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We use an event study design to provide evidence demonstrating how the trickle‐down effect is influenced by
the introduction of regulation on board gender diversity. In 2011, a new regulation was suddenly introduced
for firms listed on the United Kingdom’s FTSE 350 index, the regulatory intervention put forward recommen-
dations to increase the representation of women on the boards of FTSE 350 listed firms – the most critical rec-
ommendation was a voluntary target of having twenty‐five percent of board positions held by women. We
argue this change in regulation represents an exogenous shock, we utilize this shock to investigate how regu-
lation influences the trickle‐down of women’s representation from board level to senior management. We find
evidence of a positive relationship between women on boards and women’s representation in senior manage-
ment during the pre‐regulation era – otherwise referred to as the trickle‐down effect. However, the introduc-
tion of regulation had the unintended consequence of weakening the relationship between women on boards
and women in senior management. Our results suggest that the trickle‐down effect varies between different
contexts and settings. We discuss the implications for research and practice.
Introduction

Historically, women face barriers as they move up the corporate
hierarchy. Those women who overcome these barriers face the implicit
and widespread expectation that their representation at board level
will “trickle‐down” to increase the representation of other women in
senior management (Kirsch, 2018). Interestingly, this implicit assump-
tion, commonly referred to as the trickle‐down effect1 (Gould, Kulik, &
Sardeshmukh, 2018), is a motivating factor for many national govern-
ments to introduce regulation2 on the representation of women at board
level. For example, in a report on their regulatory target, the U.K. gov-
ernment stated, “we hope to see the effect of more women on boards
of listed companies cascade out into senior leadership roles”
(Department for Business, Innovation & Skills, 2015, p.18). Further-
more, a highly influential study on the trickle‐down effect suggests “pub-
lic policies aimed at increasing female representation on boards of
directors, such as the quota recently adopted in Norway, may lead to
general spillovers in management” (Matsa & Miller, 2011, p.639). It is
therefore widely assumed that a regulatory intervention to increase
women’s representation at board level should strengthen the trickle‐
down effect.

The introduction of regulation concerning the representation of
women on boards has become widely adopted by many nations across
the globe (Terjesen, Aguilera, & Lorenz, 2015). The sudden implemen-
tation of regulation in a firm’s environment could be considered an
exogenous shock,3 as it reflects an abrupt change event that dramati-
cally affects individuals, firms, and society (Meyer, 1982). Whilst there
is evidence to suggest regulation on board gender diversity has a signif-
icant impact on women’s representation at board level (Bennouri, De
Amicis, & Falconieri, 2020; De Cabo, Terjesen, Escot, & Gimeno, 2019;
Grosvold & Brammer, 2011; Sojo, Wood, Wood, & Wheeler, 2016;
Wang & Kelan, 2013), research focusing on Norwegian firms suggests
that, in the post‐regulation environment, mandated gender diversity at
board level has no association with the representation of women within
the firm (Bertrand, Black, Jensen, & Lleras‐Muney, 2019). Such findings
imply that whilst regulation improved the representation of women in
ed across
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4 Internationally, there are unitary and two‐tier models of corporate governance. A
unitary board can be defined as one group containing non‐executive (i.e., external o
outsider directors) and executive directors (i.e., management or insider directors), used fo
example in the United Kingdom and the United States. The two‐tier system separates the
board into two distinct groups: the executive board (management) and the supervisory
board (non‐executive directors), this system exists in, for example, Germany, Austria, and
Norway. Both systems exist in France. This difference is pertinent because the executive
operate within the firm, working with other senior and mid‐level management. The two
tier versus unitary board system could have implications for the impact of regulation on
the trickle‐down effect stemming from women’s representation at board level.

A. Page et al. The Leadership Quarterly 35 (2024) 101721
focal board level positions, these benefits did not trickle‐down into the
firm. The empirical findings on Norway’s gender quota contradicts prior
research that establishes positive trickle‐down effects stemming from
women at board level (e.g., Bilimoria, 2006; Matsa & Miller, 2011;
Skaggs, Stainback, & Duncan, 2012) and challenges the widespread
assumption that regulation should strengthen the trickle‐down effect,
which could be rationalized by well‐established theories on an ingroup
preference between individuals of the same gender – such as similarity‐
attraction paradigm (Byrne, 1971), social identity theory (Tajfel &
Turner, 1979), and homosocial reproduction (Kanter, 1977).

At present there is a dearth of research exploring whether the intro-
duction of regulation on board gender diversity strengthens or weak-
ens the trickle‐down effect. Traditional theoretical literature in
sociology and psychology on ingroup preference suggests regulation
designed to increase women at board level should improve women’s
representation in the senior management team (e.g., Byrne, 1971;
Kanter, 1977, Tajfel & Turner, 1979), whereas a small body of contra-
dictory empirical research suggests regulation could have a negative
impact on the trickle‐down effect (Bertrand et al., 2019; Gould et al.,
2018). In light of the absence of a comprehensive theoretical explana-
tion that explicitly conceptualizes a clear and concise relationship
between regulation and the trickle‐down effect, the introduction of
regulation on board gender diversity offers a useful empirical opportu-
nity to test contradicting views regarding the impact of regulation on
the trickle‐down effect. Whilst a growing body of research has
explored the impact regulation has on the relationship between board
gender diversity and firm financial outcomes (see Ahern & Dittmar,
2012; Arnaboldi, Casu, Kalotychou, & Sarkisyan, 2020; Carbonero,
Devicienti, Manello, & Vannoni, 2021; Ferrari, Ferraro, Profeta, &
Pronzato, 2021; Garcia‐Blandon, Argilés‐Bosch, Ravenda, & Castillo‐
Merino, 2022; Lara, Penalva, & Scapin, 2022; Matsa & Miller, 2011;
Nekhili, Gull, Chtioui, & Radhouane, 2020; Yang, Riepe, Moser, Pull,
& Terjesen, 2019), there is a lack of research exploring how the intro-
duction of regulation on board gender composition influences the rela-
tionship between women’s representation on boards and gender
diversity in senior management levels.

In the present study, we explore how the gender‐based trickle‐
down effect between the corporate board and senior management
team is influenced by unexpected regulation on board gender diver-
sity. The context of our study is the United Kingdom’s Financial Times
Stock Exchange (FTSE) index from 2007 to 2018. During this period,
specifically in 2011, the United Kingdom (U.K.) Government abruptly
implemented regulation in which eleven recommendations were pro-
posed to increase women’s representation on the boards of FTSE 350
listed firms (Department for Business, Innovation & Skills, 2011), the
most critical recommendation was for firms to meet the voluntary tar-
get of having twenty‐five percent of board positions held by women.
This was contrary to the neo‐liberal foundations that are deeply
embedded in the U.K. with a powerful resistance to radical initiatives
of ‘meddling’ government interventions in the business world. The
introduction of regulation could be considered an exogenous shock,
an unprecedented and unexpected event, in which corporate boards
were abruptly confronted with new external regulatory goals, expecta-
tions, and norms concerning the representation of women at board
level (Doldor, Sealy, & Vinnicombe, 2016). In the present study, we
are able to harness this event, in which regulation was unexpectedly
introduced, to explore whether the introduction of regulation on
female board representation has a positive or negative impact on the
trickle‐down effect.

This study makes two contributions to literature. First, we bring a
novel perspective to research on trickle‐down effects through exploit-
ing the introduction of regulation on female board representation in
the United Kingdom. We add to a growing body of literature investi-
gating factors that influence trickle‐down effects between board and
senior management (e.g., Ali, Grabarski, & Konrad, 2020; Bertrand
et al., 2019), an area of research previously identified as needing
2

further investigation (Kirsch, 2018). Our results provide support for
the assumption that regulation on board gender diversity leads to
the weakening of the trickle‐down effect between the corporate board
and senior management team – in essence, the representation of
women at board and senior management team positions are no longer
as strongly correlated after regulation was implemented in the United
Kingdom. With respect to theory, our results do not support the view
that regulation, through the use of quotas or targets, will strengthen
the relationship between the representation of women at board and
senior management levels, which has been suggested by theory used
by prior literature on the trickle‐down effect (e.g., Biswas, Chapple,
Roberts, & Stainback, 2021), for instance, similarity‐attraction para-
digm (Byrne, 1971) or social identity theory (Tajfel & Turner, 1979).

Second, we extend prior research on the effects of regulation. To
date, most studies exploring regulation have focused upon financial
performance (e.g., Ahern & Dittmar, 2012) and women’s access to
board positions (e.g., Seierstad & Opsahl, 2011; Sojo et al., 2016).
We contribute by exploring the impact of regulation on the trickle‐
down effect, an area of research which has lacked empirical investiga-
tion. We contribute to literature by studying the impact of regulation
on unitary board structures in the United Kingdom, rather than the
widely studied European mandatory hard law regulation applied to
supervisory boards4 (e.g., Ahern & Dittmar, 2012; Ferrari et al., 2021).

