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Gender implicit bias and glass ceiling effects
María Paz Espinosa and Eva Ferreira

Economics Department, University of the Basque Country, Bilbao, Spain

ABSTRACT
Implicit gender bias may affect hiring and promotion decisions, 
implying inefficiencies in the outcome of selection processes. We 
focus on the dynamics of gender bias when selecting candidates for 
a committee or position, and obtain the long-run female share as 
well as the conditions for a glass ceiling effect in a hierarchical 
structure. Candidate selection is modeled as a Markov process, 
where the outcome of the dynamic selection process is affected 
by bias asymmetries and incumbency advantages. Moreover, we 
formalize and characterize different types of glass ceiling, analyze 
how the gap between the groups evolves in the corporate hierar
chy and show that the dynamics of promotion may indeed gener
ate glass ceilings.
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1. Introduction

The metaphor for a glass ceiling was initially used to represent the blocked promotional 
opportunities for women in the corporate hierarchy (Hymowitz and Schellhardt, The 
Wall Street Journal 1986).1 A glass ceiling inequality is a gender or racial difference, not 
explained by other job-relevant characteristics of the employee, which increases as one 
moves up the hierarchy (Cotter, Hermsen, Ovadia, & Vanneman, 2001). In the empirical 
literature, the glass ceiling has been identified with higher wage differences at higher 
levels (e.g., Arulampalam, Booth, & Bryan, 2007; Gardeazabal & Ugidos, 2005; Morgan, 
1998), a probability of promotion that becomes smaller at higher levels (e.g., Elliot & 
Smith, 2004; McDowell, Singell, & Ziliak, 1999; Zeng, 2011; Olson & Becker, 1983; 
Maume, 1999; Gjerde, 2002), a lower ratio of probabilities of women to men being 
promoted (Baxter & Wright, 2000), or simply a lower proportion of women at the top 
levels (e.g., Bain & Cummings, 2000). Purcell, MacArthur, and Samblanet (2010) contain 
a good summary of the empirical evidence on the glass ceiling effect in a large variety of 
occupational settings. They acknowledge the fact that some studies are not comparable 
due to “the ambiguity over what the glass ceiling really means and how it should be 
measured”. Clearly, the results cannot be expected to be the same when using the female 
share in top positions, the probability of promotion, or the ratio of probabilities of 

CONTACT María Paz Espinosa mariapaz.espinosa@ehu.es University of the Basque Country, Avenida 
Lehendakari Aguirre 83, Bilbao 48015, Spain
We thank comments from Prof. Dr. Winfried Stute.
1“The glass ceiling effect is an unseen, yet unbreachable barrier that keeps minorities and women from rising to the upper 

rungs of the corporate ladder, regardless of their qualifications or achievements.” (Federal Glass Ceiling Commission, 
1995). See also Jackson and O’Callaghan (2009).
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women to men being promoted. In this paper we clarify the relationship between the 
different glass ceiling definitions used in empirical work, the kind of inequality they are 
reflecting and provide conditions to obtain each of them.

The theoretical explanations for the presence of discrimination can be extended to 
explain why the consequences of discrimination are more pronounced at the top levels of 
corporate or political hierarchies. The main challenge is to explain how differences in 
wage or promotion, not based on differences in productivity, can be maintained in the 
labor market. Becker (1957) introduced the idea of a taste for discrimination that would 
lead employers to forego profits in order to maintain the differences. Market-based 
explanations also include statistical discrimination: when abilities are not observable, 
employers may use the correlation between race or gender and productivity as a signal 
(Arrow, 1972, 1973; Phelps, 1972). Milgrom and Oster (1987) model the abilities of 
disadvantaged workers as less visible, more difficult to evaluate, and therefore employers 
pay and promote members of this group less. This effect interacts with the human capital 
investment decision of disadvantaged workers, who find this investment less profitable so 
that their average productivity is lower (Coate & Loury, 1993a; Lundberg & Startz, 1983). 
As an extension of this theory, one possible interpretation for glass ceiling effects is that 
the disadvantaged group’ s abilities are even less visible or more difficult to evaluate 
(relative to the other group) at higher levels than at lower levels, which would increase the 
discrimination gap, under the assumption that the problem of observability of minority 
workers productivity becomes relatively more severe at higher levels.

Other explanations for discrimination are based on homophilic preferences in cow
orkers and clients. Assuming that productivity is influenced by a good work relationship 
among coworkers and clients and that the initial proportion of males is higher, homo
philic preferences would perpetuate discrimination against women. Furthermore, if at 
top levels productivity is more influenced by male clients or coworkers preferences or 
mentorship than at low levels, this could produce a glass ceiling effect.

The notion of implicit bias has been considered an important element of discrimina
tion in hiring (Espinosa & Gardeazabal, 2020; Kleinberg & Raghavan, 2019). In this case, 
there is no need to explain how discrimination can be maintained in the labor market, 
since it is unintentional and unobserved. If the use of unconscious gender stereotypes is 
more relevant at the top levels of the corporate hierarchy, then this would also contribute 
to the explanation of glass ceilings.

This paper introduces a new element that contributes to the explanation of glass 
ceiling effects and it is not based on an increasing gender bias or any differences getting 
more severe at the top levels of the hierarchy. We show that the dynamics of promotion 
may indeed reinforce an existing gender difference and lead to a glass ceiling effect even 
with a constant perception bias.

We look at three different indexes of gender gap: (i) the percentage of women at each 
hierarchical level, (ii) the odds of reaching a given level for men and women, and (iii) the 
odds ratio of female and male promotion at each level. Using these indexes we formalize 
glass ceiling effects.

