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Abstract

This paper is an analysis of a two-sided search model in which agents are vertically
heterogeneous and some agents do not know their own types. Agents who do not know
their own types update their beliefs about their own types through the offers or rejections
that they receive from others. In the belief-updating process, an agent who is unsure of his
or her own type frequently behaves as an over- or underconfident agent. In this paper, we
show that this apparent over- or underconfidence influences both on the individual’s and
other agents’ matching behaviors. We show, especially, that the apparent overconfidence

of some agents prevents the lowest-type agents from matching in an equilibrium.
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1 Introduction

The “looking-glass self” has been the dominant concept in sociology and social psychology
for the development of the self. This idea, attributed to Cooley (1902), is that people form
their self-views by observing how others treat them. That is, others are significant as the
“mirrors” that reflect images of the self. Although there is much literature on “looking-glass
self” in the field of sociology and social psychology, the topic has received little attention in
economics. !

In this paper, we introduce “looking-glass self” to a two-sided search model and study the
implications of “looking-glass self” in the search behavior. We construct a model in which
searchers do not know their own types, although they know the types of others. They then
update their beliefs about their own types when they receive offers or rejections from others.
For example, workers in search for an employer are evaluated by employers on their abilities
when they meet. When a worker is young in terms of experience, her self-assessment is based
on limited experience. On the other hand, employers may have considerable experience in
assessing workers. At this time, when a young worker observes an offer or rejection from
an employer, she infers something about her own type. Of course, when an experienced
worker searches for a new job that is very similar to her previous job, she may have a more
accurate self-view of her ability than employers. However, such situations are not considered
in this paper. The key feature of our model is that others have better information than the
agent. Similarly, in the search for a marriage partner, since a single agent is evaluated with
regard to his or her marital charms by a member of the opposite sex when they meet, the
individual of the opposite sex may have better assessments of the agents’ charm than the
agents themselves.? Hence, when an agent observes the offer or rejection from a member of
the opposite sex, she infers something about her own type. In this paper, we show that this
looking-glass self influences both their own and other agents’ search behaviors.

We consider the basic framework of Burdett and Coles (1997), which is a two-sided search
model with complete information. Their model can treat the marriage market, the labor
market, the housing market, and other markets in which heterogeneous buyers and sellers
search for the right trading partner.? Using the marriage market interpretation, the model is
described as follows. Single agents are vertically heterogeneous, i.e., there exists a ranking of
marital charm (types). For simplicity, we assume that there are three types of men/women
according to charm: high, middle, and low. Single men/women enter the market in order
to look for a marital partner. When a man and a woman meet, an opponent’s type can be
recognized. The agent’s optimal search strategy has the reservation level property, i.e., he or

she continues searching until he or she meets a member of the opposite sex that is at least

!As we discuss below, in economics, Bénabou and Tirole (2003), Ishida (2006), and Swank and Visser
(2006) consider “the looking-glass self” in principal-agent models.

2Marital charm is defined by various elements, including quality, attraction, intelligence, height, age, edu-
cation, and family background, in much of the literature regarding marriage.

3In the labor market, workers and employers seek each other as working partners. Moreover, both workers
and firms are ex-ante heterogeneous: workers’ productivity differs according to each individual’s ability and
skills, and a firm’s productivity also differs according to its capital holdings.



as good as the predetermined threshold, called the “reservation level,” which depends on the
agent’s search cost and the type distribution of agents. If a man and a woman meet and both
agents propose, they marry and leave the market. If at least one of the two decides not to
propose, they separate and continue to search for another partner. Given these settings, the
marriage pattern—who marries whom—in the market is determined. This marriage pattern
becomes a kind of positive assortative matching.*

When an agent (she) is unsure of her own type, she behaves as an over- or underconfident
agent often in her belief-updating process. The woman with imperfect self-knowledge may
reject a man whom the woman with perfect self-knowledge accepts. Therefore, this woman
will apparently overestimate her actual type. Since this apparent overconfidence is generated
due to the correct belief-updating process, agents in this study are fully unbiased and rational
in the sense that they have no false information and follow Bayes’s rule in updating their
posterior beliefs about their own types.® Likewise, we use the term apparent underconfidence
if a woman with imperfect self-knowledge accepts a man whom she rejects when she knows
her own type.

We show that the apparent over- or underconfidence in the belief-updating process gen-
erates two externalities: the first is direct externality: the rejection of an apparently overcon-
fident woman delays the timing of marriage of the man who is directly rejected by her when
they meet. On the other hand, the acceptance of an apparently underconfident woman makes
the future partner better off, as she increases the value of the match to the partner. If there
are many apparently overconfident women in the market, the second externality is generated:
the men who are now rejected by the apparently overconfident women accept another lower
type of women who are rejected by these men when all agents know their own types. We
call this change in an agent’s behavior due to the apparent over- or underconfidence of other
agents indirect externality. Moreover, in a two-sided search framework, the women who are
now accepted by these men may also reject the men whom these women accept when all
agents know their own types. Then, the indirect externality may spread across the market.
However, this indirect externality is generated only by an apparent overconfidence. We show
that the apparent underconfidence does not have the indirect externality.

We obtain the following results: first, we derive the conditions under which the economy
is at a perfect sorting equilibrium in which only persons of the same type marry if all agents
know their own types as a benchmark case.

Secondly, we investigate the case of a perfect sorting equilibrium with women’s imperfect
self-knowledge (even if sex is reversed, the following results are confirmed). In this case, since
some middle-type women who are unsure of their own types reject middle-type men, middle-

type men lower their reservation levels for low-type women compared with the benchmark

4Positive assortative matching is said to hold if the characteristics (types and marital charm) of those
who match are positively correlated. Becker (1973) found strong empirical evidence of a positive correlation
between the characteristics of partners.

5In contrast, ‘overconfidence’ is generally generated due to some error in an agent’s processing information.
For example, overconfidence would occur, when an agent overestimates the type distributions in the market
or when an agent selects information in her belief updating process.



case. On the other hand, women with imperfect self-knowledge lower or raise their reservation
levels for the men relative to the benchmark case, as they assign probabilities to their own
types.

Thirdly, we consider the apparent overconfidence case in which many middle-type women
raise their reservation levels to reject middle-type men due to imperfect self-knowledge of these
middle-type women. Since there are sufficient large numbers of apparently overconfident
middle-type women, middle-type men change their behavior: they accept proposals from
low-type women. In a two-sided search, this indirect externality of apparent overconfidence
further makes low-type women with perfect self-knowledge change their reservation strategies:
given the behavior of middle-type men, low-type women who know their own types reject
low-type men. As a result, low-type men cannot marry. That is, the indirect externality of
apparent overconfidence spreads to lower-type agents and then prevents the lowest-type men
from marrying.

Finally, we consider the case of apparent underconfidence, in which many middle-type
women lower their reservation levels to accept low-type men due to imperfect self-knowledge
of these women. In this case, if low-type men accept middle-type women and reject low-type
women, the offer from a low-type man for the apparently underconfident middle-type woman
informs her that she is not a low-type woman. At this time, this middle-type woman has
the incentive to reject a low-type man. Therefore, apparent underconfidence does not have
indirect externality. That is, a low-type man always accepts a low-type woman even if there
are many middle-type women who accept low-type men. As a result, there are no agents who
cannot marry in the case of apparent underconfidence.b

Our results show that, when there are agents with an imperfect self-knowledge under
the cloning assumption and the non-transferable utility, multiple equilibria can arise in some
parameter ranges: the equilibrium in the perfect sorting equilibrium with imperfect self-
knowledge and the equilibrium in the apparent underconfidence case hold in some parameter
ranges. By contrast, when all agents know their own types under the cloning assumption and
the assumption of non-transferable utility, a unique equilibrium always arises (see, Burdett
and Coles (1997)). In our multiple equilibrium case, marriage patterns are determined by
the expectation of all agents about the behavior of agents with imperfect self-knowledge.

The result in which the lowest-type agents cannot marry in an apparent overconfidence
case is consistent with the recent data of educational assortative marriage patterns in the
United States and in Japan. In the U.S. and Japan, the percentage of never married
men/women increases and, in particular, that of never married men/women with a low
level of education is notably high.” According to the U.S. Census Bureau data, in 2006,

the percentage of never-married individuals at age 35-44 is 24% for men with high school

5In our analysis, a man and a woman are assumed to propose or reject a member of the opposite sex
simultaneously. Similar results will also be obtained in the case of the sequential move in which a man
proposes to a woman in the first move and she proposes/rejects him in the next move.

"Schwartz and Mare (2005) explain that the trend of educational assortative marriage in the U.S. is led
by the declining economic standing of men with a low level of education from the late 1970s through the
mid-1990s. Nosaka (2009) shows that an increase in the wages of highly educated women leads to an increase
in the number of unmarried individuals among persons with low education in a marriage model.



education or less and 14% for women with high school education or less. On the other hand,
the percentage of never-married individuals at age 35-44 is 14% for men with some college
education or more and 12% for women with some college education or more. Moreover, in
Japan, the decline in marriage has been most pronounced among less-educated men at age
35-39 (Raymo and Iwasawa 2005). Our results suggest that the apparent overconfidence
accelerates the increase in the proportion of never-married men/women with a low level of

education, since education is one of the elements of charm.

Related literature

Early psychologists and sociologists thought that the self was built on reflected assessments—
people form their self-views by observing how others treat them. James (1890), who set the
stage for the idea of “looking-glass self”, argued that the self was a product and reflection
of social life. The idea of the “looking-glass self” was introduced by Cooley (1902). He ex-
panded the idea that the self develops by referencing other people in the social environment.
Cooley maintained that the person observes how others view him- or herself and then in-
corporates those views into the self-view. Mead (1934) further developed the idea of Cooley
(1902).8 Following this long tradition, most researchers in psychology and sociology accepted
that others are significant as the “mirrors” which construct and modify the self-view (for
example, Goffman (1959), Baumeister (1982, 1986), Wicklund and Gollwitzer (1982), Goll-
witzer (1986), Rhodewalt (1986), Schlenker (1986), Swann (1987, 1990, 1996), Cole (1991),
Kenny and Depaulo (1993), Swann, De La Ronde, and Hixon (1994), Bartusch and Matsueda
(1996), Kelly (2000), Tice and Wallace (2003)).”