This paper proceeds as follows. First, we provide a review of liter-
ature on the trickle‐down effect and subsequently explore how this
could be influenced by regulation. Second, we describe the data and
methods. Third, we investigate if regulation on board gender diversity
in the United Kingdom had an impact on the trickle‐down effect.
Finally, we discuss our results and conclude.
The trickle-down effect: A review

Over the last two decades, researchers have been increasingly inter-
ested in trickle‐down effects where the perceptions, attitudes, or
behaviors of individuals located at one level of the management hier-
archy influence the perceptions, attitudes, or behaviors of individuals
located in management levels immediately below (for a review see,
Wo, Schminke, & Ambrose, 2019). Past work has demonstrated
trickle‐down effects between management levels across a wide range
of phenomena, including justice perceptions (Ambrose, Schminke, &
Mayer, 2013; Tepper & Taylor, 2003), transformational leadership
(Bass, Waldman, Avolio, & Bebb, 1987; Bormann & Diebig, 2021), eth-
ical or abusive behavior (Aryee, Chen, Sun, & Debrah, 2007; Mawritz,
Mayer, Hoobler, Wayne, & Marinova, 2012; Mayer, Kuenzi,
Greenbaum, Bardes, & Salvador, 2009), and perceived support
(Shanock & Eisenberger, 2006).

A related, albeit separate, body of literature also establishes the
presence of trickle‐down effects in the representation of women
between levels of management (see Ali, et al., 2020; Bilimoria,
2006; Biswas, Chapple, Roberts, and Stainback, 2021; Biswas,
Roberts, & Stainback, 2021; Gould et al., 2018; Matsa & Miller,
2011; Skaggs et al., 2012). This form of trickle‐down effect suggests
that “diversity begets diversity” (Cook & Glass, 2015, p.137). In this
fashion, an increase in women’s representation in a higher level of
management is expected to trickle‐down to lower levels of manage-
ment. In their landmark study Cohen, Broschak and Haveman
r
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(1998) were amongst the first to identify a trickle‐down effect con-
cerning women’s representation in the firm, such that women’s
chances of being hired or promoted into a focal level of management
was greater when there is a higher proportion of women in the man-
agement level above.

Subsequent research into the trickle‐down effect of women’s repre-
sentation in the firm has mainly focused on trickle‐down effects stem-
ming from board level. Women’s representation at board level has
been shown to trickle‐down to increase women’s representation in
executive board positions (Bozhinov, Joecks, & Scharfenkamp, 2021;
Matsa & Miller, 2011), executive officer positions (Bilimoria, 2006;
Gould et al., 2018), middle management positions (Ali et al., 2020),
management positions (Skaggs et al., 2012) and finally, top earner
positions (Bilimoria, 2006).

Literature exploring this gendered trickle‐down effect draws from a
wide variety of established theoretical frameworks, such as similarity‐
attraction paradigm (Byrne, 1971), social identity theory (Tajfel &
Turner, 1979), homosocial reproduction (Kanter, 1977), and homo-
phily (Ibarra, 1993), to argue that women in senior leadership posi-
tions can promote the representation of other women within the
firm, as people tend to associate and interact with others who they
see as having similar attributes, values, and dispositions. The key prob-
lem with existing literature using these theoretical frameworks, which
promote the concept of in‐group preference, concerns the fact that the
theoretical mechanisms employed, such as the principle of homosocial
reproduction, are seldom (if ever) measured by researchers exploring
the trickle‐down effect stemming from women at board level. The
scale of this issue becomes evident when there is reason to suggest
women at board level may not actively promote gender equality or
advocate for the promotion of women lower down in the corporate
hierarchy, as suggested by the widely debated and criticized “queen
bee phenomenon” (e.g., Derks, Van Laar, & Ellemers, 2016;
Ellemers, van den Heuvel, de Gilder, Maass, & Bonvini, 2004). This
lack of promotion or advocation from women on boards, however,
can also be explained by the dynamics of tokenism (Kanter, 1977),
when women are in the extreme minority at elite levels. The trickle‐
down effect could, therefore, be more complex than the simple linear
relationship existing between women’s representation at board level
and women’s subsequent representation in senior management.

It appears likely that the two variables of interest when studying
the trickle‐down effect, i.e., the representation of women at board
level and the representation of women in senior management, are
endogenously determined. In short, the positive trickle‐down effect
observed by prior literature (e.g., Bilimoria, 2006; Matsa & Miller,
2011) may actually be the result of omitted variable bias (Antonakis,
Bendahan, Jacquart, & Lalive, 2010). For instance, the trickle‐down
effect could be associated with firm policies designed to benefit
women at all levels of the management hierarchy. As a consequence,
a growing body of research has explored additional factors that may
shape the relationship between women on boards and women’s repre-
sentation in management positions. This small body of research has
identified that the trickle‐down effect is influenced by: critical mass
at board level (Biswas, Chapple, Roberts, & Stainback, 2021), board
independence (Biswas, Roberts, & Stainback, 2021), and industry gen-
der composition (Ali et al., 2020). This small, albeit growing, body of
literature reflects a move towards understanding factors that influence
the trickle‐down effect, an area of research recently cited as a critical
area for empirical investigation (Kirsch, 2018). At present, there is an
assumption that regulation on female board representation could serve
as a factor that strengthens the trickle‐down effect (e.g., Matsa &
Miller, 2011). Given the prevalence of well‐established theories sug-
gesting that women, like men, prefer to associate with similar others
(e.g., Ibarra, 1993, Kanter, 1977), there is reason to assume regulation
designed to increase women on boards is likely to strengthen the rela-
tionship between women on boards and gender diversity in senior
management. However, empirical research is yet to establish the
3

impact of regulation on the trickle‐down effect. Given that regulatory
interventions on board gender composition have been widely intro-
duced in nations across the globe, it is important to establish how –

and to what extent – the introduction of regulation influences the
trickle‐down effect.
Regulation on board gender diversity and the trickle-down effect

Across the globe, national regulation on board gender composition
often takes one of two forms: hard law regulation or soft law regula-
tion (Terjesen & Sealy, 2016; Terjesen et al., 2015; Terjesen, Sealy &
Singh, 2009). Many countries have adopted hard law regulation on
board gender diversity, including but not limited to Germany, France,
Spain, Norway, and Italy. Whereas other countries, such as the United
Kingdom, have adopted soft law regulation on board gender
composition.

Soft law regulation is characterized by the absence of legal arrange-
ments concerning compliance with ‘standards’ or ‘best‐practice rules’
on a focal issue (Abbot & Snidal, 2000). Soft law regulation is based
upon the principle that firms are expected to comply with normative
standards and rules that are not legally binding but still have relevance
to society, governments, or other important firm stakeholders
(Terjesen et al., 2015). Examples of soft law regulation include volun-
tary initiatives, codes of conduct, commitments, guidelines, or recom-
mendations laid down by external institutions with no legally binding
force. Soft law regulation on women on boards can be defined as a
non‐binding recommendation (e.g., a voluntary target or quota) set
by an external institution (e.g., a national government), where compli-
ance is driven by the expectation that a firm will conform with norma-
tive standards concerning women’s representation at board level
(Terjesen et al., 2015; Terjesen & Sealy, 2016). For example, in
2013, the Dutch government introduced recommendations that
encouraged listed firms to have thirty percent of board level positions
occupied by women, with no penalty for non‐compliance.

Alternatively, hard law regulation reflects a legal obligation to
comply with standards on a focal issue. The mandatory standards set
by hard law regulation are characterized by “a high level of formaliza-
tion and strong sanctions for noncompliance” (Gatti, Vishwanath,
Seele, & Cottier, 2019, p. 965). When hard law regulation is imposed
on a firm, compliance with rules and requirements are legally binding
and non‐compliance results in sanctions. Hard law regulation on
women on boards can be defined as a legally binding minimum stan-
dard (e.g., a mandated target or quota) set by an external institution
regarding the representation of women on a firm’s board, with penal-
ties for non‐compliance. For example, in 2005, the Norwegian govern-
ment enforced a hard law board gender quota which legally required
firms to have a female board representation of forty percent and
non‐compliant firms faced the punishment of being delisted from the
stock exchange (Eckbo, Nygaard, & Thorburn, 2022).

Although this dichotomous segmentation into ‘hard law’ and ‘soft
law’ is useful to understand regulatory initiatives, given changing envi-
ronments firms are situated within, the line separating soft law and
hard law regulation may actually become blurred (Gatti et al.,
2019). For example, the U.K. voluntary target on board gender diver-
sity (soft law regulation) was introduced in a national environment
where U.K. listed firms are legally required under listing rules to address
voluntary codes, because of the U.K.’s ‘comply or explain’ governance
environment (Financial Reporting Council, 2014). Therefore, the
introduction of regulation targeting board gender diversity, via either
hard law or soft law, reflects a significant change event in a national
policy in which firms are pressured to comply with the expectations
of the regulatory intervention.

However, it is conceptually relevant to acknowledge that while
firms may comply with the principles of regulation, the introduction
of regulation could lead to decoupling practices (for a review see,
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Bromley & Powell, 2012). That is, firms might be publicly recognized
and praised for making efforts for endorsing regulatory requirements,
when in fact they do not fully internalize these efforts – meaning the
introduction of regulation could have important implications on
trickle‐down effects observed by prior literature.

Existing studies exploring the impact of regulation on board gender
diversity have typically focused upon firm financial performance (e.g.,
Ahern & Dittmar, 2012) or women’s access to board positions (e.g.,
Wang & Kelan, 2013). With regards to the impact of regulation on firm
performance, research on the Norwegian gender quota has found evi-
dence to suggest the quota law led to a decline in accounting returns
for mandated firms (Ahern & Dittmar, 2012), as well as a decline in
operating profits (Matsa & Miller, 2013). Other studies have also
explored the impact of regulation on firm economic performance in
Spain (De Cabo et al., 2019), France (Arnaboldi et al., 2020; Nekhili
et al., 2020), and Italy (Arnaboldi et al., 2020; Carbonero et al.,
2021; Ferrari et al., 2021). With respect to the impact of regulation
on women’s access to board level positions, research has established
that the Norwegian regulatory quota improved women’s representa-
tion in CEO and chairperson positions (Wang & Kelan, 2013), whilst
also creating a small elite of women directors, referred to as “golden
skirts”, who initially held a disproportionate number of board level
positions (Seierstad & Opsahl, 2011). Whilst this growing body of
research has improved our understanding of how regulation influences
board gender diversity and firm financial outcomes, far less work has
examined how regulation influences the relationship between board
gender diversity and gender representation below board level.

