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Abstract 
Parents in several cultures `discipline' their daughters to inculcate the supposedly 

feminine virtues and improve their prospects in the marriage market. This process invariably 

involves imposing restrictions on their behavior, movement, and social relations. We formalize 

the idea that pre-marital confinement of women can be understood as an equilibrium outcome 

of a game of asymmetric information between parents of girls and prospective suitors. The 

paper presents a parsimonious framework involving signaling followed by matching in a marriage 
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of descent, production technology, and wealth inequality affect the likelihood of observing a 

norm of pre-marital confinement. 
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1. Introduction

Women have been expected to play a subservient role to men during a significant part of our
history. In this paper we focus on the pre-marital confinement of unmarried women where
confinement will be broadly interpreted as restrictions regarding their behavior and social
relations which may be either self-imposed or dictated by their parents.

Pre-marital confinement of women has taken various forms across space and time. Seclu-
sion remains a fact of daily life for millions of girls in various parts of the world even today.
Depending upon the region, about 50-80% of women in China underwent footbinding around
mid-eighteenth century (Levy, 1966). It is estimated that the number of women living in
various parts of Africa who have undergone genital mutilation (FGM) exceeds 100 million.

One of the major aims of confinement, irrespective of the particular form, is to control the
premarital sexual behavior of women and improve their prospects in the marriage market.
For example, Mackie (1996) summarizes the views of sociologists regarding footbinding and
FGM as follows.

“[B]oth customs are nearly universal where practiced...control sexual access to females and
ensure female chastity and fidelity...seem to have a past of contagious diffusion...are believed
to be sanctioned by tradition and necessary for proper marriage and family honor.”

Edlund and Korn (2002, pp. 208-209) capture these ideas succinctly with the remark
that “...women have suffered seclusion, bound feet, and mutilation as a result of inability to
commit to fidelity.” It is crucial to note that potential husbands would want the commitment
of fidelity. However, it used to be the parents who would bind the feet of their daughters in
China (Dorothy, 2005), and it is primarily young unmarried girls who have to undergo FGM
under the supervision of their parents (see Table 1).

The present paper rests upon the implicit assumption that, ceteris paribus, men would
prefer to spend resources on their ‘own’ children. Therefore, men would prefer those girls
as marriage partners who are more likely to remain fidel.1 There is ample evidence that
men use the information regarding pre-marital sexual behavior of women in evaluating their
desirability as a long term partner even in contemporary western societies (Crawford and
Popp, 2003; Oliver and Sedikides, 1992; Frome and Emihovich, 1998).

The timing and motivation of instruments that qualify as pre-marital confinement is con-
sistent with the claim that they may serve either as an intrinsically valueless or valuable
signal of some trait of a woman that men perceive to be correlated with the likelihood that
she will remain fidel after marriage.2 However, the likelihood that a woman will remain fidel
after marriage is hard to estimate. If men care about post-marital fidelity of their prospective
wives, then they would value other attributes in women that they believe are correlated with
the likelihood of post-marital fidelity. For ease of exposition, we shall use the term docility
to refer to all such attributes and assume that (psychic) costs of confinement are lower for
docile women relative to non-docile women. The reader may bear in mind the dictionary
description of docility: ‘easily managed or handled’, and ‘readily trained or taught.’3

Pre-marital confinement of women can be understood as an equilibrium outcome of a

1See Ortner (1978), Dickemann (1981), and Posner (1992) for similar arguments.
2Thompson (1995) finds that girls realize this, draw fine lines as to what constitutes good and bad behavior,

and often use these to orient themselves as ‘good’ rather than ‘easy’ girls. These findings are consistent with,
if not direct evidence for, the claim that men are concerned about the post marital fidelity of their partner;
and girls realize that in order to be considered for a long term relationship they need to signal that they are
of the ‘good’ type. Moreover, the usage of the term ‘good’ seems equivalent to ‘likely to remain fidel.’

3Fisman et al. (2006) conduct a speed dating experiment and conclude that “...on average men do not
value intelligence or ambition in women when it exceeds their own; moreover, a man is less likely to select a
woman whom he perceives to be more ambitious than he is.” Some men probably entertain the belief that
more intelligent and ambitious women are not likely to be ‘easily managed or handled.’
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Table 1: Prevalence of FGM

Country Fraction of women Among women who underwent FGM
who underwent FGM fraction that had it by age 14

Burkina Faso (1998-9) 72% 97%
Central Af. Rep.(1994-5) 43% 89%
Cote d’Iviore (1998-9) 45% 92%
Eritrea (1995) 95% 100%
Egypt (1995) 97% 97%
Mali (1995-6) 94% 98%
Nigeria (1999) 25% 87%

Source: DHS Comparative Reports, No.7 (2004)

signaling and matching game between (parents of) women and men where confinement acts
either as an intrinsically valuable or valueless signal of a woman’s unobservable type. The
baseline model presented in the paper involves two types of women (docile and non-docile)
and two types of men (rich or poor). Men, irrespective of their wealth, are assumed to prefer
a docile girl over a non-docile girl as a marriage partner. We assume there is an excess supply
of men and the match between any man and any woman generates a strictly positive net
surplus. However, in the baseline model, confinement is assumed to act purely as a signal
and men do not value it directly.

The timeline of the model involves nature first determining the type of each woman
and this information is private. All women then choose a level of confinement and incur the
associated (psychic) costs. Cost of confinement depends on the type of a woman and marginal
costs of confinement are relatively higher for non-docile girls. Men update their common prior
beliefs regarding the type of each woman after observing the confinement choices. A marriage
market then ensues where transfers are possible (both to and from men).

We shall refer to the first stage of the game, involving confinement choices by women
and belief updating by men, as the signaling stage. The confinement levels chosen by women
and the updated beliefs of men regarding the type of each woman serve as the input in the
matching stage that follows. The equilibrium for the overall game combines elements of a non-
cooperative solution concept (sequential equilibrium) for the signaling stage and a cooperative
solution concept for the matching stage (stability).4

The equilibrium confinement choices by girls may lead to (i) a pooling equilibrium where
all girls choose the same level of confinement, (ii) a semi-pooling equilibrium where docile girls
choose a certain level of confinement and non-docile girls mimic the choice of docile girls with
some probability, or (iii) a separating equilibrium where docile girls choose a strictly positive
level of confinement and non-docile girls choose a relatively lower level of confinement. The
main result gives a complete characterization of the unique equilibrium that emerges for
different parameter values in the baseline model.

We interpret a common level of confinement as representing a social norm regarding the
behavior of women prior to marriage. Such an outcome materializes with certainty whenever
a pooling equilibrium exists and probabilistically when a semi-pooling equilibrium exists. A
detailed comparative statics analysis is conducted with a special emphasis on identifying the
conditions that lead to outcomes where all women choose the same level of confinement. We
make an attempt to connect these results with the potential impact of some socio-economic
factors like rules of descent, wealth inequality, and dominant mode of production on the
likelihood of observing a norm of confinement.

We then extend the baseline model in two directions. The first assumes confinement

4Cole, Mailath, and Postlewaite (1992) introduced this hybrid solution concept in games of complete infor-
mation. Hopkins (2012) extends it to analyze games of asymmetric information.
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acts as a intrinsically valuable signal which, under complete information, reduces to the case
where confinement acts purely as a pre-marital investment. In the second, confinement may
act as a signal or investment but the confinement choice by a woman imposes externalities
on others. Confinement choices by a woman generate externalities if peer-pressure or identity
based considerations (Akerlof and Kranton, 2000) drive the choice of confinement and we
show that they increase the likelihood of observing a norm of confinement.

We conclude by providing a classification of the various theories that have been proposed
to explain pre-marital confinement by social scientists spanning multiple disciplines. Every
existing theory (to the best of our knowledge) assumes that confinement serves either (a)
as a pre-marital investment, or (b) a valueless or valuable signal, or (c) a signal/investment
that generates externalities. The signaling-and-matching framework accommodates all such
theories and permits rich comparative statics analysis.

2. The baseline model

The timing of the game is as follows. Nature determines the type of each woman and this
information is private. Women, independently and simultaneously, choose a level of confine-
ment and incur the associated costs. Men update their common prior beliefs regarding the
type of every girl after observing the vector of confinement choices. A marriage market ensues
where transfers are possible. A detailed description of the model follows.

Agents: Let there be w number of women and m number of men. Each woman may be of
two types – docile (type-d) or non-docile (type-n). We assume there are two types of men
– poor men with wealth L > 0 and rich men with wealth H > L. The number of rich men
is h < m. The number of men exceeds that of women but there are more women than rich men.

[A1] Excess supply of men: m > w > h ≥ 1.

Men will thus compete for women because women are in short supply. At the same time,
women compete for rich men since rich men are in short supply relative to the number of
women. 5

Confinement : The support of confinement choices of women is [0, e]. We assume confinement
is bounded above to capture the idea that arbitrarily high levels of observable and verifiable
confinement may not be feasible. Women may randomize their choice of confinement. The
strategy of a woman-i shall be denoted as σi = (σi(d), σi(n)) where σi(t) specifies a probability
distribution over [0, e] if the woman turns out to be of type t ∈ {d, n}.

Cost of confinement : Let cd(e) = c(e) denote the costs borne by docile women if they choose
the level of confinement e ∈ [0, e], where the cost function is such that zero confinement is
costless and marginal costs are positive and increasing (c(0) = 0, c′(e) ≥ 0 and c′′(e) > 0
for all e ∈ [0, e]). Cost of confinement for non-docile girls is cn(e) = θc(e), where the cost
parameter θ > 1. Thus, marginal cost is relatively greater for non-docile girls at any strictly
positive level of confinement.

Belief updating : Let µ ∈ (0, 1) be the common prior belief held by men that each woman
is docile. Irrespective of whether women play according to a pure or mixed strategy, what

5We shall examine the case where women are in excess supply (i.e., w ≥ m > h ≥ 1) in the section on
robustness checks. The remaining case, where rich men are in excess supply (with m > h ≥ w ≥ 1), effectively
boils down to the case where all men have the same income because the poor men will play no role in the
marriage market. Results for this case can be obtained by simply assuming that all men have the same wealth
in the baseline model.

4



men will observe is a vector of realized confinement choices e = (e1, . . . , ew). Let P denote a
belief updating function used by men to update their prior beliefs regarding the probability
of girls being docile after observing their realized confinement choices. Throughout we will
require that the updated belief about a woman depends only on her observed confinement
choice and does not depend on the confinement choices of other women. Thus, given any
e = (e1, . . . , ew) and any belief updating function P , the vector of updated beliefs can be
denoted as P (e) = (P1(e1), P2(e2), . . . , Pw(ew)), where Pi(ei) is the updated belief held by all
men that woman-i, whose observed confinement choice is ei, is docile.

Utility of men: Utility of a man with wealth W ∈ {L,H} is
αdW −B if matched with a girl of type− d
αnW −B if matched with a girl of type− n
W if unmatched.

(1)

The parameters αd > αn > 0 capture the returns to marrying a docile and non-docile girl,
respectively. The real number B denotes the transfer made by the man to the girl he is
matched with. A positive B may be interpreted as bride-price paid by the man to the
woman whereas a negative B can be interpreted as dowry paid by the woman to the man.
This specification of utilities captures our assumption that, ceteris paribus, every man would
prefer to be matched with a docile rather than a non-docile girl. It also suggests that when a
man with wealth W is matched with a woman who is believed to be docile with probability
p and he pays her a bride price of B, then his expected utility would be

α(p)W −B, where α(p) = pαd + (1− p)αn. (2)

Utility of women: The utility derived by a woman of type-t who chooses confinement e ∈ E
will be {

B + βW − ct(e) if matched with a man with wealth W

−ct(e) if unmatched.
(3)

B is the transfer received by the girl from the man she is matched with and the parameter
β > 0 captures the returns to marriage for the girl. Note that the cost of confinement
incurred by women is sunk as far as the matching stage is concerned. The net surplus of a
match between a woman of type-t and a man with wealth W is therefore

αtW + βW −W = (αt + β − 1)W. (4)

The baseline model assumes

[A2] Strictly positive net surplus: αn + β > 1.

