards,
which may enhance or hinder their influence. Specifically, Adams and Funk [45] noted that the
differences between genders disappear in predominantly masculine contexts because women end
up adapting their behavior to that of men. Post and Byron [14] reported that female representation
on the board of directors has a more positive effect on firm performance in contexts with greater
shareholder protection because such contexts can encourage board members to exploit the full range
of knowledge, values, and experiences. Similarly, although many studies have centered on a direct
relationship, women can also enhance the firm’s financial performance indirectly through actions that
are not captured by the most commonly used financial indicators (e.g., commitment to ethical and
social values) [15].

Finally, given the range of theories applied to the study of board gender diversity, the factors
that influence the role of women, and the types of effects (direct or indirect), the literature on the
relationship between gender diversity and performance unsurprisingly presents mixed evidence [14].
Numerous studies have failed to show a significant relationship [19,22,49]. Furthermore, other studies
have reported a negative influence [50–52], while many others have shown a positive effect [3,23,32,53].

Based on all of the above, the following hypotheses were proposed:

Hypothesis 1 (H1). Board gender diversity positively and directly affects firm performance by enhancing the
effectiveness of corporate governance.

Hypothesis 2 (H2). To the extent that there are differences between men and women in terms of their risk- and
debt-related corporate decisions, board gender diversity exerts an indirect effect on performance through leverage.

2.2. The Relationship between the Board of Directors and Efficiency Estimated Using Frontier Techniques:
A Literature Review

Few studies have examined the relationship between firms’ gender diversity and technical
efficiency. In a study in Spain, Gallego-Álvarez and García-Sánchez [13] investigated the presence
of women among the shareholders, management, and senior executives of 96 firms across several
sectors and its relationship with business performance between 2004 and 2006. They considered
accounting measures, market value, and technical efficiency in their analysis. After endogeneity had
been corrected for, their results failed to show a clear relationship between board gender diversity and
the performance of the analyzed firms. For the same sample of Spanish firms, García-Sánchez [25]
explored the other board characteristics, besides gender diversity, that affect business performance.
The main findings of the study included the existence of a nonlinear relationship between board activity
(measured in terms of number of meetings) and business performance. However, the specialization of
the board through committees, as well as the presence of women on the board, was found to increase
technical efficiency. This efficiency was observed to be worse when there was a greater number of
directors on the board. Finally, the results showed the existence of a nonsignificant relationship between
performance and the other corporate variables considered in the study, namely ethnic diversity, board
size, and board independence.

In an international setting, notable studies of gender diversity and business efficiency include those
by Hanousek and Shamshur [26], Bibi and Balli [27], and Uribe-Bohorquez and Martínez-Ferrero [28].
For the period 2000 to 2013, Hanousek and Shamshur [26] studied a panel of firms from 14 countries in
Central and Eastern Europe, finding that the gender of executive directors influences firms’ efficiency,
with this relationship affected by the level of corruption in the environment. Linked to this conclusion,
another notable finding was that women executive directors behave differently from men in corrupt
environments, which the authors explained by gender differences in the inclination to engage in
illegal activities. In light of these findings, the authors concluded that in highly corrupt contexts,
this corruption has a greater negative effect on the efficiency of female-led firms because of women’s
weaker inclination toward such behavior, which places them at a disadvantage in such environments.
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Bibi and Balli [27] focused on microfinance institutions in five South Asian countries to analyze
the influence of certain corporate governance mechanisms on the financial and social efficiency of
these firms. Their analysis examined several characteristics, including gender diversity, for which the
authors did not find a significant causal relationship between the proportion of female board members
and either measure of efficiency.

Uribe-Bohorquez and Martínez-Ferrero [28] analyzed 31 stock indices for America, Europe,
the Middle East, Africa, and Asia between 2006 and 2015 to study board independence. They observed
a positive relationship between this variable and corporate performance. This relationship was found
to be stronger when firms operated in countries with stricter demands in terms of legal compliance.
To analyze this relationship, they used board characteristics, including gender diversity, as control
variables. Their primary conclusions included the observation that the presence of women board
members led to a degree of heterogeneity that negatively affected the efficiency of the analyzed firms.

Based on all of the above, the following hypothesis was formulated:

Hypothesis 3 (H3). Board gender diversity is crucial to explain corporate performance, and it is expected to
increase the efficiency with which firms use their resources.

Although few studies have considered gender diversity as a mechanism of corporate governance
to measure its impact on business efficiency, some studies have centered on other board characteristics.
The studies discussed here are those that have examined board independence, ethnic diversity, size,
and activity. Studies that have focused on other mechanisms such as ownership structure were not
considered because they fell outside the scope of this research.