A limited body of research has started to explore how regulation on
board gender composition could have an impact on the trickle‐down
effect. Most closely aligned to our work is research looking into the
Norwegian quota (Bertrand et al., 2019). Alongside exploring gender
pay gaps between executives in Norway, Bertrand et al. (2019) found
that during the prolonged introduction of the Norwegian quota, the
mandated representation of women on boards was not positively asso-
ciated with proportions of employees who were: women, women with
MBAs, women with children, women who were top earners, or women
working part time (Bertrand et al., 2019). These results suggest that
whilst the Norwegian quota benefited women’s representation on
boards, it did not have extended benefits for women outside of the reg-
ulated board level positions. That said, it is important to consider these
findings alongside corporate governance in Norway. Norwegian firms
have supervisory boards, meaning they have minimal links to manage-
ment within firms. This may have broader implications for the trickle‐
down effect, as there is limited reason to assume an increase in the
mandated representation of women on supervisory boards should have
a link with the representation of women within the firm.

In contrast, in Australia – as is the case in the United States and Uni-
ted Kingdom – firms have a unitary board structure, meaning both
non‐executive (i.e., outsider) and executive (i.e., insider) directors
are present at board level. Given the link between the board and firm
management, a trickle‐down effect could be observed from women’s
representation in firms with a unitary board. Consistent with this
assumption, research establishes a positive trickle‐down effect
between the board and executive team of listed Australian firms
(Gould et al., 2018). The Australian Stock Exchange introduced new
reporting requirements that required the disclosure of information5

on the issue of gender diversity throughout all levels of the firm
(Australian Institute of Company Directors, 2010). Interestingly, despite
5 Reporting requirements in Australia required listed firms to disclose the following
information within annual reports: 1) the disclosure of objectives for increasing gende
diversity throughout the firm; 2) the measurement and progression towards objectives; 3
the disclosure of a diversity policy, as well as a strategy for implementation of the policy
(Australian Institute of Company Directors, 2010). It is important to note these new
reporting recommendations applied to all levels within listed firms, and also considered
the issue of diversity – including gender, age, ethnicity, and cultural background.
r
)
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not focusing on regulation targeting female board representation, the
introduction of the new reporting requirements in Australia slowed
down the pre‐existing trickle‐down effect that was present between
the board and executive team of Australian listed firms (Gould et al.,
2018).

Although the limited body of existing literature (i.e., Bertrand
et al., 2019; Gould et al., 2018) has informed our understanding of
how the trickle‐down effect could be influenced by regulatory inter-
ventions, much more remains to be understood regarding the impact
of regulation targeting board gender composition. Little is known
about how the introduction of regulation on board gender diversity
impacts the trickle‐down effect. At present, existing literature has
investigated how trickle‐down effects are influenced by changes in
reporting requirements (Gould et al., 2018) or has investigated the
time‐period after a quota has been introduced (Bertrand et al.,
2019). As a result, to the best of our knowledge, it remains unclear
how the trickle‐down effect between board and senior management
positions is influenced by the introduction of regulation on board gen-
der composition.

The exploratory question we ask in the present study is whether the
trickle‐down effect improves or declines as a result of the introduction
of regulation on board gender diversity. Findings, either positive or
negative, would have important implications for evidence that
women’s representation on boards affect women’s representation in
senior management. First, if there is indeed evidence to suggest a cau-
sal relationship between women on boards and women in senior man-
agement (i.e., a trickle‐down effect), the new regulation should
strengthen the relationship between women on boards and the repre-
sentation of women in senior management, this would be evidence of
the trickle‐down effect proposed by past research and policy makers
(e.g., Department for Business, Innovation & Skills, 2015; Matsa &
Miller, 2011). Such findings would be in line with the traditional the-
oretical concept of in‐group preference between individuals of the
same gender (Byrne, 1971; Kanter, 1977; Tajfel & Turner, 1979).
Alternatively, if firms merely conform with the priorities and pursuit
of meeting targets at board level, often referred to as “window dress-
ing”, the introduction of regulation will lead to changes in the repre-
sentation of women on boards having no impact on the
representation of women in senior management (Bertrand et al.,
2019; Gould et al., 2018).

In what follows, we outline the empirical context of our study. This
context (i.e., the United Kingdom FTSE 350 index) allowed us to uti-
lize the introduction of regulation on board gender diversity – a
change event that could be considered an exogenous shock. In light
of the inconclusive empirical reports and the absence of a theory that
captures a clear and concise impact of regulation on the trickle‐down
effect, the empirical context used in the present study granted us the
ability to explore how the trickle‐down effect is influenced by regula-
tion on board gender diversity.
Method

Corporate governance in the United Kingdom

In September 2010, Lord Davies conducted a brief consultation per-
iod with a number of stakeholders, including senior business leaders,
entrepreneurs, executive search firms, investors, and women business
leaders, concerning the issue of gender diversity on boards. This con-
sultation examined the business case for gender diversity on boards
and the obstacles faced by women in seeking to get onto boards
(Doldor et al., 2012).

The resulting review was published as a report – titled “Women on
Boards” – in February 2011 and put forward eleven recommendations
to increase women’s representation on the boards of all FTSE 350
listed firms (Department for Business, Innovation & Skills, 2011).
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The most critical recommendation was for firms to meet the voluntary
target of having twenty‐five percent of board level positions held by
women by 2015.6 While not legally binding, the report was widely
viewed as a regulatory intervention backed by the U.K. government,
albeit at arm’s length, (e.g., Forbes, 2011; Peev, 2011) and additional
measures brought in by the government (which we discuss below) to
monitor compliance cemented this view. These recommendations were
supported by the U.K. government, with the then business Secretary,
Vince Cable, adding that the government will “engage with business
in considering his recommendations” and “encourage regulators, inves-
tors and executive search firms to take forward those recommendations”
(Department for Business, Innovation & Skills, 2011). Thus, from 2011,
FTSE 350 listed firms were pressured by external stakeholders to comply
with recommendations on board gender diversity (Vinnicombe et al.,
2021). The focal voluntary target was later revised to thirty‐three per-
cent in 20167 (Department for Business, Innovation & Skills, 2015)
and most recently it was increased to forty percent in 2021
(Department for Business, Energy & Industrial Strategy, 2021).

Importantly for our study, regulation was introduced relatively
rapidly at the beginning of 2011, with little warning and less than four
months after a brief consultation began, allowing us to suggest this
event reflects an exogenous shock and take advantage of it for the pur-
pose of our study.

Corporate governance environment before and after the intro-
duction of regulation. Before 2011 there was a general lack of exter-
nal pressure placed on FTSE 350 firms to consider the issue of gender
diversity at board level. The approach of FTSE listed boards was
described as “based on voluntarism and the good will of chairmen,
rather than mandatory intervention by government” (Sealy,
Vinnicombe, & Singh, 2008, p.12).

The introduction of regulation meant that these boards were
abruptly confronted with pressure to voluntarily comply with new
external regulatory goals, expectations, and norms concerning increas-
ing the percentage of women at board level. In fact, after the publica-
tion of Lord Davies’ 2011 report, additional monitoring measures were
introduced to help identify the effect of the report’s recommendations.
After 2011, FTSE 350 listed firms were being annually monitored,
evaluated, and reviewed by external institutions, such as the annual
“Women on Boards Review” published by the U.K. government (e.g.,
Department for Business, Innovation & Skills, 2012), the Financial
Reporting Council corporate governance code adherence report (e.g.,
Sealy & Vinnicombe, 2012a; Sealy, Turner, Pryce, & Vinnicombe,
2014), and the annual “Female FTSE board report” published by Cran-
field University (e.g., Sealy & Vinnicombe, 2012b, Vinnicombe,
Doldor, & Sealy, 2018). The period after 2011 reflects a corporate gov-
ernance environment in which FTSE listed firms were not only pres-
sured by external stakeholders to comply with regulation on board
gender composition, but also were continuously monitored and evalu-
ated by external institutions.

Corporate boards vs. senior management. In the public discus-
sions and consultations on leadership diversity, most of the attention
has been focused on gender diversity at board level. This reflects a gen-
eral view that “gender‐diverse boards have a positive impact on [firm]
6 Whilst the voluntary twenty‐five percent target was initially introduced for FTSE 100
firms in February 2011, recommendation 1 of the February 2011 Women on Boards
Report stated that “all Chairmen of FTSE 350 companies should set out the percentage of
women they aim to have on their boards in 2013 and 2015 […] chairmen should
announce their aspirational goals within the next six months” (Department for Business,
Innovation & Skills, 2011, p. 4). Furthermore, just a few months later in 2011, the first
government backed “Six‐month Monitoring Report” clearly evaluated and monitored all
FTSE 350 firms on their progress towards achieving the twenty‐five percent voluntary
target by 2015 (Sealy, Doldor, Singh & Vinnicombe, 2011). Therefore, there was an
expectation all FTSE 350 should comply with the twenty‐five percent target, as well as
other recommendations targeting all FTSE 350 firms.