The net surplus of the match between any man and any woman is strictly positive under this
assumption. Thus no woman will remain unmatched given that there is an excess supply of
men.

Marriage market : Following Cole, Mailath, and Postlewaite (1992, 1995) we shall model the
marriage market as a cooperative game. The exact details of how outcomes are realized in
the matching phase is left unspecified. The focus is directly on identifying stable outcomes
which will be shortly defined. Given any observed vector of confinement choices e and an
associated vector of updated beliefs P (e), a matching outcome specifies
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• which man is matched to which woman and which man is single; and,

• a vector of bride-prices B = (B1, B2, . . . , Bw), where Bi denotes the bride-price received
by woman-i from the man she is matched with.

Suppose, woman-i with a posterior belief pi is matched to a man with wealth W un-
der a matching outcome. Then, the matching payoff will be Bi + βW for the woman; and,
α(pi)W − Bi for the man, where α(pi) = piαd + (1− pi)αn. Note that the matching payoffs
for both men and women will not depend on the confinement choice of the woman. Clearly,
the total utility derived by the woman will be her matching payoff net of her confinement
costs. The total utility of the man will be exactly equal to his matching payoff.

Definition 1. Given a vector of confinement choices e and an associated vector of updated
beliefs P (e), a matching outcome is stable if

• no pair of a man and a woman who are currently not matched with each other would
both obtain a strictly higher matching payoff by matching with each other than what
they get under the matching outcome; and,

• no man (woman) who is matched with a woman (man) under the matching outcome
would receive a strictly higher matching payoff if he (she) were to remain single.

The first stage of the game involving confinement choices by women and belief updating
by men is the signaling stage. The updated beliefs serve as the main input in the matching
stage that follows. The solution concept for the overall game will combine elements of a co-
operative solution concept for the matching stage (stability) and a non-cooperative solution
concept (sequential equilibrium) for the signaling stage (Cole, Mailath, and Postlewaite, 1995;
Hopkins, 2010). As the overall game involves two stages – signaling followed by matching –
we shall first analyze the matching stage and then the signaling stage.

3. Stable outcomes in the matching stage

During the signaling stage, women play out their strategies and men update their beliefs after
observing the realized confinement vector. The input for the matching stage that follows is
thus a confinement-posterior pair (e, P (e)), where e is the vector of observed confinement
choices and P (e) is the associated vector of updated beliefs. Let Π(e, P (e)) denote the set of
all stable matching outcomes that are possible given the pair (e, P (e)).

Proposition 1. The set of stable outcomes is non-empty for every confinement-posterior
pair. Moreover,

(a) every stable outcome involves a (weakly) positive assortative matching with respect to
wealth of men and posterior beliefs about women.

(b) the set of stable outcomes depends only on the posterior vector and not on the underlying
vector of confinements.

Proposition 1 suggests that a stable outcome exists for every possible confinement-posterior
pair. It essentially follows from the assumption that a match between any type of man and
any type of woman generates a strictly positive surplus.
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Part (a) says that if a woman with posterior belief pi is matched with a rich (poor) man,
then any woman with a posterior strictly greater (lower) than pi is also matched with a rich
(poor) man. The net surplus of a match between a woman with posterior p ∈ [0, 1] and a
man with wealth W is (β+α(p)− 1)W . It is increasing in both the posterior of the woman p
and the wealth of the man W . Thus, wealth of man and the posterior belief about a woman
serve as complements in the production of matching surplus. Following Becker (1973), the
stable matching under such a scenario is positively assortative with respect to the relevant
characteristics of agents (which happen to be the wealth for men and posterior belief about
women in the baseline model under asymmetric information).

Part (b) reveals that the set of stable outcomes only depends on the vector of updated
beliefs. In particular, if the posterior vectors corresponding to two different confinement vec-
tors are identical, then the corresponding set of stable matching outcomes will be identical. It
follows primarily from the assumption that confinement merely acts as a signal of a woman’s
type and does not add directly to the utility of men.

3.A. Stable matching outcome selection function

The stable outcome following a given confinement-posterior pair need not be unique. An
obvious source of multiplicity is that one can generate many stable outcomes from a given
stable outcome by simply rematching the women who are matched to rich (poor) men to some
other rich (poor) men. However, this type of multiplicity does not pose any challenge for the
analysis since it does not change the utilities derived by agents. We shall soon explain that
multiplicity may also arise because there may be a range of possible bride-prices that can
support a stable matching between men and women which, in turn, implies that the utilities
derived by agents under a given stable matching need not be unique.

It is imperative to deal with the second source of multiplicity because when women choose
confinement during the signaling stage they need to have precise expectations regarding their
matching payoffs from various possible confinement choices. We therefore need to define
a selection function that associates a unique stable matching outcome and the correspond-
ing stable matching payoffs for every possible realization of the confinement vector and the
associated vector of updated beliefs.

In the remainder of the paper we restrict attention to only those stable matching outcome
selection functions π that map every (e, P (e)) to an element of Π(e, P (e)) with the restriction
that

π(e, P (e)) = π(e′, P (e′)) if P (e) = P (e′).

In other words, all women must receive the same matching payoff for two identical vectors
of updated beliefs even if the underlying vectors of confinement are different. This restriction
seems fairly reasonable since the set of stable matching outcomes only depends on the vector
of updated beliefs.

4. Signaling stage

We shall focus attention on equilibria involving symmetric strategies by women whereby all
women would play according to the same strategy σ∗ = (σ∗(d), σ∗(n)). All women who are
determined by nature to be docile would play σ∗(d) and all women who are determined to be
non-docile would play σ∗(n). The overall equilibrium of the game would have to specify three
things: a symmetric strategy for women, a belief updating function, and a stable matching
outcome selection function.
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Definition 2. An equilibrium of the overall game is a triple (σ∗, P ∗, π∗) such that

• the selection function π∗ specifies a stable matching outcome for every posterior vector;

• the belief updating function P ∗ specifies beliefs consistent with Bayes’ rule following σ∗

but beliefs following any σ 6= σ∗ may be arbitrarily specified; and,

• neither type of girls have a strict incentive to deviate from the equilibrium confinement
strategy σ∗, given the belief updating function P ∗ and the selection function π∗.

In line with standard signaling models, our model will lead to multiple equilibria even
for a fixed set of parameters since there is no restriction on the off-equilibrium beliefs in the
equilibrium definition provided above. The standard technique to deal with this multiplicity
is to invoke a refinement criterion that rules out equilibria involving ‘unreasonable’ beliefs
off the equilibrium path. We shall use the D1 refinement criterion proposed by Cho and
Kreps (1987). Consider a proposed equilibrium (σ∗, P ∗, π∗). The D1 refinement criterion will
eliminate the proposed equilibrium if there exists a deviation for a woman such that

• given P ∗, any updated belief following the deviation that would make the woman weakly
or strictly better off relative to the proposed equilibrium if she is of type-t would make
her strictly better off relative to the equilibrium if she is of type-t′; but,

• P ∗ does not put all the probability mass on her being of type-t′ following the deviation.

Before analyzing the signaling stage, we recap the key assumptions. There are are two
types of men and two types of women. There are more men than women but the number
of women exceeds the number of rich men. The match between any man and any woman
generates a strictly positive net surplus. The confinement chosen by a woman acts solely as
a signal and men do not value it directly. We shall focus on symmetric equilibria satisfying
the D1 refinement criterion. The remainder of the analysis till Section 5 will be conducted
under these assumptions. Robustness checks appear at the end of Section 5.

4.A. Possible types of equilibria

As is often the case in signaling games three types of equilibria can potentially arise in our
model: separating, semi-pooling, and pooling. It can easily be shown that in any equilibrium
satisfying the D1 refinement,

• docile women never randomize and choose a strictly positive level of confinement.

• non-docile women may either choose zero confinement, or mimic the confinement choice
of docile women, or randomize over these two levels of confinement with strictly positive
probabilities.

A formal proof of this assertion is provide in the Appendix as Lemma 1. For our present
purpose, it suffices to focus on its key implication. An equilibrium satisfying theD1 refinement
can only be of three types. First, it may be a separating equilibrium in which all docile
women choose some strictly positive level of confinement and all non-docile women choose zero
confinement. Second, it may be a semi-pooling equilibrium in which all docile women choose
some strictly positive level of confinement, say ed, while all non-docile women randomize and
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choose ed and 0 with strictly positive probabilities. Third, it may be a pooling equilibrium in
which all women choose the same action regardless of their type.

The D1 refinement, in fact, imposes additional structure on the nature of pooling and
semi-pooling equilibria. It turns out that if a pooling equilibrium satisfying the D1 refinement
exists, then all women must be choosing e. Similarly, if a semi-pooling equilibrium satisfying
the D1 refinement exists, then all docile women must be choosing e while non-docile women
must be choosing e and 0 with strictly positive probabilities. A formal statement and proof
of these assertions is included in the Appendix as Lemma 2.

4.B. Strategy (q, e)

The above discussion highlights that a particular type of strategy will play a crucial role in
characterizing the equilibria of the model. Denote by (q, e) a strategy that specifies women
to choose

• e with probability q and 0 with probability (1− q), if non-docile; and,

• e with probability 1, if docile.

The strategy used by every woman in each of the three possible types of equilibria can be
represented as a special case of the strategy (q, e). The equilibrium strategies corresponding
to separating, semi-pooling, and pooling equilibria can be represented as (0, e), (q, e), and
(1, e), respectively.6

4.B.1. Posteriors following strategy (q, e)

Suppose all women play according to strategy (q, e). If the observed confinement of a woman
is 0, then the posterior belief about her being docile will be 0 because the choice of 0 can
only come from a non-docile woman. However, a choice of e may come from a docile or a
non-docile woman. Given that nature determines a girl to be docile with the prior probability
of µ, Bayes’ rule tells us that if the observed confinement of a woman is e, then the posterior
belief that she is docile will be given by

pq =
µ

µ+ (1− µ)q
(5)

where pq is (a) an increasing function of the prior µ, (b) a decreasing function of the random-
ization probability q, and (c) independent of the particular value of e underlying the strategy
(q, e).

The posterior vector which results when all women play according to strategy (q, e) can
be succinctly denoted as

(pq; r)

where r ∈ {0, 1, . . . , w} denotes the number of women with posterior pq. A relatively higher
value of r implies that there will be relatively greater number of women who choose e and
thus have a posterior of pq. This, in turn, suggests that given the strategy (q, e), if r is greater
than the number of rich men h, then the pq-women will compete to match with rich men;
whereas, if r is less than h, then the rich men will compete to match with pq-women. It is in

6Note that we are appealing to Lemma 2 and hence denoting the pooling strategy as (1, e) and not as (1, e).
The same holds for the semi-pooling strategy. However, since the equilibrium confinement choice by docile
women is yet to be determined, we denote the separating strategy as (0, e).
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this sense that the value of r captures the nature of competition in the matching stage and,
as we shall soon see, affects the stable matching payoffs.