Considering these characteristics by sector, financial institutions represent one of the most widely
studied sectors, followed by the manufacturing and tourism sectors. For the banking sector, a notable
study is that of Salim and Arjomandi [1], who concluded that technical efficiency may increase with
the size of the board and board activity, with no influence from board independence or board meetings.
Tanna and Pasiouras [54] reported positive and robust evidence of the relationship of several efficiency
measures with board independence, with the effect of board size also proving positive but not robust.
Choi and Hasan [55] observed the presence of foreigners on the boards of banks to be associated with
greater efficiency. On the contrary, the relationship between board independence and efficiency was
not observed to be significant. Finally, Yamori and Harimaya [56] compared cooperative financial
institutions and listed banks, observing that board independence had a positive effect on measures of
efficiency only in the case of cooperatives. In relation to nonbanking financial institutions, Hsu and
Petchsakulwong [57] showed that board independence and activity had a positive effect on several
efficiency measures, whereas board size had no effect. For the manufacturing industry, Su and He [58]
concluded that boards are more effective at driving efficiency when they have a larger number of
independent members. Chian and Lin [59] verified that smaller boards have greater efficiency, while
also providing evidence that CEO duality boosts corporate performance. In the hotel sector, notable
studies include those by Guetat and Jarboui [60] and Jarboui and Guetat [61], who showed the relevance
of board independence and CEO nonduality in enhancing the efficiency of the Tunisian hotel sector.

As this review shows, previous studies have focused on a single country to measure the relationship
between the board structure and technical efficiency. The same is true of analyses from a multisector
perspective. For example, Bernardi and Oliveira [62] studied the impact of the compensation received by
CEOs and directors on technical efficiency. Bozec and Dia [63] concluded that both board independence
and board size positively influence business efficiency, provided the firm is subject to market discipline.

3. Sample and Variable Selection

3.1. Data and Data Sources

The sample in this study consisted of 91 Spanish listed companies over the period 2004 to 2015.
The selection criterion consisted of collecting all available data on the boards of directors of Spanish
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listed firms from the reports produced annually by Spencer Stuart [64]. Thus, data on 127 firms were
gathered. These data were supplemented with selected financial variables from Osiris [65]. In the data
cleaning process, financial firms (banks and insurance companies) were removed. Their distinctive
characteristics mean that they report their accounts in a different format from other firms, preventing
unification with the rest of the sample. During this process, firms that did not have data for at
least four years were also removed because the lack of observations could lead to difficulties in the
econometric analysis.

3.2. Variable Definitions

3.2.1. Dependent Variable: Technical Efficiency

Most studies of the relationship between gender diversity and business performance use accounting
ratios, notable examples of which include return on assets, return on equity [14,21,51], and Tobin’s
Q, which reflects the market value of the company stock [22,23,32]. However, the use of these
measures has major disadvantages. For example, accounting ratios are subject to possible accounting
manipulation [66], while Tobin’s Q is subject to volatility [28] and only offers a good measure of value
creation for stockholders in efficient, wide markets. Also, there are very few listed companies [67].

In light of these considerations and the fact that the production process lays the foundation for
corporations [28], in this study, technical efficiency was used to measure business performance in
relation to board gender diversity of the most important Spanish companies. This measure was chosen
because it is more complete and less ambiguous than the accounting ratios and Tobin’s Q measures
mentioned earlier [68]. Conceptually, technical efficiency may be associated with the capacity to
produce at a lower cost, based on the relationship between a company’s outputs and the inputs needed
to produce those outputs. Accordingly, a firm is more efficient if it can produce more outputs using the
same or a smaller quantity of inputs [69].

Of all the models used to analyze efficiency, frontier techniques have received most attention
from the research community in relation to corporate governance [1,26,28]. Specifically, the parametric
technique of SFA and the nonparametric technique of data envelopment analysis (DEA) [70] are the most
widely used. Both techniques, which are used when the production function is unknown, are based on
the estimation of a hypothetical frontier delineated by the combination of inputs and outputs of the
most efficient firms and the evaluation of the potential inefficiencies or x-inefficiencies [71,72] derived
from the distance between the efficient behavior function and the observed values for each firm [73].

Specifically, in this study, the efficiency measure was obtained using SFA, as established by
Gallego-Álvarez and García-Sánchez [13], Hanousek and Shamshur [26], Choi and Hasan [55], and Su
and He [58]. This choice was justified for the following reasons. This technique requires the specification
of a functional form that separates the error term from the inefficiency term by allowing a certain
degree of random variability in the frontier that is outside the firm’s control. In contrast, DEA considers
any deviation from the frontier an inefficiency, is less rigorous than SFA, and yields results that can
lead to biased frontiers when working with small samples [73]. Accordingly, obtaining the frontier
using SFA consists of estimating a stochastic function, in this case for production, to which two error
terms must be added, as defined by the following expression:

yit = f (Xit)evite−µit . (1)