7 In our robustness checks we control for the increase in the target by eight percentage
points in 2016, which is within the range of dates of our data; our results remain
unchanged.
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performance. It is clear that [gender diverse] boards make better deci-
sions where a range of voices, drawing on different life experiences,
can be heard.” (Department for Business, Innovation & Skills, 2011,
p.3). An often implicit, and sometimes explicit, reason for encouraging
more female representation at board level is the belief that it sets the
“tone” for lower levels of the firm and will trickle‐down, leading to
more gender diversity in management levels below the board. This
belief was shared by the U.K. government, who assumed increases in
board gender diversity should cause “a ripple effect of women taking
up prominent positions in different areas of the workplace”
(Department for Business, Innovation & Skills, 2015, p.18). However,
neither the 2011 report in the U.K., nor similar regulatory interven-
tions introduced in other countries, specified any targets or measures
to incentivize the increase of the proportion of women in senior man-
agement positions. Based on available public data, it is possible, how-
ever, to monitor whether any such trickle‐down effects did occur by
measuring the gender diversity of senior management. We use the
U.K. FTSE 350 index as an empirical setting to investigate how regula-
tion on board gender diversity influenced the trickle‐down of female
representation from the board level to senior management positions.

Data collection and sample

The U.K. regulation for gender diversity on corporate boards
applied to all firms listed on the FTSE 350 index. We therefore use data
from publicly listed firms that were consistently listed on the FTSE 350
index during all years of the study sample period of 2007 to 2018. Firms
listed on the FTSE index were subjected to the introduction of regula-
tion from the 24th of February 2011, the time‐period after this date
reflects a change in which FTSE listed firms faced pressure to increase
the proportion of female directors at board level to comply with soft
law regulatory recommendations. Therefore, given the regulation was
introduced at the beginning of 2011, we treat the time‐period from
2011 in the U.K. as our time‐based treatment. We collect data from
2007 to 2018 to provide a complete picture of the transformation of
the trickle‐down effect stemming from U.K. listed corporate boards.

Most restrictions on our sample selection are in line with prior
research. Like prior research, our data is limited to firms who are sub-
jected to the regulation on board gender diversity (Bertrand et al.,
2019), in our analyses we focus on firms listed on the FTSE 350 index.
We only consider firms who have complete information on all board
level, senior management level and firm level variables (Yang et al.,
2019). Our prospective sample was drawn from firms listed on the
FTSE 350 Index in 2011. In total, 119 firms were not considered as
they were not consistently listed on the FTSE 350 index for all years
in the study time‐period (i.e., 2007 to 2018). Furthermore, 12 firms
were removed from the analysis owing to missing data. As a result
of these restrictions, we had a sample of 2628 firm‐year observations
from 219 FTSE listed firms between 2007 and 2018.

We use 2007 as the start of sample time‐period, 4 years before the
soft law regulation was introduced in 2011. Though we could use an
earlier year as the start of our study time‐period, doing so is costly,
as we look further back in time (before 2007) the volume of data avail-
able deteriorates, 19 firms from our original sample of 219 had data
missing in the years immediately before 2007. As a consequence, we
used the period of 2007‐to‐2010 as our “pre‐regulation time‐period”.
Furthermore, we use 2018 as the end point for our sample time‐
period, 7 years after regulation was introduced for FTSE 350 listed
firms. Whilst a later year could have been used to extend the sample
time‐period, more recent data on many firms was not available to us
– of our sample of 219 firms, only 59 firms had data available for
the years after 2018. Thus, we used 2011‐to‐2018 as our “post‐
regulation time‐period”.

Corporate board positions. We collect board of director informa-
tion from the BoardEx database. As the U.K. has a unitary board
system, BoardEx defines a FTSE board member as an individual who
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holds either a non‐executive director (i.e., outsider) or an executive
director (i.e., insider) position within the firm. For each board member
we recorded the individual’s position on the board (i.e., non‐executive
director, executive director, or chairperson) and gender.

Senior management positions. For our analysis, we require the
distinction between board level and senior management positions.
BoardEx provides this information on its online database and defines
a senior manager as “an individual who holds a position below the
board within a firm.” Senior managers most commonly hold titles such
as ‘Divisional Director’, ‘Regional Director’, or ‘Head of (function)’, and
typically were either on the Executive Committee (one level directly
below the board and reporting directly to the Chief Executive) or were
reporting into the Executive Committee8 (Sealy, Doldor & Vinnicombe,
2016) – see Table A1 in the Appendix for the most frequent senior man-
agement roles. For each senior manager we had information on both
their role and gender.

Other firm indicators. Following prior research on gender and
corporate governance (e.g., Adams & Ferreira, 2009; Ahern & Dittma,
2012; Post & Byron, 2015), we also collected firm‐level data for each
firm‐year observation. To limit the number of missing values within
our dataset we collected data using the following method: first, we col-
lected firm level data from the FAME database. Second, if data was
missing from the FAME database, we then searched for firm data using
CompuStat databases; and finally, we searched for missing data by
looking within firm annual reports.

Variables of interest

The trickle‐down effect. Research has measured the trickle‐down
effect by modelling the relationship between the percentage of women
at board level and the percentage of women in senior management.
The use of a percentage value,9 rather than raw count data or ratios,
is a commonly used approach when analyzing female representation
in senior leadership (e.g., Adams & Ferreira, 2009; Terjesen, Couto, &
Francisco, 2016) and when investigating the trickle‐down effect (e.g.,
Ali et al., 2020; Biswas, Chapple, Roberts, & Stainback, 2021; Biswas,
Roberts, & Stainback, 2021; Gould et al., 2018; Matsa & Miller, 2011;
Skaggs et al., 2012).

The outcome variable is the percentage of women within a firm’s
senior management team. This measure was calculated as the percent-
age of women in senior management within a focal year. Specifically,
we took the total number of female senior managers and divided this
figure by the total number of senior managers within a firm; this figure
was then multiplied by one hundred to calculate the percentage of
women in senior management.

The predictor variable is the percentage of women at board level.
This measure is defined as the number of women at board level
divided by the total number of board members then multiplied by
one hundred. In our analyses, the relationship between the outcome
and predictor variables indicated the strength of the trickle‐down
effect within a firm – that is, a positive coefficient signals that the per-
centage of women at board level was associated with (i.e., “trickled
down” to) the percentage of women in senior management positions.

Control variables

We control for firm‐year‐specific variables that may be related to,
or influence, the trickle‐down effect.
8 In the U.K., the term ‘senior management’ is defined as individuals who were
members of the Executive Committee and also their direct reports (Department fo
Business, Energy & Industrial Strategy, 2016).

9 To account for the risk of percentage values producing inaccurate paramete
estimates in our regressions (Certo, Busenbark, Kalm, & LePine, 2020) we repeated ou
analyses using the total head count of women in board and senior management position
(see Table A3).
r
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Senior management team size. In line with prior research on
trickle‐down effects (e.g., Matsa & Miller, 2011), we controlled for
the size of the senior management team, measured by summing the
total number of individuals within a firm’s senior management team.

Firm size. We also include firm size, measured as the natural loga-
rithm of the total number of employees within a firm. Prior research has
controlled for firm size when exploring the trickle‐down effect (see Ali
et al., 2020; Bilimoria, 2006; Biswas, Chapple, Roberts, and Stainback,
2021; Gould et al., 2018), as larger firms may face external pressure to
have greater gender diversity within management positions.

Governance related controls. We accounted for several gover-
nance factors that could be related to managerial gender diversity.
We include board size, calculated as the total number of board mem-
bers within a firm. We also controlled for board independence, mea-
sured using the proportion of non‐executive directors to overall
board size, as a more independent board is better able to steer decision
processes in a way that favors firm stakeholders (Linck, Netter, &
Yang, 2008; Ryan & Wiggins, 2004).

Empirical approach

The period of 2007 to 2018 was chosen because the timeframe con-
tains a sudden shock in 2011, whereby an intervention by the U.K.
government set regulatory targets for board gender diversity across
all firms listed on the FTSE 350 index – we believe this sudden change
in regulation represents an abrupt exogenous shock.

Event study design. We employ an event study design, utilizing
the introduction of regulation in 2011, to help alleviate endogeneity
concerns common in this setting: that companies who choose to have
more women on their board are also more likely to have more women
in senior management (Antonakis et al., 2010). The implementation of
the regulatory target served as an external (arguably exogenous) shock
that is independent of any firm level factors, which allows us to iden-
tify changes of board diversity and senior management diversity after
the introduction of regulation. That is, by leveraging the time‐period
after regulation is introduced (i.e., 2011 to 2018), we can study the
extent to which female representation in senior management may or
may not have increased as a result of (exogenously) increasing female
board representation through the use of regulation.

To qualify as an event study, one needs to argue that the event was
largely unanticipated and no confounding factors occurred at the same
time as the event occurred (Campbell, Lo, & MacKinlay, 1997). We
argue these assumptions are met in our context. First, it is unlikely that
the U.K. government’s announcement in February 2011 was antici-
pated:while the government had supported annual independent reports
on the gender diversity of corporate boards, conducted regularly since
1999 (e.g., Sealy, Vinnicombe, & Singh, 2008), at no prior point had
there been discussion of regulatory interventions (Sealy, Doldor,
Vinnicombe, Terjesen, Anderson & Atewologun, 2017). Second, we
are not aware of any other confounding factor that could otherwise
explain the increase in female representation that coincided with the
introduction of the regulatory target in 2011: to the best of our knowl-
edge, there was no other regulatory intervention, normative appeal or
coordinated effort to increase the representation of women on boards
for all FTSE 350 firms, other than the U.K. government’s announcement
of the 2011 regulation on board gender diversity. As a result, and con-
sistent with advocates in prior literature (Adams, 2016; Hoffman &
Lord, 2013; Sieweke & Santoni, 2020), the use of this method allows
us to suggest that any change to the trickle‐down effect in the post‐
regulation period (i.e., 2011 to 2018) could be the result of a sudden (ar-
guably exogenous) shock of new regulation on board gender diversity.