It is crucial to note that the number of women r with posterior of pq is a random variable.
The source of this randomness is two-fold. First, nature chooses the type of each woman
independently with µ being the probability that any given woman turns out to be docile.
Second, non-docile women may choose either e or 0, with q being the probability of the
former choice. Thus, the probability of observing exactly r number of pq-women will depend
on (a) the specified value r, (b) the prior probability µ, (c) the total number of women w, and
(d) the probability q with which a woman would choose the confinement e specified under the
strategy (q, e) if nature determined her to be non-docile. In anticipation of the forthcoming
analysis, we denote this probability as

zr(q;µ,w).

4.C. Competition and matching payoffs (conditional on r)

The equilibrium strategies women may use across all possible equilibria in our model are
specific cases of the strategy (q, e) which leads to posterior vectors of the form (pq; r). To
analyze the equilibrium confinement choices of women during the signaling stage, we first
need to characterize the set of stable matching outcomes for posterior vectors of the form
(pq; r).

There can be no more than four types of matches between men and women following (pq; r)
since there are two types of men (rich and poor) and the posterior beliefs about women can
take only two possible values (pq and 0). Proposition 1(a) suggests that the stable matching
between men and women is weakly positive assortative with respect to wealth of men and
posterior beliefs about women for every posterior vector.

Thus, in any stable matching following the posterior vector (pq; r), where r women have
posterior pq and w − r women have posterior 0,

• the top h woman in terms of their posteriors will be matched with the h rich men;

• the remaining w − h women will be matched with poor men; and,

• m− w poor men will remain unmatched.

Suppose (pq; r) is such that r < w. Then, there will be one or more women with posterior
0. In any such situation, at least one woman with posterior 0 will definitely be matched with
a poor man since the number of rich men is strictly less than the total number of women
and the stable matching is weakly assortative. Unmatched poor men derive a utility of L.
Stability requires the utility of a poor man who is matched to a woman with posterior 0 must
equal the utility of poor men who are unmatched (αnL−B). Hence, the bride-price received
by the woman with posterior 0 will be (αn−1)L. Consequently, the stable matching payoff of
every woman with posterior 0 will be U(0) = (β + αn − 1)L. The following Lemma provides
a set of stable matching payoffs for all women under any posterior vector of the form pq; r).

Lemma 3. Suppose all women play according to strategy (q, e). For any resulting posterior
vector (pq; r), there exists a set of stable matching payoffs such that

(a) every woman with posterior 0 obtains U(0) = (β + αn − 1)L.
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(b) every woman with posterior pq obtains{
UH(pq) = U(0) + pq ·∆α ·H if r < h

UL(pq) = U(0) + pq ·∆α · L if r ≥ h
(6)

The matching payoffs do not depend on the confinement level chosen by women under
strategy (q, e) because men do not value confinement in and of itself and it serves purely as a
signal in our baseline model. Part (a) reflects yet another general feature of the model. The
worst that can happen to a woman during the matching stage is that she will be believed
to be docile with probability 0 get matched to a poor man. Thus, every woman can always
ensure herself a matching payoff of U(0). We shall therefore refer to U(0) as the reservation
utility for women.7 Moreover, the reservation utility is independent of the number of rich
men relative to the number of pq-women.

The main import of Part (b) is that the stable matching payoff to women with posterior
pq will (weakly) decrease if the number of such women increases; but, their stable matching
payoff will always be higher than that of women with posterior belief 0. The magnitude of
this difference depends on the expected marginal gain to a man by matching with a pq-woman
instead of a 0-woman and is captured by pq ·∆α.

The Lemma highlights the role of competition as captured by r, the number of women
with posterior pq. When the number of pq-women is strictly less than the number of rich men
(i.e., r < h) then there will be competition among rich men to match with the pq-women who
would be in short supply. This competition among rich men increases the matching payoff
received by pq-women relative to the other case of r ≥ h where the pq-women compete for
rich men and thus end up with a relatively lower matching payoff.

[Remark 1] Non-uniqueness of stable matching payoffs: A range of matching payoffs can be
supported in a stable outcome when r equals h because there will be a range of bride prices.
This is the second source of multiplicity of stable outcomes which was briefly discussed after
Proposition 1. The expected matching payoff to a woman may then depend on the selec-
tion rule π one chooses to uniquely specify the stable matching payoffs. Lemma 3 implicitly
chooses the selection rule which favors men in the event that r = h for ease of exposition. All
results that follow hold for a wide class of selection functions described in the Appendix.

4.D. From matching payoffs conditional on r to expected matching payoffs

Consider the strategic problem faced by a woman in the signaling stage. Suppose she believes
that all other women will play according to strategy (q, e). Consequently, the number of
pq-women among the w − 1 other women may turn out to be

(a) strictly less than h− 1; or,

(b) greater than or equal to h− 1.

Lemma 3 tells us that the matching payoff to the woman under consideration upon choos-
ing e will be the relatively higher payoff UH(pq) under event (a). This is because when the
number of other women with posterior pq is strictly less than h − 1, then the total number
women with posterior pq will definitely be strictly less than the number of rich men h. A
similar argument shows that the matching payoff to the woman under consideration will be
the relatively lower payoff UL(pq) under event (b). Let

7We refer to U(0) both as the reservation utility and reservation matching payoff because any woman can
ensure a total utility of U(0) by choosing zero confinement.
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Table 2: Summary of Section 4

Type of Strategy Posterior Probability of Expected Matching
Equilibrium (q, e) (pq; r) (#pq-women < h− 1) Payoff Vπ(q)

Separating (0, e) (1; r) Z<h−1(0;µ,w) Vπ(0)

Semi-pooling (q, e) (pq; r) Z<h−1(q;µ,w) Vπ(q)

Pooling (1, e) (µ;w) 0 Vπ(1)

• Z<h−1(q) denote probability of event (a); and,8

• Z≥h−1(q) denote the probability of the complementary event (b).

Regardless of her type, the expected matching payoff to a woman upon choosing the con-
finement e specified under the strategy (q, e) when all other women play according to strategy
(q, e) will be9

Vπ(q) = U(0) + pq ·∆α · [ Z<h−1(q) ·H + Z≥h−1(q) · L ]. (7)

Vπ(q) gives the general form of the expected matching payoff for any strategy (q, e). It
is independent of the confinement e specified under strategy (q, e). Furthermore, it has a
straightforward interpretation since the term within the square brackets is nothing but the
expected wealth of the man that the woman under consideration will get matched with if she
chooses confinement e when all other women play according to strategy (q, e). Denoting the
expected wealth term by E[W (q)], we can rewrite the above equation as

Vπ(q) = U(0) + pq ·∆α · E[W (q)]. (8)

Any semi-pooling strategy (q, e) will involve some q ∈ (0, 1). Thus, the general expression
for the expected matching payoff Vπ(q) under any proposed semi-pooling strategy will be
exactly as given in the previous equation. The expected matching payoff to a woman from
choosing the confinement e specified under any proposed separating strategy (0, e) is obtained
by setting q to 0 (which implies pq = 1) and is given by

Vπ(0) = U(0) + 1 ·∆α · E[W (0)]. (9)

Under the pooling strategy (1, e), all women would be choosing the same confinement e, and
thus the posterior on every woman will equal the prior µ. In addition, the probability of event
(a) will be zero while that of event (b) will be 1 since the total number of women w exceeds

8Z<h−1(q) =
∑h−2
k=0 zk(q;µ,w − 1). As explained in Section 4.B.1, zk(q;µ,w − 1) is the probability of

observing exactly k number of pq-women when all the w − 1 other women play according to strategy (q, e).
Unless necessary, we shall suppress the parameters µ and w for ease of notation and denote Z<h−1(·) solely as
a function of the randomization probability q specified by strategy (q, e).

9The sub-script π of V should remind the reader that the expected matching payoff will depend on the
choice of the selection function as discussed in Remark 1 after Lemma 3.
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the number of rich men h. Thus, the expected matching payoff to any woman from choosing
e when all other women play according to the pooling strategy (1, e) will be

Vπ(1) = U(0) + µ ·∆α · E[W (1)] = UL(µ). (10)

4.B.5. Summary

Table 2 summarizes the key notions that were developed sequentially in this section. We first
argued that there can be only three types of equilibria in our model: separating, semi-pooling,
and pooling. This allowed us to formulate the general strategy (q, e) whose specific cases will
be used by women across the three types of equilibria. The general form of the resulting poste-
rior vector that results when all women play according to strategy (q, e) is denoted by (pq; r),
where r is the number of women with posterior pq. The probability of the event that the num-
ber of pq-women will be strictly less than h− 1 among w− 1 women is denoted by Z<h−1(q).
Finally, the expected matching payoff of a woman when she chooses the confinement e spec-
ified in the strategy (q, e) given that all the other women play according to strategy (q, e)
is denoted by Vπ(q) and is independent of the confinement e specified under the strategy (q, e).

[Remark 2] Expected net gain is decreasing in q: The expected matching payoff a woman
would obtain if she were to choose 0 confinement when all other women play according to the
strategy (q, e) will be the reservation utility U(0). On the other hand, she would obtain Vπ(q)
if she were to choose confinement e specified under the strategy (q, e), where Vπ(q) exceeds
U(0) by the strictly positive amount pq ·∆α · E[W (q)].

Thus, the expected net gain in matching payoffs to a woman by choosing e rather than 0,
when all other women play according to strategy (q, e) is

∆Vπ(q) = pq ·∆α · E[W (q)], (11)

which is a decreasing function of q. The reason being that as q increases, non-docile women
choose confinement e with a greater probability, and thus the number of observed e choices
increases. This, in turn, increasingly makes the rich men in short supply relative to women
with posterior pq, increases competition among such women, and drives down their expected
net gain. This is best reflected in the fact that ∆Vπ(q = 0) > ∆Vπ(q = 1).

5. Equilibrium characterization

The utility derived by any woman upon choosing zero confinement is the reservation utility
U(0). The expected utility to a woman of type t ∈ {d, n} upon choosing e 6= 0, given that all
other women play according to strategy (q, e) will be

Vπ(q) − ct(e).

Proposition 2. There exists a unique equilibrium satisfying the D1 refinement for every set
of parameter values. Further,

(a) if the unique equilibrium is pooling, then all women choose e regardless of their type.

(b.1) if the unique equilibrium is separating, then non-docile women choose esepn = 0.
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Table 3: Equilibrium characterization

Variable Defining equation

esepd ∆Vπ(0) = θc(esepd )

θsep ∆Vπ(0) = θsepc(e)

qsemi ∆Vπ(qsemi) = θc(e)

θpool ∆Vπ(1) = θpoolc(e)

µ ∆Vπ(1) = c(e)

(b.2) Docile women choose that esepd ∈ (0, e] which ensures non-docile women are indifferent
between choosing esepd and incurring the associated cost of θc(esepd ) or choosing 0 con-
finement and obtaining the reservation utility U(0). Thus, esepd is the unique level of
confinement that solves

Vπ(0)− θc(esepd ) = U(0) ⇒ ∆Vπ(0) = θc(esepd ). (12)

(c.1) if the unique equilibrium is semi-pooling, then docile women choose e with probability 1.

(c.2) Non-docile women choose e with probability qsemi ∈ (0, 1) which leaves them indifferent
between choosing e and incurring the associated cost of θc(e) or choosing 0 confinement
and obtaining the reservation utility U(0). Thus, qsemi is the unique probability that
solves

Vπ(qsemi)− θc(e) = U(0) ⇒ ∆Vπ(qsemi) = θc(e) (13)

Proposition 3. For any prior µ ∈ (0, 1), there exist two cut-off values θpool and θsep of the
cost parameter θ such that

(a.1) θpool > 1 if the prior µ is above a cut-off value µ.

(a.2) if θpool > 1, then for all θ ∈ (1, θpool], the unique equilibrium is pooling.

(b) if θ > θsep, then the unique equilibrium is separating.

(c) if θ ∈ (θpool, θsep), then the unique equilibrium is semi-pooling.