Here, for firm i at time t, yit is the observed output, Xit is the vector of inputs, υit is the random
error, and µit is the stochastic inefficiency (eff ). The stochastic frontier is determined by the expression
yit = f (Xit)evit , so efficient production is achieved when e−µit = 1, with the absolute inefficiency
occurring when e−µit = 0. We adopted a Cobb–Douglas function, justified by its ease of estimation and
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interpretation [74]. Taking logs, the previous function can be transformed to the following linear panel
data equation:

log Yit = β0t +
n∑

p=1

βp log Xitp + vit − uit donde uit ≥ 0. (2)

From this equation, it may be deduced that any use of resources that results in a lower level
of production to that of the frontier implies inefficiency. This effect only occurs in one direction
with respect to the frontier. Hence, µit may only take positive values. The factors that make up
the existing randomness may exert a favorable or an adverse influence on the output of the firm.
In addition, the time dimension of the panel forced us to consider variation in inefficiency over time.
Accordingly, the estimation of the frontier parameters followed the proposal of Battese and Coelli [75],
whereby inefficiency was modeled as a function of time. Therefore, as per those authors’ indications,
it was assumed that the error and inefficiency terms were independent and identically distributed,
were independent from one another, and followed a normal and truncated normal distribution,
respectively, such that υ ~ N(0, σ2

υ); µ ~ N+(0, σ2
u). The maximum likelihood method was used for

the estimation. This procedure is regularly used to obtain the efficiency frontier [56,58,61] because it
provides consistent and asymptotically efficient estimators. The assumption of temporal variability was
checked by comparing the models estimated using the two possible variants, namely that inefficiency
was either constant or variable over time [75].

It is crucial to address possible problems of endogeneity derived from the two-way causality
between the output and inputs [26], which is why instead of using the contemporary values of the
inputs, the first lag was used. Despite its importance, endogeneity has not been considered in many
studies that have examined efficiency using the SFA. Examples include the studies by Gallego-Álvarez
and García-Sánchez [13], Yamori and Harimaya [56], Su and He [58], Jarboui and Guetat [61], and Sheu
and Yang [68]. Hence, the equation to be estimated may be stated as follows:

log Yit = β0t +
n∑

p=1

βp log Xit−1p + vit − uit donde uit ≥ 0. (3)

In reference to the variables used in this estimation, the output (yit) was sales. This measure has
been used in various studies that have calculated the efficiency using frontier techniques. Examples
include the studies by Hanousek and Shamshur [26], Su and He [58], and Sheu and Yang [68].
The inputs (xit) were total assets, number of employees, and an indicator of stock turnover, which was
represented by the ratio of operating income to average inventory. The first two inputs were included
because they represent key resources in revenue generation and have been regularly used to determine
business efficiency [26]. The third input indicates how well the inventory is put to use in generating
operating income. Although no examples of its use in previous studies have been found, its inclusion
was deemed necessary as a measure of how well the business functions because the management of
inventory has major consequences for both liquidity and risk [76].

Finally, consistent with Hanousek and Shamshur [26], the parameters of the production function
were estimated in interaction with a dummy sector variable to control for specific factors in each sector.
Accumulated annual dummies were also included to control for the effects that influence the output
over time, following the indications of Hanousek and Shamshur [26], Yamori and Harimaya [56],
and Su and He [58].

3.2.2. Independent Variables: Gender Diversity

We followed the indications of authors such as Palomo-Zurdo and Gutiérrez-Fernández [16],
Campbell and Mínguez-Vera [23], Liu and Wei [44], and Darmadi [51] by using a range of indicators
to measure the gender diversity of the board of directors to ensure the robustness of our results.
The following indicators were used:
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• The most commonly used indicator in research on gender is the percentage of women (p_wom).
Like authors such as Isidro and Sobral [15], Low and Roberts [21], and Adams and Ferreira [50],
we calculated the ratio of female board members to total board members of the sampled firms.

• Following Carter and D’Souza [19] and García-Sánchez [25], we used the number of women board
members (wom) because the potential influence of two women on a large board might be greater
than the influence of one woman on a small board.

• Campbell and Mínguez-Vera [23] argued that the first two measures are insufficient to measure
gender diversity, instead proposing the use of the Blau [77] index (blau):

B = 1−
n∑

i=1

Pi
2 (4)

Here, B is the Blau index, and Pit is the proportion of women on the board of company i in
year t. Accordingly, higher values of this index mean greater diversity of the board. Authors
who have used this index to analyze the gender diversity of the board of directors and its
influence on profitability or business efficiency include Reguera-Alvarado and de Fuentes [10]
and Uribe-Bohorquez and Martínez-Ferrero [28].