Estimation technique

The purpose of our event study is to investigate how regulation on
board gender composition influences the trickle‐down effect. Our data
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was collected in a panel format, meaning our data is characterized as
the repeated observations of a firm over time – such data is also
referred to as “longitudinal” (Bliese, Schepker, Essman, & Ployhart,
2020). The data’s panel structure allowed us to use ordinary least
square estimation techniques, we estimated our panel models using
Stata 16.0 statistical software (StataCorp, 2019).

Event study using ordinary least squares (OLS) estimation. We
first investigate the variation in the trickle‐down effect before and
after regulation was announced in 2011. In line with prior research
using an event study design (e.g., Bøhren, & Staubo, 2014;
Halbesleben, Wheeler, & Paustian‐Underdahl, 2013; Hale, Ployhart,
& Shepherd, 2016; McFarland, Reeves, Porr, & Ployhart, 2020;
Wiersema & Zhang, 2011), we dummy coded the introduction of
new regulation by assigning a value of 0 to each year prior to the
new regulation and a value of 1 for the years following the implemen-
tation of regulation, such that the regulation dummy is coded 0 in the
pre‐regulation period (2007–2010) and coded 1 in the post‐regulation
period (2011–2018).

Initially, to investigate the impact of regulation on the trickle‐down
effect, we estimate the following empirical model using an OLS
regression:

PWSMit ¼ β1PWBit þ β2Regulationt þ β3PWBit � Regulationt þ ɛit ð1Þ

where i indexes firms and t indexes time. PWSMit is the measure of the
percentage of women in senior management in firm i at time t, PWBit is
the percentage of female board members for firm i in year t, Regulationt
is a dummy for the years before and after the introduction of regulation.
To test the relationship (i.e., the “trickle down” effect) between female
representation at the board and in senior management before the intro-
duction of regulation, we examine the sign and significance of percent-
age of women directors on the board (β1PWBit). To test a change in the
trickle‐down effect after the introduction of regulation, we examine the
sign and significance of the interaction between the percentage of
women on the board and the regulation dummy (β3PWBit× Regulationt).
Finally, εit is the error term. In line with prior research investigating the
impact of regulation (e.g., Ahern & Dittmar, 2012; Yang et al., 2019),
standard errors are clustered at the firm level to avoid serial correlation
(Antonakis, Bastardoz, & Rönkkö, 2021; Cameron, Gelbach, & Miller,
2011; Cameron & Miller, 2015). To further validate our results, we also
run additional analyses to establish the robustness of the results.
Fig. 1. The percentage of women at board level and senio
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Results

Descriptive statistics

The United Kingdom’s soft law regulatory target for the percentage
of women at board level was set at the beginning of 2011. The new
regulation, announced in February 2011, states that twenty‐five per-
cent of board members should be women. Before regulation was intro-
duced, nineteen firms within our sample complied with the regulatory
target in 2010. After the introduction of regulation, an increased num-
ber of firms complied with the voluntary target for gender diversity on
boards, with over 120 firms complying with the target in 2018 (see
Fig. A1 in the Appendix). Therefore, since the introduction of the reg-
ulatory target in 2011, FTSE listed firms have responded to regulation
on the representation of women at board level.

While the introduction of regulation clearly intended to increase
the percentage of women at board level, it is unclear to what extent
the regulatory target could also impact the percentage of women in
senior management positions below board level, known as a trickle‐
down effect. Fig. 1 presents the mean values of the percentage of
women at board level and senior management positions from 2007
to 2018, including a dashed vertical line to indicate when regulation
was introduced by the U.K. government in February 2011.

Amongst our sample of FTSE 350 listed firms, the average percent-
age of women at board level changed markedly from 8.37% in 2007 to
26.19% in 2018. As Fig. 1 shows visually, this sharp increase in the
percentage of women at board level coincides with the introduction
of regulation. While the percentage of women at board level remained
roughly consistent during the pre‐regulation period with a modest
increase being observed from 8.37% during 2007 to 9.35% during
2010, the most dramatic change occurs during the post‐regulation
time‐period: the percentage of women at board level increased from
10.43% during 2011 to 26.19% during 2018.

In contrast, the average percentage of women in senior manage-
ment increased from 18.04% during 2007 to 23.34% during 2018.
Unlike the change in percentage of women at board level, the increase
in the percentage of women in senior management was relatively mod-
est both during the pre‐regulation period (rising from 18.04% in 2007
to 18.75% in 2010) and the post‐regulation period (from 19.17% in
2011 to 23.34% in 2018), an increase of just 4.17% as opposed to
15.76% on the boards in the same period.
r management positions across the study time-period.



A. Page et al. The Leadership Quarterly 35 (2024) 101721
In sum, these descriptive results suggest several patterns. First, the
(modest) percentage changes between 2007 and 2010 for women at
board level and senior management roughly coincided, suggesting that
they were correlated before the regulation was introduced. This is typ-
ically referred to as the trickle‐down effect. Second, the regulatory tar-
get succeeded in increasing the percentage of women at board level.
Third, however, the percentage of women in senior management did
not increase at the same pace as the increase of female representation
at board level. Put differently, the introduction of regulation could
have weakened the trickle‐down effect flowing from the board to
senior management positions. In the next sections, we study these
patterns econometrically, using OLS regressions (see Table A2 in
the Appendix for summary statistics and correlation matrix of
variables).

Event study of the effect of regulation on the trickle-down effect

We begin our empirical analysis using ordinary least squares (OLS)
regressions to investigate the effect of the introduction of a regulation
targeting female representation on boards – an exogenous shock at the
beginning of 2011 – on the trickle‐down effect.

First, we employ OLS regressions to investigate the relationship
between the exogenous shock of regulation, the percentage women
at board level, and the percentage of women in senior management
positions (see Table 1).

Table 1 summarizes our results. We conduct an OLS regression for
the full time‐period (2007–2018) by estimating the effect of the inter-
action between regulation and the percentage women at board level
on the outcome variable, the percentage women in senior
management.

Table 1 illustrates our findings using OLS regressions. The depen-
dent variable is the percentage of women in senior management.
Table 1 presents our base model, containing only the percentage of
women at board level and the regulatory target. Table 1 presents that
during the pre‐regulation period (2007 to 2010), the percentage of
women at board level is significantly and positively associated with
the percentage of women in senior management positions
(β = 0.352, p = 0.002, SE = 0.114). While the percentage of women
in senior management positions did increase between 2007 (the base-
line year in the model) and 2011 (the introduction of the regulation),
the interaction between the regulation dummy and women on boards
is significant and negative (β=−0.290, p= 0.006, SE = 0.105). This
negative interaction term implies that the previous (positive) associa-
tion coefficient of 0.352 in the pre‐regulation period is offset by the
(negative) association coefficient of−0.290 in the post‐regulation per-
iod, which results in a weakened relationship between women on
Table 1
OLS regressions with women in senior management (%) as the dependent
variable.

Women in Senior Management

Women on Board .352**
(.114)

Regulation 4.954**
(1.535)

Regulation*Women on Board −.290**
(.105)

Constant 15.144**
(1.508)

Number of firms 219
Observations 2628
R-squared .022

Note: This table presents OLS regressions on the representation of women in
senior management. Robust standard errors are clustered by firm and reported
in parentheses. † p < 0.1, * p < 0.05, ** p < 0.01.
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boards and women in senior management after the (exogenous)
introduction of regulation. The average marginal effects of Table 1
revealed that whilst there was a significant and positive trickle‐down
effect in the pre‐regulation period (β = 0.352, p = 0.002,
SE = 0.114), there was no longer a significant marginal effect of the
percentage of women at board level on the percentage of women in
senior management in the post‐regulation period (β = 0.061,
p = 0.406, SE = 0.073).

To better illustrate the implications of the interaction model pre-
sented in Table 1, we conducted another set of OLS analyses. Here,
we studied the relationship between percentage of women at board
level and percentage of women in senior management positions sepa-
rately for each year. The year‐by‐year coefficients illustrate the trickle‐
down effect (or lack of) in every year before and after the introduction
of the regulation in 2011.

As Table 2 shows, the association between women on boards and
women in senior management is mostly positive and significant in
the pre‐regulation period (2007–2010), but then—with the introduc-
tion of regulation—the magnitude of this relationship reduces substan-
tially and is no longer significant in any year in the post‐regulation
period (2011–2018). In short, Table 2 demonstrates the relationship
between women on boards and women in senior management is weak-
ened by the introduction of regulation, which suggests there is no cau-
sal link between female representation at board level and female
representation in senior management.
Additional analyses

In this section, we conduct a series of additional analyses to assess
the sensitivity of our results to changes in variable definitions and
model specifications.