Proposition 2 ensures the existence and uniqueness of equilibrium for every feasible set of
parameter values. Proposition 3 identifies the unique equilibrium by focusing the cost param-
eter θ and prior probability µ. Table 3 gathers the equations that define the equilibrium values
of the main variables and cut-off values for parameters: (θpool, µ) for the pooling equilibrium,
(θsep, esepd ) for the separating equilibrium, and qsemi for the semi-pooling equilibrium.

Figure 1 illustrates the contents of these results and reflects the intuitive idea that pooling
emerges when the difference in marginal costs of confinement between docile and non-docile
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women is quite low. In contrast, if θ is quite high, then the unique equilibrium is sepa-
rating. For intermediate values of θ, non-docile women randomize between mimicking the
confinement choice of docile women and choosing zero confinement, thereby giving rise to a
semi-pooling equilibrium. A detailed discussion follows.

5.A. Pooling equilibria

A pooling equilibrium in our model involves all women choosing e regardless of their type. In
such a case, the posterior belief about every woman would equal the prior belief µ. Conse-
quently, Lemma 3 tells us that the expected matching payoff to every woman will be uniquely
defined and will be given by UL(µ) = (β + α(µ)− 1)L ≡ Vπ(1).

Any woman can ensure herself the reservation utility of U(0). Thus, the total utility of a
non-docile woman in any pooling equilibrium (UL(µ)−θc(e)) must be strictly greater than or
equal to the reservation utility. If this inequality does not hold even at θ = 1, then a pooling
equilibrium will not exist.

A necessary and sufficient condition for pooling equilibrium to arise (i.e, for θpool > 1)
is that non-docile women must prefer to choose e when θ approaches 1 over choosing 0 and
obtaining the reservation utility. We therefore must have UL(µ) − c(e) > U(0). This allows
us to explicitly solve for the minimum prior µ such that a pooling equilibrium will exist over
at least some range of cost parameters for every µ > µ. It is given by

UL(µ) − c(e) = U(0) ⇒ µ =
c(e)

∆αL
. (14)

At very low values of the cost parameter θ, a non-docile woman might be strictly better
off by choosing e and incurring the associated confinement costs rather than choosing 0
confinement and obtaining the reservation utility U(0). As θ increases, the utility from
pooling at e decreases since the matching payoff UL(µ)) remains the same but the cost of
confinement (θc(e)) increases.

Consequently, there exists a θpool > 1 at which the utility to a non-docile woman from
pooling at e exactly equals the reservation utility U(0). Pooling is thus feasible only if the
cost parameter θ is below a cut-off value, θpool (given that the prior is above µ). The value

of θpool is given by

UL(µ) − θpoolc(e) = U(0) ⇒ θpool =
µ∆αL

c(e)
. (15)

5.B Separating equilibria

In a separating equilibrium satisfying the D1 refinement, docile women must choose a suf-
ficiently high confinement esepd > 0 such that a non-docile women will be just indifferent
between choosing esepd and incurring the associated cost θesepd or choosing 0 confinement and
obtaining the reservation utility U(0). Thus, esepd is implicitly defined by ∆Vπ(0) = θc(esepd ).

If θ is very low, then non-docile women have strong incentive to mimic the choice of docile
women. As the cost parameter θ increases, this incentive diminishes since the marginal cost
of confinement increases. Thus, there exists a The minimum value of the cost parameter,
θsep, such that a separating equilibrium arises only if θ ≥ θsep. The value of θsep is implicitly
defined by requirement that the confinement choice of docile women will be exactly e and
non-docile women will be indifferent between choosing e or choosing 0 and obtaining the
reservation utility, and is given by

Vπ(0)− θsepc(e) = U(0) ⇒ ∆Vπ(0) = θsepc(e). (16)
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5.C Semi-pooling equilibria

If the cost parameter θ lies in the intermediate range (θpool, θsep), then the incentive for non-
docile women to mimic the choice of docile women is (a) neither sufficiently strong to lead
to a pooling equilibrium and (b) nor is it too weak to lead to a separating equilibrium. This
gives rise to a semi-pooling equilibrium.10 Docile women must choose e in any semi-pooling
equilibrium (Lemma 1). Non-docile women must therefore choose e with a probability qsemi

and 0 with probability (1 − qsemi) such that they are indifferent between choosing e and
incurring the associated cost θc(e) or choosing 0 and obtaining the reservation utility U(0).
Thus, qsemi is implicitly given by ∆Vπ(qsemi) = θsepc(e).

5.D Robustness

We now relax some of the key assumptions of the baseline model – strictly positive net surplus
in any match, excess supply of men, two types for both men and women, use of D1 refine-
ment criterion – and argue that neither the technique of analysis nor the insights that emerge
differ in a significant manner. We provide a brief intuitive discussion below and relegate the
associated technical details to the Appendix.

Negative match surplus. Suppose the match between a docile woman and any man still
generates a strictly positive surplus but the match between a non-docile woman and any man
generates a strictly negative net surplus. Under any stable matching in this case, a woman
who is believed to be non-docile with probability one must remain single. The stable match-
ing payoff to any such woman will then be zero which will now serve as the reservation utility
for women. The characterization of equilibrium outcomes is then straightforward and akin to
Proposition 2. The lone difference is that a pooling equilibrium will exist only if the prior µ
is large enough to ensure that the net expected surplus of a match between any woman and
any man when each woman is believed to be docile with the prior probability µ is strictly
positive (i.e., β + α(µ) > 1).

Excess supply of women. Excess supply of women makes it impossible for a pooling
equilibrium to arise for any set of parameter values. To see why, observe that in a pooling
equilibrium, if it were to exist, all women will be deemed identical at the matching stage of
the game. With an excess supply of women, it then follows that any stable matching must
lead to zero payoff for every woman. Since confinement choice is costly, this would then have
implied negative payoff for all women, an impossibility. It should be noted that outcomes
where all women choose the same level of confinement will still emerge as part of semi-pooling
equilibria. The baseline model already hints towards this result. In the following section we
show that the likelihood of a pooling outcome decreases with an increase in the number of
women because the increased competition among women reduces their expected matching
payoffs from mimicking the confinement choice of docile women.

More than two types. Consider the case with multiple types of men. Denote by W i de-
note the wealth level of the ith man and arrange the men such that W 1 ≥ W 2 ≥ . . . ,Wm.
Proposition 1 continues to hold implying that every stable matching will be weakly positive

10Proposition 1, Lemma 1, and Lemma 2 hold even when women use asymmetric strategies. By definition,
pooling and separating equilibria must involve symmetric strategies and thus any equilibrium in asymmetric
strategies must be semi-pooling. Different women may randomize over e and 0 with different probabilities.
Suppose qi > qj such that posterior belief pqi on woman i will be strictly less than pqj . Given any such
vector q, the randomization probabilities of women in a asymmetric semi-pooling equilibrium are defined by
the system of equations of the form ∆V iπ(q) = θc(e). We do not pursue the complete characterization of such
equilibria in this paper.
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assortative and thus all men i ∈ {w + 1, . . . ,m} must remain single and obtain a utility of
W i. The remainder of the analysis proceeds along the same logical lines as in the baseline
model and would deliver similar comparative statics results. The case with multiple types of
women, though slightly harder to analyze, does not require anything beyond what was used
for the baseline model and is discussed in detail in the Appendix.

Intuitive Criterion as the refinement. Cho and Kreps (1987) proposes a family of refine-
ment criterion for signaling games and shows that the equilibria that survive D1 refinement
are a subset of those that satisfy the Intuitive Criterion (IC). Hence, the unique predictions
of the baseline model will continue to be the equilibria if we were to instead use IC. However,
some equilibria which are ruled out by D1 will no longer be ruled out by IC. Thus, the equi-
librium will not be unique for some sets of parameter values. It turns out that the minimum
level of θ that supports a separating equilibrium is still given by the same θsep. Further, a
pooling equilibrium exists for all θ ∈ (1, θsep) (and thus semi-pooling equilibria will as well).
The main differences are that (a) pooling occurs over a range of confinement levels and (b) a
pure strategy equilibrium exists for every set of parameter values. The interested reader may
refer to the Appendix for a detailed analysis of the baseline model using IC as the refinement.

6. Norms of confinement

Confinement ends up doing its job as a signal in a separating equilibrium as docile and non-
docile women choose different levels of confinement. In contrast, in a pooling equilibrium
both docile and non-docile women choose the same level of confinement and thus confinement
has no signal value.

The fact that all women choose the same level of confinement in a pooling equilibrium
does not mean that confinement becomes meaningless in such a society.11 On the contrary,
since the conditions prevailing in the society provide incentives such that all women choose
the same confinement regardless of their type, it can easily come to be perceived as a norm. It
is implicit in the definition of a norm that a common pattern of behavior is observed despite
heterogeneities in individual characteristics.

In order to examine what conditions increase the likelihood of observing a norm of con-
finement, we begin by noting that an outcome where all women choose the same level of
confinement arises with certainty in a society that exhibits pooling equilibrium and proba-
bilistically in a society that exhibits a semi-pooling equilibrium.

A pooling equilibrium is the limiting case of a semi-pooling equilibrium as the randomiza-
tion probability qsemi tends to 1; whereas, a separating equilibrium is the limiting case when
qsemi tends to 0.12 Thus, if the increase in a certain parameter leads to a monotonic increase
in qsemi, then we shall say that it increases the likelihood of observing a norm of confinement.

The equilibrium value of the randomization probability qsemi is implicitly defined by
∆Vπ(qsemi) = θc(e). Thus, in order to examine how qsemi changes with marginal changes in
a parameter, we shall use the identity

∆Vπ(qsemi;µ,w, αd, αn, L,H, h) ≡ θc(e). (17)

11In the context of the model, a society is defined as a point in the space of parameters of the model. As
far as external validity is concerned, it is quite likely that some of the parameters that constitute a society in
our model are correlated in real societies. The possible correlation among the parameters, perhaps, renders a
question like – would a marginal change in one of the parameters make it more likely for a society to exhibit
a pooling equilibrium – less meaningful. However, the model generates a unique prediction for all societies
permitted in our model. Consequently, we can analyze whether a society that differs from another society in
only one of the parameters is relatively more (or less) likely to exhibit an outcome where all women choose
the same action. The comparative statics results are thus better interpreted as predictions across societies.

12In Figure 1, the value of qsemi will be 1(0) on the boundary that separates the semi-pooling region from
the pooling (separating) region.
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Table 4: Comparative statics on qsemi

Effect of a marginal increase in the parameter
αn αd µ θ τ † L H w h

qsemi ↓ ↑ l ↓ ↓ ↑ ↑ ↓ ↑

Notes: ↑ (↓) denotes that an increase in the parameter leads to an increase (decrease) in qsemi. The effect is

ambiguous (l) with respect to the prior µ.
† τ parameterizes the cost function (c(e) = τg(e), where g(e) is increasing and strictly convex with g(0) = 0).

Using Equations 5 and 11, this identity can be rewritten as

µ

µ+ (1− µ)qsemi
·(αd−αn)·[ Z<h−1(qsemi;µ,w)·H + Z≥h−1(q

semi;µ,w)·L ] ≡ θc(e) (18)

For a given set of parameter values, ∆Vπ(·) decreases with respect to qsemi (see Remark 2
on page 13). If a parameter changes, the randomization probability qsemi must adjust in a
way such that the above identity holds. For example, a marginal increase in the wealth of
rich men H, leads to an increase in ∆Vπ if qsemi remains unchanged. Therefore, qsemi must
increase in order to maintain the identity by diminishing ∆Vπ and canceling out the effect of
increased H.

