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Abstract

This paper investigates how gender diversity in corporate boards impacts cost efficiency. Using a stochastic
frontier methodology, we estimate cost efficiency in a representative sample of gold mines worldwide. We then
examine how female representation on parent company boards influences these efficiency levels, drawing on
variations in female boardroom presence among peer companies. Our analysis reveals that a one standard-
deviation increase in the proportion of female directors leads to a 0.12 standard-deviation improvement in
cost efficiency across mining operations overseen by the parent company. This effect remains robust across
alternative measures of gender diversity, various stochastic frontier methodologies, and specifications that
account for factors influencing board composition. However, the efficiency gains associated with female directors
do not necessarily translate into higher accounting profitability, echoing similar findings in the literature. These
results highlight a distinct leadership style attributed to female directors, contributing to more efficient resource
utilization within firms.
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1 Introduction

Recent decades have seen a dramatic increase in female educational attainment and labour force participation
across advanced economies. However, women’s representation in economic leadership positions has lagged behind.
In addition to evident considerations of equality and fairness, the economic rationale for more female leadership lies
in the potential of gender-diverse boards to enhance corporate performance by bringing a variety of perspectives,
skills and experiences, which can lead to more robust deliberation, better decision-making, and a greater ability
to identify and implement innovative strategies (Harrison and Klein, 2007, among others).

In this paper, we use firm and plant-level data to examine how gender diversity on corporate boards affects a
particular dimension of corporate performance that has received little or no attention in the literature, namely, the
cost-efficiency of firm operations. Previous studies have examined how gender diversity affects the firm’s overall
performance (see Johnson et al. (2013); Post and Byron (2015) for systematic reviews). The results are generally
mixed. Although some articles find a positive effect of female directors on profitability and market value (Green
and Homroy, 2018), a relative majority reports negative (Ahern and Dittmar 2012; Matsa and Miller 2013) or null
effects (Gregory-Smith et al. 2014; Ferrari et al. 2022).

In response to these mixed findings, more recent studies have turned to investigating the effects of boardroom
gender diversity on more specific performance and corporate governance outcomes. While the inclusion of women
in top decision-making bodies may not necessarily increase the bottom line, it could still affect the style of corporate
leadership, bringing about changes in the way firms are governed and operate. In particular, previous studies have
shown that female executives are more risk averse (Sah et al. 2022), undertake fewer acquisitions (Levi et al.
2014), and allocate more effort to monitoring the firm’s management (Adams and Ferreira 2009; Nekhili et al.
2020).

In addition, studies in psychology (Costa et al., 2001; Byrnes et al., 1999; Meyers-Levy and Maheswaran,
1999) provide evidence that women, on average, tend to exhibit traits such as higher conscientiousness and attention
to detail, which contribute to a more meticulous approach in professional settings, including management and
board roles. Effective management monitoring requires regular review of financial data, performance metrics, and
operational processes. Directors who approach these tasks with consistent attention to detail are better equipped
to prevent cost overruns and identify cost-saving opportunities (Adams and Ferreira, 2007; Kaplan and Norton,
2008). Thus, a leadership style centered on risk containment and monitoring may lead to improved efficiency in
the firm’s existing operations. Measuring cost efficiency, however, is challenging, and this complexity may explain
why the impact of female directors on this specific performance outcome has been underexplored in the literature.

This paper uses a newly released global dataset on mining companies and a stochastic frontier methodology
to fill this gap. To the best of our knowledge, we are the first to investigate the impact of female directors on
efficiency outcomes using highly granular cost and output data at the plant level. Our analysis draws on a global,
representative sample of 136 parent mining companies overseeing 294 gold mines worldwide. This data comes from

a proprietary dataset assembled by the reputable analytics firm Glacier Rig Ltd. The available information allows



us to reliably estimate the cost efficiency of individual gold mines. Cost-efficiency is defined as the ability of a
productive unit (for example, a mine) to achieve the minimum feasible level of expenditure that is necessary to
produce a bundle of outputs, given the market price of inputs and the technology in use. To separate the impact of
different mining technologies from the efficiency with which a given technology is operated, we focus on a sample
of mines that can be assumed to be using the same production process —, namely, gold mines.

In the analysis, we exploit several interesting features of our data. First, we are able to match information at
the company and board levels (on female representation) with detailed accounting data (on output and production
costs) at the mine level. Second, we can distinguish between three different cost categories and therefore estimate
three complementary dimensions of cost efficiency across individual mines. Third, the time coverage of the data
(2012-2020) makes it possible to exploit variation in board composition within companies over time, and therefore
control for company- and board-level unobservables.

The analysis proceeds in two steps. In the first step, we use the mine-level information to estimate well-
specified cost functions (based on our three cost metrics) in a stochastic frontier framework (Battese and Coelli
1992). Any observed (upward) deviation from the lowest feasible costs of production implied by the mine’s
estimated cost function can be attributed to mine-specific inefficiencies. These deviations can be obtained in the
form of residuals after the estimate, leading to reliable indicators of cost inefficiency at the mine level.' In the
second step, we relate our indicators of cost inefficiency to the share of women directors who sit on the board of
the parent company of the mine. Fixed effects OLS regressions indicate that increased female participation on
the parent company board is associated with efficiency improvements in all mining operations controlled by the
parent company.

Identifying the causal effect of female directors on cost efficiency is subject to a number of challenges.
First, unobserved characteristics of the company or its board (for example, corporate culture) may affect both
the company’s efficiency performance and the gender composition of the board. For example, being sensitive to
ethical and social responsibility considerations can cause firms to be both more female-friendly and also achieve
more efficient operations. We address this concern throughout the analysis by using company-fixed effects, which
provide estimates based on within-company variation in female representation over time. Second, the observed
relationships may be driven by selection effects. Less efficient companies may be less likely to select female directors,
for instance, if an urgent need to improve efficiency crowds out considerations of fairness and equality. Conversely,
prospective female directors may tend to self-select into more efficient companies, especially if (observed) efficiency
is a signal for female-friendliness. To mitigate this concern in an OLS framework, we include lagged measures of
company-level performance in our fixed-effects regressions. Information on ROA and asset turnover, in particular,
is easily observable on annual reports and may be used by prospective female directors to select target companies.

Third, and most problematically, boards may be chosen optimally to maximize efficiency. Here, the direction

1We do not have the data to estimate production functions and obtain measures of ‘technical efficiency’.



of the bias is not clear a priori. If women directors are on average less experienced than men, an exogenous increase
in female representation would impose a constraint on efficiency maximization. Thus, the ‘true’ effects of female
directors on cost efficiency will be smaller than implied by the OLS estimates (Ahern and Dittmar 2012). If, on
the other hand, women are subject to statistical or taste-based discrimination in the executive labor market (with
female candidates having to display substantially higher levels of ability than otherwise similar male candidates
to secure the same directorship), then an exogenous increase in female participation will relieve a constraint on
efficiency-maximizing recruitment (Comi et al. 2020: 6). In this case, the exogenous entry of women would bring
more able directors to the board, and the ‘true’ effects of female directors on cost efficiency should be greater than
implied by OLS estimates.

To mitigate these endogeneity concerns, we turn to an instrumental-variable (IV) strategy. We suggest that
the choice to appoint female directors may be subject to peer effects (see e.g., Bulow et al. (1985), for a theoretical
grounding, and Bustamante and Fresard (2021), for empirical evidence). In particular, companies may be under
pressure to hire more women directors if their direct competitors embark on efforts to promote gender equality in
the boardroom. Peer pressure is likely to be strongest amongst peer firms headquartered in the same city, where
formal and informal contact between mining executives is frequent, and horizontal cultural transmission is likely
to be operative. Thus, we use the average share of female directors among the sampled firms headquartered in
the same city as an instrument for a firm’s own share of female directors. We support the exclusion restriction
necessary for identification by showing that the instrument is not correlated with other characteristics of the firm
and the board beyond female participation. Additionally, the results are robust to controlling for efficiency spill-
overs among firms headquartered in the same city, and since the mines are generally located in different provinces
or countries than the headquarters, the instrument is plausibly exogenous to other factors affecting mine efficiency.

In line with labor market discrimination as a potential confounding mechanism, the IV estimates indicate
larger efficiency gains from female boardroom representation than the corresponding OLS estimates. Although
our data do not allow us to investigate in detail the mechanism underlying this relationship, we show that our
results are unlikely to be driven by an increase in other efficiency-enhancing characteristics typically associated
with incoming female directors such as independence from management and younger age. Rather, we suggest
based on previous findings in the literature that incoming female directors have on average different preferences
regarding monitoring compared to their male peers (Adams and Ferreira 2009; Nekhili et al. 2020).2 Women may
also have on average systematically different aptitudes, showing greater conscientiousness and attention to detail
in some tasks, as compared to men (Costa et al, 2001; Byrnes et al., 1999, and Meyers-Levy and Maheswaran,
1999). These female-specific traits may contribute to women directors having a more careful and diligent approach
as board members, with female-dominated boards showing a greater ability to streamline processes and reduce

unnecessary expenditures as a result.