In Economics, recent work has introduced the idea of “looking-glass self” (for example,
Bénabou and Tirole (2003), Ishida (2006), and Swank and Visser (2006)). Bénabou and Tirole
(2003), who presented the principal-agent model, assume that, whereas the principal knows
the agent’s type, an agent has imperfect knowledge about his own type. As the principal
prefers to offer the bonus when facing an agent with low ability, a high bonus becomes the
signal that the principal does not trust the agent. Thus, a high bonus diminishes the agent’s
self-confidence. In contrast, giving a challenging task increases the agent’s self-confidence.
Given that effort and ability are usually complements, the more confidence the agent has
with regard to his ability, the more effort he exerts. Swank and Visser (2006) focus on the
quality of the principal’s information about the agent’s type and show that the quality of the
principal’s information determines whether or not a delegation can be used as a means of

communicating this information to an agent. Ishida (2006) applies the framework of Bénabou

81n his view, people are affected not only by how they think significant others respond to them but also by
how they think their entire social group does.

9A body of literature supports the looking-glass self theory with respect to the evaluative quality of the
self’s attributes. Pinhey, Rubinstein, and Colfax (1997) found that overweight people were not significantly
happy in cultures in which thinness was valued (see also Ross (1994) and Cioffi (2000)). Ichiyama (1993)
conducted an experiment and showed that others’ actual assessments of interpersonal behavior were linked
to self-assessments and reflected assessments (what participants think others think of them). Furthermore,
Jussim, Soffin, Brown, Ley, and Kohlhepp (1992) conducted several experiments and found that, when people
were fully aware of how others viewed them, their self-perceptions were indeed affected by reflected assessments.



and Tirole (2003) to promotion policies. He endogenizes the degree of information asymmetry
and derives dynamic implications. In contrast with these studies, we apply the idea of the
“looking-glass self” to the two-sided search model and not to the principal-agent model.

In our model, some women with imperfect self-knowledge behave as over- or underconfi-
dent agents. Our paper is then related to the studies of over- or underconfidence. A study
by Dubra (2004) is the most closely related one to ours; Dubra examines the implications
of overconfidence in the search behavior of workers. The difference from our model is that
his is a one-sided search and an overconfident worker has false prior belief (then, overcon-
fident workers in his model overestimate their chances of finding a better offer). In this
paper, although apparently overconfident agents do not know their own types, they do not
have false prior belief, i.e., they have correct expectations about the type distributions in
the market. Moreover, the two-sided problem generates the indirect externality of apparent
overconfidence.

There are several recent studies about overconfidence of workers in addition to the study
by Bénabou and Tirole (2003) and Dubra (2004) mentioned earlier. Camerer and Lovallo
(1999) show that overconfidence about relative ability leads to excessive business entry by
creating experimental entry games. Santos-Pinto and Sobel (2005) show that a subjective
positive/negative self-image arises when different people have different opinions about how
skills determine ability.!'9 Furthermore, Benoit and Dubra (2008) show that, even if everyone
perfectly understands the level of skills in the population, they are apparently overconfident
in a signaling model. Our agents are similar to agents in their model in the sense that they
are rational, have correct information, and are Bayesian. However, we examine the influence

of this rational belief-updating process on agents’ search behavior.

This paper is organized as follows. Section 2 is a description of the basic framework for
our analysis. In Section 3, we show the consequence of the benchmark case, in which all
agents know their own types. Next, we examine the case of a perfect sorting equilibrium
with imperfect self-knowledge. Thirdly, we investigate the apparent overconfidence case, in
which middle-type women with imperfect knowledge about their own types reject middle-
type men whom middle-type women with perfect self-knowledge accept. Finally, we examine
an apparent underconfidence case in which middle-type women accept low-type men because
of the uncertainty of these women’s own types. In Section 4, we analyze the number of
marriages and social welfare generated by marriages. In Section 5, we discuss the extensions

of the model. Section 6 is the conclusion.

10 Although their study mainly analyzes the positive/negative self-image in a skill acquisition model, we can
apply the same logic to our marriage market model. In such a case, individuals must invest in each component
of charm to maximize their own charm before they enter the market. This assumption follows the idea of
that proposed by Burdett and Coles (2001), in which individuals increase their charm before they participate
in the marriage market. Moreover, assuming that some individuals disagree about the contribution of each
element of charm to effective charm, they overestimate or underestimate their own charm.



2 The basic framework

In this section, we present a basic framework for our analysis in this study. Throughout, we
restrict our attention to the steady state.

Let us assume that there are a large and equal number of men and women in a marriage
market. Let N denote the participating men/women in this market. An agent in the market
wishes to marry a member of the opposite sex.

Finding a marriage partner always involves a time cost. It is difficult for agents to meet
someone of the opposite sex in the market. Let o denote the rate at which a single individual
contacts a member of the opposite sex, where « is the parameter of the Poisson process.

It is assumed that agents are ex-ante heterogeneous and all agents have the same ranking
about a potential partner in the marriage market. Let z; denote the type (charm) of a single
man/woman k in the market; it is assumed to be a real number.

When both sexes meet, each agent can instantly recognize the opponent’s type z; and
then decide whether or not to propose. We assume that both agents submit their offers

I Therefore, if at least one of the two decides not to propose,

or rejections simultaneously.
they return to the marriage market and search for another partner. If both agents propose,
they would marry and leave the marriage market permanently. We assume that, if a couple
marries, he or she obtains a utility flow equal to the spouse’s type per unit of time and vice
versa. That is, utilities are non-transferable: there is no bargaining for the division of the
total marital utility. Let us assume that people live forever and there is no divorce.

Let us assume that zj is drawn from F; (x), ¢ = m,w, which denotes the distribution of
actual types among men (m)/women (w) in the market. Although F,,, (z) and F, () need not
be symmetric among men and women, for simplicity, let us assume that F), () and F, ()
are symmetric among men and women. All agents know F,, (z) and F, ().

An equilibrium is a steady state in which all agents maximize their expected discounted
utilities given that they have correct expectations about the strategies of all others in the
market. A steady state requires that the exit rate of each type equals the entry rate of new
agents of that type. To simplify the analysis, we assume that, if a pair marries and leaves
the market, two identical agents enter the market at once (see, for example, MacNamara
and Collins (1990), Morgan (1994), Burdett and Coles (2001), Bloch and Ryder (2000), and
Cornelius (2003)).12

1n our analysis, a man and a woman are assumed to propose/reject a member of the opposite sex simul-
taneously. Similar results can be also obtained in the case of a sequential move in which a man proposes to a
woman in the first move and she proposes/rejects him in the next move.

'230me other assumptions of “inflow” have been considered in Burdett and Coles (1999). With other
reasonable assumptions of inflow, such as exogenous inflow, the analysis is very complicated in our framework
with learners. Moreover, now, our attention is focused not on the type distribution, which is derived under
an assumption of inflow, but on the marriage pattern (i.e., who marries whom) in a steady state when there
are agents with imperfect self-knowledge. We then apply the “cloning assumption” to our model for technical
simplicity.



3 Analysis

In this section, first, to show the externality of belief-updating process, we derive the condi-
tions under which the economy is at a perfect sorting equilibrium, in which only persons of
the same type marry, if all agents know their own types as a benchmark. In later subsections,
we study three cases with imperfect self-knowledge (i.e., agents do not know their own types

perfectly) and compare these three cases with the benchmark case.

3.1 Perfect self-knowledge—Benchmark result

In this subsection, we consider the perfect self-knowledge case in which all agents know their
own types. To simplify the analysis, let us assume that there are three types of men/women
according to charm: high (H), middle (M), and low (L).!3 A participant in a marriage
market belongs to one of these types. Let x/r denote the (discounted) utility of marrying a
high-type agent; similarly, xp;/r and 1 /r represent the utilities of marrying a middle-type
agent and a low-type agent, respectively, where r > 0 is the discount rate. We assume that
xg > xpy > xp > 0. That is, in any equilibrium, all agents would like to marry a high-type
agent. Both sexes are assumed to obtain zero utility flow while they are single.

Let )\% (i = m,w) denote the proportion of high-type men/women in the marriage mar-
ket. Similarly, A%, and A% are the proportion of men/women who belong to the middle and
low types, respectively, where o 4+, + A, = 1. Although A\, (k = H, M, L) of each sex need
not be symmetric among men and women, for simplicity, let us assume that )\}; (k=H,M,L)
of each sex are symmetric. We will use subscript ¢ (= m,w) to indicate men/women for the
explanation of the results.

First, we consider the decision of a high-type man. He decides whether to accept or reject
a woman of the middle- or low-type. The expected discounted lifetime utility of a single
high-type man Vi becomes

rVa = aly (fL‘TH - VH)

+ a\fy [max (VH, xTM> - VH} + a\y {max <VH, xTL) — VH] . (1)
A high-type man (k = H) meets a high-type woman, and they marry with probability
a\f. However, if a high-type man meets a middle- (low-) type woman with probability aAy,
(aA}), he compares xp/r (xr/r) and Vi and then decides whether or not to propose. By
this comparison, we can obtain the optimal strategy of the high-type man, given o and F; (z).
This optimal strategy has the feature of the reservation utility level for rejecting other types;
that is, a k-type man will accept any offer xys > R, from a k’-type woman, where Ry = rV}.

Likewise, we obtain the optimal reservation strategies of each type of men/women.

13As we will discuss in detail in Section 5, we assume not two but three types of agents in order to show
the indirect effect (indirect externality) of the belief-updating process: even if the agents with perfect self-
knowledge do not directly meet agents with imperfect self-knowledge, these agents with perfect knowledge
may change their marriage behavior more than those with perfect self-knowledge.



We restrict our attention to the next equilibrium in this article in order to show the

influences of the externality of the belief-updating process on a marriage market.

Definition 1 In the perfect sorting equilibrium (PSE), high-type agents marry within their
group, as do middle-type agents and low-type agents.

In the PSE, men and women of the same type marry. Therefore, we can consider that
high-type agents who marry within their group form the first cluster of marriages, middle-
type agents who marry within their group form the second cluster of marriages, and low-type
agents who marry within their group form the third cluster of marriages in this equilibrium.
We now define the following situation as a benchmark case: if all agents know their own

types, the PSE occurs. The following proposition shows the condition for the PSE.

Proposition 1 (PSE) Let us assume that all agents recognize their own types. The economy
is at the PSE if

)\i
oy < Ry = 2OHTH oy, (2)
aXy +r
and )
alyrx
$L<RhEM, i =m,w. (3)
aXy +r

Proof. If a high-type agent turns down a middle-type agent of the opposite sex agent
i (=m,w), Vg > 4. From (1), this high-type agent’s discounted lifetime utility when he
or she is single becomes

Vi = aXl, (%H - V;}) .