• According to numerous scholars, having only one woman on the board of directors is merely
symbolic [78], whereas two constitutes a presence [79], and three is a critical mass [80]. Therefore,
following the approach described by Liu and Wei [44], we included three dummy variables
that took the value 1 when, respectively, there was at least one female board member (dum1),
two female board members (dum2), or three female board members (dum3), and 0 otherwise.

• To evaluate the effect of the European Commission Directive [7] on business performance,
a dummy variable was included that took the value 1 when women represented at least 40% of
the members of the board and 0 otherwise (dum40). Despite never having been used in prior
studies, this indicator was included to test the effect of this type of government measure on
business efficiency.

Given the possible business performance benefits of having women on the board of
directors [14,22,45], the sign in the specified equation was expected to be positive.

3.2.3. Control Variables

To avoid possible biases when analyzing the relationship between gender diversity and business
performance, other variables that might affect the dependent variable must be considered. Thus,
a range of characteristics of the board and the firm were included as explanatory variables.

The first board characteristic included in the study was the number of board members (board_s).
This measure of the size of the board was included to shed light on the possible relationship between
this attribute of corporate governance and business performance, given the contradictory evidence that
has been found in this regard. Whereas some authors have reported the advantages of having a larger
board [1,39], most studies have shown a negative relationship between the two variables as a result of
the agency problems that arise in large groups [81–83]. Therefore, a negative sign was expected to be
observed in the analysis of this relationship.

In addition to size, the type of board members who make up the board is also important. According
to Jensen and Meckling [84], nonexecutive board members are those who have the capacity to reduce
agency problems. Therefore, the study considered the number of proprietary directors (p_prop_dir)
as a percentage of the total number of board members to investigate the influence of the presence
of proprietary board members on business performance. These directors are elected among the
shareholders with a stake of more than 5% of capital, so they have broad scope to influence the control
of the company and, consequently, its performance. Therefore, a positive relationship between the two
variables was expected.
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The number of independent board members (p_ind_dir) was also considered. Independent
directors play a key role in corporate governance given their greater objectivity when evaluating
the company. This objectivity stems from having a more detached view than the management team
and the major shareholders. Accordingly, they are in a better position to perform their supervisory
functions and to influence business performance [31,63,73]. However, external board members are
unfamiliar with the way the company functions, which means that they might not always make the
right decisions [51,85]. Therefore, it was unclear what the sign of this relationship would be.

To address the independence of the board as a corporate governance mechanism, in addition to
the percentage of independent directors, CEO duality is commonly used [63,86]. This dummy variable
took the value 1 when the CEO and the chair of the board was the same person and 0 otherwise (dual).
The existence of duality may reduce the independence of the board and therefore the performance
of the company because it makes little sense for an individual to propose and implement strategic
decisions that the same individual must then evaluate [3,63]. However, some authors have found that
duality can increase business performance because of the potential for clear leadership without being
constrained by the board [87,88]. Therefore, it was unclear what the sign of this relationship would be.

Finally, company characteristics were included as control variables. Leverage (lev) was
included as a corporate governance mechanism that can affect the board [28] and therefore business
performance [13,23]. The same occured with solvency (solv) and working capital (work_cap). Although
these variables have not typically been used in the cited studies, their inclusion here was considered
important because of their role as indicators of the operating structure of the firm and its financing and
investment decisions, respectively [76]. Finally, return on assets (roa) was also included in the study
because of its importance for efficiency, as explained by Salim and Arjomandi [1] and Hanousek and
Shamshur [26].

4. Method and Results

4.1. Determinants of Technical Efficiency: Econometric Estimation

Once the measure of distance to the efficiency frontier for each firm (i.e., inefficiency) had been
obtained, the next stage was to analyze the determinants of the differences between the efficiency of a
given company and the efficiency of the companies with the best performance. Consistent with the aim
of this study, the analysis centered on the effect of gender diversity. The analysis considered both the
direct effect and the indirect effect through the firm’s financial structure. Therefore, inefficiency was
regressed onto two groups of explanatory variables: gender diversity variables and control variables.
Variables in the first group were used to estimate an equation for each of the seven measures to test the
robustness of the results when using different gender diversity indicators. The control variables were
divided into those that relate to characteristics of the board (board) and those that relate to characteristics
of the firm (firm). Therefore, the following static linear equation was estimated:

e f fit = β0 + β1 genit +
5∑

p=2

βpboarditp +
9∑

p=6

βp f irmitp + β10 genit ∗ levit + τt + ϕ j + ηi + εit. (5)

Here, for firm i at time t, effit is the distance to the efficiency frontier, genit represents each measure
of gender diversity, boarditp and firmitp refer to the four variables representing characteristics of the
board and the company, respectively, and genit∗levit are the interaction terms between each gender
diversity indicator and leverage. These terms were included to test the possible indirect effect of
gender via leverage. The inclusion of the interaction term indicates that the partial effect of lev on eff
should be determined by the coefficient of lev summed with β10∗gen. Hence, the joint significance of
the two coefficients in each estimated equation was also evaluated. The terms τt and ϕj represent the
fixed time and sector effects for each period t and sector ( j = 1, . . . ., 6), respectively. These fixed effects
were included using time and sector dummies to control for factors derived from the heterogeneity



Sustainability 2020, 12, 3865 10 of 18

between sectors that remain constant over time and to control for the factors that influence all firms
over time, such as the legal context, which is of particular interest in this study. Finally, ηi represents
the individual unobservable effect, and εit is the error term.