2Previous studies (Abraham 2023) found that women may harbor distinct perspectives regarding performance, extending even to
their self-perceptions, a factor that could be linked to the level of monitoring effort they exert.



In addition, we show that the cost savings induced by the gender-diverse boards, although important eco-
nomically, do not make the companies that control the mines in our sample more profitable. In sum, our results are
consistent with women directors bringing to the board a distinct style of leadership focused on careful monitoring
and auditing of expenditures, without necessarily improving the overall performance of the firm. In this regard,
the evidence we present is consistent with previous studies finding mixed effects of female directors on accounting
performance and overall firm value (Ahern and Dittmar 2012; Gregory-Smith et al. 2014).

The paper is structured as follows. Section 2 motivates the analysis by reviewing the related literature, while
highlighting our contribution to it. Section 3 discusses the data. Section 4 presents the empirical methodology

and the empirical results. Section 5 concludes.

2 Related Literature and Contribution

Boards of directors serve two main roles: advising managers on important decisions; and monitoring them to ensure
that they act in the best interest of shareholders (Adams and Ferreira 2009). Most of the empirical literature on
female directors has focused on gender differences in executive positions, examining whether female participation
improves corporate performance and firm value by strengthening the board’s advisory and monitoring functions
(Wolfgang et al. 2023).

Some studies exploit the exogenous introduction of board gender quotas for identification, which did not
occur in any of the countries in our sample during the study period. Using this strategy, Ahern and Dittmar
(2012) found that the Norwegian quota law (2003) resulted in younger and less experienced boards, leading to a
significant decline in Tobin’s Q for the affected firms. Exploiting the same quota law, Matsa and Miller (2013)
argue that the firms that experienced an exogenous increase in female board participation are less willing to under-
take workforce reductions and have higher total labor costs than control-group firms, with negative consequences
for performance as measured by the ratio of operating profits to assets. The authors argue that these findings
cannot be attributed to a decline in director ability, but to a distinctly ‘female style in corporate leadership’, in
line with the mantra that ‘women take care, while men take charge’.

The findings of Ahern and Dittmar (2012) and Matsa and Miller (2013) confirmed previous evidence based
on panel regressions and US data (Adams and Ferreira 2009), but were qualified by subsequent work. Using a
sample of French firms during 2001-2010, Bennouri et al. (2018) link female directors to improvements in corporate
performance (as measured by ROA and ROE), but deteriorations in market value (as measured by Tobin’s Q).
Using the gender of CEOs’ children as a source of exogenous variation in female director appointments, Green and
Homroy (2018) report positive effects of board gender diversity on both accounting- and market-based measures of
performance for a sample of European firms. Comi et al. (2020) find mixed results of board gender quotas across
FEuropean countries: an overall negative effect in France and Spain, and a positive effect on labour productivity
and TFP in Italy. Carbonero et al. (2021) show that the Italian quota law improved the export capabilities of

affected firms. Ferrari et al. (2022), however, confirmed Comi et al.’s (2020) finding of a null effect of the Italian



quota law on overall corporate performance as measured by ROA and Tobin’s Q.

Our paper provides a complementary angle to this literature by studying a global sample of highly homoge-
nous firms active in the same sub-sector (gold mining), rather than a heterogenous sample of firms from the same
country. We focus on the mining industry, a notoriously male-dominated sector where executives and directors
tend to come from an engineering or STEM background.

We also shift the focus of the analysis from overall indicators of corporate performance to a specific perfor-
mance outcome that has received little to no attention so far — namely, cost efficiency. Our findings on the efficiency
gains from female representation relate to several recent studies. A large literature has shown that women are
socialized into having preferences that are often systematically different from men’s (Croson and Gneezy 2009;
Dittrich and Leipold 2014). Arano et al. (2010), Niederle (2017) and Rybczynski (2015) document gender dif-
ferences in risk aversion, which may account for corresponding differences in labour market outcomes. Sah et
al. (2022) find that the gender gap in risk propensity can also be observed in a sample of CEOs, while Chen
et al. (2022) report higher risk-taking behaviour amongst Chinese firms headquartered in counties with a higher
male-to-female sex ratio.?

A parallel literature has also shown that women have a greater preference for rule-following and ethical
behaviour than men. In Italy and China, female bureaucrats are less likely to be investigated and arrested for
corruption than their male counterparts, potentially because they tend to ‘act more “defensively” in administering
their duties’ (Decarolis et al. 2023). Female executives have also been shown to reduce the likelihood of firms
engaging in financial fraud (Cumming et al. 2015), and to promote the firm’s engagement in charitable and socially
responsible initiatives (Hafsi and Turgut 2013; Post et al. 2011; Bear et al. 2010; Webb 2004).

Women may bring their gender-specific preferences into the boardroom. Gul et al. (2008) show that com-
panies with gender-diverse boards choose more specialised auditors and demand greater audit effort, as measured
by audit fees. They attribute this relationship to a female preference for ethical compliance and to women’s
higher aversion to risk compared to men’s. Using a sample of US firms, Adams and Ferreira (2009) argue that
director attendance rates improve with an increase in board gender diversity, and that female directors are five
percentage-point more likely to sit on monitoring-related committees than male directors. Similarly, Green and
Homroy (2018) find that female directors in Europe are almost ten percentage-points more likely than their male
counterparts to sit on the board’s audit committees, which is typically responsible for appointing auditors and
monitoring the firm’s internal financial performance.

Gul et al. (2011) find that female representation on corporate boards improves stock-price informativeness
through increased transparency and public financial disclosure. Similarly, Adams and Ferreira (2009) argue that
female directors are more likely than their male counterparts to monitor and hold CEOs accountable for poor

stock-price performance. Aktag et al. (2023) show that the 2011 gender quota law in France prompted affected

3Whether gender-specific risk preferences extend ‘beyond the glass ceiling’ is now more controversial. Adams and Ragunathan
(2015), for instance, find that banks with more gender-diverse boards do not necessarily have less risk than other banks.



firms to dis-invest in foreign subsidiaries. They, too, attribute this effect to an increase in managerial monitoring,
which has the effect of keeping ‘corporate empire-building’ or reckless behaviour by (typically, male) CEOs in
check (ibid).

Women may also improve managerial monitoring by contributing distinct types of expertise that are missing
in incumbent (male-dominated) boards. Kim and Starks (2016), for instance, find that women directors in the US
are more likely to possess functional expertise in the area of risk management, corporate governance and regulation
(amongst others). These skills may contribute to more intense monitoring of management by the board, as well
as better auditing of the firm’s finances.

In this paper, we suggest that a potential consequence of tougher managerial monitoring by gender-diverse
boards is an increase in the efficiency of the firm’s existing operations. The reason is that monitoring management
involves poring over financial reports, and carefully reviewing performance metrics and operational procedures.
This work can lead directors to identify cost overruns more quickly, and can suggest innovative cost-saving strate-
gies (Kaplan and Norton 2008). Similarly, the firms that exert or demand a higher audit effort may be in a position
to monitor and hence manage the company’s finances (including its expenditures on inputs) in a more efficient
way. Thus, owing to their (gender-specific) preference for tougher monitoring, women directors may improve the
ability of the firm to pursue the economic goal of cost minimization. This paper contributes to the literature on

gender and corporate governance by examining this possibility.

3 Data

We use data from the restricted-access version of the Mining Intelligence dataset published by Glacier Rig Ltd,
a Canadian data-analytics company that provides consulting services to the global mining industry. This source
is composed of several parts. We focus on (and combine) two parts: the ‘companies dataset’, which contains
information on the financial performance and board composition of global mining companies; and the ‘properties
dataset’, which contains information about individual mines — their ownership structure, technical and geographical
characteristics, and accounting data such as ore output and production costs.

By matching individual mines with the companies that control them, we constructed an unbalanced panel
dataset covering the worldwide gold-mining sector during 2012-2020. We focus specifically on the gold sector for
two reasons: i) Individual mine efficiency can be estimated more reliably in a stochastic frontier framework by
using a sample of productive units (mines) that operate a similar technology of production; ii) The information
available from Mining Intelligence is richest and most complete for the gold sector.

The full sample is composed of 136 publicly listed mining companies from 16 headquarter countries. We
can match these companies with 294 gold mines across 46 mining countries. While different companies may own

stakes in the same mine, we consider the owner of a mine to be the company holding the largest interest share



4 The board of the mine’s majority shareholder may be assumed to have the greatest influence on

in the mine.
the mine’s operations and performance. 39.5 percent of the sampled mines for which information on both mine
and company location is available are owned by a domestic company headquartered in the same country, while
60.5 percent are owned by a foreign company. Out of the domestically owned mines, 40.4 percent are located
in the same sub-national unit (province, state) as the headquarter of the main controlling company, while the
remaining 59.6 percent are located in a different sub-national unit. Thus, only 16 percent of the mines that we

observe are geographically close to the headquarters of the company that owns them, and none is located in the

same city /municipality. In the sample, the mining companies own and operate an average of 2.2 gold mines.