On the other hand, when he or she accepts a middle-type agent ¢ and turns down a

low-type agent i, i.e., 4 > Vy > ZL  his/her value function isl4

(X (T
rVip = aXy (T = Vi) + ady (S - V).
r r
If Vi, > V}} is satisfied, a high-type agent refuses a middle-type opposite sex agent 7. This
inequality Vi, > Vi means that

)\i
Ty < R*H = azHi
oAy +r
If zpr > RY;, a high-type agent proposes to a middle-type agent .
Under inequality (2), we can obtain the condition for a middle-type agent to reject a

low-type opposite sex agent ¢ by the same process as that described above. Consequently, we

Y1f a high-type agent proposes to a middle-type agent but turns down a low-type agent (zr/r < Vi
< zar/r), the high- and middle-type agents receive at least the same number of offers. Hence, Vg > Vi, and
then we have Vis < xa /7. Namely, a middle-type agent wishes to marry another middle-type agent. Likewise,
if a middle-type agent accepts a low-type agent (Var < xr/r), the middle- and low-type agents receive at least
the same number of offers. Then, a low-type agent also wants to marry another low-type agent.



have .
a\yx
rr < R?\/l = M
aXy +r
The parameter OéAiH (1 = m,w) implies the arrival rate of proposals for an agent to contact
a high-type opposite sex agent i. Similarly, aAZM (oz)\iL) is the rate at which an agent meets a
middle- (low-) type opposite sex agent i. The inequality (2) can be rewritten as the condition
of parameter /\3}[. Therefore, Proposition 1 means that, with constant «, if A@I is large enough
7 TT N
(Oé)\H > (Z'H—-Z’]\l)
i in the market (xps < Rj;). Conversely, if there are sufficiently few high-type opposite sex

), a high-type agent turns down a middle- and a low-type opposite sex agent

agent i (a\y < ””7’”)), a high-type agent will accept a middle-type opposite sex agent i

(ta—2Mm
(xm > Ry ). Ifady < (x:”fﬁpm holds, a high-type agent is willing to propose to any agent of
the opposite sex (x, > Rj; ). A similar discussion can be done for parameter XM by inequality
(3). If xps < R}y and zp, < R}, are satisfied, Vg > zpr/r > Viy > ap/r > Vi, holds. If /\3{
and A} are small enough to satisfy ady < s and a)y, < L é;’_iiﬁ “L) " all agents
obtain the same expected discounted lifetime utility: Vi, = Vay = Vi < xTL In this case, all

types accept each other, and then all agents marry the first agent of the opposite sex that
they meet.!?

It is noteworthy that, if » = 0, then x); < R} and z; < Rj); hold. Therefore, the
equilibrium is the PSE when r = 0.

In the following subsections, we introduce the imperfect knowledge about agents’ own
types into the benchmark case. To investigate the influence of externality of the belief-
updating process, in the following subsections, we consider the case in which the condition

in Proposition 1 is satisfied: s < R}y and 7, < R}, hold.16

3.2 Imperfect self-knowledge

In this subsection, we introduce the imperfect self-knowledge into the benchmark case. In an
agent’s belief-updating process, she/he will use a different strategy from that in the bench-
mark case. We then consider the following three cases in this subsection. First, we consider
the case of PSE with imperfect self-knowledge, in which, even if there are some agents who
do not know their own types, only persons of the same type marry. Next, we consider the
case of apparent overconfidence, in which some women with imperfect self-knowledge accept

the men whom they reject when they know their own types. Finally, we consider the case

5Four possible steady-state equilibrium outcomes can be considered when all agents have the perfect self-
knowledge: Equilibrium (i) agents of the same type marry (PSE); Equilibrium (ii) agents of the high-type
and the middle-type form the first cluster of marriages, and agents of the low-type form the second cluster
of marriages; Equilibrium (iii) agents of the high-type form the first cluster of marriages, and agents of the
middle- and low-type form the second cluster of marriages; and Equilibrium (iv) all agents marry the first
person of the opposite sex they meet (they form one cluster of marriage). From Proposition 1, equilibrium
(ii) occurs when Ry < zar, Ri; > xr. Equilibrium (iii) occurs when Ry > za, Ry < zr.Equilibrium (iv)
occurs when Ry < zam, Ry < zp.

$For other parameter ranges, it is difficult to show the indirect effect (indirect externality) of the belief-
updating process. We will discuss it in detail in Section 5.
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of apparent underconfidence, in which some women with imperfect self-knowledge reject the
men whom they accept when they know their own types.

Let us assume that all agents understand the type distribution F,, (z) and F, (x) and
that all men know their own types. However, all women do not initially know their own types
when they have just entered the marriage market.!” We refer to them as ‘ky-type’ women,
where k represents their actual type, i.e., kK = H, M, L. Therefore, a woman who does not
know her own type has a belief about her own type.

Women with imperfect self-knowledge may learn something about their actual types after
a meeting with a man. For example, consider that a high-type man accepts only a high-type
woman and this is common knowledge among all agents. If a woman is rejected by him, she
then learns that she is either a middle- or a low-type following a meeting with him. Therefore,
a woman’s belief about her own type depends on men whom she met in the past. As a result,
there are different kinds of women with different beliefs even if they belong to the same actual
type. Let G, (z) and G, () denote the distribution of men with respect to differences in
their beliefs and that of women according to differences in their beliefs, respectively. Let us
assume that all agents also know G, (x) and Gy, (z). (We show later that Gy, (z) and G, ()
depend on « and Fj (x), which are common knowledge among all agents.) Therefore, all
agents choose optimal strategies using G, (x) and G, (x). Moreover, let us assume that any
woman’s prior belief about her own type is G, (z). It is noteworthy that Gy, () = F,, (z)
as all men know their own types.

Let us assume that a woman updates the belief about her own type by Bayes’s rule, when
the offer or rejection from a man carries information about her actual type. For instance,
consider that a high-type man accepts only a high-type woman and this is common knowledge
among all agents. We can express the posterior belief of the ko-type (k = H, M, L) woman

who met him as

Pr (H|reject from H)

_ Pr(H) Pr(rejct from H|H)
~ Pr(H) Pr(rejct from H|H)+Pr(M) Pr(rejct from H|M)+Pr(L) Pr(rejct from HJ|L)

Pr (M|reject from H)

:07

_ Pr(M) Pr(rejct from H|M) Y
" Pr(H) Pr(rejct from H|[H)+Pr(M) Pr(rejct from H|M)+Pr(L) Pr(rejct from H|L) — X, +X}’

Pr (L|reject from H)

7 Pr(L) Pr(rejct from H|L) X
" Pr(H) Pr(rejct from H|H)+Pr(M) Pr(rejct from H|M)+Pr(L) Pr(rejct from H|L) — X, +X}’

where Pr (M) = )}, and Pr(L) = \;. Her optimal strategy is changed by using this belief
after she updates her belief.

"Tn a one-sided imperfect knowledge assumption, it is important to clarify the influences of imperfect self-
knowledge. We discuss this in detail in Section 5. This one-sided imperfect knowledge assumption describes
the following situations: in the context of the labor market, a firm will have more information than a worker
about its own type, since a firm generally has more experience than a worker. In the context of the marriage
market, this assumption describes a situation in which it would be easier for men to obtain objective data on
their own charm, such as income, position at work, and social status, than for women in cultures in which
more men work outside the home than women.
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3.2.1 PSE with imperfect self-knowledge

In this subsubsection, we find the PSE with imperfect self-knowledge (we call this equilib-
rium ‘PSET). In the PSEI, ko-type (k = H, M, L) women always reject middle-type men.
Otherwise, the PSEI does not occur as men and women of the different type marry.'®

First, we investigate the optimal strategies of men when there are women with imperfect
self-knowledge. A man decides his optimal strategy given women’s behavior—who accepts
(or rejects) whom—in the market. We will use the term “behavior” to distinguish it from
“strategy” in the following sections. In our model with discrete types, even if an agent lowers
his reservation utility strategy, this does not guarantee that he accepts an agent whom he has
rejected previously. Therefore, the sentence that an agent changes his behavior means that
he changes the type of woman whom he accepts (or rejects). The strategy (and behavior) of
each type is common knowledge among all agents, as all agents know G; (x), i = m,w.

As we consider the PSEI all high-type women (including high-type women with imperfect
self-knowledge) always reject middle-type men, all middle-type women (including middle-type
women with imperfect self-knowledge) always reject low-type men, and some low-type women
(at least, low-type women with perfect self-knowledge) accept low-type men.

Given the behavior of these women, all men decide their optimal strategies. A high-type
man has the same reservation utility as a high-type man in a PSE since all women want
to marry high-type men. The decision of a middle-type man is as follows. Now, there are
always some middle-type women who reject middle-type men, as an My-type woman rejects a
middle-type man at least. On the other hand, there are some middle-type women who accept
middle-type men, as a high-type man rejects a middle-type woman.'® Let € (0,1) denote the
proportion of middle-type women who accept middle-type men. Similarly, let ¢ € (0, 1) denote
the proportion of low-type women who accept middle-type men, as there are always some low-
type women (including Lo-type women) who reject middle-type men. The following Lemma

applies to a middle-type man.

Lemma 1 Let us assume that Ry, > xy, Ry, > xp, and that n € (0,1) of middle-type
women accept middle-type men and ¢ € (0,1) of low-type women accept middle-type men. If

anAy T
(r-i—om)\“]\jl) ’ (4)

zr < (2) Ry,

a middle-type man rejects (accepts) a low-type woman. In this case, the reservation level of a
middle-type man for a low-type woman decreases, in contrast with the benchmark result, i.e.,

* P
Ry > RY, .

Proof. See, Appendix A. =
This lemma means that the rejections of some middle-type women for middle-type men

lower the reservation utility level of a middle-type man for a low-type woman.

8Moreover, all agents always reject agents of a lower type than themselves in a PSEL
191f a woman who was rejected by a high-type man turns down a middle-type man, her expected discounted
lifetime utility becomes zero.
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We can rewrite RY, = > (<) zr as anAf; > (<) ( "L This means that, with constant

Ty —L)”

a, if pAYy is small enough (anAy, < (x];‘rfoL)), a middle-type man accepts a low-type woman.

Conversely, if there are enough middle-type women who accept middle-type men (an\y; >
(lﬂ]\;xﬁ), a middle-type man could turn down a low-type woman due to his expectation
to marry a middle-type woman who accepts him. Let us assume that R?wm > xy in this
subsubsection, in order to focus on the PSEIL Given R, > xr, a low-type man has the
same behavior as one in the PSE: he accepts a low-type woman.

When RY, = > xr, the middle-type man’s rate of contact with the woman whom he wishes

to marry is anAy;. Then, a middle-type man’s time (duration) until meeting such a woman
1

an\yy’

women with imperfect self-knowledge, since that in the benchmark case is ﬁ This delay

is Therefore, his time until marriage is delayed due to the rejection of middle-type
of marriage is the direct (negative) externality of the imperfect self-knowledge.