To estimate static models with panel data, fixed effects or random effects estimators can be used
depending on the existence or absence of correlations between the individual unobservable effect and
the explanatory variables, respectively. For this purpose, the Hausman test is used. Thus, to decide
which estimator to use in this study, the first step was to perform this test. The results indicated that the
fixed effects model should be used. However, as a test of robustness, the estimates from the random
effects model are also presented.

It is crucial for the analysis not to overlook problems of endogeneity, which arise in the relationship
of interest due to the omission of variables, two-way causality, or measurement error [4]. Numerous
studies have stressed the need to correct these problems of endogeneity given the inverse causality
between the measure of performance and the governance measures (see, e.g., Sheu and Yang [68],
who calculated technical efficiency using SFA). Therefore, in this study, we performed the estimation
with instrumental variables. Specifically, we instrumentalized each explanatory variable with its first
lag, following the indications of Arellano and Bond [89]. It should be clarified that the instruments
must meet the condition of exogeneity [90]. This condition was confirmed with the Hansen test, which
is reported for each estimate. However, some authors have failed to consider endogeneity problems.
Examples include Bibi and Balli [27] and Su and He [58], who also used fixed and random effects
estimators with time dummies.

4.2. Results and Discussion

In this section, we first characterize the sample (Table 1). The table has three parts: the first
presents descriptive statistics for all variables, the second shows the arithmetic mean of inefficiency
and some of the board variables by sector, and the third shows the arithmetic mean of inefficiency for
the entire sample and by sector for different gender diversity situations.

Given the focus of this study, two findings should be noted from the first part of the table. First,
the average distance to the efficiency frontier of the analyzed firms was 0.1948. Thus, the average
efficiency was 0.8052. However, the high dispersion with respect to the average value explains the
considerable underlying differences between firms. These differences are reflected by the fact that the
most efficient companies had a distance to the frontier of 0.0288, whereas the most inefficient firms had
a distance of 0.8976. Second, as regards gender diversity, the average number of women on each board
of directors was approximately 1 (1.0737), as the number of female directors was less than 2 in 75% of
observations of this indicator. Given that the average board size was approximately 11 directors (11.49),
female representation was clearly low, with an average percentage of women board members of less
than 10% (9.32%). However, comparing these numbers with a previous study [13] reveals positive
progress in female representation on the boards of directors of Spanish listed companies, which may
reflect the impact of gender equality regulations [12].

Regarding the second part of the table, there were substantial differences between sectors in terms
of inefficiency. The most inefficient sector was oil and energy, with a distance to the frontier of 0.2859.
This distance was more than double that of the most efficient sector (financial and real estate services),
which had a distance of 0.1325. The differences in the gender diversity measures were less noticeable.
The consumer services sector had the highest proportion of female board members (12.03%), whereas
the rest had similar proportions.



Sustainability 2020, 12, 3865 11 of 18

Table 1. Descriptive analysis.

Variables Arithmetic
Mean

Standard
Deviation

25th
Percentile

50th
Percentile

75th
Percentile Minimum Maximum

eff 0.1948 0.1132 0.1218 0.1743 0.2376 0.8976 0.0288

p_wom 0.0932 0.1014 0 0.0769 0.1538 0 0.5714
wom 1.0737 1.1926 0 1 2 0 6
blau 0.1484 0.1454 0 0.1420 0.2603 0 0.5

dum1 0.6868 0.4640 0 1 1 0 1
dum2 0.4258 0.4946 0 0 1 0 1
dum3 0.3003 0.4586 0 0 1 0 1

dum40 0.0080 0.0894 0 0 0 0 1

dual 0.6647 0.4723 0 1 1 0 1
p_prop_dir 0.4207 0.2088 0.2727 0.4285 0.5833 0 0.9166
p_ind_dir 0.3587 0.1684 0.25 0.3333 0.5 0 0.8888
board_s 11.49 3.3793 9 11 14 4 22

lev 173.86 174.3722 57.84 119.79 226.14 0.57 985.01
roa 4.1466 10.4389 0.66 4.1 7.79 −50.69 71.21

work_cap 218765.1 969323.6 −16688 45843 202890 −4100000 9100000
solv 77.4773 99.52982 25.46 48.81 88.84 −92.6 927.93