3.1 Mine-level data

At the mine level, we have information on costs of production, output quantity, a number of (time-invariant)
characteristics of the mine (e.g., the ore grade), and the mine’s geographical location. This data allows us to

specify a rich cost function at the mine level.

[Table 1]

Descriptive statistics on mine-level costs and output are presented in Table 1, Panel A.® Following standard
industry practice, we make use of the main headline metrics used by gold-mining firms to report costs (World Gold
Council, 2021). All-in sustaining costs (AISC) are intended to reflect the full costs of keeping a mine in business.
AISC is the sum of two components — total cash costs (C1) and sustaining-capital costs (SC). C1 correspond
to short-term production costs (COGS), including those arising from ore extraction and basic processing, and
from running the mine site. SC include expenditures intended to keep the mine profitable in the long run (Yapo
and Camm 2017; O’Connor et al. 2016). These include exploration costs; the replacement of machinery and
equipment; capital expenditures related to safety, health, and the local environment; and costs incurred for mine-
site reclamation and rehabilitation.

Actual reporting practice varies significantly from company to company. In the analysis, we focus on the
mines owned by companies that report all the cost metrics explained above. For this reason, and because of
missing information on the company-level variables, the sample available for estimation is smaller (N = 352). In
this sample, the total reported costs of production are generally higher than in the full sample, but so is the level
of gold output (Table 1, Panel A).

According to the Mining Technology magazine, there were 1322 gold mines in operation globally in 2023.6

The world’s largest gold producers are China, Russia, and Australia, followed by Canada and the US. At least for

4In our full sample, the largest single interest share in a mine ranges between 25 and 100 percent, with a mean (median) of 94.1
(100) percent.

5Descriptive statistics on mine and geographic characteristics are not reported in full but available upon request.

6See URL: https://www.mining-technology.com/marketdata/five-largest-gold-mines-the-us/



advanced economies such as Australia, Canada and the US, the mines sample obtained from the Mining Intelligence
dataset is representative of these countries’ gold sector.” For instance, in 2023 there were 127 active gold mines
located in the US, 22 of which (17.3 percent) appear in our full sample. The largest shares of observations in the
sample pertain to mines located in Australia (14.3 percent), South Africa (14), the US (7.8) and Canada (6.9).

Other important gold producers such as China (1.2) and Russia (4.7) are relatively less well-represented.

3.2 Company-level data

From the Mining Intelligence ‘companies dataset’, we obtained information on the board composition of mining
companies, in addition to income-statement, balance-sheet, and firm-demographic information. To measure female
board representation, we divided the number of active female directors by the total number of current directors
sitting on the company’s board. The share of female directors is intended to capture the influence that women exert
on decision-making at the board level — for instance, the intensity of managerial monitoring. In the robustness

analysis, we also use indicator variables for companies with at least one (or more than one) female director.

[Figure 1]

Descriptive statistics on board characteristics, specifically those related to gender, are presented in Panel B
of Table 1.8 There is substantial variation in the share of female board members across companies and over time
(s.d. = 0.126), with a mean (median) share of 14 percent (12.5 percent). 69 percent of mine-year observations are
matched with companies having at least one female director on the board, while around 50 percent are matched
with companies with more than one female director. Standard t-tests cannot reject the null that the full and
estimation samples are drawn from populations with the same mean level of female representation across these
three indicators.

In the analysis, we exploit the variation in female boardroom representation within companies over time.
The within standard deviation in the share of female directors is 0.086, which is only slightly smaller than the
between standard deviation (0.103). Figure 1 shows the evolution of female boardroom representation over time,
averaging across companies, in the four countries hosting the largest number of gold-producing companies in our
sample (Canada, South Africa, Australia, US). The diagrams indicate a clear upward trend in female participation
across the four countries. Globally, female participation in mining companies’ boards increased from exactly 0 in
2012 to an average of 30.4 percent in 2020 (based on our full sample). In the analysis, we focus specifically on
a component of time variation in female board representation that we can plausibly consider to be exogenous to
operational efficiency.

At the board-level, we have information on when directors took office, the board size, the age of directors, and

7Personal communication with Mining Intelligence.
8Descriptive statistics on accounting and firm-demographic variables are not reported in full but available upon request.



whether directors also serve as executives in the company’s C-suite or are independent directors. Nearly 6 percent
of directors in our sample are new directors, meaning that they took office in the year of observation. On average,
the boards of gold-mining companies are composed of 11 directors with 60 years of age. A quarter of directors in
the typical board are independent. The share of female directors is quite highly correlated with board size (0.46)
and with the share of independent directors (0.61), suggesting that female directors are typically recruited in ad-
dition to, rather than as a replacement for, incumbent male directors, and from outside the company rather than
from its C-suite. Indeed, both the average board size and its independence increased dramatically in our sample

during 2012-2020. In the analysis, we show that our results are robust to controlling for these board characteristics.

4 Empirical methods and estimation results

4.1 Estimation strategy

Our analysis proceeds in two steps, as outlined by Greene (2012). First, we use a stochastic cost frontier model to
estimate the efficiency level of individual mines. Second, we examine the effects of female board representation,
measured at the company-level, on the indicators of mine-level inefficiency obtained in the first step.

First Step. Using our mine-level data, we estimate the following (Cobb-Douglas) cost function:

In Oirt =aln QiTt + (pr + 97t + ¢7‘t2) + IBXZI + MNirt (la’)

where i indexes’ mines located in sub-national regions r (as defined in the Mining Intelligence dataset), and ¢
refers to time. Cj.; represents any one of the three mine-level cost metrics described in section 3 (AISC, C1 and
SC). Qi denotes the quantity of output, measured in MID (metal in doré) units, a standard metric used in the
gold industry. The terms p, + 0,t + ¢,t> model region-specific, non-monotonic time trends that may arise from
price variations in local labour and input markets. This term allows wages and other input prices to vary both
across regions and over time.

All the gold mines in our sample are industrial (as opposed to artisanal) operations and may be assumed
to use the same gold-mining technology. Nevertheless, our specification includes Xj;, a rich set of geographical
characteristics that may be associated with local technology adaptations. These include: latitude, longitude, a
measure of the site’s remoteness (in logs)?, the mine’s ore grade (in logs), extant reserves (in logs), and the mine
type (e.g., underground vs. open-pit). Given the short time span, we assume no technical change.!°

Since the theoretical cost function represents an ideal — the frontier of minimum costs that can be feasibly

achieved with a given technology in a given price environment — any deviation from it can be interpreted as arising

9Defined as the travel distance to the nearest urban center.
10To the extent that technical change takes place and is trended, it will be captured by the region-specific trend terms.



from individual inefficiencies. Thus, the error term in equation (1) is allowed to have a composite form, which

follows Battese and Coelli’s (1992) ‘normal-truncated normal’ specification:!!

Nirt = €irt + Uipt <1b)

eirt 18 the standard idiosyncratic disturbance reflecting model error and random-sampling variability, and is as-
sumed to have a symmetric (normal) distribution. wu;.; denotes the so-called ‘inefficiency term’ — a one-sided,
time-varying residual capturing upward deviations from the minimum-cost frontier. When w;+ = 0, the mine is
operating its technology at full efficiency at time ¢t. When w;; > 0, the mine is spending more than it could given
its technology and the market environment it faces. u;.¢ is assumed to have the following truncated-normal form,

where N7 refers to the truncated-normal distribution and 7 is a constant:

Uipt = U X xp [—n(t — Tjp)] (2a)

uir ~ NT(0,02) (2b)

We first estimate the parameters of the cost function (eq. la) by maximum likelihood (ML). Next, we use the
method of Jondrow et al. (1982) to obtain estimates of wu;.; for each of the three cost variables used on the
left-hand side of equation (1a) — that is AISC, C1 and SC.!? The resulting inefficiency terms have the same unit

of measurement as the corresponding dependent (cost) variables (log of mln USS$).

[Table 2]

Table 2 shows the estimates of equation (1a) for the three cost metrics. As expected, higher levels of
production increase total costs with an elasticity ranging between 0.80 and 0.99, indicating increasing returns to
scale.!® Except for model (2), both the region-level trends and the set of mine-level controls (X;,.) enter the cost
function as jointly significant, suggesting time variation in local input prices and/or technology adaptation across

locations.!*

11 This specification is also known as the ‘time-varying decay’ model.

12To extract the inefficiency term w;,; from the composite error term (7;¢), Jondrow et al. (1982) propose to exploit the assumed
conditional distribution of w;y¢ given 7);r+. The estimates of individual inefficiencies can then be obtained using the mean E(w;rt|firt)
of the conditional distribution. In alternative specifications reported in the Appendix, we also test the robustness of our results to
using an alternative method proposed by Battese and Coelli (1988), which uses E[exp (—uirt|fjirt)] to recover the estimates of w;y¢.