Next, we investigate the optimal strategies of women. A woman decides her optimal
strategy given men’s behavior (i.e., ‘who accepts whom’). In the PSEI, high-type men reject
middle-type women (R}, > zp7), middle-type men reject low-type women (RY, > zr),
and low-type men accept low-type women. Let us confirm the information from rejections or
acceptances by men in order to obtain the strategies of women. Now, a high-type man rejects
a middle-type woman. Thus, after a woman is rejected by a high-type man, she learns that
she is either the middle- or the low-type. In that way, she updates her belief about her type.?°
Conversely, if a woman receives a proposal by a high-type man, she marries him and learns
that she is a high-type. Likewise, since a middle-type man accepts a middle-type woman in
the PSEI, the proposal by a middle-type man means that the woman who receives a proposal
from him is a high- or middle-type. On the other hand, a rejection by the middle-type man
means that the rejected woman is a low-type. Since a low-type man proposes to any woman
in the PSEI, the women who receives his proposal learns nothing about her own type.

Given men’s behavior, we can consider women'’s belief-updating process. Figure 1 contains
a description of it. The outline box for each type in Figure 1 represents the proportion of each
type of women A\, (k = H, M, L). First, we consider the belief-updating process of high-type
women. If an Hyp-type woman meets a high-type man who accepts a high-type woman, then
she learns that she is a high-type, leaving the market with him. When another Hp-type
woman meets a middle-type man, she always rejects him in the PSEI. However, she learns
that she is the high- or the middle-type as she can know that she received the offer by that
middle-type man. We refer to the woman who learns that she is either a high- or middle-type
as a ‘Hpp-type’ woman. The subscript represents the possible types of a woman. Now, we
assume that an Hpp-type woman rejects a middle-type man (indeed, as is shown below,
she always rejects a middle-type man in the PSEI). Hence, if an Hpp/-type woman meets a
high-type man, she leaves the market with him and learns that she is a high-type. As a result,
there are two kinds of high-type women (Hy-type and Hpps-type) in the market. Here, let 6
€ (0,1) denotes the proportion of Hy-type women.

Likewise, we can consider the belief-updating process of middle-type and low-type women

208he then changes her behavior. She accepts an offer from a middle-type man at the lowest.
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(see Figure 1).2! Consequently, there are four kinds of middle-type women. Here, let u € (0, 1)
, (1 —¢) € (0,1) and y¢ € (0,1) denote the proportion of Mysr-type women, M p-type
women, and My;-type women, respectively. For the low-type women, there are four kinds
of low-type women.?? Here, let ¢ (1 —v) € (0,1), yv € (0,1), and x € (0,1) denote the
proportion of Lysr-type women, Ly -type women, and Ljo-type women, respectively.

From these proportions (6, i, v, ¢, ¥, v, k), the distribution of women with respect to their
belief differences G, () is given.?3
Under these settings, the optimal strategies of an ly;-type (I = M, L) , jgm-type (j = H, M),

and ko-type (k = H, M, L) woman are obtained in the next lemma.

Lemma 2 Let us assume that a high-type man accepts a high-type woman (Ry > xar), a
middle-type man accepts a middle-type woman ((R’jw >) RI])Mm > wL), and a low-type man

accepts a low-type woman. If

ap Ay ATz (rHad])

xr, < (>) ( =R} (5)

pAYy (r+aXT ) (r+aXT )XY (1—v) (r+ad P +aXyy)) — L’

an Ly -type (I = M, L) woman rejects (accepts) a low-type man, where RY < R%,. If

ImL

AGAT oz g (r+aXy)) —pP  _ pp
ou < (2) (NG O(r+adT ) (r+adTy ) +ry(1—@) Ay (r+aXf+arTy)) — R = B (6)
a jam-type (j = H,M) or a ko-type (k = H, M, L) woman rejects (accepts) a middle-type

P __ pP *
man, where R;, ., =Ry, <Ry

Proof. See, Appendix A. m

From this Lemma, women with imperfect self-knowledge assign probabilities to their own
types. Therefore, the reservation utility levels of Mjy;r-type women, Hpp-type women, and
Hy-type women are lowered, in contrast with the benchmark results. On the other hand,
the reservation utility levels of Ljsr-type women, M -type women, and ko-type women
(k= M, L) are raised, in contrast with the PSE.

When r = 0, R’ = R%, (= za) holds. Therefore, an [j/z-type woman always prefers

Imr
to meet a middle-type man over accepting a low-type man in order to have the chance to

2L A belief-updating process of middle-type women is as follows. An My-type woman learns that she is a
high- or middle-type after she meets a middle-type man, who accepts a high- or middle-type woman in the
PSEIL. Then, she becomes a ‘Mgp-type’” woman. An Mpyy-type woman rejects a middle-type man in the
PSEI, similarly to a Hga-type woman. Then, an Mg a-type woman further becomes a ‘Mp-type’ woman
after a meeting with a high-type man, who rejects her. An Mj;-type woman leaves the market with a middle-
type man when they meet. On the other hand, another My-type woman becomes a ‘Mysr-type’ woman by
meeting with a high-type man. An Mj/-type woman rejects a low-type man in the PSEIL. (Otherwise, an
equilibrium does not become a PSEI, in which only a person of the same type marries.) Then, if an My r-type
woman meets a middle-type man, she marries him and learns that she is a middle-type.

22 A belief-updating process of low-type women is as follows. An Lo-type woman becomes the ‘Lysr-type’
after she is rejected by a high-type man. An Lasr-type woman rejects a low-type man in the PSEI, similarly
to an Mpsr-type woman. Thus, an Lysr-type woman becomes the ‘Lri-type’ by meeting with a middle-type
man. Another Lo-type woman becomes the ‘Lrs-type,” after she meets a middle-type man.

2 As we show in the following, these proportions depend on F; (z) (i = m,w). Therefore, we can rewrite
these proportions using A;, (k= H, M, L).
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confirm her actual type.?* This is because, if the actual type of an ly/.-type woman is a
low-type, she will marry a low-type man sooner or later regardless of her behavior. At this
time, she obtains the same value when she is single regardless of her behavior due to a lack
of time consuming cost (r = 0). 2° Hence, the possibility that the actual type of an I);7-type
woman is the low-type does not affect the decision of an [j;r-type woman. Consequently,
the decision of an [j;7-type woman is the same as that of a middle-type woman with perfect
self-knowledge.

If » > 0, the possibility that the actual type of an [j;7-type woman is a low-type affects
her own decision. The agents with imperfect self-knowledge need to take into account the
time-consuming cost due to the belief-updating process.?® When an [;7-type woman is the
low-type, she is refused by a middle-type man. It is then desirable for an Lj;;-type woman
to accept a low-type man before thoroughly understanding her own type.2” Therefore, the
reservation utility of an [y/r-type (I = M, L) woman (RfML) is lower than that in the case of
r = 0.2 A similar discussion could be presented for RfHM = Rﬁo = R} (= xp) when r = 0.

Lemma 2 means that an lj;;-type woman rejects (accepts) a low-type man if there are
enough (few enough) middle-type men or if there are enough (few enough) My, -type women.
Especially, the increase in the probability that the actual type of an [p;7-type woman is the
middle-type (uAjy;) raises the reservation utility level of an lp/r-type woman. Similarly, a
JHM-type woman rejects (accepts) a middle-type man if there are enough (few enough) high-
type men or if there are enough (few enough) Hpps-type women. In the following analysis,

we assume that R® > z; and RZO > 2y hold to focus on the PSEI.

1

Lemma 2 also Isw}fows that the reservation utility of a ko-type woman for a middle-type
man is the same as that of a jp-type woman. If the actual type of a ko-type woman is the
low-type, she will be rejected by both a high-type man and a middle-type man regardless of
her own behavior. Therefore, the decision of a kg-type woman whether or not to accept a
middle-type man does not depend on the possibility that she is a low-type. Hence, even if
a ko-type woman becomes a jgp/-type woman by meeting a low-type man, her decision will
not change.

Finally, we derive the sufficient conditions for the PSEIL. In the PSEI, we can rewrite R?\/[m

in (4) as
p o alptyd) Ayza
RMm T (rtalptye) Ny) (7)
by replacing n and ¢ by (u + v¢) and (¢ + k), respectively, from Figure 1.

Given the above matching strategies, v, < Ry, (< Ry), 1 < R (< R}), and s <

24An Lpsr-type woman will be apparently overconfident as she raises her reservation utility to reject a
low-type man. This is because that she accepts him when she know her own type. We will analyze the case
of apparent overconfidence in Subsubsection 3.2.2.

*When r =0, V{,,, in (35) equals V¢, in (37) .

26Therefore, in our model, it is possible that a woman with imperfect self-knowledge could marry before
thoroughly understanding her own type.

*"When r > 0, V{,,, in (35) is always larger than V7, in (37).

28If a Iprr-type woman lowers her Rf’M to accept a low-type man whom she rejects when she knows her
own type, a Mrr-type woman will be apparently underestimate her own type. We will analyze this case of
apparent underconfidence in Subsubsection 3.2.3.
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RV = R£0(< Rj;) hold in the PSEIL Moreover, the steady state requires

JHM

aXyy (1 —=0) Ny = aAjoNg, (8)
A (L—p—7) Ay = aXjppAiy, (9)
aXjy (L =p =) Ay = aXfy (1= 9) Ay = aXjpyAiy, (10)
N (1—=vY —r)AY = oA (1 —v) A} = a\TYuly, (11)
oy (L= — k)N, = aA['rRAT. (12)

Equation (8) means that the rate at which Hy-type women learn that they are the high-
or the middle-type (that is, Hyp-type women become Hpy/-type women) equals the rate at
which Hppr-type women marry high-type men (see also Figure 1). Equation (9) means that
the rate at which My-type women learn that they are the middle- or the low-type equals the
rate at which Mjsr-type women marry middle-type men. The first equality of (10) suggests
that the rate at which My-type women become My y-type women equals the rate at which
Ma-type women become Mjys-type women. The second equality of (10) means that the
rate at which M /-type women become My -type women equals the rate at which My;-type
women marry middle-type men. The first equality of (11) means that the rate at which
Ly-type women become Ly, -type women equals the rate at which L -type women become
L1,-type women. The second equality of (11) means that the rate at which Ly -type women
become Lji-type women equals the rate at which Lji-type women marry low-type men.
Equation (12) means that the rate at which Lo-type women become Ljs-type women equals
the rate at which Ljo-type women marry low-type men and leave the market.

From (8) - (12), we then obtain the next proposition for the PSEIL.

Proposition 2 (PSEI) Let us assume that x); < R}, and xp, < R}, hold. If

D o NG oAy xar

Ry = AV ESY A RSN > L

P _ AN (NPT AT A 2 ar (T+aXT) 2
e N AR AT) (r e ) (rr e T ) A AL AR (NG A7) ) (rHaAT +aXT) ) L
» _ p NI (ABANT o (r+adTy)

RjHM - Rko TR (VBT (rHady ) (e ) AT Y, (r+a X o)) > TM>

there exists the PSE with imperfect self-knowledge (PSEI) in which high-type agents form
the first cluster of marriages, middle-type men and Myrr,- and Mys-type women, the second

cluster, and low-type men and Li1- and Lys-type women, the third cluster.