Following the same arguments as above, we can identify the marginal impact of each
parameter on qsemi. The results are summarized in Table 4 (see Table 4’ in the Appendix
for the complete list of comparative statics results for the baseline model). We now utilize
the comparative statics results with respect to some of the parameters to briefly discuss the
effect of rules of descent, wealth inequality, and production technology on the likelihood of
observing a norm of confinement.

[Rules of descent] A marginal increase in the returns to men from matching with a docile
woman, αd, increases the expected matching payoff of non-docile women from mimicking the
confinement choice of docile women. Therefore, qsemi must increase in order to maintain the
above identity, thereby increasing the likelihood of observing a norm. The effect is exactly the
opposite with respect to αn. Clearly, the model only allows us to say that it is the difference
∆α that matters. This result reflects the finding that a norm of premarital confinement is
more likely to be observed in societies with patrilineal descent rules relative to those with
matrilineal descent rules (Murdock, 1964).

[Wealth inequality] A marginal increase in wealth of poor men L, or wealth of rich men
H, or the number of rich men h will unambiguously increase the average level of wealth.13

A marginal increase in any of these three parameters increases the expected matching payoff
which in turn increases the likelihood of observing a norm. Note that the variance of the
wealth distribution is (a) increasing in H, (b) decreasing in L, and (c) ambiguous in h. Thus,
if one measures wealth inequality using the variance of the wealth distribution alone, then the
predictions of the model will turn out to be ambiguous.

13The average level of wealth dos not does not depend on the choices made by women. In contrast, The ex-
pected wealth of the man a woman would be matched with, E[W (q)], depends on the randomization probability
q specified under strategy (q, e).
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[Production technology] Consider two societies i and j with the same θ, but one with
ci(e) = τ ig(e) and the other with cj(e) = τ jg(e), where g(·) is a convex. The higher the
parameter τ , the less likely will be the society to exhibit a norm of confinement because
marginal costs of confinement will be higher. If the production technology in a society is such
that it does not permit women to contribute substantially to the production process, then
the costs of confinement as captured by the parameter τ may be lower, thereby increasing
the likelihood of a norm of confinement. This hints towards the robust empirical finding that
historically intensive plow agriculture is strongly associated with lower status of women in the
society (Whyte, 1978; Sanderson et. al., 2005). For instance, Alesina, Giuliano, and Nunn
(2010) draw upon the arguments of Boserup (1970) and summarize their empirical analysis
by saying that “. . . consistent with anthropological hypotheses, societies with a tradition of
plow agriculture tend to have the belief that the natural place for women is inside the home
and the natural place for men is outside the home. Looking across countries, sub-national
districts, ethnic groups and individuals, we identify a link between historic plow-use and a
number of outcomes today, including female labor force participation, female participation in
politics, female ownership of firms, the sex ratio and self-expressed attitudes about the role
of women in society.”

7. Valuable signals and externalities

There is no fundamental reason to expect that confinement must act purely as a signal.
In the following two sub-sections we explain how the signaling-and-matching framework ac-
commodates (a) the case where confinement acts as an intrinsically valuable signal and (b)
peer-pressure and identity considerations wherein confinement acts as a signal and at the
same time confinement choices by a woman impose an externality on others.

7.A. Intrinsic Valuation for Confinement

In societies where married women are primarily expected to be housewives, confinement may
be used by parents to ‘train’ girls for their future role. It is also well documented that bound
feet were considered to be aesthetically more pleasing in large parts of China (Levy, 1966;
Dorothy, 2005), while FGM is considered by some to be hygienic in societies where it is
prevalent (DHS, 2004). In essence, such considerations suggest that confinement may serve
as a pre-marital investment and directly add to the utility of men in addition to playing its
role as a signal of a woman’s type.14

Suppose confinement choice of a woman confers a positive utility to the man she is matched
with. This can be captured by altering the baseline model in a simple way. Assume that
the utility to a man with wealth W who is matched with a woman of type t ∈ {d, n} whose
confinement choice is e is given by

αtW + v(e),

where v(e) is an increasing and strictly concave function of e. The rest of the model is identical
to the baseline model.

Let e∗t satisfy v′(e∗t ) = c′t(e
∗
t ). Given the assumption that ct is a convex function, it follows

that e∗t is uniquely defined for each t and that e∗d > e∗n. Under complete information when

14These ideas are implicit in Coyne and Mathers (2011) who suggest that FGM “plays an important role
in communicating certain types of information – sexual purity, commitment to a certain religious group, etc.”
Note that when one argues that confinement reflects (costly) commitment to the norms of the society, it is
implicitly assumed that this commitment is either directly valued by others in the society or it has been
internalized such that deviations are costly.
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types of the women are known, one can show that there exists a unique equilibrium outcome.
In the first stage of the game, the confinement choice of the type-t woman is simply e∗t and
every stable matching outcome in the second stage is weakly assortative.

Remark 3. If men value confinement directly and information is complete, then confinement
acts purely as a pre-marital investment.

Now consider the asymmetric information case. Suppose the vector of confinement choices
by women is e and the associated posterior vector is p. Woman-i is characterized by her
confinement-posterior pair which can be denoted as (ei, pi). Given (pi, ei), let ti = α(pi)H +
v(ei) denote the total value that the woman-(ei, pi) provides to a rich man.

One can now prove a result analogous to Proposition 1 which ensures that a stable match-
ing outcome exists for every vector or confinements and associated posteriors. Moreover,
every stable matching will be weakly assortative in the sense that given women i and j with
ti > tj , if woman-j is matched to a rich man, then woman-i must be as well. However, unlike
in Proposition 1, the set of stable outcomes now depends not only on the posteriors but also
on the actual confinement levels chosen by women since the confinement choice of a woman
directly adds to the utility derived by the man she is matched with.

The analysis of the signalling stage produces results that are virtually identical to those
in the baseline model. In any equilibrium satisfying D1, docile women do not randomize.
Non-docile women either mimic the choice of docile women or choose their optimal choice in
the complete information setting, e∗n. This is the only change and it alters the reservation
utility of women. An equilibrium will still involve pooling, semi-pooling or separating and the
equilibrium characterization as well as the comparative statics results turn out to be qualita-
tively similar to the baseline model.

7.B Externalities: Peer-pressure and identity based explanations

Peer-pressure is regarded as an important reason for the continuation of practices like FGM
(Lightfoot-Klein, 1989; Shell-Duncan, 2000). Anecdotal evidence and surveys reveal that a
woman who refuses to undergo FGM is often ostracized by her peers.15

Althaus (1997) and Gruenbaum (2001), among numerous others, highlight the role of
FGM as a marker of cultural and ethnic identity. Further, survey respondents often indicate
“it is our tradition” as one of the primary reasons for the continuation of FGM. Akerlof and
Kranton (2000) provide the starting point for formalizing identity concerns as a driver of
confinement which differs from peer-pressure in a fundamental manner.

To formalize these ideas and explicate the difference between peer-pressure and identity
concerns suppose the confinement choice by a woman-i, apart from the direct confinement
cost ct(ei), imposes an additional cost of γG(|es − ei|), where (a) G(.) is increasing and
strictly convex function with G(0) = 0, (b) γ > 0 is a paramter, and (c) es is a standard of
confinement. The two crucial questions are

• whether the standard of confinement es is exogenously given, or is it endogenously
determined by the confinement choices of women; and,

• who bears the additional cost γG(|es− ei|) when the confinement choice ei by woman-i
differs from the standard es.

[Case 1] Consider the simplest case where (a) it is woman-i who bears the cost of deviating
from the standard and (b) the standard es is exogenously given. In such a case, the total cost
borne by a woman upon choosing confinement e will be Cit(e) = ct(e) + γG(|eexos − ei|). The

15The interested reader may refer to Wagner (2011) and the references therein for a comprehensive discussion.
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exogeneity of the standard of confinement ensures that the confinement choice by a woman
does not impose any externality on others. Therefore, this case is virtually identical to our
baseline model and we do not discuss it any further.

[Case 2] Peer-pressure based explanations of pre-marital confinement essentially refer to the
case where (a) woman-i bears the cost γG(|es − ei|) if her confinement choice ei differs from
the standard and (b) the standard es is endogenously determined by the confinement choices
of other women. The rationale for assuming woman-i bears the cost of deviating from the
standard is, the argument goes, that deviating from the standard of confinement makes her
feel sub-standard. To see how this case generates externalities, assume that the standard of
confinement from the perspective of woman-i is the average confinement chosen by the other
women which shall be denoted as ea−i. Given the confinement choices of other women, if
woman-i unilaterally changes her confinement choice, then the cost borne by other women
will change because the standard of confinement from their perspective would have changed.
But, while making her choice woman-i does not take into account how her choice affects the
costs borne by other women, thus imposing an externality on them. Note that it is possible
that in equilibrium all women choose the same level of confinement and thus no woman ac-
tually bears the cost of deviation.

[Case 3] A suitable adaptation of Akerlof and Kranton (2000) provides one possible way to
capture identity based explanations of confinement. Assume that the cost γG(|es − ei|) is
borne by someone other than woman-i, say, the man who gets matched to woman-i. A man
is assumed to entertain an idea about what is the appropriate standard of confinement for
women. Getting matched to a woman who deviates from this standard threatens his identity
and makes him feel sub-standard. Punishment by the man, which may take the form of a
reduced bride-price or increased dowry if matched to such a woman, helps restore his sense
of identity (either partially or fully). Since the cost of a woman’s deviation will be borne by
someone else, this case will potentially lead to externalities irrespective of whether the stan-
dard es is exogenously given or endogenously determined. Of course, if all women choose the
same level of confinement in equilibrium, then no externality will materialize in equilibrium.

7.B.1. A model with peer pressure

Given a vector of confinement choices e made by all women, assume that the cost to woman-i
of type-t is given by

Ct(e) = ct(ei) + γG(|ea−i − ei|)

where ea−i denotes the average confinement level of all women excluding woman-i. G(.) is
assumed to be increasing and strictly convex with G(0) = 0 and γ > 0 is a parameter. The
rest of the model is identical to the baseline model.16

The choice of confinement by women will affect the stable matching outcomes only through
its effect on the posterior vector. Thus, as in the baseline model, the the set of stable outcomes
depends only on the posterior vector.17 The D1 refinement will ensure that docile women
never randomize in an equilibrium (see Lemma 1’ in the Appendix). It can then be shown
that if docile women choose confinement êd, then non-docile women must either choose êd or
some ên < êd. Unlike in the baseline model, however, ên need not be zero.

The feasible types of equilibria remain the same: pooling, semi-pooling, or separating.
In fact, an analogue of Lemma 2 holds and thus in a pooling or a semi-pooling equilibrium,
docile women must choose the highest confinement level e. Non-docile women will choose e

16Under complete information there is an equilibrium where every woman chooses zero level of confinement
that Pareto-dominates other feasible equilibria with positive levels of confinement (regardless of γ).

17Of course, if we were to additionally assume that men value confinement directly, then stable matching
outcomes will depend on the confinement choices of women.
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with probability 1 in the pooling equilibrium. In a semi-pooling equilibrium they choose e
with probability qsemi ∈ (0, 1) and some ên < e with the remaining probability.

Proposition 4 in the Appendix shows that a pooling equilibrium exists if and only if the
utility derived by a non-docile woman by choosing e is at least as large as the best she can
obtain if she chooses not to pool given that other women do so. The more interesting result
says that there exists a cut-off value γ∗ > 0 such that if γ > γ∗, then the unique equilibrium
is pooling. The latter result conveys the basic message of peer-pressure based explanations
of pre-marital confinement that intense peer-pressure can sustain inefficient norms.