It is worth noting that glass ceiling effects in our model do not come from differences 
in abilities or preferences, which are assumed to be identical for men and women, but 
from the dynamics of a selection process that reinforces initial differences even with 
a constant perception bias. Although the assumption of a constant bias might not be 

38 M. P. ESPINOSA AND E. FERREIRA



realistic, it allows us to study the net effect of the bias in the long run. The sequential 
candidate selection for a given level of a hierarchical structure is modeled as a Markov 
process. When all candidates have the same abilities or abilities are not observable, the 
selection process is conceived as a random draw from the population of participating 
individuals. We first analyze the short and long run effects of a constant gender-specific 
bias at different hierarchical levels, which could be asymmetric among the decision 
makers. Under our assumptions, the female ratio is driven by a discrete Markov process, 
and we set the conditions to obtain the limit of the process using the properties of the 
associated Markov chain.

Our main contribution is to show that glass ceiling effects (discrimination 
becoming more severe at higher levels) may appear without the need for a larger 
bias at higher levels. Even with a constant bias at all levels of the hierarchy, the 
dynamics of a selection process with apparently gender-neutral features (e.g., pre
vious job experience) reinforces the initial differences and produces a glass ceiling 
effect. A better understanding of why a constant gender bias has more pronounced 
effects at the top levels of corporate hierarchies may be helpful to design policies 
that mitigate the effects and reduce gender disparities. One implication of our model 
is that when incumbency matters, programs that enhance diversity or affirmative 
action may be necessary.

The paper is organized as follows. Section 2 sets up the main assumptions of the model 
and the mathematical framework. Section 3 analyzes the time dynamics and the effect of 
incumbency advantages (inertia) and bias asymmetries. Section 4 introduces a hierarch
ical structure and presents the glass ceiling effect results. Section 5 discusses further 
research and concludes.

2. Framework and main assumptions

In this section, we model selection processes that choose from among a population of 
candidates. Throughout the paper, we refer to the selection of members of a committee, 
but more generally our model can be applied to promotion decisions. We deal with the 
dynamics driving the proportion of women (or minority groups) on committees, which 
are represented by a random variable �n;l. The index n accounts for time, whereas the 
index l accounts for the position of the committee in a hierarchical structure. We assume 
there is a large number of candidates and hierarchical structures in the economy so that 
we can deal with proportions. To simplify the notation, we may sometimes drop index l 
when the analysis is focused on time for a given hierarchical level, or we may drop index 
n when we study the hierarchy.

2.1. Selection process over time. Promotion to levell

We first study the promotion process to a given hierarchical level l over time. Concerning 
the candidates, let F, M denote the number of women and men in the population, which 
are assumed to be constant over time. Among them, Fn, Mn are the number of those who 
run as candidates for a position at period n. Let qn ¼ Fn=ðFn þMnÞ be the proportion of 
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women in the pool of candidates at period n. We assume there is no difference between 
the behavior or abilities of men and women, or that any differences in abilities are not 
observable to the decision makers.2

At each period n, committees are renewed. Let us denote by ðzf
n; zm

n Þ the gender 
composition of the committee at n, ðn ¼ 0; 1; . . .Þ, where zf

n is the number of women 
and zm

n the number of men, and zf
n þ zm

n ¼ z is the size of the committee, assumed for 
simplicity to be constant over time. The female ratio at period n is thus �n ¼ zf

n=z, and the 
male ratio is 1 � �n.

We represent the selection process as a dynamic model: E �nj�n� 1ð Þ ¼ f �n� 1; μð Þ. 
This conditional expectation indicates that the expected proportion of women in 
period n is related to the past proportion �n� 1 and some set of parameters μ. This 
formulation represents a link between past and future decisions and introduces 
dynamic considerations. We describe two possible scenarios that could fit within 
this general dynamic model.

First, consider situations where actual members of committees have the power to 
influence the choice of future members. This may be the case, for instance, of the 
selection process for a job or decisions regarding tenure in academic contexts.3 

More generally, it reflects the idea that the decision on promotions up the academic, 
political or corporate ladder are taken by people who have climbed that ladder 
before.4 As will be seen, if the decision makers are heterogeneous concerning their 
perceptions of candidates (asymmetric bias), the conditional expectation will be 
different from the unconditional and will depend on the past composition of the 
committee.

Second, the decision makers may use the proportion of women on past committees as 
a signal of female ability for that particular committee or perhaps as a signal of their 
willingness to run for office. That is, the decision process takes into account not only the 
proportion of female candidates but also the proportion of women on past committees 
(inertia).

Our goal is to analyze the dynamics of the random variable �n, the effect of the initial 
conditions and the long-run female share.

This framework is characterized by the following assumptions:
Assumption A1. The number of selected female members follows a binomial dis

tribution Bðz; pnÞ, where z is the size of the committee, assumed to be constant over time, 
and pn ¼ E �nj�n� 1ð Þ ¼ f �n� 1; μð Þ is the probability of a woman being selected.

This assumption is motivated by the fact that, when the abilities of the candidates are 
not observable or they are equal, the selection process can be conceived as a random draw 
from the population of participating male and female candidates (Mn þ Fn), so that the 
number of female members will follow a binomial distribution.5 With no gender bias, the 

2See Espinosa and Ferreira (2017) for a selection process where abilities may be heterogeneous.
3Matsa and Miller (2011) find a positive association between the female share of the board of directors in the 

previous year and the female share among current top executives. See also Powell and Butterfield (2002).
4Even for political positions involving an election process, the candidates need to be nominated by the parties.
5The binomial can be replaced by the hypergeometric distribution and the results hold.
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probability of success coincides with the female proportion in the pool of candidates 
pn ¼ qn, but gender bias will decrease the probability of success so 
that pn ¼ f �n� 1; μð Þ< qn.