Proof. See, Appendix A. m

As Proposition 2 shows, in the steady-state equilibrium with imperfect self-knowledge,
the reservation utilities of men (women) depend both on F, (z) and Fy, (). On the other
hand, when all agents know their own types, in the steady state, the reservation utilities of
men (women) depend only on the type distribution of women (men) F;(x) (i = m,w).

The implications of Proposition 2 are as follows: if there are enough high-type men or

if there are enough high-type women (RY =~ = R} > zu), a middle-type man would be
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rejected by a ko-type and a jgp-type (j = H, M) woman. However, a middle-type man
rejects a low-type woman when there are enough M- and My -type women (R, > zr)
who accept middle-type men.?? Furthermore, if there are enough middle-type men (RfML
> xr), an Iy r-type (I = M, L) woman would reject a low-type man.’ However, when an
Ljsr-type woman rejects a low-type man, she becomes an Lpi-type woman sooner or later
due to being rejected by a middle-type man. Then, a low-type woman who learns that she
is a low-type (namely, she is Lyi-type or Lrs-type) accepts a low-type man. As a result, the
PSEI occurs. It is noteworthy that the first cluster of marriages is not influenced by women

who are unaware of their own types.

3.2.2 Case of apparent overconfidence

In this subsubsection, we consider the case of apparent overconfidence: A woman with imper-
fect self-knowledge apparently overestimates her actual type if she rejects a man whom she
accepts when she knows her own type. This apparent overconfidence is generated due to a
correct belief~updating process, i.e., agents have no false information and follow Bayes’s rule
in updating their posterior beliefs about their own types. Thus, we use the term apparent
overconfidence to distinguish it from true overconfidence, which is generally generated due
to some errors in an agent’s processing information.

We show that the apparent overconfidence of some women generates two externalities
in this subsubsection. The apparent overconfidence of a woman delays the time until mar-
riage of the man who is rejected by her relative to that in the benchmark case. Then, the
apparent overconfidence has a direct negative externality. Furthermore, the apparent over-
confidence of some women may have an indirect externality: when there are many women
who are apparently overconfident in the market, the men who have now been rejected by
these women change their behavior; i.e., they accept another type of women whom these
men have previously rejected. Given this, in a two-sided search, the women who have now
been accepted by these men may also change their behavior, i.e., they may reject the men
whom they had accepted previously. Therefore, it is possible that the indirect externality of
apparent overconfidence may spread to lower-type agents than to apparently overconfident
agents. In this subsubsection, we show that the indirect externality of the apparent overcon-
fidence prevents the lowest-type men from marrying in an equilibrium. For this, we will find
a Type 1 equilibrium (T1E) in which high-type men reject middle-type women, middle- and
low-type men accept low-type women, ko-type (k = H, M, L) women reject middle-type men,
and ly-type (I = M, L) women reject low-type men.3! Then, My- and Lo-type women are
apparently overconfident as they reject the men whom they would accept with knowledge of

their own types.3? Since apparently overconfident My-type women reject middle-type men,

2The proportion of Mys- and that of Mysr-type women in the market depend on M. Then, if there are
many high-type men, there will be many M- and Mysr-type women.

30Tf a lprL-type (I =M, L) woman accepts a low-type man, men and women of different types would marry.
Then, a PSEI does not occur.

31The following analysis shows that there are no jza-type women in the T1E.

32This is the simplest case in which apparent overconfidence occurs. Of course, we can consider other cases
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middle-type men accept low-type women.

First, we investigate the optimal strategies of men when there are apparently overconfident
women. Now, a high-type man has the same reservation utility as a high-type man in the
PSE. The option of a middle-type man is to marry or to turn down a low-type woman, as a
high- or My-type woman rejects him in the T1E. Then, in the same manner as in Lemma 1,

anAyrTm

. - . T1 — \WMEM *
the reservation utility of a middle-type man for a low-type woman Rj;, = (rrannt,) (< Ry)

is immediately obtained. Let us assume that Rf/}m <z, in the following analysis in order to
explore the influence of the indirect externality of apparent overconfidence. A low-type man
also accepts a low-type woman because a middle-type man accepts a low-type woman.
Next, we investigate the strategies of women given men’s behavior: R}; > x)s and Rf/}m <
xy. Now, since a middle- or a low-type man accepts any woman, the women who receives
his proposal learns nothing about her own type. Then, only when a woman meets a high-
type man, she learns something about her own type. Figure 2 describes the women’s belief-
updating processes.?® Then, there are five kinds of women according to different beliefs: ko-
type women (k = H, M, L) and lp;r-type women (I = M, L). Here, 7 € (0,1) and w € (0,1)
denote the proportion of My;r-type women and Lj;z-type women, respectively. The optimal

strategies of these women are obtained in the next lemma.

Lemma 3 Let us assume that a high-type man rejects a middle-type woman (Rj; > xpr), a
middle-type man accepts a low-type woman, and a low-type man accepts a low-type woman
(R?\}m <zr < R};). Since

T1 _ aXNyxy
T <Ry, = rHaT T Ry,

an Uy -type woman (I = M, L) rejects a low-type man. On the other hand, a ko-type woman

rejects (accepts) a middle-type man if

A Fazy (r+a)\ﬁ)
A (r4aXiy ) (r+adfy ) +r(1—1) (AL +XY ) (r+ad G +aX7) )

Ty < (>) ( = R}, (13)

where Ry, < Rj;.

Proof. See, Appendix A. =

Lemma 3 suggests that a kg-type woman rejects a middle-type man when there are enough
high-type men or if there are enough high-type women. On the other hand, since a middle-
type man accepts a low-type woman, an Mjysr-type woman and an Ljsr-type woman face
the same problem. They decide whether to accept or reject low-type men. As a result, an
Ipr-type (I = M, L) woman turns down a low-type man, as there are enough middle-type

men (z7 < R},).

in order to describe the apparently overconfident behavior. The reason for this assumption will be discussed
in Section 5.

33If a high-type woman is accepted by a high-type man, she leaves the market with him and knows that she
is a high-type. After a middle- or a low-type woman is rejected by a high-type man, she becomes an [yrr-type
woman (I = M, L). However, she does not learn any more about her own type, since the offer from a middle-
or a low-type man carries no information about the types of women.
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Given matching strategies of men and women, let us derive conditions for the T1E in

which le\}m <z, and Rgol > x)s hold. At this time, we can rewrite qu\}m as
Ritm = (s (< Ri) (14)
by replacing n and ¢ by 7 and w, respectively. Moreover, a steady state requires

N (L=1)AY = a\NyTAY, (15)

aNf (1 —w)AY = aljw)f. (16)

Equation (15) means that the rate at which Mj-type women become My -type women
equals the rate at which Mj/r-type women marry middle-type men. Likewise, Equation (16)
means that the rate at which Ly-type women become L,;;-type women equals the rate at
which Ljsr-type women marry middle-type men.

We then obtain the following proposition. In this equilibrium, the indirect externality of

apparent overconfidence of My-type women prevents the lowest-type men from marrying.

Proposition 3 (T1E) Let us assume that xp < Rj; and x;, < R}, hold. If

AT az g (r+adTy ) (AF+AT)

* T1
(Rt >) Bro = Sq o) (rrenis) O £05 ) gy (VM) (e rangy) oM
and
T1 OO VeIV
Rim = r(NG AT ) +aAEAY S i,

there exists the T1E in which high-type agents form the first cluster of marriages, middle-type
men and My -type women, the second cluster, and middle-type men and Lysr-type women,

the third cluster. In this equilibrium, low-type men can never marry.

Proof. See, Appendix A. =

The implications of Proposition 3 are as follows: when there are enough high-type women
(Rzo1 > x7), a ko-type woman rejects a middle-type man. M- and Ly-type women become
My~ and Ljsr-type women, respectively, after they meet high-type men. If there are few

enough Mysr-type women (RT}

< 1) who accept middle-type men, a middle-type man
accepts a low-type woman. This leads an M- or an Ljsr-type woman to refuse the offer by
a low-type man, since there are enough middle-type men who accept her (R;,,, = R}; > xr).
As a result, a low-type man can never marry.>* The first cluster of marriages is not influenced
by women who do not know their own types. It is noteworthy that middle- and low-type
women marry middle-type men before they thoroughly know their actual type.

In the next subsubsection, we investigate a case in which some middle-type women do

not know their own types and accept low-type men, i.e., a case of apparent underconfidence.

34The proportion of Iysr-type women (I = M, L) depends on the proportion of high-type men A5. However,
even if the actual type distribution of men and that of women are symmetric, R1} <z and Rfol > xp hold
in some parameter ranges.
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3.2.3 Case of apparent underconfidence

In this subsubsection, let us consider the case of apparent underconfidence: a woman appar-
ently underestimates her own type when she accepts a man whom, when she knows her own
type, she rejects.?®

The woman’s apparent underconfidence makes the future partner better off, as she in-
creases the value of the match to the partner. Then, the apparent underconfidence will have a
direct positive externality. However, as we show in this subsubsection, there is no indirect ex-
ternality in the case of apparent underconfidence. To see this, we start by considering a Type
2 equilibrium candidate (T2EC) in which high-type men reject middle-type women, middle-
and low-type men reject low-type women, ko- and jga-type (k= H, M, L, j = H, M) women
reject middle-type men, and lysr-type (I = M, L) women accept low-type men.36 That is,
high-type agents form the first cluster of marriages, middle-type men and M- type and
Mjs-type women, the second cluster, low-type men and M -type women, the third cluster,
and low-type women cannot marry due to the rejection from low-type men. Consequently,
the apparent underconfidence of Mj;;-type women prevents the lowest-type women from
marrying in the T2EC.37 The assumption that kg- and jgy-type women reject middle-type
men means that My-, Lo-, and My p-type women are apparently overconfident. However, to
remove the indirect externality of this apparent overconfidence, we now assume that middle-
type men do not change their behavior compared to that in the benchmark case.

First, we investigate the strategies of men given the above women’s behavior. A high-
type man has the same reservation utility as a high-type man in the benchmark case. In
the same manner as in Lemma 1, the reservation utility of a middle-type man for a low-type
% (< R};) is obtained. The option of a low-type man is to marry

or to turn down a low-type woman, as some apparently underconfident middle-type women

woman Rf}m =

accept low-type men. Let us assume that ¢ € (0,1) of middle-type women accept low-type
men due to their apparent underconfidence. Thus, the reservation utility of a low-type man

for a low-type woman is obtained in the same manner as that for a middle-type man. His

reservation utility is RT2 = WAy TN where RT2 < R* . We assume that RT2 > x; and
Y Lm — r4+oapXyy? Lm M Mm L

Rffn > xp, in the following analysis in order to consider the T2EC.