7.B.2. Identity concerns

Identity concerns are similar to peer-pressure in the sense that both generate externalities.
The difference between the two in the context of the signaling-and-matching framework stems
from the fact that in the peer-pressure model it is known prior to the matching stage that
woman-i who will bear the cost of her deviation from the standard of confinement; whereas,
in the identity model who bears the cost of woman-i’s deviation from the standard is endoge-
nously determined and revealed only after the matching stage is over when we will get to
know which man got matched with woman-i.

One of many ways in which one could formalize a model with identity concerns is to
assume that given a vector of confinement choices and the associated posteriors (e,p), the
valuation of woman-i, defined by her confinement-posterior pair (ei, pi), by a man with wealth
W is given by

α(pi)W − γG(|ea−i − ei|).

The rest of the analysis will then proceed along the same lines as in the baseline model.
However, as discussed above, the details of the analysis will differ not only from the base-
line model but also from the peer-pressure model. This setting is worthy of independent
examination and we do not purse it in detail in the present paper.

We conclude this section on the note that the signaling-and-matching framework is quite
flexible and allows us to accommodate peer-pressure and identity concerns in a relatively easy
way.

8. Conclusion

It is difficult to conceive matching environments where signaling is absent because informa-
tion about at least some characteristics that are deemed important is privately held. Hoppe,
Moldovanu, and Sela (2009) convincingly argue that “signaling can be observed in virtually
every situation where heterogeneous agents form matches, be it in two-sided markets (mar-
riage, labor, education) or in biological settings.” Marriage is one of the few institutions that
exists in almost every society and, by its very nature, involves matching. Thus, signaling is
expected to play a significant role in marriage markets.18

The present paper draws upon these basic ideas and develops a model where women
essentially signal their likelihood of post-marital fidelity by choosing costly confinement in
order to attract better matches in the subsequent marriage market.19 The implicit assumption

18We are thankful to an anonymous referee and the editor for suggesting that the theoretical analysis of pre-
marital confinement will remain incomplete unless the framework incorporates both signaling and matching.

19The two papers that are most closely related to our theoretical model are Hopkins (2012) and Hoppe et
al. (2009). Our paper adds to the emerging theoretical literature on signaling-and-matching by providing a
complete characterization of symmetric equilibrium in a model with finite number of agents when transfers
are possible. The analysis of peer-pressure in such a setting is also unique to our paper.
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we make is that due to uncertainty regarding paternity men would prefer to be matched with
women who are believed to be relatively more likely to remain fidel after marriage.

We consider seemingly disparate practices like seclusion, footbinding, and FGM as exam-
ples of confinement because these practices share some key similarities. If we ask – who is
the target, when does it happen, what are the reasons provided by the members of societies
where they are practiced, and what are the consequences for those who do not follow – then
we find clear similarities. They are all targeted at unmarried women, usually carried under
the supervision of parents prior to marriage, and one of the key reasons given by members of
such societies is that it improves marriage prospects.20

We must remark that the reasons behind the origins of specific practices like footbinding
and FGM remain unknown and our models are silent about them (Levy, 1992; Favali, 2001).
The literature on pre-marital confinement attempts to provide reasons for the persistence
of such practices. It seems that existing theories that tackle this question of persistence
can be clearly categorized using the language of economic modeling by identifying whether
confinement is assumed to act as

[a] a pre-marital investment

[b] a valueless or valuable signal

[c] either an investment or a signal that generates externalities

The baseline model presented in the paper treats confinement as a valueless signal. The
model presented in Section 7.A. treats confinement as a valuable signal; and, under com-
plete information, boils down to the case where confinement acts purely as a pre-marital
investment. Finally, the models presented in Section 7.B. treat confinement as a signal that
generates externalities. Thus, the signaling-and-matching framework seems reasonably rich
and flexible enough to accommodate any theory that treats pre-marital confinement in either
one of above mentioned ways. In addition, it allows for rich comparative statics analysis and
might serve as a useful starting point for future empirical work.
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Appendix

[Section 3] Proof of Proposition 1. We first prove that a stable outcome exists for every
confinement-posterior pair. Fix e and the associated (p1, p2, . . . pw). Order the women such
that p1 ≥ p2 ≥ pw. Match woman i = 1, 2, . . . h with a rich man while the remaining women
w − h are assigned to poor men. Construct now the following set of bride prices. Consider a
woman with posterior pk. If she is assigned to a poor man, then

BL(k) = [α(pk)− 1]L

For woman pk who is assigned to a rich man, define

BH(k) = [α(pk)− α(pk+1)]H +B∗
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where B∗ is given by B=β(L−H)+(α(ph+1)−1)L. Note that on woman h+1 has the highest
posterior among all the women that are assigned to poor men. We now show that the matching
profile and the associated bride price generates a stable outcome for (e, (p1, p2, . . . , pw)).

Consider a rich man who is currently matched with woman k. By construction, k ≤ h.
It is easy to verify that if this man were to form a match with some other woman k′ 6= k in
which both this man and woman k′ were strictly better off than what each receives in this
current matching, then woman k′ must currently be matched to a poor man, i.e, k′ ≥ h+ 1.
Furthermore, the minimum B̂H(k′) that will be acceptable to such a woman is given by

B̂H(k′) = (α(pk′)− 1)L− β(H − L)

Therefore, the maximum payoff that a rich man can get from matching with woman k′ equals

Y (H, k′) = α(pk′)H − B̂H(k′) = α(pk′)[H − L] + β[H − L] + L

Since H > L, and p(k′) is non increasing in k′, it follows that Y (H, k′) is non increasing in k′

and thus the maximum of Y (H, k′) is attained at k′ = h+1. But at k′ = h+1, B̂H(h+1) = B∗

and Y (H,h+ 1) is equal to α(ph+1)H −B∗. By construction, this is exactly the payoff that
the high income man has in the current match.

Consider now a poor man who is presently matched with woman k. By construction,
k ≥ h+ 1. Suppose this man were to form a match with woman k′ 6= k. For such a match to
be profitable for both woman k′ and the man, it must be that woman k′ must be currently
matched to a rich man, i.e, k′ ≤ h. The minimum B̂L(k′) that will be acceptable to woman
k′ then is given by

B̂L(k′) = β(H − L) + (α(pk′)− α(pk∗))H +B∗

Therefore, the maximum payoff that this poor man can get from matching with woman k′ ≤ h
is given by

Y (L, k′) = α(pk′)L− B̂L(k′) = α(pk′)L− β[H − L]− [α(pk′)− α(ph+1)H −B∗

But, B∗ = β(L−H) + [α(ph+1)− 1]L, and thus

Y (L, k′) = α(pk′)L− (α(pk′)− α(ph+1)H − (α(ph+1)− 1)L

Simplifying the above expression, we have

Y (L, k′) = α(pk′)(L−H) + α(ph+1)[H − L] + L

Since H > L, and pk′ ≥ ph+1, we have Y (L, k′) ≤ Y (L, k). Thus, a poor man can not be
better off getting matched with any other woman k′.

Proof of (a). We now prove that every stable outcome involves a (weak) positive assortative
matching with respect to wealth of men and posterior beliefs about women. To see why this
is true, assume otherwise. Then, there exists a stable matching outcome and two women i
and j such that pi < pj with woman i is matched with a rich man while woman j is matched
with a poor man.

Let BL(j) be the bride price of woman j in this match. Since all poor men receives L,
BL(j) is given by

BL(j) = α(pj)L− L

Let BH(i) be the bride price of woman i in this match. The payoff to the rich man who is
matched with woman i then is

α(pi)H −BH(i)
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. Consider B̃H(j) where
B̃H(j) = BL(j)− β[H − L]

If this rich man were to offer this bride price to woman j, the payoff to the rich man will be

α(pj)H − B̃H(j) = α(pj)H −BL(j) + β[H − L]

Since the matching is stable, we must have

α(pj)H −BL(j) + β[H − L] ≤ α(pi)H −BH(i)

Since pi < pj and L < H, we have

[α(pj)− α(pi)]L+ β[H − L] < BL(j)−BH(i)

or that
α(pj)L−BL(j) < α(pi)L− [BH(i) + β(H − L)] (A.1)

The LHS of equation (A.1) is the payoff to a poor man who is currently matched with woman
j. [BH(i) + β(H − L)] is the payoff to woman i who is currently matched with a rich man.
If the poor man were to offer woman i, a bride price of BH(i) + β(H − L) + ε, woman i will
be strictly better off and by (A.1), the man will also be strictly better off for ε small. This
proves the claim.

Proof of (b). Since the confinement choice of any woman affects the payoff only through
its effect on the posterior on women, it immediately follows that the set of stable outcomes
under (e1, P (e1)) is identical to the set of stable outcomes under (e2, P (e2)) if P (e1) = P (e2).

[Section 4.A] Lemma 1. Fix any selection function π. In any equilibrium satisfying the
D1 refinement,

(a) docile women do not randomize.

(b) non-docile women choose at most two levels of confinement: the confinement choice of
docile women and zero confinement.

Proof of (a). We first prove that in any equilibrium, woman of type-d can never randomize.
Assume not, then there is an equilibrium (with associated belief updating function P ∗) in
which woman of type-d chooses at least two confinement levels: e1 and e2, where e1 > e2.
Denote by V i the expected payoff to women of type-d in the matching stage following the
confinement choice ei. If U∗t denotes the payoff of type-t women in this equilibrium, then we
have U∗d = V i−c(ei). Since type-d randomizes between e1 and e2, it follows that V 1−c(e1) =
y2− c(e2). Since θ > 1 and e1 > e2, it then follows that for type-n, the choice of e1 is strictly
worse than her equilibrium choice of action, i.e, U∗n > V 1 − θc(e1). Consequently, in this
equilibrium, following e1, the posterior on the woman must assign probability 1 to her being
of type-d.

Now suppose woman-i is of type-d and she deviates and chooses e′ = e1 − ε, where ε > 0.
Let qi be the posterior on woman-i following this deviation and let V (qi) denote her ex-
pected payoff in the matching stage given that the rest of the women are playing according to
their equilibrium strategies. Now observe that if V (qi)− θc(e′) > U∗n for some qi, then since
U∗n > V 1 − θc(e1) and θ > 1, it follows that V (qi)− c(e′) > U∗d = V 1 − c(e1). D1 refinement
then requires that following the deviation to e′, P ∗ must assign probability 1 to the event
that woman is of type-d. Since at qi = 1, V (1) equals V 1, it follows that a woman of type-d
has a strictly profitable deviation. Hence, a contradiction.
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Proof of (b). Let ed be the choice of confinement level by type d in an equilibrium. If a
non docile type chooses e 6= ed, then the posterior on her will be zero. Since by Proposition
1, the matching payoff to a woman depends only on her posteriors, it is immediate that the
optimal choice of confinement for type n woman then is e = 0. Of course, type n woman can
always mimic the choice of type d and choose ed.

[Section 4.A] Lemma 2. Fix any selection function π. Consider any equilibrium satisfying
D1 refinement,

(a) if the equilibrium is pooling, all women must be choosing e = e.

(b) if the equilibrium is semi-pooling, then all women of type d choose e = e while all women
of type n randomize between e = e and e = 0.