Assumption A2. qn ¼ q for all n.
That is, for each level of the hierarchy, the proportion of female candidates remains 

constant over time (although it will differ across levels).
We analyze the dynamics of a sequence of the proportion of women, which evolves over 

time. For each level l, the proportion of women given by the steady state for that level is 
denoted pl.

2.2. The selection process up the corporate ladder. Glass ceiling effects

To study promotion decisions at different levels of the hierarchy, we consider that for 
each hierarchical level l, the female proportion pl is given by the steady state, that 
is, pl; lim

n!1
E �n;l
� �

.
Our ultimate goal is to check whether female candidates have fewer opportunities 

to reach the higher levels. One possibility is to see whether the ratio of women is 
decreasing along the corporate ladder. However, we may be more interested in the 
individual probabilities of promotion for participating female candidates. In this 
case, a test for a glass ceiling effect should look at whether the female odds ratio 
(female vs. male) for the initial (at the beginning of a career) individual probability 
of reaching level l is a sequence that decreases with l. A third possibility is to check 
whether the odds ratio at l þ 1 is lower than at l.

The number of women (men) that are candidates to reach level l in the steady state is 
denoted by Fl Mlð Þ. We need to describe the dynamics of the female proportion pl and the 
limit of pl when l!1 in order to analyze the conditions for a glass ceiling effect.

We use ρf
l and ρm

l to denote the unconditional individual probabilities of reaching 
level l, for female and male candidates, respectively; ρf

l=l� 1 and ρm
l=l� 1 are the individual 

probabilities of reaching level l, for female and male candidates who have already reached 
level l � 1.

We can now state the formal definitions of a glass ceiling effect: 

DEFINITION 1. There is a type 1 glass ceiling effect (GC1) when the sequence of uncondi
tional expected female proportions pl is strictly decreasing with level l.

DEFINITION 2. There is a type 2 glass ceiling effect (GC2) when the odds ratio ρf
l =ρm

l is a 
sequence strictly decreasing with l.

DEFINITION 3. There is a type 3 glass ceiling effect (GC3) when the odds ratio ρf
l=l� 1=ρm

l=l� 1 is 
a sequence strictly decreasing with l.

As we will see, these definitions are not equivalent although they are related.
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3. Time dynamics

This section presents and discusses the evolution over time of the gender composition of 
a given level l in the hierarchy, that is when only one step in the promotion process is 
considered. We present the results in two different scenarios: asymmetries in the implicit 
bias and inertia in the decision processes. Since the dynamics is stochastic, we present the 
average results.6

3.1. The effect of asymmetric bias

We assume that there is a gender bias in the selection process and that the bias of each 
decision maker has the same weight in the final decision. We allow for an asymmetric 
perception of candidates by male and female decision makers.7 As a consequence, the 
final decision will have the average bias of the decision makers,8 that is, if a fraction �n� 1 
of the decision makers at n � 1 have a bias δ and a fraction 1 � �n� 1ð Þ has a bias δm, the 
average bias of the decision at n will be δ�n� 1 þ δm 1 � �n� 1ð Þ.9 We assume that the 
parameters that measure bias do not change with the level of the committee or through 
time.

Given a hierarchical level l, we analyze the promotion decisions over time. In this 
setup and under the assumptions above, the probability of selecting a woman for a 
position at each period n will be determined by: 

pn ¼ E �nj�n� 1ð Þ ¼ f �n� 1; μð Þ (1) 

¼ δq�n� 1 þ δmq 1 � �n� 1ð Þ

where μ ¼ ðq; δ; δmÞ. Thus, the average bias affects the probability of selecting 
a woman (see Assumption A1). In particular, the probability of success pn diminishes 
in proportion to the average bias of the decision makers. The unbiased perception, 
(δ ¼ δm ¼ 1), implies that the probability of selecting a woman coincides with the female 
ratio in the candidate population. When δ ¼ 1, and δm < 1, only male decision makers 
suffer from gender bias; in the case δ ¼ δm, both groups select with the same biased 
perspective (symmetric bias); last, when δm < δ< 1, both groups have a biased percep
tion, but the bias of male decision makers is greater than that of females. In this setup, we 
can state: 

Theorem 1. Under Assumptions A1 and A2, if f �n� 1; μð Þ is given by (1) then �n is a random 
variable with unconditional mean: 

E �nð Þ ¼ δmq
1 � qðδ � δmÞð Þ

n

1 � qðδ � δmÞ
þ �0 qðδ � δmÞð Þ

n (2) 

6The existence of a limit distribution and its statistical properties are studied in Ferreira and Stute (2016) and Espinosa, 
Ferreira, and Stute (2016).

7Bagues and Esteve-Volart (2010) provide evidence that the gender composition of recruiting committees matters for the 
female chances of success, for positions in the four main Corps of the Spanish Judiciary from 1987 to 2007.

8This assumption does not fit, for example, decisions taken by majority; in this case the majority could impose their bias.
9It could also be the case that influence on the decision is related to gender, but we do not model this gender asymmetry 

here.
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where �0 denotes the initial female ratio.
When n!1, �nf gn2N converges in distribution to a unique limit �1 ¼ lim

n!1
�n. with 

mean equal to 

p;E �1ð Þ ¼
δmq

1 � qðδ � δmÞ
(3) 

Proof. See the appendix.

Remark 1. When δm ¼ δ (symmetric bias), p;E �1ð Þ ¼ δq.

Corollary 1. E �nð Þf g is a decreasing sequence whenever �0 > p, strictly decreasing if δm < δ.

Proof. See the appendix.

As expected, the female ratio in the steady state increases with δ and δm (i.e., it 
decreases with the gender bias). Less obvious is the fact that bias asymmetry affects 
the long-run shares. As stated in the next result, in the steady state asymmetric 
biases have a stronger effect on gender inequality. 