Next, we investigate the strategies of women given x; < R{fm and z < RE%@ At this
time, the means of the proposal and rejection by a high-type man are the same as those in
the PSEIL. Rejection of a woman by a middle- or low-type man means that the woman is the
low-type. An offer from a middle- or a low-type man means that the woman who is accepted

by him is either the high- or middle-type.

T2

Given z, < RI?2 and z; < RI2

women’s belief- updating processes are described in

35From Lemma 2, if » > 0 is large, a woman with imperfect knowledge would tend to underestimate her
own type.

36Tn the following analysis, it is shown that there actually exist jzar-type and {ysz-type women in the T2EC.

37 Adoption of the assumption that My -type women are apparently underconfident is to reuse the frame-
work of the PSEI of Subsection 3.2.1 in the latter half of this subsubsection. Of course, another case of
apparent underconfidence can be considered, which we discuss in the later Section 5.
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Figure 3.38 Then, there are eight kinds of women according to different beliefs in the market:
ko-type (k= H, M, L), jgn-type (j = H, M), larr-type (I = M, L), and Mys-type. Here, 03,
to, Yo (1 — @9), Yods, and 1y € (0,1) denote the proportion of Hps-type women, Mysr-type
women, Mr-type women, My/-type women, and Ly r-type women, respectively.

The next Lemma implies that the indirect externality of the apparent underconfidence of

M yrr-type women does not occur.

Lemma 4 Let us assume that vy < Ry, xp < Ry;. The T2EC in which R;‘\F}m >y, szn
> x> R?EL, R?I?M >z, and RZOQ >axy (=ML, j = HM, k= H,M,L) is not an
equilibrium.

Proof. See, Appendix A. m

This Lemma implies that apparent underconfidence does not have indirect externality.>?
If a low-type man rejects a low-type woman by the expectation to marry an M,z -type woman
who is apparently underconfident, the proposal of a low-type man for an Mj;r-type woman
informs her that she is the middle-type. Furthermore, if the actual type of an lp;/r-type
woman is the low-type, she will be rejected by a middle- or a low-type man regardless of her
behavior. Then, the possibility that an [;;7-type woman is the low-type does not affect her
decision to accept a low-type man or not. As a result, an [;;7-type woman has the incentive
to reject a low-type man, since she prefers to have the chance to learn her actual type than
to accept a low-type man.** Therefore, a low-type man always accepts a low-type woman
even if there are many M/7-type women who accept low-type men.4!

Finally, we show that the apparent underconfidence has direct externality in a steady
state. Let us consider a Type 3 equilibrium (T3E) in which the behavior of agents, except
low-type men, is same as that in the T2EC: any low-type man accepts a low-type woman.
This acceptance of a low-type man for a low-type woman gives him a chance to marry an
Mpyrr-type woman.

The optimal strategies of a middle- and a low-type man are obtained in the same manner

T3 — _amA\yTa * T3 — apdyaam " .
as the T2EC. Let Ry}, = (rranxt,) (< Ryy) and R;> = (oo d)) (< R};) denote the opti

mal strategy of middle-type and low-type men, respectively. Let us assume that Rﬁ’m >z >

38 An Hy-type woman learns that she is the high-type when she meets a high-type man and marries him.
Another Ho-type woman becomes an Hpyy-type woman by meeting a middle- or a low-type man. A Hp -
type woman leaves the market when she meets a high-type man. An My-type woman becomes an M, -type
woman by meeting a high-type man. Another My-type woman becomes an Mg p-type woman after meeting
a middle- or a low-type man. An My -type woman becomes an Mjs-type woman after meeting a high-type
man. An Ms-type woman leaves the market with a middle-type man when they meet. An Lo-type woman
becomes a Lasr-type woman after meeting a high-type man. Another Lo- or an Ljsr-type woman learns that
she is the low-type after meeting a middle- or low-type man. Then, she leaves the market alone.

39In this subsubsection, we assume that Mjysr-type women are apparently underconfident. The same result
holds qualitatively in other cases of apparent underconfidence (we investigate the case in which Ho-type women
are apparently underconfident in the Appendix B).

4OThis is because there are enough middle-type men in the market (R}, > x1.).

“However, if there are many Mjsz-type women in the market, this large proportion of Masr-type women
in the market increases the possibility that an la/r-type woman is the middle-type. Then, a [y -type woman
raises her reservation utility for a low-type man. Therefore, if there are enough Mjsr-type women in the
market, an lyrr-type (I = M, L) woman rejects a low-type man. When an ly/r-type woman rejects a low-type
man, the steady-state equilibrium will become the PSEI.
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Rfﬁ’n in the following analysis.*? Since the behavior of men is the same as that in the PSEI,
the information about women’s types from the proposals or rejections by men is also the
same as that in the PSEIL. Then, the Bayesian updating processes of women are also the
same as those in the PSEI (see Figure 4). Let 035 € (0,1), v3 (1 — ¢3) € (0,1), v3¢3 € (0,1),
ps € (0,1), 5 (1 —v3), P33 and k3 € (0, 1) denote the proportion of Hps-type women, that
of Mrp-type women, that of My -type women, that of Mjy;;-type women, that of Lysr-type
women, that of Ly;-type women, and that of Lo-type women, respectively.*?

Hence, the optimal strategies of an Ily;r-type, a jray-type, and a ko-type woman are

obtained in the next lemma.

Lemma 5 Let us assume that a high-type man rejects a middle-type woman (Rj; > xar), a
middle-type man rejects a low-type woman (R}kw > Rfj’m > acL) , and a low-type man accepts
a low-type woman (Rffn < mL). If

A AT apiom g (T+aNT)

> 1’3 =
rp < (=) RZML 7o (1=v2) N (r+aAT 4oy )+ oAy (r+a A ) (raXpy ) (17)

an lyrr-type women (I = M, L) rejects (accepts) a low-type man, where RZ\;’L < Ry, If

za < () RT3 = Al NG A Gz (r+adyy)

JHM (r)\M'yz(1—¢2)(r+o¢)\H+o¢)\M)+92)\H(r+a)\H)(r—‘roa)\M)) 0

a jum-type (7 = H,M) and a ko-type woman reject (accept) a middle-type man, where
T3 _ pT3

R;2, =Ry’ <Ry
Proof. See, Appendix A. m

Lemma 5 implies as follows: Equations (17) and (18) are the same form as Equations
(5) and (6). Then, in contrast with the PSE, the reservation utility level of an lj/z-type
(I =M, L), that of a ko-type (k = H, M, L), and that of a jgy-type (j = H, M) woman are
lowered or raised for the same reason as in Lemma 2.

In the T3E, a ko- or a jga-type woman rejects a middle-type man (x < RjTIi’M = Rf{?%
and an [j/7-type woman accepts a low-type man (zy > R?EL). That is, an My;r-type woman

is apparently underconfident. Given these women’s behavior, we can rewrite Rﬁ’m and Rzgl

as
T3 _ a(pst+7393) A em 1
RMm (T+a(ﬂ3+73¢3))\%1) (> xL) ’ ( 9)
T3 AW
RT3, = X (< o) (20)

by replacing p and ¢ by (i3 + y3¢3) and pg, respectively (see Figure 4). When x5, < R3

JHM’

42 At this time, ¢ < 7 is required. However, the following analysis shows that ¢ < 7 holds.

43The difference between Figure 1 and Figure 3 is whether I5/7-type women accept low-type men or not.
Therefore, G (x) in the T3E is also different from that in the PSEI, although there are the same kinds of
women according to their belief differences as those in the PSEI.
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T > Rfj’L and R}\Ff’m >z > Riffn, the steady state requires

aXjp (1=03) Ny = aXpls)y, (21)

ol (1= 3 —y3) Ay = a(Aif + AL) sl (22)
aAip (1 —p3 —v3) Ay = adfys (1 — ¢3) Ay = aAjjusdsAir, (23)
aXpr (1 =g —r3) AL = a(Aff + A7) ¢3 (1 —w3) AL (24)
aAips (1 —w3) AL = aApPsrsAL, (25)
aXyy (1 =3 —k3) AT = aA['k3AY. (26)

All equations, except (22) and (24), have the same forms as (8) and (10)-(12) in the PSEL
Equation (22) means that the rate at which My-type women become M), r-type women equals
the rate at which Mjysr-type women marry middle- or low-type men. Equation (24) means
that the rate at which Lg-type women become Lj;;-type women equals the rate at which
Ljysr-type women become Lji-type women and the rate at which Lj;r-type women marry
low-type men.

From (21) - (26), we have the next proposition for the T3E. In this equilibrium, apparent

underconfidence has direct externality.

Proposition 4 (T3E) Let us assume that

T3 (N ) NG @
Rim N (o (A ) = B
T3 _ A TMAY *
< Fiim = r(ANFAXT) (AT AT )X (r+ady) ) (<R,
T3 T3
Ty < RjHM - Rko

NIz (r+adTy) A+ (AT (AT +AT))

N (r4aXy ) (r+aX ) (NG + (AT ) (NPT ) ) +rXy (AT ) (AP AT ) (r+aX G +adT))
> RT3 _ ANFAT NG s (NP AT ) (r+ad])

L = I — PN (PN +ad Ty ) (NF+ (AT AT ) (AT 4N ) )X AT (AE AT ) (r+adiy ) (r+adf) |

(< Rpy),

There exists the T3E in which high-type agents form the first cluster of marriages, middle-type
men and Mysr-type and Mpys-type women, the second cluster, low-type men and M1 -type
women, the third cluster, and low-type men and Lysr-type, Lri-type, and Lio-type women,
the fourth cluster.

Proof. See, Appendix A. m

The implications of Proposition 4 are as follows: in the T3E, there is the direct externality
of apparent underconfidence. Since there is no indirect externality of apparent underconfi-
dence in this equilibrium, all agents can marry. If there are enough high-type men and women
(xM < R?I—?JVI
woman. Moreover, a large proportion of high-type men implies a large proportion of My,-

= R£O3 < Rj;), a middle-type man is rejected by a ko-type and a jga-type

and My r-type women in the market. As a result, if there are enough M- and My;r-type
women (7, < Rﬂ?’m), a middle-type man rejects a low-type woman. Furthermore, if there are

few enough Mj r-type women satisfying RZ;’L <azr (< qu\})’m), an lysr-type woman accepts
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a low-type man. This is because she assigns low probability to being a middle-type woman.
However, a low-type man accepts a low-type woman, as there are few enough Mj;r-type
women (R}Cfn < zr). Therefore, all agents can marry sooner or later.

From Propositions 2, 3 and 4, in some parameter ranges, multiple equilibria can occur:
both the PSEI and the T3E exist. To clarify this, we consider the next example.