Proof of (a). Assume not. Consider a pooling equilibrium in which all women chooses the
confinement level e where e < e. Observe that along the equilibrium path, following action
choice e, the belief updating function must assign posterior belief pi = µ for every woman i.
Furthermore, in the matching stage, any of the h women will be matched with rich men while
the rest will be assigned to poor men. Since the matching outcome is stable, all women with
the same posterior µ must receive the same payoff. The payoff to any woman in the matching
stage will thus equal (β+α(µ)− 1)L. Thus, the net expected payoff (taking into account the
costs of confinement), for a woman of type-t in this equilibrium equals

U∗t = (β + α(µ)− 1)L− ct(e)

Without loss of generality, consider woman 1, and suppose she deviates to a confinement
choice e′ > e. Let P (e′, e, . . . , e) = (q1, µ, . . . , µ) be the new posterior following this deviation.
Let V (q1) be the expected payoff of woman 1 in the matching stage. Thus, the net expected
payoff for woman 1 of type-t from this deviation is V (q1)− ct(e′). Since θ > 1 and e′ > e, it
follows that if V (qi)− cn(e′) ≥ U∗n, then V (qi)− cd(e′) > U∗d . D1 then requires that following
this deviation, the posterior on woman must equal 1.

We now argue that there exists e′ > e such that at P (e′, e, . . . , e) = (1, µ, . . . , µ), woman 1
(irrespective of her type) has a profitable deviation to e′. This follows because at (1, µ, . . . , µ),
woman 1 must be assigned to a rich man. Since a poor man receives L in the matching stage,
he is willing to pay a bride price of B̂ where αdL − B̂ = L. Thus, following this devia-
tion, woman 1’s payoff in this matching must be at least βL + B̂ = (β + αd − 1)L. Since
αd > α(µ), it follows that woman 1 (of any type) can assure herself a payoff strictly greater
than (β + α(µ)− 1)L− ct(e′) which is strictly greater than U∗t for e′ sufficiently close to e.

Proof of (b). It follows exactly the same lines as in [(a)] and is therefore omitted.

[Section 4.C] Lemma 3. Suppose all women play according to strategy (q, e). Fix any
resulting posterior vector (pq; r). In any stable matching that follows,

(a) matching payoffs do not depend on the confinement e in the strategy (q, e).

(b) the matching payoff of women with posterior 0 will be U(0) = (β + αn − 1)L.

(c) the matching payoff of women with posterior pq will be

UH(pq) = U(0) + (α(pq)− αn)H if r < h.

UL(pq) = U(0) + (α(pq)− αn)L if r > h.
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U(pq) ∈ [UL(pq), UH(pq)] if r = h.

Proof. Part (a) follows from the assumption that confinement choices of women are not
directly valued by men. For parts (b) and (c), let Uj(p; r) denote the matching payoff to a
woman with posterior p ∈ {pq, 0} if she is matched to a man with wealth j ∈ {L,H} when
the realized posterior vector is (pq; r). Note that in any stable matching some poor men will
be matched while others will remain unmatched. Hence, all poor men irrespective of their
matching status must receive the same utility of L. The unique bride-price that a poor man
would be willing to pay for a woman with posterior p is, therefore,

BL(p) = (α(p)− 1)L (19)

This, in turn, implies that the unique matching payoff to a woman with posterior p when
matched with a poor man in any stable matching outcome will be given by

UL(p; r) = βL+BL(p) = (β + α(p)− 1)L ≡ UL(p) (20)

The previous equation suggests that the stable matching payoff to women who end up getting
matched with poor men following the posterior vector (pq; r) is independent of the value of
r. We now show that, in contrast, the stable matching payoff to women who get matched to
rich men depends on whether the number of pq-women is greater than, equal to, or less than
the number of rich men. A detailed discussion of the three cases follows.

[Case 1] r < h: In this case, some rich men (exactly r of them) will be matched with
women with posterior r while the remaining h− r rich men will be matched with a woman of
posterior 0. Since all 0-women must have the same payoff, it follows that the bride price BH(0)
corresponding to the match between a rich man and a 0-woman must equal βH + BH(0) =
βL+BL(0). Thus,

BH(0) = (αn − 1)H − β(H − L) (21)

Since some rich men are matched with pq-women and some with 0-women, the payoff to a rich
man in either type of match must be the same. Hence, αnH −BH(0) = α(pq)H − BH(pq).
Thus, the bride price corresponding to a match between a rich man and a pq-woman is given
by

BH(pq) = (αn − 1)L − β(H − L) + (α(pq)− αn)H. (22)

Thus, the matching payoff derived by each pq-woman in this case will be

UH(pq; r) = βH + BH(pq) = U(0) + (α(pq)− αn)H ≡ UH(pq). (23)

[Case 2] r > h: As the number of pq-women exceeds the number of rich men in this case,
some pq-women will be matched with rich men and others with poor men. The payoff to a
pq-woman who is matched with a poor man must be UL(pq) = (β+α(pq)−1)L. Since every
pq-woman must have the same payoff, it follows that every pq-woman (independently of who
they are matched with) must have the same payoff of UL(pq). Also note that since some pq-
women are matched with rich men and others with poor men, pq-women must be indifferent
between matching with either a rich man or a poor man. Hence, βH +BH(pq) = βL+BLpq ,
which implies,

BH(pq) = (αn − 1)L− β(H − L) + (α(pq)− αn)L. (24)

[Case 3] r = h: As the number of pq-women in this case is exactly equal to the number of
rich men, all pq-women will be matched with rich men and all 0-women will be matched with
poor men. It turns out that the matching payoff to pq-women in this case is not uniquely
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defined because the equilibrium bride-price they receive from rich men can range from a low
value B which ensures poor men would be indifferent between matching with pq-women or
remaining unmatched (α(pq)L−B = L) to a high value B which ensures that rich men would
be indifferent between matching with pq-women and 0-women (α(pq)H−B = αnYH−BL(0)).
The bride price corresponding to the match between a rich man and a pq-woman, BH(pq),
is in this case can range over the interval [BL(0) + (α(pq) − αn)L, BL(0) + (α(pq) − αn)H].
Thus, when number of rich men equals the number of pq-women, the equilibrium matching
payoff to pq-women ranges over the interval

UH(pq; r) ∈ [U(0) + (α(pq)− αn)L, U(0) + (α(pq)− αn)H]. (25)

[Section 4.C] [Remark 1] The choice of selection functions

The above result tells us that if the number of women with posterior pq differs from the num-
ber of rich men, then the matching payoff to pq-women is uniquely defined. However, a range
of matching payoffs can be supported in a stable outcome when the number of pq-women
is the same as the number of rich men. This is the second source of multiplicity of stable
outcomes which was briefly discussed after Proposition 1. The expected matching payoff to
a woman who chooses confinement e > 0 when all women play according to strategy (q, e)
may then depend on the selection rule π one chooses to uniquely specify the stable matching
payoffs. In principle, therefore, details of the separating, semi-pooling, and pooling equilibria
may be sensitive to the choice of the selection function. However, the choice of π will play no
role in the analysis of the pooling equilibrium because the posterior belief about every woman
would then equal the prior belief µ. Since the number of women is strictly greater than the
number of rich men, according to Lemma 3, the stable matching payoff to every woman will
be uniquely defined and will be given by UL(µ) = (β+α(µ)− 1)L. In contrast, the existence
and uniqueness of the separating and the semi-pooling separating equilibria will depend on
the choice of π because the event where number of women with posterior pq equals the number
of rich men will occur with a strictly positive probability. Two reasonable restrictions on π
rule out multiplicity and non-existence.

Continuity: A stable outcome selection function π is continuous if for every posterior vec-
tor of the form (p; r) and for every sequence {pj ; r} converging to (p; r), the corresponding
sequence of matching payoffs converges to the matching payoff at (p; r).21

Belief Monotonicity: A stable outcome selection function π satisfies belief monotonicity
if the matching payoff to a woman with posterior p at the posterior vector (p; r) is weakly
greater than her matching payoff at posterior vector (p′; r) if p > p′.

As an example, fix any λ ∈ [0, 1] and, with a slight abuse of notation, define a selection
function corresponding to the posterior vector (pq; r) to be such that22

πi(p) =


U(0) if pi = 0

UH(pq) if pi = pq & r < h

UL(pq) if pi = pq & r > h

λUH(pq) + (1− λ)UL(pq) if pi = pq & r = h.

(26)

Note: We use this selection function in the main body and set λ = 0.

21It can be shown that equilibria may not exist if π is discontinuous and multiple equilibria may arise for if
π violates belief monotonicity. Examples are available upon request.

22Higher (lower) values of λ may be interpreted as reflecting greater bargaining power of women (men). We
assumed λ = 0 in the main body of the paper.
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[Section 5] Proof of Proposition 2. The proof of this Proposition will use Lemma 4 which
shows Vπ(q) is a decreasing function of q. Recall that for any π, Vπ(q) is the expected payoff
to a woman who chooses the confinement level e while the rest of the women play according to
the q strategy, i.e, choose e = 0 with probability (1− q) if non docile and choose e otherwise.
The expected matching payoff to woman-i when her realized confinement choice is e 6= 0 is
given by

Vπ(q) = Z<h−1(q) · UH(pq) + zh(q) · Ŭ(pq;π) + Z>h(q) · UL(pq), (C.1)

where Ŭ(pq;π) ∈ [UH(pq), UL(pq)]. It is easily verified that when π satisfies belief mono-
tonicity, Vπ(q) is a decreasing function of q.

Proof of Existence. We first prove existence of an equilibrium by considering each of the
following mutually exclusive and exhaustive cases.

[Case 1] Vπ(1)− θc(e) > U(0)

In this case, we claim that all women choosing e = e is the unique equilibrium of this game.
Let the belief updating function be given by P ∗i (e) = µ, if ei = e, it equals 0 otherwise.
Given that θ > 1, it is clear that P ∗ satisfies D.1. To check that no woman has an incen-
tive to deviate from the choice of e, consider any deviation e 6= e, then P ∗i (e) = 0 and thus
the matching payoff to this woman will be [αn+β−1]L−ct(e) which is strictly less than U(0).

[Case 2] Vπ(0)− θc(e) ≤ U(0)

Let ed satisfy
Vπ(0)− θc(ed) = U(0) (C.3)

Clearly ed ≤ e exists and is unique. Consider the following strategy profile: all docile women
choose e = ed while all non docile women choose e = 0. Let the belief updating function be
given by P ∗i (e) = 1, if ei ≥ ed and it equals 0 otherwise. Since θ > 1, it is possible to check
that P ∗ satisfies D.1.

We now check that no woman has an incentive to deviate from their respective choices.
First consider a woman who is docile. By playing according to this strategy, her payoff
is Vπ(0) − c(ed), if she chooses e < ed, posterior on her will be 0 and thus the maximum
payoff that she can get by deviating and choosing e < ed equals U(0). Since ed is solved
from equation (C.3), it follows that a docile woman will lose by choosing e < ed. On the
other hand, if she chooses e > ed, her posterior will remain at 1 and her payoff will be
Vπ(0)− c(e) < Vπ(0)− c(ed). Thus, docile type does not have a profitable deviation.

Consider now a woman who is non docile, her payoff at the proposed strategy choice is
U(0), if she chooses e > 0, given the belief function, she will get V )π(0) only if she chooses
e ≥ ed but then by equation (C.3), she will be strictly worse off.

Now we prove that in any separating equilibrium, docile women must choose ed where
ed is solved from equation (C.3). It is obvious that the choice of ed must be such that
Vπ(0) − θc(ed) ≤ U(0) (otherwise, type n would have chosen ed). Now if this inequality was
strict, then a docile woman can deviate to some e′ < e∗d such that Vπ(0)−θc(e′) is still strictly
less than U(0). D1 refinement will require that the posterior following this deviation must
assign probability one to the event that the deviation comes from a docile woman. Since
e′ < ed, docile women will then have a profitable deviation.