It is possible that our findings may be influenced by some forms
of omitted variables, and thus the potential for omitted variable bias
needs to be addressed. For instance, prior research suggests that the
size of a firm is associated with women’s representation in manage-
ment positions (e.g., Ali et al., 2020; Bilimoria, 2006). The empirical
question, therefore, is whether our results are robust to the inclu-
sion of missing variables. Therefore, as a robustness analysis, we
repeat our analyses using the following regression model in
Equation (2):

PWSMit ¼ β1PWBit þβ2Regulationt þβ3PWBit �Regulationt þδXit þαiþ ɛit

ð2Þ
With δXit denoting control variables that include board size, board

independence, senior management size, and firm size (Ali et al., 2020;
Bilimoria, 2006; Biswas et al., 2021; Gould et al., 2018; Linck et al.,
2008; Matsa & Miller, 2011; Ryan & Wiggins, 2004). To further vali-
date our results, we also hold constant firm fixed effects (αi) to account
for unobserved heterogeneity related to differences between firms.
Accordingly, we go on to estimate all models with firm fixed effects
and control variables.

The results presented in Table 3 show the findings are robust to the
inclusion of control variables and firm fixed effects. Table 3 once
again, as seen in Tables 1 and 2, exhibits that in the pre‐regulation per-
iod the percentage of women at board level is significantly and posi-
tively associated with the percentage of women in senior
management positions (β = 0.253, p = 0.003, SE = 0.085). While
the interaction between the regulation dummy and women on boards
is negative (β = −0.146, p = 0.077, SE = 0.082), meaning the
trickle‐down effect was weakened after the introduction of regulation.
The average marginal effects of Table 3 once again show a positive
trickle‐down effect in the pre‐regulation period (β = 0.253,
p = 0.003, SE = 0.085) and a weaker relationship between women
at board level and women in senior management in the post‐
regulation period (β = 0.106, p = 0.013, SE = 0.042). The results



Table 2
OLS regressions with women in senior management (%) as the dependent variable by year.

Pre-regulation (2007–2010) Post-regulation (2011–2018)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Women on
Board

.373** .458** .372** .192 .094 .013 −.090 −.013 −.052 .056 −.061 .117

(.134) (.128) (.126) (.121) (.120) (.124) (.119) (.136) (.124) (.119) (.111) (.140)
Constant 14.907** 13.897** 15.085** 16.942** 18.187** 20.014** 21.914** 20.840** 22.249** 20.960** 24.270** 20.255**

(1.739) (1.574) (1.648) (1.788) (1.885) (2.321) (2.453) (2.850) (2.809) (2.897) (2.958) (3.850)
Observations 219 219 219 219 219 219 219 219 219 219 219 219
R-squared .038 .062 .043 .012 .003 .001 .002 .001 .001 .001 .002 .004

Note: This table presents OLS regressions on the representation of women in senior management for each year within our sample time-period. Robust standard
errors are clustered by firm and reported in parentheses. † p < 0.1, * p < 0.05, ** p < 0.01.

Table 3
Fixed effect regressions with women in senior management (%) as the
dependent variable.

Model 1 Model 2

Women on Board .246** .253**
(.085) (.085)

Regulation 3.412** 3.336*
(1.302) (1.322)

Regulation*Women on Board −.152† −.146†
(.082) (.082)

Board Size .252
(.221)

Board Independence 3.703
(4.513)

Senior Management Size −.018
(.74)

Firm Size −2.155**
(.904)

Constant 16.062** 18.348**
Constant (1.046) (4.958)
Firm fixed effect Yes Yes
Number of firms 219 219
Observations 2628 2628
R-squared .032 .037

Note: This table presents fixed effect regressions on the representation of
women in senior management. Robust standard errors are clustered by firm
and reported in parentheses. † p < 0.1, * p < 0.05, ** p < 0.01.

A. Page et al. The Leadership Quarterly 35 (2024) 101721
of Table 3 show the trickle‐down effect was weakened after the intro-
duction of regulation, thus confirming our main results are robust to
the inclusion of control variables.

Table 4 presents our findings using a time‐lagged measure of the
percentage of women at board level.10 Taking advantage of the time‐
based structure of our dataset, we repeated our analyses using lags of
one (i.e., t‐1) and two years (i.e., t‐2) for the percentage of women at
board level – firms with data absent in lagged time‐periods were
removed from the analyses. The results of the regressions are consistent
with our previous findings. As reported in Table 4, there was a signifi-
cant and positive relationship between female board representation
and women’s representation in senior management when using both a
one‐year lag (Model 2: β = 0.284, p = 0.001, SE = 0.088) and a
two‐year lag (Model 4: β = 0.288, p = 0.002, SE = 0.090). The inter-
action between the regulation dummy and women on boards remained
significant and negative, implying the relationship between women on
boards and women in senior management is weakened in the post‐
regulation period when using a one‐year lag (Model 2: β = −0.193,
p = 0.028 SE = 0.087) and two‐year lag (Model 4: β = −0.186,
p = 0.042, SE = 0.090). Our findings therefore remain consistent when
10 The sample used in Table 4 contains 200 firms, 19 firms from our original sample had
data missing when using lags of two years (i.e., t‐2).
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we include one‐year and two‐year lags between female board represen-
tation and female representation in senior management.

Table 5 presents our findings in consideration of the unitary board
structures used by U.K. listed firms.11 A unitary board structure is com-
monly used in most U.K. and U.S. firms, a unitary board contains a single
set of directors who are either non‐executive (i.e., external or outsider
directors) or executive directors (i.e., management or insider directors).
We replicate our analyses to consider these separate board level roles.
First, we calculate the percentage of executive female directors (i.e.,
Women ED), we took the total number of female executive directors
and divided this figure by the total number of executive directors within
a board; this figure was then multiplied by one hundred. Second, we cal-
culate the percentage of non‐executive female directors (i.e., Women
NED), we took the total number of female non‐executive directors and
divided this figure by the total number of non‐executive directors within
a board; this figure was then multiplied by one hundred. Initially, as
reported in Table 5, there was a significant and positive trickle‐down
effect in the pre‐regulation period when focusing on women in executive
director positions (Model 2: β = 0.085, p = 0.025, SE = 0.037). How-
ever, the interaction between the regulation dummy and women in exec-
utive director positions is significant and negative (Model 2: β = −0.
111, p= 0.005, SE = 0.039), meaning the trickle‐down effect stemming
from executive director positions was weakened after the introduction of
regulation. The average marginal effects confirm that the association
between women in executive director positions and women in senior
management is positive and significant in the pre‐regulation period
(β = 0.085, p = 0.024, SE = 0.037), but then the magnitude of this
relationship reduces substantially and is no longer significant in the
post‐regulation period (β = −0.026, p = 0.396, SE = 0.031). In short,
there is a substantially weakened correlation between female represen-
tation in executive board level positions and female representation in
senior management after the introduction of regulation in 2011.

Subsequently, when focusing on women in non‐executive positions,
there was a significant and positive trickle‐down effect in the pre‐
regulation period when focusing on women in non‐executive positions
(Model 4: β = 0.171, p = 0.037, SE = 0.079). However, the interac-
tion effect suggests the introduction of regulation had no statistically
meaningful impact on the relationship between women in non‐
executive positions and women in senior management (Model 4:
β = −0.074, p = 0.349, SE = 0.079). Taken together, the results
of Table 5 suggest the introduction of regulation broke down the cor-
relation between the representation of women in executive positions
and the representation of women in senior management, whilst the
relationship between women in non‐executive positions and women
in senior management was not weakened after the introduction of
regulation.
11 The sample used in Table 5 contains 195 firms, 24 firms were omitted because they
had unitary boards comprising of only non‐executive directors – 23 of the 24 omitted firms
has a standard industrial classification description stating ‘activities of investment trusts.’



Table 5
Fixed effect regressions with women in senior management (%) as the dependent variable, percentage of women executive directors (Women ED) and percentage of
women non-executive directors (Women NED) are the independent variables.

Model 1 Model 2 Model 3 Model 4

Regulation 4.769** 4.995** 3.999** 4.141**
(1.027) (1.067) (1.346) (1.359)

Women ED .091* .085*
(.042) (.037)

Regulation*Women ED −.120** −.111**
(.041) (.039)

Women NED .168** .171*
(.081) (.079)

Regulation*Women NED −.089 −.074
(.079) (.079)

Board Size .207 .194
(.228) (.229)

Board Independence 4.261 3.173
(4.480) (4.494)

Senior Management Size −.069 −.091
(.072) (.075)

Firm Size −1.843* −2.467*
(.916) (.965)

Constant 18.133** 20.972** 16.823** 22.948**
(.683) (5.233) (1.108) (5.346)

Firm fixed effect Yes Yes Yes Yes
Number of firms 195 195 195 195
Observations 2340 2340 2340 2340
R-squared .042 .047 .046 .054

Note: This table presents fixed effect regressions on the lagged representation of women in senior management. Robust standard errors are clustered by firm and
reported in parentheses. † p < 0.1, * p < 0.05, ** p < 0.01.

Table 4
Fixed effect regressions with women in senior management (%) as the dependent variable and time lagged independent variables.

Model 1 Model 2 Model 3 Model 4

Regulation 3.786** 3.595** 3.660** 3.496*
(1.440) (1.460) (1.416) (1.436)

Women on Board (1 year lag) .281** .284**
(.088) (.088)

Regulation*Women on Board (1 year lag) −.201** −.193**
(.088) (.087)

Women on Board (2 year lag) .286** .288**
(.090) (.090)

Regulation*Women on Board (2 year lag) −.195* −.186*
(.091) (.090)

Board Size .171 .167
(.211) (.210)

Board Independence 6.932 6.831
(4.572) (4.577)

Senior Management Size −.029 −.032
(.074) (.073)

Firm Size −2.054* −2.018*
(.912) (.937)

Constant 16.370** 17.243** 16.481** 17.391**
(1.078) (4.997) (1.038) (4.969)

Firm fixed effect Yes Yes Yes Yes
Number of firms 200 200 200 200
Observations 2400 2400 2400 2400
R-squared .031 .036 .030 .036

Note: This table presents fixed effect regressions on the lagged representation of women in senior management. Robust standard errors are clustered by firm and
reported in parentheses. † p < 0.1, * p < 0.05, ** p < 0.01.