Proposition 1. Let �δ ¼ qδ þ ð1 � qÞδm be the weighted average bias in the population, 
where q and 1 � q are the female and male proportions, respectively. Then, an increase in 
the asymmetry between female and male bias, δ and δm, keeping the average bias of the 
decision makers constant, leads to lower female rates in the long run. The long run female 
share, p, reaches its maximum value when δ ¼ δm ¼ �δ.

Proof. See the appendix.

3.2. The effect of incumbency advantage (inertia)

Political scientists have focused on the incumbency advantage as an explanation for the 
underrepresentation of women in politics; this entry barrier inhibits electoral opportunities 
for previously excluded groups such as women or minorities (Fox & Lawless, 2005, 2011; 
Karnig & Welch, 1979; Studlar & Welch, 1990). A similar argument is given in Welch (1977): 
Women tend not to work in the fields of law and business, fields from which most political 
candidates emerge, so that women may lack the qualifications to pursue elective office.

In this section, we use this motivation to introduce an incumbency advantage so that 
the decision makers at any given period are influenced by the female proportion in the 
past committees.

To that end, we consider that the probability of success (see Assumption A1) is 
affected not only by the proportion of women in the pool of candidates but also by the 
perception of decision makers, who take into account the female share observed in the 
past on that committee. In other words, when inertia is important, fewer women on 
previous committees will be associated with fewer women being considered for present 
committees. For this case, we model the probability of a woman being selected as a linear 
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combination between the observed ratio of experienced women, denoted by �n� 1, and the 
female ratio in the pool of candidates q, that is, a�n� 1 þ ð1 � aÞq, where a 2 ½0; 1�, and 
similarly for men: a 1 � �n� 1ð Þ þ ð1 � aÞ 1 � qð Þ:

This linear combination indicates how the decision makers weigh the two factors: the 
proportion of women in the pool of eligible candidates, q, and the inertia, measured as 
the past proportion of women on the committee, �n� 1. For high values of a, it will be very 
difficult to select a female candidate for committees or in fields where women have been 
historically absent. If hardly any women are seen on those committees, it would seem 
“natural” to keep this proportion low with the argument that the proportion of experi
enced women is also low (although the proportion of women in the pool of eligible 
candidates may be larger). Thus, parameter a accounts for the importance of previous 
experience in the job and inertia. The higher the parameter a is, the stronger the inertia.

Under no bias, the proportion of women perceived as possible candidates is 
a�n� 1 þ ð1 � aÞq, and therefore, this would be the resulting theoretical proportion of 
women on the new committee, E �nj�n� 1ð Þ ¼ a�n� 1 þ ð1 � aÞq.

However, when there is a gender bias, δ, the probability of success is diminished in 
proportion to the bias: 

pn ¼ E �nj�n� 1ð Þ ¼ f �n� 1; μð Þ (4) 

¼ δ a�n� 1 þ ð1 � aÞq½ �

Remark 2. Inertia and bias are taking into account different effects. Inertia models the 
idea that changes may take place at a very low pace, even if bias were decreasing; this may 
be due to several factors: the importance of previous experience in the job, incumbency 
advantages, the absence of information on eligible female candidates, partial renewal of 
existing committees, etc. Inertia makes the perceived set of eligible female candidates 
smaller. On the other hand, the bias δ models the fact that, considering the perceived set 
of suitable female candidates, decision makers select them with a lower probability of 
success than their proportion in the pool of eligible candidates.

Theorem 2. Under Assumptions A1 and A2, if f �n� 1; μð Þ is given by (4) then �nf gn2N is a 
convergent Markov process with a unique limit �1, with mean 

p ¼ E �1ð Þ ¼
δð1 � aÞ
1 � δa

q (5) 

Proof. See the appendix.

When there is no bias (δ ¼ 1), as long as inertia is not extreme (a< 1), we have that 
p ¼ E �1ð Þ ¼ q so that the expected female share in the long run turns out to be equal to 
the female proportion in the pool of candidates. This implies that inertia alone will not 
lead to a gender gap in the long run. For a finite number of periods, however, the 
outcome may depend on the initial proportion, so that if �0 < < q, the larger the inertia 
(the higher a), the longer it will take to get closer to the limit q.
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When δ< 1, we have that δð1 � aÞ 1 � δað Þ
� 1 < 1, so the expected female share p (see 

(5)) is strictly lower than the proportion of women in the population q. Moreover, the 
term δð1 � aÞ 1 � δað Þ

� 1 is decreasing with a. When there is no incumbency advantage 
(a ¼ 0), p ¼ δq, the expected female share is constant over time, and it corresponds to 
the symmetric bias case (see Remark 1). However, for a> 0, ð1 � aÞ 1 � δað Þ

� 1 < 1: the 
inertia or incumbency advantage reinforces the effect of the bias, and the impact is 
higher, the higher the weight of previous experience (inertia) is. We summarize our 
results in the following proposition: 

PROPOSITION 2. Under Assumptions A1 and A2, if f �n� 1; μð Þ is given by (4), then the more 
important the incumbency advantage (the higher a), the lower the expected female share 
will be in the limit, E �1ð Þ.

Table 1 presents the limit expected female shares for different parameters values 
(q ¼ 1

2 in all cases), to show the interaction of bias and inertia. Note that, even under 
a small bias (δ close to one), if the inertia parameter is high, the effect may be rather large. 
In other words, we could have nearly unbiased committees, but when there is incum
bency advantage, discrimination will persist even in the long run. Moreover, the effect is 
noticeable even when the inertia is moderate. 