[Case 3] Vπ(1)− θc(e) < U(0) < V (0)− θc(e)
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Let q∗ satisfy
Vπ(q∗)− θc(e) = U(0) (C.4)

Such a q∗ ∈ (0, 1) exists because of our assumption that the π is continuous and thus Vπ(q)
is continuous in q. We now claim that the following strategy profile and a belief updat-
ing function constitutes an equilibrium: let the docile women choose e with probability 1
while non-docile women choose e = e with probability q∗ and chooses e = 0 with probability
(1 − q∗). Let the belief updating function be given by P ∗i (e) = 1, if ei = e and it equals
0 otherwise. P ∗ satisfies D1. It is straightforward to check that no woman of any type
has a profitable deviation. We also note that in a semi-separating equilibrium, type-n must
randomize between choice e = 0 and e = e, in any such equilibrium, equation (C.4) must hold.

Proof of Uniqueness. To check for uniqueness, first note that if we are in Case 3, then the
equilibrium is semi-pooling and in any such equilibrium, the choice of q̂ must satisfy

Vπ(q̂)− θc(e) = U(0)

Since by Lemma 4, Vπ(q) is decreasing in q, it follows that there exists a unique solution to
the above equation. To see uniqueness in Case 1, note that since Vπ(1)− c(e) > U(0), for any
q < 1, because of Lemma 4, the payoff to a non docile woman will be strictly higher if she
chooses e than if she chose e = 0 that results in a payoff of U(0). Finally, in case 2, one has
Vπ(0) − θc(e) ≤ U(0), for any q > 0, it follows (by appealing to Lemma 4 once more) that
the utility of the non-docile woman will be strictly less than if she chose e = 0 and obtained
U(0).

[Section 5.D] [Robustness: Excess supply of women] The relative numbers of men and
women has no bearing on Proposition 1 and thus a stable outcome will exist in the matching
stage for every feasible confinement vector and associated vector of posteriors. The set of
stable outcomes still depends only on the vector of updated beliefs. Moreover, as before,
every stable outcome for any vector of updated beliefs involves a weakly positive assortative
matching between men and women in the sense that women if a woman with posterior belief
p is matched with a rich (poor) man, then a woman with a posterior strictly higher (lower)
than p would also be matched with a rich (poor) man. In addition, Lemmas 1-2 hold im-
plying that any equilibrium can involve at most two confinement choices by women – e and
0. One can then use the strategy profile (q, e) to characterize the set of equilibria. For any
realization of the posterior vector (pq; r), a stable matching is obtained by matching the top
h women (in terms of their posteriors) with rich men and the next m − h women with poor
men. However, since w > m, the lowest w − m women must remain single in any stable
matching. The stable matching payoff to a woman with posterior 0 must be zero (regardless
of whether she is matched or not) while the stable matching payoff to woman with posterior
pq depends on the number of pq-women r relative to the number of rich men h. A result
completely analogous to Lemma 3 can then be derived which, in turn, will allow us to define
V̂ω(q) – the expected matching payoff to a woman when she chooses the non zero confinement
level. Existence and uniqueness of equilibrium for any set of parameter values is assured.
Excess supply of women, however, makes it impossible for a pooling equilibrium to arise for
any set of parameter values. To see why, observe that in a pooling equilibrium, if it were to
exist, all women will be deemed identical at the matching stage of the game. With an excess
supply of women, it then follows that any stable matching must lead to zero payoff for every
woman. Since confinement choice is costly, this would then have implied negative payoff for
all women, an impossibility.

[Section 5.D] [Robustness: More types of women] First consider the more interest-
ing case with multiple types of women. Let T denote the set of types for women. For
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every t ∈ T , denote the characteristics of the type t woman as αt. Order the types so that
α1 < α2 < . . . < αT . Denote by µ = (µ1, µ2, . . . µT ) the vector of initial priors. Let the cost
function for type-t be ct(e) = θtc(e), where θt is decreasing in t with θT = 1.23 If woman-i
chooses confinement ei, men would come up with a T -dimensional vector of updated beliefs
pi = (pi1, . . . , piT ) that will record the posterior belief that she is of type t ∈ {1, 2, . . . , T}.
The expected return to a man from matching with such a woman would be the weighted
average α(pi) =

∑T
k=1

∑
k pikαk. One can then show that for every confinement-posterior

pair, the set of stable outcomes in the matching stage is non empty and depends only on
the posteriors. Moreover, the matching outcome is still weakly positive assortative with re-
spect to the weighted averages α(pi). Turning to the analysis in the signalling stage, one
can then show that a stronger version of Lemma 1 holds. In any equilibrium satisfying D1,
no woman of any type (except possibly for the lowest type) randomizes. Given this result,
it is then possible to prove a stronger version of Lemma 2 which reveals that if a subset of
types pool and choose the same confinement level e in an equilibrium, then e must equal e.
The application of these two results then provides a simple structure of the nature of possible
equilibria. In particular, an equilibrium takes the following simple form: a set of types from
K = {k, k + 1, . . . T} such that if a woman if of type t ∈ K, then she chooses e while t /∈ K
chooses et where e1 = 0 and et < et+1 such that type t is indifferent between choosing et or
et+1. When θ is very close to unity, the equilibrium involves complete pooling in which all
types choose e. As θ increases, lower types start separating out, and when θT−1 is sufficiently
large, one gets complete separation.

[Section 5.D] [Robustness: Intuitive Criterion as the refinement] Any equilibrium of
the baseline model that satisfies the Intuitive Criterion must satisfy Lemma 1. This immedi-
ately implies that only separating, semi-pooling, and pooling equilibria are feasible. Moreover,
unlike in the previous section, an equilibrium in pure strategies exists for every set of param-
eter values.24 A separating equilibrium (a) is unique when it exists, (b) arises for exactly
those parameter values where it arises under D1, and thus (c) the minimum level of θ that
supports a separating equilibrium is still given by the same θsep. In fact,

(a.1) The unique equilibrium satisfying IC is a separating equilibrium if θ ≥ θsep.

(a.2) It involves non-docile women choosing 0 whereas docile women choose some esepd ∈ (0, e].

(a.3) esepd is that level of confinement which ensures non-docile women are indifferent between
choosing esepd and 0 and is implicitly defined by

V (0|π)− θc(esepd ) = U(0) ⇒ ∆Vπ(0) = θc(esepd ). (27)

(b.1) There exist pooling equilibria satisfying IC for every θ ∈ (1, θsep).

(b.2) Given a θ ∈ (1, θsep], pooling can occur at all e ∈ [epool, epool].

(b.3) The minimum e at which pooling can occur for a given θ is such that non-docile women
would get at least as much utility by pooling at that level as they would obtain if they
chose e and were believed to be docile. Thus, epool ∈ [0, e] is the minimum value of e
such that

U(1)− θc(e) ≥ U(µ)− θc(e) (28)

23Observe that by setting α1 = αn and αT = αd and taking µt = 0 for all t 6= 1, T and θ1 = θ, we are back
to the baseline model with two types of women.

24In the baseline model, only a mixed strategy equilibrium exists for those parameter values where the unique
equilibrium is semi-pooling.
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(b.4) The maximum e at which pooling can occur for a given θ is such that non-docile women
would get at least as much utility by pooling at that level as they would obtain if they
chose e = 0 and were believed to be non-docile. Thus, epool ∈ [0, e] is the maximum
feasible value of e such that

U(µ)− θc(e) ≥ U(0) (29)

[Section 7.B.1.] Peer-pressure]

Lemma 1’. Fix any selection function π. Then, in any equilibrium satisfying the D1 refine-
ment, docile women do not randomize.

Proof. If not, then there is woman-i of type-d who chooses between at least two actions e1
and e2, where e1 > e2. An argument similar to that in Lemma 1 establishes that the choice
of e1 then must be strictly inferior for type-n. Now, if action e2 was chosen by type-n, then
the posterior following the choice of e2 is strictly less than 1. Using D1, one then can show
that there exists e′ > e2 (but sufficiently close to it) such that a woman-i of type-d would
have a profitable deviation. On the other hand, if type-n women did not choose e2, then,
using D1, it is possible to establish that for any e ∈ (e2, e1), the posterior following e must
assign probability one to the event that the woman is of type-d. Thus, for a woman-i of
type-d, the choice of e ∈ [e2, e1] must minimize Cd(e) = c(e) + γE[G(|ea−i − e|)], where E is
the expectation operator taken over the random variable ea−i which is given by the strategies
of the other women. Since Cd(e) is a strictly convex function, it follows that there exists a
unique solution to this minimization problem. Therefore, in any equilibrium, docile women
will never randomize.

[Section 7.B.1.] Proposition 4. Fix any π satisfying continuity and belief monotonicity.
Then,

(a) a pooling equilibrium in which all women choose e = e exists if and only if

(α(µ)− αn)L − θc(e) + F (e(γ)) ≥ 0.

(b) there exists γ∗ > 0 such that if γ > γ∗, then an equilibrium must be a pooling equilibrium
in which all women choose e = e.

Proof of (a). Consider woman-i of type-n and assume that rest of the women are choosing
e. If woman-i chooses e = e, her expected utility will be [α(µ) + β − 1]L− θc(e) while if she
chooses e 6= e, then her optimal choice is e(γ) where e(γ) minimizes F (e) = θc(e)+γG(|e−e|).
This choice gives her a payoff of (αn + β − 1)L− F (e(γ)). Thus, a pooling equilibrium exists
if and only if

(α(µ) + β − 1)L− θc(e) ≥ (αn + β − 1)L− F (e(γ))

or, if
(α(µ)− αn))L− θc(e) + F (e(γ)) ≥ 0.

Proof of (b). Given any γ, if the equilibrium is not a pooling one, then there must exist
e1(γ) > e2(γ) such that along that equilibrium, woman of type d must be choosing e1(γ) while
type n woman chooses e1(γ) with probability q(γ) and e2(γ) with the remaining probability
(1− q(γ)).

Since the equilibrium is not a pooling one, q(γ) < 1 (it equals zero if the equilibrium is
fully separating). Denote by V (q(γ)), the expected payoff to woman-i in the matching stage
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Table 4’: Comparative statics results for the baseline model

Effect on Parameter
αn αd µ θ τ † L H w h

θsep ↓ ↑ l ∅ ↓ ↑ ↑ ↓ ↑

esepd ↓ ↑ l ↓ ↓ ↑ ↑ ↓ ↑

qsemi ↓ ↑ l ↓ ↓ ↑ ↑ ↓ ↑

θpool ↓ ↑ l ∅ ↓ ↑ ↔ ↔ ↔

µ ↑ ↓ ∅ ↔ ↑ ↓ ↔ ↔ ↔

Notes: ↑ (↓) denotes that an increase in the parameter leads to an increase (decrease) in the corresponding

variable in the row. In some cases there is no impact of the parameter (↔), or the effect is ambiguous (l), or

it is meaningless (∅).
† τ parameterizes the cost function (c(e) = τg(e), where g(e) is increasing and strictly convex with g(0) = 0).

when she chooses e1(γ)). Now when she chooses e2(δ), the posterior on her is zero and her
payoff in the matching stage equals V (0) = (αn + β − 1)L.

Since woman-i if of type-d prefers to choose e1(γ) over e2(γ), we must have

V (q(γ))− c(e1(γ))− γE[G(|ea−i − e1(γ)|)] ≥ V (0)− c(e2(γ))− γE[G(|ea−i − e2(γ)|)] (D.1)

Similarly, woman-i if of type-n prefers to choose e2(γ) over e1(γ), we must have

V (q(γ))− θc(e1(γ))− γE[G(|ea−i− e1(γ)|)] ≤ V (0)− θc(e2(γ))− γE[G(|ea−i− e2(γ)|)] (D.2)

It is easy to check that as γ → ∞, e1(γ) → e2(γ). Now if q(γ) ≤ 1, we have V (q(γ)) ≥
V (µ) > V (0). Thus, in the limit, when γ →∞, equations (D.1) and (D.2) both can not hold.
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