Example 1 Let us assume that 2o > 3r and that Fy, (z) and F, (x) are discrete uni-

form distributions: i = %, (t = myw, k = H,M,L). At this time, the sufficient con-

o P _ pp _ _Brto)2ozy P _ oz D
ditions for the PSEI become R; . = By = ramsarione > M, Ry, = 6da > B,
= % > x5 from Proposition 2. Similarly, the sufficient conditions for the T1E

T1 _ _Brtajory Tl _ azy p :
are Rko = Drava?rin? > IM and Ry, = frta < (Q;L f7)’?m Proposition 3. The sufficient
.. T3 _ pT3 _ r+o)Tox g T3 _ _axzy T3
CO(;%dZtZ)ZﬂS Jor the TSE are xpy < RjHM - Rko ~ 66ra+7a2+99r27 RLm = 3rta < RZML -
r+o)2om T3 _ azy e : T3 _ pTl _ _ Tz )N
Srataariao? < TL < Ry, = 7.3% from Proposition 4. Since Ry, — Ry, = EICE)

< 0, the T3E and the T1E do not hold. Moreover, as Rf}m = R?Wm, the PSEI and the T1E
do not hold either. However, since xp;r < Rfo?’ < Rﬁo and Ra‘;’L <z < RfML < Rﬁm, the
PSEI and the TSE hold.

The intuition of multiple equilibria is as follows: marriage patterns are determined by the
expectation of all agents about the behavior of agents with imperfect self-knowledge. If all
agents expect that [y/p-type (I = M, L) women will accept low-type men, these expectations
form their prior beliefs Gy, (z). Then, the marriage pattern of the T3E occurs. On the
other hand, if all agents expect that [;;7-type women will reject low-type men, the marriage
pattern of the PSEI occurs through their prior belief Gy, (z). When all agents know their
own types under the cloning assumption and the assumption of non-transferable utility, a
unique equilibrium will occur (see Burdett and Coles (1997)). However, if there are agents
with imperfect self-knowledge under the cloning assumption and the non-transferable utility,
there are possibilities that multiple equilibria will occur.

The welfare implication of these two steady states is that the PSEI and the T3E are not
Pareto-rankable: apparent underconfident women prefer the PSEI, while low-type men prefer
the T3E. However, as shown in detail in Example 2 of Section 4, the welfare of marriages
of the T3E is raised relative to that of the PSEI as a whole. This is because apparently
underconfident women accept middle- and low-type men in the T3E and the number of
marriages of the T3E is raised relative to that of the PSEL

Propositions 3, Proposition 4 and Lemma 4 suggest that, whereas apparent overconfidence
has an indirect externality, apparent underconfidence does not have indirect externality. This
difference depends on the agents whom the indirect externality firstly affects. In the case of
apparent underconfidence, some middle-type women with imperfect self-knowledge accept
low-type men. Given this, if a low-type man rejects a low-type woman, his offer for an
apparently underconfident middle-type woman informs her that she is worse off. Then, the
indirect externality of apparent underconfidence does not always occur in equilibrium. On
the other hand, in a case of apparent overconfidence, even if a middle-type man accepts a

low-type woman due to the existence of many apparently overconfident middle-type women,
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the acceptance of a middle-type man for a low-type woman makes a low-type woman better
off. Therefore, the indirect externality of apparent overconfidence remains.**
In the next section, we investigate the total number of marriages and the welfare of the

economy.

4 Welfare and the number of marriages

It is meaningful to investigate whether the existence of women with the imperfect self-
knowledge may improve the welfare of the economy relative to the benchmark case. In
this section, we examine the total number of marriages and the welfare from new marriages
that take place in the marriage market at any point in time.

First, we investigate the number of marriages at the PSE as a benchmark. In the PSE, a
high-type man meets a high-type woman with probability a\f, and there are A%; /N number
of high-type men in the market. Then, the number of marriages among high-type agents in
a market is aAFA;N. In the same way, we obtain the number of marriages of middle-type
aXyy Ay N and low-type a7 A7'N. Therefore, the total number of marriages in the marriage
market 7™ is

T = aNFAGN + aAGAYN + a T AT N. (27)

The number of marriages in the PSEI (T7), in the T1E (T7?), and in the T3E (T7?) can

be derived similarly (see also Figure 1-2,4). Therefore, we obtain

TP = adgAEN 4+ a (i +70) A\ AN + o (v + k) ALATN,

— XN + o (gt ) NN + o (ke ) AENEN, (28)
TTU = ADAYN + arAEAYN 4+ aw ALY N,
— A\TAYN +a (Amﬂm) MAYN + a (Amﬂm)w AYN (29)
T = aAFAEN + a (pg + Yobe) MG AN
T AL N + a (g + k2) ATALN,
= aAgAgN +« <>\’g+(>\’g+;\£)(/\’ﬁ+)\ﬁ)> mAM N

(/\m)2 w \m m m myw

Next, we explore welfare. If a high-type man marries a high-type woman, each of them
obtains the utility of marriage xp. Hence, in the PSE, the aggregation of high-type agents’
utilities from marriage is 2aAFAgx g N. Similarly, we obtain 2a\{j Ay xar N for the middle

type and 2aA7' ATz N for the low type. As a result, the welfare of the whole society in the

“In the T1E, since middle-type men accept the lowest type of women (that is, low-type women), his offer
for a low-type woman has no information about types of women. Then, a low- or a middle-type woman
learns nothing from his offer. However, if there is a lower type than ‘low-type’ and if a middle-type man
accpets a ‘low-type’ woman, a low- or a middle-type woman will learn something about her own type from the
acceptance of a middle-type man. However, this acceptance also makes a low-type woman better off. Then,
the indirect externality of apparent overconfidence will remain in this case.
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PSE W* is
W* = algAg 2zg) N + aXN[pAy 2zar) N + a7 AT (221) N. (31)
The welfare in the PSEI (W?), in the TIE (W7'), and in the T3E (W7?) can be derived
similarly. Hence,
WP = aXBAY (221) N + a (W) WA (222) N + (%) AYNT (221 ) N(32)

N[+
W = aN2AY (224) N

)\m A77L
ta (T i ) mAY (220) N + a (T i ) MY (zar + 1) N, (33)
T3 _ m\w A}'{L m \w

m\2
+a (%)
AT+ (AT ) (NF+AT

) AR o ) N+ 0 (NG AR N (201) 94)
hold. From these, the next lemma is immediately obtained.

Proposition 5 The number of marriages and the welfare in the PSE are higher than those
in the PSEIL, i.e.,

™ > TP,
w* > WP,

Proof. From (27) and (28),
T" =TP = Noao((1 = (1 +79)) A Aar + (1 = (5 + vi)) ATAL) > 0
holds. From (31) and (32), we also have

WP — W* = —XPALw (1= (5 + v)) — XpApzar (1= (1 +79)) < 0.

From this proposition, the imperfect self-knowledge always lowers the number of marriages
and the welfare. This is because the marriages of all agents, except high-type men and some
high-type women who meet high-type men in their first encounter, are delayed by the refusal
by the Bayesian updating process of women. The duration until marriage of each agent

can be obtained easily. In the PSE, the duration until marriage of k-type man (woman)

1 -
ay,

is (¢t = my,w, k = H,M,L). However, in the PSEI, the duration until marriage of a

L ABAR 1 AR

1 ) VA Vi that of a low-type man 1s1 POV that of an Hpgps-type

woman is AT GATE that of an Mj,;-type woman is AT that of an Mjy/-type woman
1

Ao aA)

W. Therefore, their marriages are delayed by the belief-updating process of women.

However, the duration until marriage of an Hy-type woman who meets a high-type man in

middle-type man is

is that of an Ly,-type woman is W, and that of Lyo-type woman is
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her first encounter and that of a high-type man are not influenced by the belief-updating
process of women.

The number of marriages and the welfare in the T1E increase or decrease relative to
the PSE by the following factors: the number of marriages and the welfare of middle-type
women are always worse than those in the PSE, since their marriages are delayed due to their
belief-updating process. Moreover, the number of marriages and the welfare of low-type men
in a Type 1 economy are worse, as these men cannot get married. However, middle-type men
accept both middle-type and low-type women in the T1E. Then, if NFAY > (<) AN\, their
number of marriages increases (decreases) as a whole. Moreover, if G Yz > (<) Ay Ay,
the welfare of middle-type men increases (decreases). Now, low-type women can marry
middle-type men. Therefore, their number of marriages increases (decreases) if (A + \7}) A7
< (>) Ny, and their welfare increases (decreases) if (A + Ay) AT'axp < (=) AGA 2.

On the other hand, the number of marriages and the welfare in the T3E increase or
decrease relative to those in the PSE by the following factors: The number of marriages
and the welfare of low-type women are always lowered, since these women learn their own
types. The number of marriages and welfare of middle-type men also decrease, as these men
are rejected by some middle-type women with imperfect self-knowledge. The middle-type
women who marry low-type men obtain lower utilities than middle-type women with perfect
self-knowledge. However, middle-type women may marry earlier than the PSE, since they
accept middle- and low-type men. Then, if NP2AT < () ANH(AT + AT)(AT + A7), their
number of marriages is lower (higher) than that in the PSE. Furthermore, their welfare is
lower (higher) than that in the PSE if Nf2\Txr < (=) ANThaar (AT + A7) (AT + A7), Now,
low-type men can marry middle- and low-type women in the T3E. Therefore, the number of
marriages to low-type men is raised (lowered) if NJ2AY > (<) NPAT (AT 4+ (NJF + A7) (AP +
A7), and the welfare of low-type men is raised (lowered) if N2 Yz > (<) XYz NP (AT +
(N + N O + X73).

In both the T1E and the T3E, the number of marriages and the welfare of high-type
men/women are not influenced by the imperfect self-knowledge of women.

Finally, we compare the number and the welfare of marriages of the PSEI with those
of the T3E. As we show in Example 1, the PSEI and the T3E hold under some parameter

ranges.