I3Increasing returns to scale are in line with previous findings from the mining sector (e.g., Boyd 1987).

MThe OLS estimates of the cost-function parameters (eq. la), which we obtained for comparison, are fairly similar to the ML
estimates of the cost-frontier model allowing for a composite error term. For example, the OLS estimates of « for models (1)-(3) are,
respectively, 0.841 (s.e. = 0.047), 0.819 (0.035), 1.014 (0.079).

10



[Table 3]

Table 3 shows descriptive statistics for the inefficiency terms (u;-:) obtained in post-estimation, which we
call AISC-, C1- and SC-inefficiencies, respectively. The table distinguishes between the full sample and the
sample available for estimation in the second step of our analysis (N = 352). Across the three measures of cost-
inefficiency, t-tests cannot reject the null (at the 5 percent level, at least) that the full and estimation samples
are drawn from populations with the same mean level of inefficiency. Together with previously reported t-tests
showing no difference in mean female participation across the full and estimation samples (Table 1), these findings
mitigate the concern that our main results may be an artefact of sample selection.

Both C1- (0.51) and SC-inefficiency (0.40) are moderately correlated with AISC-inefficiency, but less so with
each other (0.13), confirming that these two cost metrics convey complementary information. For illustration,
Figure 2 plots the distribution of AISC-inefficiency for the sampled mines located in Russia, Canada and the
United States, respectively. The right-skewed, truncated-normal distribution of this variable is apparent in the
diagram. It is also evident that the mines located in countries with a comparative advantage in resource extraction
(Russia and, to a lesser extent, Canada) are, on average, less inefficient than the mines located in a more diversified

economy such as the United States.

[Figure 2]

Figure 3 shows the evolution of AISC-inefficiency over time, averaging across mines, in the four countries
hosting the largest number of gold mines in our estimation sample, namely South Africa, Canada, the United
States and Australia. Across these countries, AISC-inefficiency displays an upward trend, which could be driven
by changes in industry-specific regulation. This finding underscores the need to control for global trends in the

second-step of the empirical analysis.

[Figure 3]

Second step. To examine the impact of female boardroom representation on mine-level inefficiency, we begin by
estimating the following benchmark OLS model:
Ujcjt = aFemjt + w. + oj + 7+ ijt + €icjt (3)

Here, we match the mine-level with the company-level information. Thus, u;.;j: denotes the AISC-, C1- or SC-
inefficiency of mine ¢ at time ¢, where the mine is located in country c¢ and is controlled by company j at time ¢.

Femyj, is the share of female directors sitting on the board of company j at time ¢. w, is a full set of mining-country
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fixed effects, capturing the country-level differences in mining-sector efficiency illustrated in Figure 2. 7; are time
effects, which control flexibly for global trends in female representation and inefficiency levels. ¢; denotes company
fixed-effects, which control for company-specific unobservable characteristics (e.g., management culture, corporate
ethics) that may influence both female representation and cost efficiency. Lastly, X;; is a vector of additional
time-varying company characteristics that may affect cost-efficiency, potentially confounding the OLS estimate of
a, our parameter of interest. Here, we consider a measure of firm size (the log of total assets) and indebtedness
(debt to equity ratio).!?

€icjt, the error term, reflects idiosyncratic variation in cost-inefficiency across mines, companies and time.
Even after controlling for ¢, some of this variation is likely to be common to mines belonging to the same company.
Thus, following MacKinnon et al.’s (2023, 278) recommendation, we cluster the OLS standard errors conservatively
at the coarsest feasible level (the company), allowing for general patterns of residual correlation both across mines
owned by the same company and within the same company over time.'6 In section 4.5, we test the robustness
of our conclusions to alternative clustering structures. To increase the efficiency of the OLS estimator, we also
weight the observations by the interest share (%) held by company j in mine 4 at time ¢. This procedure has the
effect of reducing the influence of observations referring to mines that are not wholly owned by the company to

which they are matched in the dataset.!”

4.2 OLS results

The estimates of equation (3) for our three different cost-inefficiency outcomes are presented in Table 4. The
models in column 1, which are presented for comparison, control for mine-country (w.) and time-period () effects
only. The estimates of coefficient a are negative across Panels A-C, indicating that a higher share of female
directors on a company’s board is associated with lower inefficiency across the mines controlled by the company.

Yet, the estimates are always statistically insignificant.

[Table 4]

The models in column 2, which we consider as our baseline specifications, add company fixed effects (o)
to the regression equation. The models in column 3 also add the full set of company-level controls (X,¢). These

specifications only use variation over time in female board representation within companies for identification. The

15The potentially confounding influence of other board characteristics (as opposed to company-level characteristics such as assets
and indebtedness) is considered later in the analysis.

16 A coarser clustering level could be the country where the company is headquartered. With only seven such countries (in the
estimation sample), however, this clustering structure is infeasible, as the small number of clusters would cause the hypothesis tests
to over-reject the null.

7Our results are qualitatively robust to using an estimation procedure (OLS or 2SLS) without weights, however. The results are
available upon request.
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estimates of coefficient a are now negative and statistically significant at conventional levels across Panels A-C.
For the average mining company, a one standard deviation increase (12 percentage points) in the share of female
directors is associated with a 0.7, 0.5 and 2 percent reduction in AISC-, C1- and SC-inefficiency, respectively
(based on model 2), across the mines controlled by the company. These effects correspond approximately to 4.4,
2.8 and 8.9 percent of a standard deviation of the three inefficiency indices, respectively. Figure 4 visualizes the
partial relationship between the share of female directors and AISC-inefficiency estimated in columns (2) and (3)
of Table 4 (Panel A). The overall beneficial effect of female directors appears to come primarily from efficiency
improvements in sustainability-related (SC) cost categories (Panel C).!® Yet, female directors also appear to make
a significant contribution to reducing Cl-inefficiency (Panel A). Improvements in both Cl- and SC-inefficiency
explain the resulting decrease in AISC-inefficiency reported in Panel A (Table 4) and depicted in Figure 4.
While the economic significance of these efficiency gains is quite modest, the estimated effects are still larger
than those reported in previous studies that find a beneficial effects of female participation on overall corporate
performance. For instance, Green and Homroy (2018) show that a one standard deviation increase in female

representation on European corporate boards increases ROA by only 2.6 percent of a standard deviation.

[Figure 4]

As we noted earlier, a possible concern with giving these associations a causal interpretation is that mining
companies may select female directors based on their level of operating efficiency. It is also possible that prospective
female directors may self-select into systematically more efficient companies — for instance, if observable efficiency is
taken as a signal for a female-friendly environment. To mitigate these concerns, model 4 conditions the estimates
on two lagged measures of corporate performance that are easily observable by prospective female directors —
namely, return on assets (ROA) and asset turnover (a standard measure of operating efficiency).!? If the selection
mechanism depends on these two variables, their inclusion should ‘kill’ the estimated effect of female directors on
mine-level inefficiency. Yet, our findings remain qualitatively unchanged (although the coefficients are now less
precisely estimated).

In additional tests not reported in full, we also show that although the indices of cost-inefficiency have a

20 We also confirm

right-skewed distribution (see Figure 2), our results are not driven by influential outliers.
that our linear specification provides a good fit to the data,?' and that the efficiency-enhancing effects of female

directors hold homogenously across companies reporting different levels of profitability.2?

183till, the effects on SC-inefficiency are generally less precisely estimated

19 Asset turnover is measured as sales revenues over assets.

20To do so, we inspect partial-correlation plots (as in Figure 4) and leverage-versus-squared-residual plots for all the regressions
reported in Table 4. In one case, we dropped some influential outliers, which left our results unaltered (full results available upon
request).

21To check this, we cut the distribution of Femj; into three terciles and show that the estimated efficiency effects hold uniformly
across the distribution (full results available upon request).

226 do so, we interact Femj; with the company’s average ROA during the sample period (which may be taken as a measure of the
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4.3 IV estimation and possible mechanism

Since board members may be chosen endogenously with the aim of optimizing efficiency (Ahern and Dittmar 2012),
and efficient female directors may be systematically discriminated against (Comi et al. 2020), the OLS estimates
cannot be taken to identify the causal effect of female directors on cost efficiency. Furthermore, concerns related
to selection and self-selection may remain. To mitigate endogeneity concerns, we use an instrumental-variable
strategy. In particular, we exploit peer effects to isolate a component of variation in female representation on the
board that is plausibly unrelated to the firm’s endogenous choice of hiring or not hiring female directors.??