12 We would like to acknowledge that the p value for the interaction effect of this mode
is lower when the senior management size variable is excluded from the analysis
directionally the effect remains negative.
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Moreover, we conducted supplementary analyses using a different
model specification and variable descriptions. Here we compute gen-
der diversity as the total head count of women on a given board or
senior management team. The count‐based nature of these variables
indicated that a Poisson regression may be more appropriate than
OLS estimates, as regression models with count‐based outcome vari-
ables are often best fit with regressions using a Poisson‐like distribu-
tion assumption (Blevins, Tsang, & Spain, 2015). The results
displayed in Table A3 are consistent with our prior analysis, we
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obtained similar results for the interaction term as above (Model 2:
β = −0.106, p = 0.001, SE = 0.030) indicating that the trickle‐
down effect was weakened after the introduction of regulation.12

The marginal effects for this interaction term reveal that the positive
trickle‐down effect in the pre‐regulation period (β = 0.159,
l
,
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p = 0.001, SE = 0.031) and the trickle down‐effect was weaker during
the post‐regulation period (β = 0.053, p = 0.002, SE = 0.017).

During the study time‐period the voluntary target set for FTSE
listed firms was revised in 2016, increasing from 25% to 33%
(Department for Business, Innovation & Skills, 2015). Although our
study treats the introduction of regulation in 2011, and the proceeding
time‐period as a post‐regulation context where regulation is in effect,
we check to ensure our results hold when controlling for the revision
of the board gender diversity target in 2016. The results displayed in
Table A4 are consistent with our main findings and show that our
results remain unchanged when we control for the revision of the reg-
ulatory target in 2016.

Finally, we repeat our analyses excluding controls for board size
and senior management size. Certo et al. (2020) highlight several con-
cerns regarding the use of control variables that are related to the pre-
dictor or dependent variable. In our analyses two control variables
(i.e., board size and senior management team) are also the denomina-
tor for the dependent variable (i.e., women in senior management) and
predictor variable (i.e., women on board). We therefore check to
ensure our results hold when excluding controls for board size and
senior management size. The results displayed in Table A5 are consis-
tent with our main findings.
Discussion

We investigate how the trickle‐down effect between women on
boards and women in senior management is influenced by the intro-
duction of regulation on board gender diversity. Using an event
study design, we were able to explore the trickle‐down effect before
and after the introduction of soft law regulation in the United
Kingdom. Our findings reveal that in the pre‐regulation period the
representation of women at board level trickled‐down and was
positively related to the representation of women in senior manage-
ment positions. However, the introduction of regulation on board
gender composition led to a substantial weakening of that relation-
ship. The sudden introduction of regulation on board gender compo-
sition, therefore, had the unintended consequence of weakening the
relationship between the representation of women at board level
and the representation of women in senior management. Thus,
whilst a firm might comply with the extrinsic requirements put for-
ward by regulation on gender diversity, this does not necessarily
lead the same firm to have an intrinsic desire to also increase
women’s representation in senior management. We interpret this
finding as suggesting the trickle‐down effect observed in prior liter-
ature is not causal, but instead driven by endogenous factors in the
non‐regulated environment where the same unobserved factors (e.g.,
firm level policies to increase women in management positions) are
at play regarding the relationship between women’s representation
in both board and senior management roles, which is no longer
the case when regulation becomes the driving factor for women
on boards.
Implications for research and practice

Our results are relevant to academics, investors, stakeholders, and
policy makers. This study presents evidence on the impact of regula-
tion on board gender diversity, introduced in the United Kingdom.
Other countries have also introduced regulation on board gender
diversity (e.g., Germany, France, Italy, Spain, Belgium, and the Nether-
lands). Our results contradict the implicit and widespread belief that
regulatory interventions facilitate the trickle‐down effect (e.g.,
Department for Business, Innovation & Skills, 2015; Matsa & Miller,
2011). Furthermore, our results hint at the possibility that the
trickle‐down effect may vary across different contexts and settings,
matching the pattern in the prior literature that the trickle‐down effect
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tends to be more robust in settings without regulation on board gender
composition (Bertrand et al., 2019).

This study also extends prior research on the trickle‐down effect by
investigating the impact of the sudden (arguably exogenous) introduc-
tion of regulation. Prior research investigating the trickle‐down effect
provided clues regarding the impact of regulatory change. For
instance, no trickle‐down effect was observed during the extended per-
iod in which the Norwegian board gender diversity quota was intro-
duced (Bertrand et al., 2019). However, the U.K. context could be
considered substantively different. In the present study, we find evi-
dence suggesting that the sudden and unprecedented change in regu-
lation on board gender diversity substantially weakens a pre‐existing
trickle‐down effect that occurred between the board and senior man-
agement. Our results contribute to the increasing body of research
investigating the factors influencing the trickle‐down effect (Ali
et al., 2020; Bertrand et al., 2019; Biswas, Chapple, Roberts, and
Stainback, 2021; Biswas, Roberts, & Stainback, 2021; Gould et al.,
2018). Specifically, this study’s contribution shows how a previously
established trickle‐down effect is negatively impacted by the introduc-
tion of regulation on board gender diversity – implying that the trickle‐
down effect observed in a non‐regulated environment is endogenous,
driven by unobserved factors that influence both women on boards
and women in senior management.

Our results, therefore, do not support the view that regulatory
interventions to increase women on boards leads to a strengthening
of the trickle‐down effect. This assumption is grounded in traditional
theories of ingroup preference that suggest women, and men, prefer
to socialize, interact, and work with same gender others (e.g., Byrne,
1971; Ibarra, 1993). Rather, our results suggest that regulation weak-
ens the trickle‐down effect, supporting the notion that regulation does
not guarantee an improvement in gender diversity at board level will
also extend to senior management positions (Bertrand et al., 2019;
Gould et al., 2018). Hence, our results suggest that whilst firms con-
form with the priorities and pursuit of meeting targets (or quotas)
on board gender diversity, the introduction of regulation will lead to
a breakdown in the relationship between women on boards and
women in senior management.

This study also contributes to literature on the impact of regulation
on board gender diversity. To date, literature exploring the impact of
regulation has mainly focused on the Norwegian quota (e.g., Ahern &
Dittmar, 2012; Bertrand et al., 2019; Seierstad & Opsahl, 2011).
Although this body of literature has done much to contribute towards
our understanding of regulation, we believe the particular nature of
the Norwegian governance and socio‐political environment, should
be given greater consideration by researchers. Specifically, listed Nor-
wegian firms have boards comprising of supervisory (i.e., non‐
executive/outsider) directors and have no representation from firm
management. This is distinct from the unitary board structures used
in most anglophone countries across the globe. Therefore, the Norwe-
gian gender quota was directed towards supervisory directors only. We
suggest that any regulatory intervention at board level is less likely to
have an impact on management structures within Norwegian firms, as
executive directors (i.e., senior management) would not be present
within the board nor have much contact with the newly diversified
directors. This negates accepted explanations of trickle‐down, such
as the similarity attraction paradigm (Byrne, 1971), social identity the-
ory (Tajfel & Turner, 1979), homosocial reproduction (Kanter, 1977),
and homophily (Ibarra, 1993), as supervisory directors are not
involved with the hiring or promotion of senior managers (Cohen
et al., 1998). We believe the context of the Norwegian governance sys-
tem, and more egalitarian socio‐political environment, could have
important implications for research on the impact of regulation, espe-
cially with respect to research on trickle‐down effects. Our study there-
fore presents the United Kingdom as a contrasting empirical context.
The unprecedented soft law regulation introduced in the United King-
dom’s more neoliberal free‐market business context arguably qualifies
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as an exogenous shock, as it was abruptly introduced in 2011 with
very little warning. The regulatory intervention in the United Kingdom
targeted unitary boards comprising of both non‐executive and execu-
tive directors, who are engaged with management on a day‐to‐day
operational basis. Therefore, there is reason to suspect regulation
affecting the composition of the board is more likely to impact on
lower‐level management structures within regulated firms. Thus,
rather than focusing on the notable Norwegian case, our use of regula-
tion in the United Kingdom meant we were able to investigate how the
introduction of regulation impacted the trickle‐down effect.

Finally, our findings also have two important implications for pol-
icy makers, investors, and other stakeholders. Our results suggest that
regulation on board gender composition is associated with a discon-
nect between women’s representation between the corporate board
and senior management team. Policymakers could resolve this issue
by increasing the relevance of regulation for management teams
located below board level. For instance, this could be achieved
through setting soft law or hard law regulation on the representation
of women in the senior leadership positions below board level (also
suggested by Klettner, Clarke, & Boersma, 2016). Second, the repre-
sentation of women at board level has traditionally been used as an
indication to establish if a firm engages in acceptable social and ethical
corporate practice concerning the issue of gender diversity, in national
environments where regulation on board gender diversity has been
implemented (for a review, see, Terjesen et al., 2015). Our results sug-
gest that when women’s representation on a firm’s board is regulated,
either through the use of soft law or hard law, the representation of
women on boards could reflect a less accurate measure of a firm’s ori-
entation towards the promotion of gender diversity within the work-
place. This could be the result of “window dressing”, where a firm
complies with regulation on board gender diversity to gain recognition
and praise, when in fact below board level they do not fully endorse or
internalize these efforts. Therefore, investors and other stakeholders
should consider the representation of women in other (non‐
regulated) senior positions below board level, such as the senior man-
agement team, as a more accurate measure of a firm’s orientation to
promote gender diversity.