Arithmetic mean of variables by sector

Variables Sector 1 Sector 2 Sector 3 Sector 4 Sector 5 Sector 6

eff 0.1325 0.1893 0.2031 0.2859 0.1793 0.1629
p_wom 0.0923 0.0906 0.1203 0.0820 0.0882 0.0781

wom 0.8688 0.8666 1.3733 1.0833 1.1494 0.9682
blau 0.1356 0.1481 0.1888 0.1264 0.1412 0.1334

board_s 10.3770 9.7688 12.24 13.6574 11.7279 12.3015

Arithmetic mean of inefficiency by criteria

Criteria Entire
sample Sector 1 Sector 2 Sector 3 Sector 4 Sector 5 Sector 6

wom = 0 0.2125 0.1101 0.1936 0.2917 0.2448 0.2144 0.1697
wom >= 1 0.1860 0.1420 0.1867 0.1818 0.3085 0.1586 0.1593
p_wom <

perc50 0.2241 0.1101 0.2003 0.2273 0.2425 0.2154 0.1788

p_wom =>
perc50 0.1736 0.1325 0.1808 0.1874 0.311 0.1519 0.1459

Source: Compiled by the authors using Stata. Sectors: financial and real estate services (1); consumer goods (2);
consumer services (3); oil and energy (4); basic materials, industry, and consumption (5); and technology and
telecommunications (6).

Finally, the third part of the table shows the average inefficiency variation between companies
according to the following board gender diversity criteria: only male members (wom = 0) or at least
one female board member (wom = 1); and proportion of women below the median (p_wom < perc50)
or proportion of women at or above the median (p_wom ≥ perc50). This analysis revealed the major
differences in inefficiency when firms are compared based on these two groups of criteria. Regarding
the first, the average inefficiency of firms with at least one female board member (0.1860) was lower
than that of firms with only male board members (0.2125). This situation was true of most sectors.
Comparing the average inefficiency of companies according to the second group of criteria shows that
firms with a number of women directors at or above the median had lower levels of inefficiency, with a
difference of more than five percentage points (0.1736 vs. 0.2241).

Following this review of the descriptive statistics, the next section of the discussion focuses on
the results of the regressions shown in Tables 2 and 3 for the estimation using fixed and random
effects, respectively. Problems of multicollinearity were ruled out, as reflected by the correlation matrix,
and both tables confirm the validity of the instruments.
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Table 2. Dependent variable: inefficiency (fixed effects estimator).

Independent
Variables (1) (2) (3) (4) (5) (6) (7)

p_wom −0.0510 *
wom −0.0030 **
blau −0.0282 **

dum1 −0.0049 *
dum2 −0.0115
dum3 −0.0079

dum40 0.0088
dual −0.0011 −0.0006 −0.0004 0.0022 0.0007 −0.0001 −0.0003

p_prop_dir 0.0231 ** 0.0233 ** 0.0236 *** 0.0272 *** 0.0221 ** 0.0229 *** 0.0207 **
p_ind_dir 0.0058 0.0060 0.0068 0.0061 0.0036 0.0041 0.0052
board_s −0.0012 * −0.0013 ** −0.0012 ** −0.0013 * −0.0015 ** −0.0014 ** −0.0010 *

lev −0.00003 *** −0.00003 *** −0.00003 *** −0.00002 *** −0.00002 −0.00002 ** −0.00002 ***
gen*lev 0.0003 * 0.00001 ** 0.0001 * −7.75× 10−6 0.00008 0.00005 ** 0.00002

roa 0.00006 0.00006 0.00006 −0.00001 0.0001 0.00004 0.00005
work_cap −3.25× 10−9 * −3.14× 10−9 * −2.89 × 10−9 2.80× 10−10

−3.41× 10−9
−1.92 × 10−9

−1.34× 10−9

solv(log) −0.0054 * −0.0068 *** −0.0060 ** −0.0096 *** −0.0047 −0.0084 *** −0.0087 ***
Obs, 656 656 656 602 656 656 656

R2(within) 0.9800 0.9817 0.9816 0.9829 0.9767 0.9827 0.9840
F (P-val) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Hansen (P-v) 0.5672 0.4521 0.4531 0.1730 0.3722 0.2454 0.1495
Hausman (P-v)

(FE-RE) 0.0001 0.0002 0.0001 0.0000 0.0845 0.0001 0.0018

Source: Compiled by the authors using Stata. *** significant at the 99% level, ** significant at the 95% level,
* significant at the 90% level. R2(within): coefficient of determination of the transformed model (within group).
F (p-val): p value of the test of model significance. Hansen (P-v): p value of the Hansen test, taking the first lags of
the independent variables as instruments, as well as the first lag of the cash flow and return on equity variables to
meet the test requirement of inclusion of at least one external instrument. Hausman (P-v): p value of the Hausman
test. The reporting of time and sector dummies is omitted.