Remark 3. The introduction of incumbency advantage or inertia is symmetric, equal for 
men and women, but when it interacts with gender bias, it reinforces its effect resulting in 
a lower female share. Our results indicate that the interaction between bias and incum
bency advantage tends to exacerbate the consequences of a bias, and this is independent 
of the initial value �0. On the contrary, in the absence of bias, any unbalanced initial 
composition would be corrected in the long run, no matter how large a is, as long as it is 
lower than 1. The time needed to reach the proportion q will depend on the inertia 
parameter, but in the limit the female share is the same as their proportion in the 
population.

Table 1. The interaction of inertia and bias. Limit expected female 
shares.
a δ ¼ 1 δ ¼ 0:9 δ ¼ 0:8 δ ¼ 0:7

0:9 0:5 0:237 0:143 0:095
0:8 0:5 0:321 0:222 0:159
0:7 0:5 0:365 0:273 0:206
0:6 0:5 0:391 0:308 0:241
0:5 0:5 0:409 0:333 0:269
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Remark 4. Note that if a ¼ 1 and δ ¼ 1 there are two absorbent states 
�n ¼ 0f g and �n ¼ 1f gð Þ, since once the event �n� 1 ¼ 0 occurs, �t will always be zero 

for any period t � n, and the same would be the case for 1 � �n if �n� 1 ¼ 1. When δ< 1, 
�n ¼ 0f g is still an absorbent case since E �nj�n� 1 ¼ 0ð Þ ¼ 0. However, E �nj�n� 1 ¼ 1ð Þ ¼

δ which leads to a positive probability, 1 � δ, of male selection.

Remark 5. In the asymmetric case, δ�δm, f �n� 1; μð Þ becomes non-linear: 

f �n� 1; μð Þ ¼ �n� 1 a�n� 1 þ ð1 � aÞq½ �δ þ 1 � �n� 1ð Þ a�n� 1 þ ð1 � aÞq½ �δm 

and the closed-form solution for p ¼ E �1ð Þ is not straightforward. It can be obtained 
from the limit probability distribution π, being π the unique solution of πP ¼ π.

The next section introduces a hierarchical structure to study glass ceiling effects.

4. The corporate ladder. Glass ceiling effects

Assume the corporate ladder has L steps (l ¼ 0; 1; . . . ; L). The selection process to reach 
any level l takes place as described previously (see ð1Þ): 

E �n;lj�n� 1;l
� �

¼ f �n� 1;l; μl
� �

where μl includes, among other parameters, the female proportion in the pool of 
candidates for promotion to level l, ql, and the size of the committee at level l, zl, assumed 
non-increasing in l. Let pl be the proportion of women hired at each hierarchical level l. 
For simplicity, we consider that these proportions are given by the expected values in the 
long run:

Assumption A3. (Long run) At each level l, the female proportion pl 

is: pl ¼ lim
n!1

E �n;l; μl
� �

.
To make the problem tractable, we further assume that professional careers are such 

that only people at hierarchical level l � 1 may be considered for promotion at level l and 
that the individual probabilities of being hired are independent.

Assumption A4. (No jumps) To be a candidate for a position at level l, it is necessary 
and sufficient to have reached level l � 1. Thus, ql ¼ pl� 1 .

This assumption implies in particular that the female proportion in the pool of 
candidates for promotion at level l, ql, depends on l.

Assumption A5. (Independence) The female (male) individual probabilities of being 
promoted from level l � 1 to level l are equal and independent.

Under these assumptions, the individual probabilities from level l � 1 to level l will be 
the ratio between the number of female candidates selected for level l, zlpl, and the 
number of female candidates, zl� 1ql, and can be written as: 

ρf
l;l� 1 ¼

zl

zl� 1

pl

pl� 1

and ρm
l;l� 1 ¼

zl

zl� 1

1 � pl

1 � pl� 1

(6) 

The following result relates the three definitions of glass ceiling (GC1, GC2 and GC3). 

Theorem 3. Under Assumptions A3, A4 and A5
ðiÞ There is GC1 if and only if there is GC2.
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ðiiÞ If there is GC1, then there is GC3 if and only if the sequence θl=θl� 1 is decreasing 
with l, where θl denotes the odds ratio pl=ð1 � plÞ.

Proof. See the appendix.

From Assumptions A3 and A4, since ql ¼ pl� 1, the female proportion at a given level l, 
pl ¼ lim

n!1
E �n;l; μl
� �

, can be written as a function of the previous period proportion as: 

pl ¼ hðpl� 1Þ

where h can be interpreted as the link function between consecutive levels.
This notation will be used to characterize the evolution of the female proportion and 

the presence of glass ceiling effects in terms of the link function h.
From Theorem 3, we can rewrite GC1, GC2 and GC3 in terms of h: 

Proposition 3. Under Assumptions A3, A4 and A5,
(i) There is GC1 and GC2 if and only if hðpÞ< p
(ii) If hðpÞ< p, there is GC3 if and only if 

h0ðpÞ >
hðpÞ 1 � hðpÞð Þ

p 1 � pð Þ
(7) 

Proof. See the appendix.

Remark 6. If hðpÞ> p, there is no GC1 and no GC2. 
In that case we have GC3 if and only if 

h0ðpÞ<
hðpÞ½1 � hðpÞ�

pð1 � pÞ
:

Proposition 3 characterizes the dynamic selection processes that would result in the 
different types of glass ceilings. The next subsection shows that a constant bias is 
sufficient to generate GC1 and GC2, but not the stricter version of glass ceiling, GC3. 
We then show that asymmetric bias and inertia, modeled as in Section 3, reinforce GC1 
and GC2. However, if the bias and inertia parameters are constant across levels, the 
model will not yield GC3. Finally, we provide some family of dynamic selection processes 
that generate GC3.