Future directions and limitations

Much more remains to be explored concerning how trickle‐down
effects are impacted by exogenous shocks. While our findings address
the consequences of regulation on board gender composition, it is pos-
sible that other exogenous shocks external to the firm could have an
impact on trickle‐down effects between the board and lower manage-
ment levels. For example, unexpected global natural disasters, eco-
nomic recessions, pandemics, or disclosures of sexual misconduct
(e.g., #MeToo) could have important implications for the endogenous
trickle‐down effect existing between the board and lower‐level man-
agement teams. Exploring the impact of exogenous shocks may be a
fruitful area for future research, particularly given the existing litera-
ture on trickle‐down effects has largely neglected to explore how exter-
nal events can influence the trickle‐down of behaviors, attitudes,
perceptions, or representation of women between management levels.
Thus, our findings suggest that exogenous shocks, or change events
(Hoffman & Ocasio, 2001), in a firm’s external environment could
influence trickle‐down phenomena.

In the present study we explore the impact of regulation on the
trickle‐down effect. This presents an opportunity for future research
to further explore the mechanisms explaining why regulation has an
impact on the trickle‐down effect. At present, it remains unclear if
individual firms who showed the trickle‐down effect in the pre‐
regulation period continued to display the trickle‐down effect after
regulation is introduced. Future research could address this by per-
forming a comparative study investigating the impact of the exogenous
shock on the trickle‐down effect between ‘firms who have an intrinsic
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interest in gender diversity’ versus ‘firms who are merely complying
with regulation’. Insights from literature on institutional decoupling
(for a review see, Bromley & Powell, 2012) could provide a lens
through which to investigate this comparison between firms. An inves-
tigation into the mechanisms driving the findings observed in the pre-
sent study could reflect a useful and insightful area of future
investigation in this field of research.

We want to acknowledge some limitations in our study which could
inform future research. First, our study focuses on a very specific con-
text, the implementation of soft law regulation in the U.K. – where
listed firms are recommended to comply with voluntary targets on
female representation at board level. Therefore, it remains unclear if
our results are generalizable to other countries, such as Germany or
Italy, where mandatory hard law regulation has been implemented
(Terjesen et al., 2015). In such contexts, where firms are punished
for non‐compliance with regulatory quotas, boards face increased
coercive pressure to comply with the demands of external regulation
on board gender composition, and, consequently, this may further
exacerbate the disconnect in the representation of women between
the corporate board and senior management team. Thus, future
research could investigate if our arguments hold in other national
environments that have implemented alternative forms of regulation
to those used in the United Kingdom.

Second, due to constraints accessing data on the representation of
women below senior management positions, we were not able to
investigate the trickle‐down effect between board level and manage-
ment positions further down the firm (e.g., middle management). In
time, however, data on gender diversity across the corporate hierarchy
may become available to researchers, allowing a deeper analysis into
the trickle‐down effects stemming from women’s representation at
board level.

Third, we acknowledge the analyses used in our study do not
completely solve endogeneity issues associated with our indepen-
dent variable, the representation of women on boards. Even though
there might be reasons to believe our analytical approach, leverag-
ing the argued exogenous shock, suffers from less endogeneity prob-
lems than other methods that rely purely on correlational
approaches (Bun & Harrison, 2019), several variables in our analysis
do correlate with the independent variable (see Table A2) and we
express caution regarding the causal interpretation of our results.
A similar limitation is also present in our analysis of the time‐lag
variables, where causality cannot be inferred directly. We therefore
recommend future research in this area employs additional (quasi‐)
exogenous methods (see, Antonakis et al., 2010; Matsa & Miller,
2013; Yang et al., 2019) such that only a treatment group is cau-
sally affected by the exogenous variation (but not a comparable con-
trol group), to resolve endogeneity problem issues and establish
causal effects.

Furthermore, as a result of explicitly leveraging the exogenous
shock in the empirical context of the U.K. alone, we were unable to
exclude unobserved confounds at the year level in our analyses –

meaning we were unable to separate the causal impact of the impact
of regulation from other macro year‐level factors. Future research
could alleviate this issue by using empirical methods (see, Yang
et al., 2019) that would allow the inclusion of year fixed effects in
regressions, thus controlling for unobserved heterogeneity across years
within the study time period.

Finally, the European Commission Directive on improving the
gender balance among directors of listed companies, originally pro-
posed in 2012, reached an agreement in June 2022 such that 40%
of non‐executives on supervisory boards, or 33% of unitary board
directors, must be of the “under‐represented sex” by June 2026
(European Commission, 2022). This, then, may present more oppor-
tunities for academics to investigate and follow the changes in board
composition and their trickle‐down effects in multiple national
contexts.
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Conclusion

Our aim in this study was to explore the impact of regulation on the
trickle‐down effect. Specifically, our findings show that regulation
weakens the trickle‐down effect. Using the sudden introduction of reg-
ulation for FTSE listed firms in the United Kingdom, we provide evi-
dence showing the trickle‐down effect existed before regulation was
introduced and was substantially weakened once regulation was
implemented. Thus, by implementing regulation on board gender
diversity, national regulators may inadvertently weaken the endoge-
nous trickle‐down effect that previously existed between the represen-
tation of women at board level and the representation of women in
senior management.
Data availability

The data and code will be shared in a public repository. Data and code
will also be made available on request ‐ please follow link (https://osf.
io/pktuc/?view_only=d6644c5436e44592b701e31f0ce39108).
Table A1
Examples of most frequent senior management roles.

Senior Management Role

Senior Vice President
Vice President
Executive Vice President
General Council
Group Director
Division Chief
Chief Information Director
Investor Relations Director
Regional Director
Chief Technology Director
Corporate Development Director
Chief Marketing Director
Division Executive
Marketing Officer

Note: This table presents examples of the most fre
BoardEx database. A total of 1359 unique senior m

Fig. A1. The number of firms with women represent
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Appendix A
Frequency of Occurrence (n)

66
60
44
37
35
29
26
23
15
14
14
11
11
11

quent senior manager roles retrieved from the
anager roles were identified across all firms.

ing twenty-five percent of board level positions.



Table A2
Descriptive statistics and correlations.

Mean SD 1 2 3 4 5 6 7

1. Women Snr. Mgmt. 20.234 16.610 –

2. Women on Board 15.409 11.491 .117** –

3. Regulation .666 .471 .086** .413** –

4. Board Size 9.912 2.914 .136** .162** .008 –

5. Senior Management Size 14.608 13.820 .094** .280** .161** .530** –

6. Board Independence .700 .147 −.092* −.211** .191** −.203** .059** –

7. Firm Size 3.355 1.425 .119** .131** .036* .512** .428** −.410** –

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

Table A3
Fixed effect Poisson regressions with the number of women in senior
management as the dependent variable.

Model 1 Model 2

Women on Board .113** .159**
(.035) (.031)

Regulation .393** .347**
(.088) (.057)

Regulation*Women on Board −.011 −.106**
(.033) (.030)

Board Size .007
(.008)

Senior Management Size .023**
(.003)

Board Independence .457*
(.191)

Firm Size −.040
(.46)

Firm fixed effect Yes Yes
Number of firms 201 201
Observations 2412 2412
Wald test 145.010** 171.650**

Note: n = 201, 18 firms dropped because of all zero outcomes. This table
presents fixed effect Poisson regressions on the representation of women in
senior management. Robust standard errors are reported in parentheses. †
p < 0.1, * p < 0.05, ** p < 0.01.

Table A4
Fixed effect regressions with women in senior management (%) as the
dependent variable, controlling for revision of voluntary targets in 2016.

Model 1 Model 2

Women on Board .225** .232**
(.087) (.087)

Regulation 3.560** 3.569**
(1.302) (1.534)

Regulation*Women on Board −.175* −.169*
(.081) (.081)

Board Size .243
(.219)

Senior Management Size −.029
(.219)

Board Independence 2,528
(.960)

Firm Size −2.340*
(.960)

Post 2016 Dummy 2.008** 2.147**
(.751) (.753)

Constant 16.245** 20.123**
(1.048) (5.025)

Firm fixed effect Yes Yes
Number of firms 219 219
Observations 2628 2628
R-squared .036 .042

Note: This table presents fixed effect regressions on the representation of
women in senior management. Robust standard errors are clustered by firm
and reported in parentheses. † p < 0.1, * p < 0.05, ** p < 0.01.

Table A5
Fixed effect regressions with women in senior management (%) as the
dependent variable.

Women in Senior Management

Women on Board .255**
(.085)

Regulation 3.342*
(1.309)

Regulation*Women on Board −.149†
(.082)

Board Independence 2.831
(4.522)

Firm Size −2.078*
(.912)

Constant 20.940**
(4.440)

Firm fixed effect Yes
Number of firms 219
Observations 2628
R-squared .036

Note: This table presents fixed effect regressions on the representation of
women in senior management. Robust standard errors are clustered by firm
and reported in parentheses. † p < 0.1, * p < 0.05, ** p < 0.01.
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