Table 3. Dependent variable: inefficiency. Random effects estimator. Robustness testing.

Independent
Variables (1) (2) (3) (4) (5) (6) (7)

p_wom −0.0499 **
wom −0.0030 **
blau −0.0277 **

dum1 −0.0056 **
dum2 −0.0112 *
dum3 −0.0078

dum40 0.0082
dual −0.0010 −0.0005 −0.0004 −0.0002 −0.0006 −0.00006 −0.0003

p_prop_dir 0.0239 ** 0.0240 ** 0.0242 *** 0.0245 *** 0.0230 ** 0.0236 *** 0.0213 **
p_ind_dir 0.0069 0.0070 0.0077 0.0082 0.0049 0.0051 0.0059
board_s −0.0011 ** −0.0012 ** −0.0011 ** −0.0007 −0.0013 ** −0.0013 *** −0.0009 **

lev −0.00003 *** −0.00003 *** −0.00003 *** −0.00002 ** −0.00002 ** −0.00003 *** −0.00002 ***
gen*lev 0.0002 ** 0.00001 *** 0.0001 ** −5.45× 10−6 0.00008 ** 0.00005 *** 0.00002

roa 0.00007 0.00006 0.00006 −0.00002 0.0001 0.00005 0.00005
work_cap −2.74× 10−9 * −2.65× 10−9 * −2.37× 10−9 * 1.43× 10−10

−2.77× 10−9 * −1.55× 10−9
−1.03× 10−9

solv(log) −0.0060 ** −0.0072 *** −0.0065 ** −0.0084 −0.0053 −0.0087 *** −0.0090 ***
Obs, 662 662 662 662 662 662 662

Wald (P-v) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Hansen (P-v) 0.7438 0.6870 0.6821 0.3184 0.6433 0.5061 0.4704

Source: Compiled by the authors using Stata. *** significant at the 99% level, ** significant at the 95% level,
* significant at the 90% level. Wald (P-v): p value of the test of model significance. Hansen (P-v): p value of the
Hansen test, taking the first lags of the independent variables as instruments, as well as the first lag of cash flow and
return on equity to meet the test requirement of inclusion of at least one external instrument. The reporting of time
and sector dummies is omitted.

Starting with Table 2, it should first be noted that the first four gender diversity measures were
significant and exerted a negative influence on inefficiency (see Equations (1) to (4)). Accordingly,
when there is an increase in the proportion of women on the board (p_wom), number of women
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directors (wom), and gender diversity (blau), and when the board goes from having only men to at least
one woman (dum1), technical efficiency increases.

These results do not concur with those of a similar study conducted previously [13]. This was the
only study of gender diversity that was found to have used the same dependent variable as in the
present study. In the earlier study, a nonsignificant relationship was found. A possible explanation for
this discrepancy in the results is the significantly lower female representation on the boards of directors
considered in the earlier study. This discrepancy may owe to the difference in the gender legislation
context of each study. The context in the present study was more favorable to a stronger presence of
women directors, potentially leading to a noticeable effect of gender diversity. Similarly, the statistical
significance of dum1 contradicts Kanter’s theory [78]. The results indicate that the first female board
member is more than a symbolic gesture and actually adds value to the firm.

Similarly, the finding that female representation on boards of directors contributes positively
to efficiency, as reflected by the results, is consistent with numerous studies that have shown
that fostering gender diversity at the most senior corporate level is important to enhance
performance [3,23,25,32,44,53], although the vast majority have used measures of profitability and
market value. Therefore, the analysis provides results that support the theories that underpin this
study. More specifically, board gender diversity is an indispensable way of reducing costs derived from
agency problems by promoting board independence (agency theory). Furthermore, gender diversity
can send highly positive signals to the outside world, improving firms’ access to key resources (resource
dependence theory). Gender diversity can also be interpreted as being oriented to all stakeholders
(stakeholder theory).

No other gender diversity variable was significant. Therefore, it may be concluded that there
would be no difference in inefficiency reduction between having at least one (dum1), two (dum2), three
(dum3), or 40% women directors (dum40). However, this result should be interpreted with caution
because the number of sampled firms with at least two, three, or 40% female board members was
low with respect to the number of firms with at least one female director (see Table 1 for data on the
arithmetic mean of dum1, dum2, dum3, and dum40). This feature of the sample may have influenced
the results.