4.1. Selection processes and glass ceiling effects

From Theorem 1, under asymmetric bias, the expected proportion of women at level l in 
the steady state is Equation (3): 

pl ¼
δm

l ql

1 � qlðδl � δm
l Þ
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If the parameters (δl, δm
l ) are constant across levels, the link function hðpÞ can be 

written as 

hAðpÞ ¼
δmp

1 � δ � δmð Þp
(8) 

where the subindex A denotes that bias is asymmetric. Considering the dynamics 
under inertia, from 5ð Þ we have: 

pl ¼
δlð1 � aÞ
1 � δla

ql 

If the bias and inertia parameters (δl, a) are constant across levels, the link function 
hðpÞ can be written as: 

hIðpÞ ¼ p
δð1 � aÞ
1 � δað Þ

(9) 

where the subindex I denotes that there is inertia. The next result characterizes the 
glass ceiling effects in the two scenarios, (8) and (9). 

Theorem 4. Under Assumptions A1 to A5, if the dynamics is driven by the link function ð8Þ
or ð9Þ, there is GC1 and GC2 but there is no GC3.

Proof. See the appendix.

Remark 7. Note that when the bias is symmetric and there is no inertia (a ¼ 0), the link 
functions (8) and (9) become: 

hðpÞ ¼ δp (10) 

To illustrate how the link functions that generate the sequences of p are related to the 
three types of glass ceilings, we show the results for hðpÞ ¼ δp: 

Proposition 4 (Symmetric Constant Bias). Under Assumptions A3 to A5, for the link 
function ð10Þ:
ðiÞ The female share at each level l, pl;E �lð Þ ¼ q1 δð Þl is decreasing in l (GC1).
ðiiÞ The odds ratio for the unconditional probabilities of reaching level l is a decreasing 

sequence that tends to zero (GC2): 

ρf
l

ρm
l
¼ δl 1 � q1

1 � q1δl 

ðiiiÞ For the conditional probabilities, given that level l � 1 has been reached, the odds 
ratio is an increasing sequence that tends to δ as l becomes large (no GC3): 

ρf
l;l� 1

ρm
l;l� 1
¼

δ½1 � q1δl� 1�

1 � q1δl " δ 

Proof. The results are straightforward from Theorem 4.
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From this proposition, we find type 1 and 2 glass ceilings in the baseline model, but 
not of type 3. The odds ratio for the conditional probability is increasing with δ, reflecting 
the fact that the lower the gender bias, the better the odds ratio for female candidates are. 
The odds ratio increases with l, so that there is no GC3. If we fix the selection rate zl=zl� 1 
(the lower the number of positions at l for each position at l � 1, the more competitive 
the process is) a female individual probability is constant with l and equal to δzl=zl� 1. 
However, for male candidates, the individual probability gets worse at the upper levels 
(ð1 � q1δlÞ=ð1 � q1δl� 1Þ decreases with l); the reason is that the lower proportion of 
women at the top levels (due to the bias) makes the terms of the competition tougher for 
men. A constant female individual probability and a decreasing male probability result in 
an increasing odds ratio for female candidates. Note also that as l gets large, the 
individual male probability tends to zl=zl� 1, while the individual female probability is 
δzl=zl� 1, so that the female odds ratio tends to δ.

For the asymmetric bias, from (8): 

pl ¼
pl� 1δm

1 � pl� 1 δ � δmð Þ
¼

q1 δmð Þ
l

1 � q1 δ � δmð Þ
1� δmð Þ

l

1� δm 

so pl is a decreasing sequence (GC1 and GC2) which tends to zero. For the odds ratio θl 
we have that 

θl

θl� 1
¼

δm 1 � pl� 1ð Þ

1 � pl� 1δ 

which is increasing in l (no GC3) and tends to δm. With inertia, from (9) we have 

pl ¼ ql
δð1 � aÞ
1 � δað Þ

¼ pl� 1
δð1 � aÞ
1 � δað Þ

Thus, 

pl ¼ q1
δlð1 � aÞl

1 � δað Þ
l 

so pl is a decreasing sequence (GC1 and GC2) which tends to zero. For the odds ratio 
θl, we have that 

θl

θl� 1
¼

δ 1 � að Þð1 � pl� 1Þ

1 � δa � pl� 1δ 1 � að Þ

which tends to δ 1 � að Þ=ð1 � δaÞ.
A natural question arises: Which are the selection processes that yield GC3? The 

conditions on hðpÞ are given in Proposition 3 (ii). Consider simple polynomials of the 
form hðpÞ ¼ kpb, with b> 1 and k> 0. Then, Condition (7) can be written as 

kbpb� 1 >
kpb 1 � kpb� �

p 1 � pð Þ

JOURNAL OF APPLIED ECONOMICS 49



b>
1 � kpb

1 � p 

which requires b> 1 for the expression to hold for any p. In other words, nonlinear 
dynamics are necessary for the condition on h0 pð Þ to hold. To illustrate this, we present 
two examples of nonlinear dynamics. 

EXAMPLE 1. To illustrate the selection processes that would generate nonlinear dynamics, 
consider the case of a symmetric bias, which is not constant, but an increasing function of 
the female proportion δðpÞ: As the female presence in a given field increases, the lower 
the bias is (or if the female rate at the upper levels decreases, then the bias of the selection 
process increases). Then, from ð10Þ: 

pl ¼ pl� 1δðpl� 1Þ

Assume δðpl� 1Þ is a linear function δðpl� 1Þ ¼ kpl� 1, with k< 1, then hðpÞ ¼ kp2 < p 
(GC1). On the other hand, in this case Condition (7): 

2kp>
kp2 1 � kp2ð Þ

p 1 � pð Þ

holds for any k> 0 as long as p � 1
2 .