The instrument. The choice of hiring female directors is subject to exogeneous peer effects (Bulow et
al. 1985; Bustamante and Fresard 2021), with firms under greater pressure to hire more women if their direct
competitors embark on efforts to promote gender equality in the boardroom. We suggest that these effects are
likely to reflect the horizontal diffusion of norms regarding female leadership across peer firms. As such, they are
likely to be strongest amongst peers headquartered in the same city. Thus, we define the mean share of female

directors amongst the other [Nt(c) — 1] companies headquartered in the same city C' as company j at time ¢, and

use this jack-knifed average as an instrument for Fem,;:

Fem§tc) = (Z Femy, — Femjt) / [Nt(c) - 1} (4)

keC

. ———(C
We interpret F’ emgt )

as reflecting city-wide patterns of female corporate participation — for example, those driven
by cultural norms and cultural change. Note that, similar to the company’s own share of female directors (Fem,),
%ﬁf) varies at the firm-year level. In the sample available for estimation, mf) is highly correlated with
Femj, (0.81). As alternative instruments, we also use the mean share of female directors in the other companies
headquartered in the same province or country.

Assessing the exclusion restriction. The assumption required for identification is that the average level
of female participation amongst a company’s peers only affects the cost-efficiency of its operations through the
company’s own choice to hire female directors (exclusion restriction). We use our data to assess the plausibility of
this assumption. Although highly correlated with Fem;;, our instrument is uncorrelated with all the company-level
characteristics that we observe — including size, indebtedness, ROA and asset turnover (see Appendix A). It is also
uncorrelated with other board-level characteristics such as average directors’ age and the share of new directors.

The only exceptions are the size and independence of the board, which are highly correlated with the presence

of female directors. Thus, the data appear to rule out most potential channels through which city-level female

quality of management). The coefficients of the interaction terms are always small and statistically insignificant (full results available
upon request).

23None of the countries in which our sampled companies are headquartered introduced gender quotas during 2012-2020. For this
reason, we cannot use quotas as instrumental variables.
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representation could affect a company’s cost-efficiency. Nevertheless, in subsequent specifications, we explicitly
control for these (and other) board characteristics in the structural equation.

Another possible concern is that an increase in m;f) may induce efficiency effects amongst the company’s
peers, and thereby influence the company’s own efficiency performance through spill-over effects. If so, the 2SLS
estimate of parameter a in equation (3) would simply reflect efficiency spill-overs across companies headquartered
in the same city, rather than the impact of the company’s own female directors. To mitigate this concern, we
always include the jack-knifed average ROA of the company’s city-level peers as an additional control in the
second-stage of the IV estimation.?*

Lastly, the exclusion restriction implies that the reason peer companies have women on their boards is
exogenous to other factors that may affect the cost efficiency of a company’s mines. We regard this implication
as plausible since most mines in our sample (84 percent) are either located in different sub-national geographic
units (provinces, states) from where the controlling company is headquartered, or they are located in different
countries. None of the sampled mines is located in the same city/municipality as the controlling company’s
headquarters. Female participation at the city level may well be driven by local economic or institutional factors
with implications for local efficiency levels. Yet, these factors are unlikely to affect efficiency in far-away mines
through channels unrelated to the company’s internal operations. To illustrate this point, Appendix B (column 1)
shows that headquarter countries” GDP and institutional quality are positively correlated along the time dimension
with average female boardroom participation (that is, the country-level instrument). Yet, these measures are

uncorrelated with the efficiency of the mines controlled by headquartered companies (columns 2-4).2°
[Table 5]

Empirical results. 2SLS estimates of equation (3) are reported in Table 5. All models include mine-country, year
and company fixed effects, as well as peers” ROA. Column 1 shows the estimated coefficients of an OLS benchmark
model. Columns 2 and 3 report 2SLS models based on the city-level instrument, with and without company-level
controls (X ;). Panel D reports the first-stage results, which are common to all the three regressions shown across
Panels A-C.26

In model 2, the 2SLS estimates of parameter a in equation (3) are always negative, statistically significant
and almost twice as large in absolute magnitude as the corresponding OLS estimates reported in column 1.

This finding suggests that the OLS estimates may be subject to downward bias (in absolute terms). A possible

()

24In Appendix A, however, we show that conditional on company fixed effects, mjt is uncorrelated with peers’ ROA. Our results
are robust to dropping this control (full results available upon request).

25We use two measures of institutional quality from the World Bank, namely rule of law and government effectiveness.

26 After partialling out the other covariates, Femc; explains 53-54 percent of within-firm variation in Femj¢. The F-statistic for
the test of weak identification is always greater than the relevant Stock-Yogo critical value (16.38), leading to a rejection of the null
of under-identification.
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explanation is that, in equilibrium, efficiency-enhancing women candidates are subject to some statistical or taste-
based discrimination in the executive labour market (see Fernandez-Mateo and Fernandez [2016] for a discussion).
Accordingly, an exogenous increase in female participation (as captured by the first-stage fitted values from the
2SLS procedure) is associated with larger efficiency gains than implied by OLS. A one standard deviation increase
(12 percentage points) in the share of female directors translates into a 1.9, 1.3 and 3.4 percent decrease in AISC-,
C1- and SC-inefficiency, respectively (based on model 2). These effects correspond approximately to 12, 8 and 15
percent of a standard deviation of the three inefficiency indices, respectively — a quantitatively large effect.

The remaining columns of Table 5 test the robustness of these findings to using alternative specifications.
The model in column 3 adds two time-varying controls (ROA and indebtedness) to the regression equation, leading
to similar results. In columns 4 and 5, we construct alternative instruments for Fem; ; by using province- and
country-level (jack-knifed) averages of the share of female directors, instead of city-level averages. Since these two
instruments are less strongly correlated with the endogenous variable (as evidenced by lower first-stage F-statistics
and partial R-squared), the corresponding coefficients on Fem,; are less precisely estimated than those obtained
with the city-level instrument. Yet, they remain statistically significant and fairly similar in magnitude to those

reported in column 2.

[Table 6]

Mechanisms. Why do female directors enhance cost efficiency? Previous research has shown that women exec-
utives often exhibit gender-specific preferences (Sah et al., 2022) and tend to allocate more effort to monitoring
and auditing, such as by participating in monitoring-related committees, compared to their male peers (Gul et al.,
2008; Adams and Ferreira, 2009). Additionally, the psychology literature (Terracciano and McCrae, 2001; Miller
and Schafer, 1999; Meyers-Levy and Maheswaran, 1999) has argued that women generally demonstrate higher con-
scientiousness and attention to detail. These traits contribute to a more careful and meticulous approach, which
enhances the effectiveness of monitoring and auditing, ultimately leading to improved cost efficiency. Although
our data do not allow us to perform a direct test of these mechanisms, we are able to rule out several alternative
explanations.

Incoming women directors are typically recruited from outside the company, and added onto the existing
board. Thus, it is possible that they may promote efficiency-enhancing board decisions by increasing the indepen-
dence and/or the size of the board, rather than by imposing a gender-specific preference for tougher monitoring.
Previous results also showed that women directors tend to be younger than their male counterparts (Ferrari et
al. 2020). Thus, they could promote efficiency by bringing in new (but not necessarily gender-specific) values and
perspectives.

To assess these possibilities, in Table 6 we run 2SLS regressions (as in Table 5, column 2) that include the
variables presented in Table 1, Panel B (board size, the share of independent directors, average directors’ age,

and the share of new directors) as additional controls in the structural equation. In columns 1-4, these variables
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are entered individually; in column 5 they are entered simultaneously in the same regression. Our main findings
remain qualitatively unchanged throughout. We conclude that the efficiency gains associated with more gender-
diverse boards cannot be attributed to other board-level changes (e.g., in size or independence) induced by the
entry of women.?” Rather, the evidence is consistent with these efficiency gains resulting from changes in corporate

strategies (e.g., tougher monitoring) induced by the gender-specific preferences of incoming female directors.

4.4 Effects on firm profitability

To complete the analysis, we examine whether the efficiency gains induced by female directors translate into
better overall performance outcomes in our sample of companies. To do so, we estimate the effects of the share
of female directors on various accounting-based measures of firm profitability, including gross income (= gross
profits), operating income, pretax income, and net income, all defined as a share of total assets. We estimate the

following equation at the company level:

th:aFemjtJrajJth+ijt+ejt (5)

where Y, refers to any of the above-mentioned performance outcomes and the other symbols are defined as in

equation 3.

[Table 7]

The 2SLS estimates of the parameters in equation (5), using the city-level instrument for Fem ;, are presented
in Table 7.28 The effects of gender-diverse boards on the ratio of gross and operating income to assets are
small and insignificant, while the effects on the ratio of pre-tax and net income to assets are positive but very
imprecisely estimated. Although these company-level findings should be interpreted with caution, we conclude
that female directors may increase the efficiency of a company’s operations without necessarily improving the
overall performance of the company as measured by (short-term) accounting profitability. This finding resonates
with those of Adams and Ferreira (2009), who link female directors to increased monitoring, but potentially lower

profits and market value, and is generally in line with the balance of evidence in the literature.