Having analyzed the direct influence of the gender diversity measures on inefficiency, we now
turn to the other focus of this study, namely the indirect effect of gender diversity through leverage.
The results show that the interaction term (gen*lev) was positive and significant in most estimates
(see Equations (1) to (3) and Equation (6) in Table 2). In other words, an increase in leverage together
with a stronger presence of women on the board of directors results in lower efficiency. Equation (1)
indicates that for each unit increase in leverage, there was an independent decrease in inefficiency of
0.00003 units on average (coefficient of lev), keeping all other variables constant. However, in terms of
the total variation of this coefficient, summing the previous value of the coefficient to the coefficient
of the interaction term leads to a reversal in the direction of the effect on inefficiency. Specifically,
if the proportion of women board members reached the maximum value of 100%, the increase in
inefficiency for a unit increase in lev would be 0.02997 units, keeping all other variables constant. These
observations reflect the importance of considering the indirect effect (through financial structure) of
gender diversity on business performance. These findings can be justified by the different approaches
of men and women to corporate finance, which in turn can be explained by women’s supposedly
greater aversion to risk and leverage [18,47]. Therefore, a possible explanation for these findings is that
women’s more conservative approach to risk and leverage might mean that the influence of women on
the board would lead to greater difficulty for the firm to achieve an optimal financial structure, which
would increase technical inefficiency.

After discussing the results in relation to the central focus of the study, we now briefly reflect
upon the results in relation to the control variables. Table 2 shows that the proportion of proprietary
external directors and the size of the board were statistically significant in all estimates, with a positive
and negative influence on inefficiency, respectively. Thus, a higher proportion of proprietary board



Sustainability 2020, 12, 3865 14 of 18

members results in worse efficiency. This relationship can be explained by their focus on actions that
pursue the interests of certain stakeholders, such as shareholders, which may be to the detriment of
others. The opposite occurs with the size of the board, with an increase in efficiency when there are
more board members. This result can be explained by resource dependence theory because larger
boards are made up of more experts and will make better decisions [39,51]. Regarding company
characteristics, besides lev, which has already been discussed, solvency was found to have a significant
influence on inefficiency, such that more solvent firms are also more efficient. Finally, the robustness
testing reported in Table 3 consisted of estimating the same equations as in Table 2 using a different
estimator. These regressions confirm the main conclusions derived from Table 2, discussed earlier.
Therefore, it may be affirmed that the positive direct effect of gender diversity on efficiency is robust to
estimation by different indicators and procedures.

Finally, we should note that, in general, the hypotheses proposed in this study have been
corroborated. Specifically, the results support both the direct positive effect of female board member
representation on efficiency (H1 and H3) and the indirect negative influence of this female board
member representation on efficiency through leverage (H2). This finding highlights the importance of
considering the possible indirect effects of gender measures on business performance.

5. Conclusions

Achieving gender equality at the most senior corporate level continues to present a challenge for
institutions and society as a whole. Therefore, it is crucial to continue investigating the reasons that
explain the importance of gender quality. Despite the abundance of studies on this topic, there are
still numerous unanswered questions, the answers to which correspond to the clarification of the role
of women in effective corporate governance. This study offers the first evidence of the direct effect
and the indirect effect (through leverage) of board gender diversity on technical efficiency. Technical
efficiency, which is rarely used in studies such as this, was calculated using SFA. This study is also
novel in that the evidence provided relates to listed companies in a geographical setting (Spain) and
period conditioned by the improvement of the legal context with respect to gender equality in the work
environment. The estimation was performed using fixed effects with instrumental variables, providing
consistent estimates.

The results show the positive and robust effect of female board representation on the efficiency of
these firms. These results contrast with those of a similar analysis of Spanish listed firms performed
during the period prior to the regulations on gender equality, which failed to show a significant causal
relationship. This difference in findings may be indicative of the positive effect of these regulations on
enhancing gender diversity in Spanish firms. Ultimately, this stronger gender diversity may translate
into more effective governance, with major implications for the improvement of efficiency. Furthermore,
the study shows the indirect effect of gender diversity on efficiency through leverage, highlighting
the possible differences between men and women with respect to decisions that affect the financial
structure of the firm.

Therefore, we conclude that this study provides added value with respect to existing research.
This added value should be emphasized. Notably, this study is the first to examine how gender
diversity influences the technical efficiency of Spanish listed companies both directly and indirectly.
The results confirm the importance of considering both pathways and not only the direct influence,
as has occurred in the vast majority of previous studies. Furthermore, the study also offers the first
analysis of the gender diversity–technical efficiency relationship in Spain over a period that spans the
approval and implementation of legislation aimed at promoting gender diversity on boards of directors.
Accordingly, this study was conducted in a novel way, considering a context that is conducive to gender
equality in management and governance. Judging by the results of this study and the comparison with
a previous study, this legislation does indeed seem to have enhanced the role of women on boards
of directors.
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Finally, it should be noted that this study has several limitations. These limitations primarily
relate to the availability of data, as well as the lack of analysis of other indirect effects such as corporate
social responsibility or ethical values, which fell outside the scope of the study. These areas represent
the main topics to be addressed by research in the future.
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