Example 2. The nonlinear dynamics could also be driven by a reduction in the participa
tion rate along the corporate ladder. Consider the case where the female share is a linear 
function of the female rate among the candidates, p ¼ δq, but there are participation 
costs that make the participation rate decrease as p decreases: 

pl ¼ δq pl� 1ð Þ

Assume for instance that the participation rate as a function of p is of the form 
q pð Þ ¼ cpb. Then, the dynamics are the same as in the previous example.

5. Conclusions and further research

In a recent OECD report, Thévenon, Ali, Adema, and Salvi Del Pero (2012) estimate the 
effect of the gender gap on economic growth for OECD countries: a potential gain of 12% 
of the size of the total economy by 2030, if complete convergence occurs.10 This 
magnitude is by no means negligible, and it would call for policy measures. It is 
important to understand how selection processes in the labor market interact with 
gender bias in order to implement the correct policies. We propose a framework to 
study the theoretical underpinnings of the glass ceiling effect.

Assuming there is gender bias, we show how the dynamics of the underlying stochastic 
processes lead to different female shares in the long run and how features such as inertia 
or bias asymmetries reinforce the glass ceiling effects. Some of these features are present 
in many selection processes, and they may not be considered discriminatory or respon
sible for the glass ceiling effect by themselves. For example, the requirement of previous 

10See Lundberg and Startz (1983) on discrimination and allocative efficiency.
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job experience may be symmetric for men and women and, nevertheless, it exacerbates 
inequality when combined with gender bias; in the extreme case of incumbency advan
tage, the stationary proportion of women converges to zero.

Our analysis could be extended in several directions. First, perception bias may not 
remain constant; for example, if members of the committee update their beliefs after 
observing group or individual performance, the bias could decrease over time. Second, 
female and male participation in the labor market may respond to the discrimination 
bias, affecting the composition of the pool of suitable candidates. Last, job-seekers may be 
heterogeneous in abilities with high ability individuals being more productive; this last 
scenario introduces efficiency considerations in the analysis of the glass ceiling effect. 
These extensions are left open for future research.

This paper focuses on demand-side explanations for the low female representation in 
corporate leadership. There are also supply-side explanations based on women’s prefer
ences, productivity or expectations (Bertrand, Goldin, & Katz, 2010; Hernan-Gonzalez & 
Kujal, 2015; Espinosa & Kovarik, 2015;; Sassler, Glass, Levitte, & Michelmore, 2017, 
among others), or willingness to participate in competition for promotion (Gneezy, 
Leonard, & List, 2009; Gneezy, Niederle, & Rustichini, 2003; Gneezy & Rustichini, 
2004; Günther, Ekinci, Schwieren, & Strobel, 2010; Niederle & Vesterlund, 2007). 
However, whether this lower participation rate in promotion contests comes from 
preferences or it is partly the best response to biased selection processes is an open 
question. Our model provides a setup to analyze these and other issues concerning the 
dynamics of group discrimination.
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Appendix

Proof of Theorem 1

Under Assumptions A1 and A2, from (1) the ratio of selected female members �n can be 
represented as a discrete Markov process, where the conditional probabilities are determined by 

pij ¼ P �n ¼
i
z
j�n� 1 ¼

j
z

� �

¼

1
z

z
i

� �

δq
j
z
þ δmq 1 �

j
z

� �� �i

1 � δq
j
z
þ δmq 1 �

j
z

� �� �z� i 

For no degenerate cases (δ > 0), the transition matrix P ¼ pij
� �z

i;j¼0 is homogeneous and regular, 
as all probabilities are strictly positive. Therefore, the chain is ergodic and there is a unique limit of 
Pn, which means, using standard Markov chain results, that �n ! �1 in distribution, where �1 has 
probability distribution π, being π the unique solution of πP ¼ π. To obtain the explicit expression 
for E �nð Þ write (1) as E �nj�n� 1ð Þ ¼ qðδ � δmÞ�n� 1 þ qδm. Then, E �1ð Þ ¼ qðδ � δmÞ�0 þ qδm, 
E �2ð Þ ¼ qðδ � δmÞE �1ð Þ þ qδm ¼ q2ðδ � δmÞ

2
�0 þ qðδ � δmÞqδm þ qδm. Using this recursive 

relation and the geometric sum properties, the result for E �nð Þ follows.
To find the limit E �1ð Þ, it is sufficient to take the limit E �nð Þ, or use the fact that the stationary 

mean is the fixed point of E �1ð Þ ¼ qðδ � δmÞE �1ð Þ þ qδm. ■

Proof of Corollary 1

Note that from E �nj�n� 1ð Þ ¼ qðδ � δmÞ�n� 1 þ qδm. Set the function 
f ðxÞ ¼ qðδ � δmÞxþ qδm � x. Since this function is zero at p ¼ qδm 1 � qðδ � δmÞð Þ

� 1 and 
f 0ðxÞ ¼ � 1þ qðδ � δmÞ< 0, f takes on negative values when x � p, and positive values otherwise.

Consider �0 � p, then p � E �1ð Þ ¼ qðδ � δmÞ�0 þ qδm � �0, since 
p ¼ qðδ � δmÞpþ qδm � qðδ � δmÞ�0 þ qδm.