27 All control variables enter as insignificant except for board size, which is found to increase AISC- and Cl-inefficiency (full results
available upon request). This result is consistent with previous findings of a negative effect of board size on corporate performance
(Adams and Ferreira 2009, 305-307).

28 All regressions control for the jack-knifed average of ROA amongst the own company’s city peers.
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4.5 Robustness analysis

Here, we conduct several additional robustness tests on the IV results reported in Table 5. In Appendix C, we
test the sensitivity of our findings to the specification of the stochastic frontier model. We show that the 2SLS
parameter estimates are qualitatively robust to: using Battese and Coelli’s (1988) method of post-estimating the
inefficiency term, instead of Jondrow et al.’s (1982); removing the technology controls (X;) from equation (1);
using linear, instead of quadratic, trends (p, 4 6,-t); and adding a quadratic term in output to the cost function (as
in the trans-log functional form). These findings indicate that our conclusions are not an artifact of the specific
stochastic-frontier specification used in step one of the main analysis. They also demonstrate the robustness of
our findings to using alternative measures of cost-inefficiency as dependent variables in equation (3).

In Appendix D, by contrast, we investigate the robustness of our results to using alternative independent
variables. Specifically, we use the two binary indicators of female boardroom representation (at least one female
director on the board, more than one female director) summarized in Table 1, Panel B, instead of the share of
female directors. Our findings remain qualitatively unaltered. The companies with at least (more than) one female
director have mines that are around 12 (13) percent more cost-efficient, using the AISC metric, than companies
without (or with only one) female director. Our conclusions do not depend critically on one particular definition
of female representation.

In Appendix E; we demonstrate the robustness of our findings to alternative specifications of equation (3).
We show that our results remain qualitatively unchanged when the mine-country FE (w.) are omitted, or replaced
with mine-continent FE. The results are also robust to replacing company FE (o;) with company-city FE. Lastly,
the results do not change substantially when the potential influence of trended unobservables is controlled for
by including a full set of headquarter country trend terms (h; + k;t) in the regressions.?® This last finding
mitigates concerns that our main results are driven by macro-economic or institutional factors affecting both
female participation and the cost efficiency of the mines located in the same country as the controlling company’s
HQ.

Lastly, we test the robustness of our conclusions to the choice of inference procedure and clustering structure.
Throughout the analysis, we assumed that the 2SLS z-statistics follow an asymptotically normal distribution. It
is now well known that when the number of clusters is small (< 42) asymptotic theory may provide a poor guide
to the distribution of test statistics even in large samples. An increasingly popular approach is to base inference
on an empirical bootstrap distribution obtained by resampling the data cluster by cluster.?® In Appendix F, we
reproduce the z-statistics and asymptotic p-values for the estimates shown in Table 5, column 2. We then compare
these p-values to those obtained using the wild restricted efficient (WRE) bootstrap procedure for instrumental-

variable models (Davidson and MacKinnon (2010). We report variants that bootstrap either the z-statistic or

29The results remain unchanged if we use company-level linear trends, instead (results availabel upon request).
30The p-values are then calculated as the proportion of bootstrap z-statistics that are larger than the z-statistic obtained from the
empirical sample. MacKinnon et al. (2023, 297) recommend reporting several variants of bootstrap p-values ‘as a matter of course’.
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only its numerator (the ‘bootstrap-c¢’ procedure advocated by Young [2022]). For AISC- and Cl-inefficiency (but
not for SC-inefficiency), hypothesis tests based on bootstrap critical values always reject the null of no effect,
confirming the validity of inference in our main findings.

An additional concern is that the model disturbances may be correlated across mines located in the same
country, as well as across mines owned by the same company. Neither dimension of intra-cluster correlation
(company and mine country) is eliminated entirely by including a corresponding set of cluster fixed effects, as
in equation 3. Thus, in Appendix E, we also two-way cluster the 2SLS standard errors by company and mine
country (as in Cameron et al., [2011]). We then perform hypothesis tests using either asymptotic or bootstrap
critical values. In addition, we also two-way cluster the standard errors by company and time, allowing for residual
inefficiencies to be correlated across mines owned by different companies in the same year. In all cases, our main

conclusions remain qualitatively unchanged.

5 Conclusion

Previous studies found that women directors exert a higher monitoring and audit effort than their male peers
(Gul et al. 2008; Adams and Ferreira 2009; Green and Homroy 2018; Nekhili et al. 2020), potentially because
of gender-specific preferences for low risk and ethical compliance. We suggested that a possible consequence of
tougher monitoring by gender-diverse boards may be an improvement in the firm’s operational efficiency.

Using detailed mine-level data from a global representative sample of gold mines, we present the first evidence
on the impact of female directors on cost-efficiency. Using a stochastic frontier methodology and instrumental-
variable regressions, we find that an increase in female representation on the parent company’s board translates
into sizeable cost-efficiency gains in the mining operations controlled by the parent company. These effects are
not mediated by other changes in board characteristics induced by the entry of women (e.g., an increase in board
independence). Rather, they appear to relate specifically to the gender of incoming directors. While our data
do not allow us to test the mechanism directly, a plausible explanation that is in line with previous findings in
the literature is that women directors have a gender-specific preference for tougher monitoring of the company’s
internal finances.

Yet, we find no evidence in our sample that the efficiency gains generated by women directors translate
into higher profitability. Our evidence is supportive of the view that women directors bring a distinctly female
style of corporate leadership to the board, without necessarily having a systematic effect on the company’s overall
performance, in line with previous findings in the literature (Johnson et al. 2013; Post and Byron 2015).

The findings of this study have important policy and managerial implications, particularly in the context
of gender diversity and leadership styles. The observed impact of female directors on cost-efficiency in mining
operations suggests that policies promoting gender diversity in corporate boards can contribute to improving a
firm’s operations. In particular, decision-makers may consider recruiting female directors when the organization’s

priority is operational efficiency. Yet, they should recognize that the efficiency gains catalysed by greater female
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participation, while substantial, may not necessarily translate into higher profitability. This insight emphasizes
the need for a nuanced understanding of the role of women in leadership. Decision-makers should consider crafting
initiatives that not only encourage gender diversity but also foster an appreciation (and tolerance) for diverse
leadership styles. This approach challenges existing norms and expectations about women in top management,
paving the way for a more inclusive and open-minded corporate culture. By acknowledging and valuing the
distinctive contributions of female leaders, policies and strategies can be designed to create environments that
truly harness the benefits of diverse perspectives within corporate decision-making bodies.

While our data only allow us to make inference about the population of gold-mining firms, our findings are
arguably relevant for the mining industry more generally, and potentially for other industries, too. Future research
should examine alternative dimensions of efficiency (e.g., technical or profit efficiency), and further elucidate the

causal channels linking female participation to efficiency outcomes.
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TABLE 1 - Descriptive statistics

Ve

Full sample Estimation sample

N mean (s.d.) {min, max} N mean (s.d.) [p-value]
Panel A: Costs of production and gold output (mine level)
AISC: All-in Sustaining Costs (mln US$) 986 215 (201) {0.9, 1739} 352 230 (213) [0.253]
C1: Cash costs (mln US$) 1351 1255 (139.5)  {0.3, 1627} 352 166 (154) [0.000]
SC: Sustaining-capital costs (mln US$) 605 54.4 (74.9) {—344, 484} 352 63.9 (70.3) [0.053]
Gold output: Metal in doré (kozt) 2092 209 (232) {0.2, 2110} 352 256 (255) [0.001]
Panel B: Boards of directors (company level)
Share female directors (fraction) 818 0.143  (0.126) {0, 0.5} 352 0.139  (0.121) [0.614]
At least one female director (dummy) 818 0.688  (0.464) {0, 1} 352 0.690  (0.463) [0.944]
More than one female director (dummy) 818 0.494  (0.500) {0, 1} 352 0.514  (0.501) [0.524]
Board size (n) 818 10.8 (7.2) {1, 47} 352 11.8 (7.8) [0.034]
Share independent directors (fraction) 818 0.249  (0.215) {0, 1} 352 0.257  (0.224) [0.565]
Average board age (years) 686 60.3 (4.7) {42, 77} 296 60.6 (4.6) [0.538]
Share new directors (fraction) 890 0.058  (0.104) {0, 0.75} 352 0.075  (0.128) [0.015]

Notes: AISC is equal to the sum of C1 and SC. The p-value is for a test of the equality of the means across the full and estimation samples
(assuming independent samples). N stands for number of observations. ‘kozt’ stands for thousand troy ounces (a standard quantity metric in the
gold industry).



FIGURE 1 - Average share of female board directors in selected company-HQ countries
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Notes: The four countries are where the largest number of gold-producing companies are headquartered in our estimation sample. Collectively,

these four countries account for 88 percent of observations in the estimation sample.

TABLE 2 - Stochastic Cost Frontier Analysis

Dependent variable: In(AISC) In(C1) In(SC)
(1) (2) (3)

In(Gold output) 0.824*** 0.800*** 0.990***

(0.039) (0.041) (0.069)
Province-level quadratic trends YES YES YES
Joint test [p-value] [0.000] [0.000] [0.000]
Mine-level controls YES YES YES
Joint test [p-value] [0.000] [0.527] [0.001]
Ou 5.121 4.281 5.990
Oe 0.150 0.034 0.336
Mines 184 201 130
Observations 916 1251 557

Notes: ML regressions with robust standard errors clustered at the mine
level. Gold output is measured as metal in doré (MID). The province-level
trends control for prices in local input markets. The mine-level controls in-
clude: latitude, longitude, the log distance from the nearest urban settlement
(remoteness), the mine deposits grade (in logs), the mine’s gold reserves (in
logs), and dummies for different mine types (open-pit, underground, mixed,
tailings mine). *** p < 0.01, ** p < 0.05, * p < 0.1.
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TABLE 3 - Mine-level cost inefficiencies: Descriptive statistics

N mean (s.d.) {min, max} [p-value]

AISC-inefficiency

Full sample 916  0.145  (0.181)  {0.021, 1.619}

Estimation sample 352 0.131  (0.165) {0.022, 0.905} [0.207]
Cl-inefficiency

Full sample 1251 0.132  (0.149)  {0.015, 0.974}

Estimation sample 352 0.150  (0.185) {0.015, 0.974} [0.059]
SC-inefficiency

Full sample 557 0.178  (0.211) {0.030, 2.227}

Estimation sample 352 0.178  (0.225) {0.031, 2.227} [0.983]

Notes: The p-value is for a test of the equality of the means across the full and estimation samples
(assuming independent samples). N stands for number of observations.

FIGURE 2 - Distribution of AISC-inefficiency in three mining countries
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Notes: The kernel density plots display the distribution of AISC-inefficiency for the sampled mines located in Russia, Canada and the United
States.
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FIGURE 3 - The evolution of AISC-inefficiency over time in selected mining countries
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Notes: The four countries are where the largest number of gold mines are located, based on the estimation sample. Collectively, these four
countries account for 47 percent of observations in the estimation sample.
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TABLE 4 - OLS results: Female board representation and mine-level inefficiency

(1) (2) 3) (4)

Panel A - AISC-inefficiency
Share female directors —0.047 —0.061** —0.069*** —0.070*

(0.071) (0.029) (0.025) (0.037)
Adjusted R-squared 0.347 0.513 0.594 0.632
Panel B - Cl1-inefficiency
Share female directors —0.023 —0.043* —0.044* —0.070**

(0.109) (0.024) (0.023) (0.032)
Adjusted R-squared 0.086 0.650 0.652 0.653
Panel C - SC-inefficiency
Share female directors —0.126 —0.166* —0.118* —0.099

(0.201) (0.096) (0.066) (0.081)
Adjusted R-squared 0.142 0.520 0.647 0.609
Mine country FE (w,) YES YES YES YES
Year effects (7;) YES YES YES YES
Company FE (o) No YES YES YES
Company-level controls (Xj;) No No YES No
Lagged ROA & asset turnover No No No YES
Companies (clusters) 41 41 36 37
Mines 90 90 81 81
Observations 352 352 309 297

Notes: OLS regressions with robust standard errors clustered at the company level. The dependent
variable is indicated in the panel heading. In all regressions, the observations are weighted by the ownership
interest (%) held by company j in mine ¢ at time ¢. The company-level controls (column 3) are: the log
of assets (measured in the company’s local currency), and the debt to equity ratio. *** p < 0.01, **
p < 0.05, * p < 0.1.
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FIGURE 4 - Female board representation and AISC-inefficiency (based on Table 4)
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Notes: The plot depicts the conditional relationship between the share of female directors sitting on the parent company’s board and the
AISC-inefficiency of the mines controlled by the parent company, controlling for mine-country FE, year effects, company FE, and peers’ ROA
(left panel), as well as two company-level controls (right-panel). The plot groups the observations used in the regressions (Table 4, columns 2 and
3, Panel A) into 20 equal-sized bins. It then computes the mean of (residualised) AISC-inefficiency and (residualised) share female directors
within each bin, and displays the 20 data points resulting from this process.
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TABLE 5 - IV estimation: Female board representation and mine-level inefficiency

OLS 2SLS 2SLS 2SLS 2SLS
(1) ) 3) (4) (5)
Panel A - AISC-inefficiency
Share female directors —0.094*** —0.154*** —0.145%** —0.155%** —0.185**
(0.031) (0.034) (0.039) (0.044) (0.079)
Panel B - Cl1-inefficiency
Share female directors —0.066** —0.105%** —0.100** —0.107*** —0.147**
(0.026) (0.032) (0.036) (0.032) (0.067)
Panel C - SC-inefficiency
Share female directors —0.167* —0.273** —0.253** —0.365™* —0.269**
(0.093) (0.123) (0.114) (0.164) (0.135)
Panel D - First-stage equation
Average share female directors in same: City City Province Country
0.850*** 0.851*** 0.814*** 0.984***
(0.076) (0.084) (0.140) (0.199)
F-statistic (instrument) 124.2 102.5 33.7 24.5
Partial R-squared (instrument) 0.53 0.54 0.32 0.28
Company-level controls No No YES No No
Observations 291 291 279 318 328

Notes: 2SLS regressions with robust standard errors clustered at the company level. The dependent variable is indicated
in the panel headings. All models include mine country (wc), year (7¢) and company fixed effects (o), as well as peers’
ROA. The company-level controls (column 3) are: log of assets, debt-to-equity ratio. In all regressions, the observations
are weighted by the ownership interest (%) held by company j in mine ¢ at time ¢. The instrument used in the 2SLS
procedure is a (jackknifed) average share of female directors in the companies located in the same city/province/country
as the own company. The F-statistic is the Kleibergen-Paap rk Wald F statistic (the Stock-Yogo 10% critical value for
the weak identification test is always 16.4). The partial R-squared measures the fraction of the total variance in the
endogenous regressor (share female directors) that is explained by the instrument, after partialling out the effects of
the other exogenous regressors. *** p < 0.01, ** p < 0.05, * p < 0.1.
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TABLE 6 - IV estimation: Additional board-level controls

Share Average Share new
Additional control(s): Board size independent directors’ di ) All
. irectors
directors age
(1) (2) 3) (4) ()
Panel A - AISC-inefficiency
Share female directors —0.195%** —0.150*** —0.108** —0.154** —0.108*
(0.045) (0.048) (0.046) (0.032) (0.065)
Panel B - Cl-inefficiency
Share female directors —0.175%** —0.122%** —-0.078* —0.103*** —0.117*
(0.045) (0.045) (0.047) (0.031) (0.062)
Panel C - SC-inefficiency
Share female directors —0.227* —0.262* —0.178* —0.283** —0.157
(0.136) (0.141) (0.104) (0.122) (0.138)
Observations 291 291 256 291 256

Notes: 2SLS regressions with robust standard errors clustered at the company level. The instrument used in the 2SLS
procedure is a (jackknifed) average share of female directors in the companies located in the same city as the own
company. The dependent variable is indicated in the panel heading. In all regressions, the observations are weighted
by the ownership interest (%) held by company j in mine ¢ at time ¢ All models include mine country (w.), year (1)
and company fixed effects (0;). They also control for the (jackknifed) average ROA in the companies located in the
same city as the own company. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 7 - Female board representation and firm profitability

. Net
. Gross Operating Pretax . y
Dependent variable: . . . income/assets
income/assets income/assets income/assets (=ROA)

(1) (2) (3) 4)

Share female directors 0.017 0.013 0.204 0.094
(0.112) (0.113) (0.443) (0.439)

Dep. var. mean (s.d.) 0.093 (0.101) 0.038 (0.091) -0.026 (0.230) -0.044 (0.215)

Observations 89 89 89 89

Notes: 2SLS regressions with robust standard errors clustered at the company level. All models include
time effects, company FE and the jack-knife average of ROA amongst the firm’s city-level peers. Gross
income = Sales revenues - COGS. Operating income = Gross income - Operating expenses. Pretax income
= Operating income - debt servicing payments. Net income = Pretax income - taxes. *** p < 0.01, **
p < 0.05, * p<0.1.
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Appendix A - IV strategy: First-stage relationships

Av. share of
fem. dir. in

Dependent variable: same HQ (s.e.) Companies Observations Within R?2
ity (clusters)
(Femf))
Share female directors (Fem;) 0.765*** (0.067) 22 82 0.43
Av. ROA in same city -0.200 (0.148) 19 72 0.01
Log of assets -0.195 (0.487) 19 72 0.00
Debt to equity ratio 0.688 (2.084) 19 71 0.00
ROA 0.086 (0.475) 19 71 0.00
Asset turnover -0.016 (0.173) 19 72 0.00
Share new directors 0.067 (0.198) 22 82 0.00
Board size 31.63*** (10.51) 22 82 0.14
Board age 5.085 (8.494) 15 61 0.01
Share independent directors 0.694** (0.248) 22 82 0.11

Notes: OLS regressions at the company-year level with robust standard errors clustered at the company level in paren-
thesis. All regressions control for company and year FE. Each row corresponds to a different regression. *** p < 0.01,
** < 0.05, * p<0.1.