Finally, using an induction argument, we have that if �0 � p then E �nð Þ � E �n� 1ð Þ for all n, and 
E �nð Þ � E �n� 1ð Þ otherwise. ■

Proof of Proposition 1

Consider a fixed average gender bias �δ ¼ qδþ 1 � qð Þδm;qδ 1 � δvð Þ þ δδv, where δv ¼ δm=δ. 
From (3) we can write the long run expected female proportion as 

p ¼
qδδv

1 � qδð1 � δvÞ

Substituting δ ¼ �δ=qð1þ δvÞ, we get 

@p1
@δv
¼

qδv�δ= qð1 � δvÞ þ δvð Þ

1 � qð1 � δvÞ�δ= qð1 � δvÞ þ δvð Þ
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¼
qδv�δ

qð1 � δvÞ þ δv � qð1 � δvÞ�δ 

¼
qδv�δ

δv 1 � qþ �δ
� � ¼

q�δ
1 � qþ �δ

> 0 

As a function of δv, p δvð Þ is an increasing function, and the maximum value is reached at δv ¼ 1, 
i.e., δ ¼ δm ¼ �δ ■

Proof of Theorem 2

It is sufficient to check that the transition matrix P with elements: 

pij ¼ P �n ¼
j
z
j�n� 1 ¼

i
z

� �

is homogeneous and regular. It is homogeneous since pij ¼
z
j

� �

p i
z

� �� �j

1 � p i
z

� �� �z� j

, 

where p i
z

� �

does not depend on n. Note that 

p i
z

� �

¼ a
i
z
þ ð1 � aÞq

� �

δ > 0 

.
Regularity comes from the fact that all elements in P are positive whenever δ > 0. ■

Proof of Theorem 3

(i) Assume there is GC2 and rewrite the odds ratio for the unconditional probabilities (GC2) as: 

ρf
l

ρm
l
¼

ρf
l=l� 1

ρm
l=l� 1

ρf
l� 1

ρm
l� 1 

GC2 implies ρf
l

ρm
l
< ρf

l� 1
ρm

l� 1
. Thus, 

ρf
l=l� 1

ρm
l=l� 1

ρf
l� 1

ρm
l� 1
< ρf

l� 1
ρm

l� 1
. This inequality holds if and only if ρf

l=l� 1 < ρm
l=l� 1 ,

(from (6)) pl
pl� 1 

< 1� pl
1� pl� 1

, that is θl is a decreasing sequence (θl ¼
pl

1� pl
). Finally, this holds whenever 

pl is decreasing; i.e., when there is glass ceiling of Type 1 (GC1).
(ii) From (6) 

ρf
l;l� 1

ρm
l;l� 1
¼

pl

pl� 1

1 � pl� 1

1 � pl
¼

θl

θl� 1 

where θl denotes the odds ratio pl=ð1 � plÞ, and there is GC3 if and only if: 

ρf
l;l� 1

ρm
l;l� 1

<
ρf

l� 1;l� 2

ρm
l� 1;l� 2

,
θl

θl� 1
<

θl� 1

θl� 2 

for all l. ■

Proof of Proposition 3

(i) It is straightforward since hðpÞ< p, pl < pl� 1:

(ii) To check whether there is GC3, we have to check that the ratio θl
θl� 1 

is decreasing in l: 
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θl

θl� 1
¼

pl

1 � pl

1 � pl� 1

pl� 1 

Rewriting θl
θl� 1 

as a function of p and hðpÞ: 

gðpÞ ¼
hðpÞ � phðpÞ

p � phðpÞ

Since hðpÞ< p (there is GC1), θl
θl� 1 

will be decreasing with level l if and only if gðpÞ is an increasing 
function of p; that is, when p decreases (up the corporate ladder) gðpÞ also decreases. Taking the 
first derivative in the expression for gðpÞ: 

g0ðpÞ ¼
1

1 � hðpÞð Þ
2p2

pð1 � pÞh0ðpÞ � hðpÞ 1 � hðpÞ½ �f g

Thus, 

sign g0ðpÞ ¼ sign pð1 � pÞh0ðpÞ � hðpÞð1 � hðpÞf g

Therefore, there is GC3 if and only if 

pð1 � pÞh0ðpÞ � hðpÞð1 � hðpÞ > 0 

,

h0ðpÞ >
hðpÞð1 � hðpÞÞ

pð1 � pÞ

■

Proof of Theorem 4

1) From (8) 

hAðpÞ ¼
δmp

1 � p δ � δmð Þ
< p 

since δmp< ½1 � p δ � δmð Þ�p, δm < 1 � p δ � δmð Þ , ð1 � pÞδm < 1 � pδ, which holds since 
ð1 � pÞδm < ð1 � pÞδ< 1 � pδ.

For GC3, we check Condition (7): 

h0ðpÞ ¼
δm 1 � p δ � δmð Þð Þ þ δmp δ � δmð Þ

1 � p δ � δmð Þð Þ
2 

¼
δm

1 � p δ � δmð Þð Þ
2 

On the other hand, 

hðpÞ 1 � hðpÞð Þ

p 1 � pð Þ
¼

1
p 1 � pð Þ

δmp
1 � p δ � δmð Þ

� �

1 �
δmp

1 � p δ � δmð Þ

� �

Then, we have that Condition (7) is equivalent to 

1 � p< 1 � δp, δ< 1 

2) From (9) 
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hIðpÞ ¼
δ 1 � að Þ

1 � δa
p< p 

since δ 1� að Þ

1� δa < 1. Therefore, there is GC1 and GC2.
For GC3, we check Condition (7): 

h0ðpÞ ¼
δ 1 � að Þ

1 � δa
<

1
p 1 � pð Þ

δ 1 � að Þ

1 � δa
p 1 �

δ 1 � að Þ

1 � δa
p

� �

which holds since 

1<
1

1 � pð Þ
1 �

δ 1 � að Þ

1 � δa
p

� �

, 1 � pð Þ 1 � δað Þ< 1 � δa � δp 1 � að Þ

, 1 � p � δaþ δap< 1 � δa � δp þ aδp 

, 1 > δ 

■
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