Appendix B - IV strategy: Illustrating the exclusion restriction

Av. share

of fem. AISC- C1- SC-

Dependent variable: dir. in inefficiency inefficiency  inefficiency
same HQ (mines) (mines) (mines)
country
(1) (2) (3) (4)

Panel A - Macro-economic conditions
In GDP (HQ country) 0.942** 0.394 0.782 0.602

(0.279) (0.517) (1.065) (0.522)
R-squared 0.84 0.04 0.06 0.08
Observations 346 350 350 350
Panel B - Institutional quality (1)
Government effectiveness (HQ country) — 0.125%** —0.041 —0.026 —0.032

(0.517) (0.188) (0.175) (0.192)
R-squared 0.85 0.04 0.06 0.07
Observations 341 344 344 344
Panel C - Institutional quality (2)
Rule of law (HQ country) 0.176*** —0.010 0.035 —0.004

(0.031) (0.092) (0.167) (0.109)
R-squared 0.87 0.03 0.06 0.07
Observations 341 344 344 344
HQ country FE YES YES YES YES
Year effects YES YES YES YES

Notes: OLS regressions with robust standard errors in parenthesis. The data used to measure the
independent variables come from the World Bank ( World Development Indicators, 2024 in Panel A, and
Worldwide Governance Indicators, 2024 in Panels B-C). *** p < 0.01, ** p < 0.05, * p < 0.1.
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Appendix C - Alternative stochastic frontier models

Specification of cost function

Alternative . Quadratic
. . Linear .
inefficiency No controls term in
trends
term output
1) (2) 3) (4)
Panel A - AISC-inefficiency
(1a) Cost function (DV: In AISC):
In(Gold output) 0.824*** 0.916*** 0.820*** 1.058***
(0.039) (0.043) (0.041) (0.184)
In(Gold output)? -0.026
(0.021)
Observations 916 986 916 916

(1b) Inefficiency term (wi):
Mean (s.d.)

0.122 (0.123)

0.186 (0.205)

0.139 (0.168)

0.149 (0.184)

Correlation with baseline ;¢ 0.98 0.84 0.99 0.99
(2) 25LS regression (DV: w;pt):
Share female directors —0.115%** —0.157*** —0.139*** —0.152%**
(0.025) (0.040) (0.032) (0.040)
Panel B - C1-inefficiency
(1a) Cost function (DV:In C1):
In(Gold output) 0.800*** 0.837*** 0.792*** 1.277
(0.041) (0.031) (0.046) (0.176)
In(Gold output)? -0.055**
(0.021)
Observations 1251 1351 1251 1251

(1b) Inefficiency term (wirt):
Mean (s.d.)

0.113 (0.111)

0.165 (0.176)

0.202 (0.235)

0.150 (0.181)

Correlation with baseline u;,; 0.99 0.82 0.74 0.94
(2) 2SLS regression (DV: wrt):
Share female directors —0.084*** —0.123*** —0.130*** —0.122**
(0.024) (0.036) (0.029) (0.052)
Panel C - SC-inefficiency
(1a) Cost function (DV: In SC):
In(Gold output) 0.990*** 1.172%** 1.028*** 1.498***
(0.069) (0.074) (0.079) (0.356)
In(Gold output)? -0.054
(0.037)
Observations 557 588 557 557

(1b) Inefficiency term (u):
Mean (s.d.)
Correlation with baseline u;,+

(2) 25LS regression (DV: wipt):
Share female directors

0.145 (0.127)
0.97

—0.156**
(0.072)

0.387 (0.521)
0.49

—0.156
(0.103)

0.101 (0.112)
0.85

—0.175**
(0.087)

0.191 (0.220)
0.98

—0.256**
(0.115)

Notes: The sections (1) report ML regressions with robust standard errors clustered at the mine level. All
regressions control for province-level quadratic trends and include the full set of mine-level controls (unless otherwise
stated). The sections (2) report the mean (standard deviation) of the inefficiency terms derived from the stochastic

frontier analyses reported in the sections (1).

They also report the correlation coefficients with the baseline

inefficiency terms obtained from the models shown in Table 2 (and used in the main analysis). The sections
(3) report the estimated coefficient on Fem obtained from 2SLS regressions as in Table 5, column 2 (city-level
instrument), using the alternative estimates of the inefficiency term as dependent variables. In column (1), the
inefficiency term is estimated using the method of Battese and Coelli (1988) instead of the method of Jondrow et
al. (1982). In column (2), the technology controls (X;, see Table 2) are omitted from the cost function. In column
(3), the cost function includes province-level linear (instead of quadratic) trends (pr + 6,t). In column (4), the cost
function includes a quadratic term in output. *** p < 0.01, ** p < 0.05, * p < 0.1.



Appendix D - Alternative measures of female boardroom representation

Dependent variable: AISC- Ol SC-
cpencent vaniable: inefficiency inefficiency inefficiency
(1) (2) 3)

Panel A: At least one female director (dummy)

I(Fem > 1) —0.124* —0.084 —0.219**
(0.069) (0.055) (0.094)

Panel B: More than one female director (dummy)

I(Fem > 1) ~0.133" —0.001* 0236
(0.068) (0.052) (0.147)

Notes: 2SLS regressions with robust standard errors clustered at the company level, as in Table 5, column
2 (city-level instrument). The number of observations is always 291. *** p < 0.01, ** p < 0.05, * p < 0.1.

Appendix E - Alternative

specifications of equation (3)

Mine Company-
Specification: No w, continent FE city FE HQ country
. . linear trends
instead of w, instead of o;
(1) (2) (3) (4)
Panel A - AISC-inefficiency
Share female directors —0.185* —0.235%** —0.119*** —0.119**
(0.095) (0.075) (0.035) (0.048)
Panel B - C1-inefficiency
Share female directors —0.155%** —0.211%** —0.119*** —-0.115
(0.024) (0.050) (0.046) (0.072)
Panel C - SC-inefficiency
Share female directors —-0.217 —0.241 —0.232** —0.193**
(0.188) (0.153) (0.106) (0.077)

Notes: 2SLS regressions with robust standard errors clustered at the company level, as in Table 5,
column 2 (city-level instrument). In column (1), the mine-country fixed effects (w.) are omitted from
the regression. In column (2), the mine-country fixed effects are replaced with mine-continent fixed
effects. In column (3), the company fixed effects (o) are replaced with company-city fixed effects.
Column (4) adds HQ country-level linear trends (o¢t). The number of observations is always 291.
¥ p < 0.01, ¥ p<0.05, * p<0.1.
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Appendix F - Alternative inference procedures and clustering structures

Dependent variable:

. . AISC- C1- SC-
Clustering level Statistic inefficiency inefficiency inefficiency
Parameter estimate (2SLS) -0.154 -0.105 -0.273
Company z-statistic -4.58 -3.31 -2.21
p-value, normal (0.000) (0.001) (0.027)
p-value, WRE bootstrap (0.010) (0.012) (0.260)
z-statistic, WRE bootstrap-c -2.32 -2.19 -1.67
p-value (0.005)  (0.009) (0.125)
Company & Mine country z-statistic -2.54 -2.50 -1.69
p-value, normal (0.011) (0.013) (0.092)
p-value, WRE bootstrap (0.120) (0.189) (0.490)
z-statistic, WRE bootstrap-c -1.76 -1.57 -1.47
p-value (0.016) (0.096) (0.199)
Company & Year z-statistic -5.08 -4.52 -2.45
p-value, normal (0.000) (0.000) (0.014)
p-value, WRE bootstrap (0.042) (0.065) (0.149)
z-statistic, WRE bootstrap-c -1.89 -1.83 -1.51
p-value (0.047) (0.067) (0.071)

Notes: There are 41 company clusters and 291 observations. The bootstrap dimension for two-way clustering is
always the coarser one (mine country and year, respectively). The WRE bootstrap procedure always employs 9,999
replications using the Rademacher distribution (Webb distribution for company & year clustering). Equal-tail p-

values are reported in parenthesis.
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