Example 2 Let us assume that \i = %, (i =m,w, k= H,M,L). At this time, the number
of marriages for the PSEI and the T3E are TP = %Na and TT3 = %Na, respectively, from
(28) and (30). Then, TT3 > TP. The welfare of marriages for the PSEI and the T3E are
WP = %Na(QxH + a2+ xy) and W3 = 1213—9]\7&(423:1{ + 31z + 21xp) respectively, from
(32) and (34). Hence, W13 > WP,

When 3a > 2r and F,,, (z) and F,, (x) are discrete uniform distributions, multiple equi-
libria arise. At this time, the PSEI and the T3E are not Pareto-rankable: apparently under-
confident women prefer the PSEI, and low-type men prefer the T3E. However, the welfare
of marriages of the T3E is raised relative to that of the PSEI as a whole. Since apparently
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underconfident women accept middle- and low-type men in the T3E, the number of marriages
of the T3E is raised relative to that of the PSEIL. As a result, the welfare of the T3E is also
raised relative to that of the PSEIL

5 Discussion

Two types In this paper, we assume not two but three types of agents in order to
show the influence of the indirect externality of apparent overconfidence on the market. If we
consider two types of agents in the case of apparent overconfidence, the indirect externality
does not occur, and we cannot find a case in which the indirect externality of apparent
overconfidence prevents the lowest type of agents from marrying. To see this, now, let us
assume two types of agents: good and bad. Let us assume that, when all agents have perfect
self-knowledge, the PSE occurs. To describe the apparent overconfidence, let us assume
that ip-type women (i = g,b) reject bad-type men. Therefore, there are two kinds of bad-
type women with respect to differences in their beliefs: bad-type women who are apparently
overconfident and bad-type women who know their own types. However, good-type men do
not change their reservation utility levels relative to the case of perfect self-knowledge because
all women want to marry them. Then, the indirect externality of apparent overconfidence does
not occur. Hence, bad-type men always marry bad-type women with perfect self-knowledge.

On the other hand, in the case of apparent underconfidence with two types of agents, we
obtain, qualitatively, the same result as that of Proposition 4. That is, the indirect externality

of apparent underconfidence does not occur, and, as a result, all agents can then marry.

Two-sided imperfect self-knowledge In this paper, we assume a one-sided imperfect
self-knowledge: none of the women initially know their own type, whereas all men know
their own types. This one-sided imperfect self-knowledge assumption is important in order
to clarify the influence of imperfect self-knowledge. From Lemma 2, the uncertainty of an
agent’s own type affects her own expected life utility. Moreover, the existence of others
with imperfect self-knowledge also affects agents’ expected life utilities from Lemma 1. We
can analyze these two influences on the expected life utility of an agent separately, under the
assumption of the one-sided imperfect self-knowledge. The one-sided imperfect self-knowledge
assumption describes the following situations: in the context of the labor market, a firm will
have more information about its own type than a worker, since a firm has more experience
than a worker. In the context of the marriage market, when more men work outside the home
than women, it will be easier for men than for women to get the objective data on their own
charm, such as income, position at work, and social status.

Although two-sided imperfect self-knowledge — all men and women initially lack knowl-
edge of their own types — is a nontrivial extension, our results suggest that, if two-sided
imperfect self-knowledge is assumed in the apparent overconfidence case, the reservation
level of any agent (‘he’) will be affected by the following two factors: (i) the large propor-

tion of apparently overconfident women who now reject his type and (ii) the uncertainty of
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his own type. The first element always lowers his reservation level from Lemma 1. For the
second element, as we show in Lemma 2, his reservation level is lowered or raised relative
to that in the case of perfect self-knowledge. Therefore, we cannot analyze the influence of
these two factors on the reservation level of an agent separately. Hence, two-sided imperfect

self-knowledge will make the analysis more complex.*® Such work is left for future research.

The assumption of apparent over- or underconfidence We adopt the assumption
that a kg-type woman rejects a middle-type man in the apparent overconfidence case because
we focus on the case in which middle-type women are apparently overconfident in order to
show that the indirect externality of apparent overconfidence affects the marriage behavior
of lower-type agents.

If ko-type women accept middle-type men (or reject low-type men), all agents can marry.
To see this, let us assume that ko-type women accept middle-type men. At this time, Lg-type
women are apparently overconfident and Hy-type women are apparently underconfident. The
apparent underconfidence of Hg-type women does not change the behavior of middle-type
men for the same reason as in Lemma 4 (for details, see the Appendix B). Moreover, the
indirect externality of apparent overconfidence by low-type women does not arise similarly
to that in two types of agents.

Let us consider another apparent overconfidence case in which Mjra/-type women reject
middle-type men. However, at this time, the indirect externality of apparent overconfidence
does not arise. It is noteworthy that an My-type woman becomes My /-type woman by
the offer from a middle- or low- type man who rejects a low-type woman (now, we assume
that high-type men reject middle-type women). If a middle-type man accepts a low-type
woman due to the existence of Mg y/-type women, low-type men also accept low-type women.
However, this contradicts the assumption that a middle- or a low-type man rejects a low-type
woman.

On the other hand, in the case of apparent underconfidence, let us assume that an M-
type woman accepts a low-type man. Other than this assumption, we can consider the
following cases: (a) a ko-type woman accepts a low-type man and (b) a ko-type woman
accepts a middle-type man (or rejects a low-type man). However, we qualitatively obtain the
same results as in Lemma 4 and Proposition 4 (see the Appendix B for the case in which
ko-type women accept middle-type men). Therefore, we adopt the assumption that an M,y -
type woman accepts a low-type man in the case of apparent underconfidence in order to use

the framework of analysis in the PSEI again.

Benchmark case In our analysis, we consider the case in which z;; < R} and 27, <
R}, hold as the benchmark case. If we consider the case in which s > R}; and 1, < R}, hold
as the benchmark case, the result is the same as the case of the two types. That is, the indirect

externality of apparent overconfidence does not occur. To see this, let us define the next

43In the case of apparent underconfidence, only the uncertainty of his own type will affect his reservation
level.
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situation as a benchmark case: if all agents know their own types perfectly, xys > R} and
xr, < R}, hold. Let us assume that, under x)s > R}; and x1 < R}, ko-type women reject
middle-type men, and then middle-type men accept low-type women due to the rejection
from My-type women. That is, the indirect externality of apparent overconfidence occurs.
However, the reservation utility of a ko-type woman is always lower than R7;, as she assigns
probabilities to her own types, similarly to Lemma 2. This contradicts the assumption that
under xys > R} and z1, < R);, ko-type women reject middle-type men. Therefore, when
zy > Ry and 21 < R}y, ko-type women always accept middle-type men.*6

Under zpy < R} and x;, > Rj,, the indirect externality of apparent overconfidence
does not occur. When z); < R} and xp, > R}, there are few enough middle-type agents.
Therefore, even if there are some middle-type women who reject middle-type men due to
imperfect self-knowledge, middle-type men do not change their behavior: they accept low-
type women. Now, as there are few enough middle-type men (z7 > R},), some low-type
women (at least, the low-type women who were rejected by high-type men) always accept
low-type men. Therefore, in this case, the indirect externality of apparent overconfidence

does not occur.*?

6 Concluding remarks

We analyze a two-sided search model in which we presume that all women initially do not
know their own type and they then learn their own type from the offers or rejections by
men. With this belief-updating process, the two-sided aspect of search problem generates
a significant interest. Only agents of the same type marry when all agents know their own
type perfectly. However, if women who are unsure of their own type reject the men whom
they accept when they know their own type, and, if there are enough of these women in the
market, the lowest type men can never marry. On the other hand, if women with imperfect
self-knowledge accept men whom the women with perfect self-knowledge reject, there are no
agents who can never marry.

We conclude with a discussion of some possible further extensions of this model. First,
this paper assumes that there is no divorce. However, when a woman marries a man before
thoroughly understanding her own type, she may learn about her actual type after she gets

married. In this case, the divorce rate and the marriage rate will be influenced by this learning

46The assumption of zp > R} means that there are a few high-type men and women in the market. If
xym > Ry and zp < R}y, any high-type woman accepts a middle-type man. In this case, even if high-type
women with imperfect self-knowledge accept middle-type men, the behavior of these women is the same as
that of the high-type with perfect self-knowledge. Then, a middle-type man does not change his behavior:
he accepts a middle-type woman. If some middle-type women with imperfect self-knowledge accept low-type
men under zps > Ry and zp < R}y, the indirect externality of apparent underestimation does not occur in
the steady state for the same reason as in Lemma 4 qualitatively.

4"When xp < R} and xzp > R}y, the following cases of apparent underconfidence can be considered. If
high-type women with imperfect knowledge accept middle-type men under zps < Ry and xp > R}y, the
indirect externality of apparent underconfidence does not occur for the same reason as Lemma 4. If middle-
type women with imperfect knowledge accept low-type men under zys < Ry and xr > R}, low-type men
do not change their behavior: they accept low-type women. Then, in this case, there is no influence of the
apparent underconfidence of middle-type women.
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in marriage. Next, we assume three types of agent. If we consider a model in which there

are n type agents and there are many clusters of marriages, the learning process about one’s

own type will be more complex. However, if there are n type agents and three clusters of

marriages are generated by large enough «, our results also apply to this case.
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Appendix A

Proof of Lemma 1: The reservation utility of a middle-type man for a low-type woman
can be calculated as follows: now, a fraction n € (0,1) of middle-type women and a fraction
¢ € (0,1) of low-type women accept middle-type men. If a middle-type man turns down a

low-type woman (Vy,,, > xr/r), his value function becomes

Tm

where the first subscript of V' denotes an agent’s type and the second subscript of V' means
a “man.”

Conversely, when a middle-type man proposes to a low-type woman (Vi < axp/r),

PVil = amy (28 = Vil ) + aQf (55 = Vi)

Hence, we have his reservation utility level for declining a low-type woman, _omA Ty

(7"+a77)\1“\’/1)
R%,,.. Compared to the PSE, we have

D _opx raAyza (1-n)
RMm RM - (r+a)\}\”/1)(r+an)\%) <0.

Proof of Lemma 2: An [j;;-type woman thinks that her actual type is a middle-

B Y(A—v)AT
m and a low-type with probability m The

reservation utility of an [j;r-type woman for a low-type man can be calculated as follows: if

type with probability

an [jsr-type woman turns down a low-type man ( > x1,/r), her value function becomes

T
lvr

> . BAY, M P(1-v)A\}
r l’,]‘vIL - u)\”j\”r&—zb(lif—u))\‘f |: )\m ( r V]&]\/IL)1| + W\}t}—l—zﬁ(l—ﬁ))ﬁf [QATJ (VLL - VIZ\/IL)] (35)

TL
Vi, = aAl (7 - VLL> , (36)
NGV (L) APV ) )
where V" = sl M“ r o w((l :)) )\wr LML - The second term in Equation (35) means that

if the actual type of an l ML-type woman is a low-type, she learns that she is a low-type
by meeting a middle-type man. Then, she changes her value function to (36), since she is
accepted by a low-type man.

When an [p;7-type woman accepts a low-type man, her value function is

Cra HAY, m (TM m
TWML - u)\lj”w-i-w(]ij—u))\i” [a)‘M( r VMML) +aAr ( r VMNIL>:|
YA-)AY m m
+/¢>\7\J/1+1/1(1*'5)>\f [a)‘M (VLL VLML) + )‘ < r VL]\/IL)] ) (37)
pA V4 (1—v) AP rVE

where rV§ = ]Zé\%L-FLZJ(l T LML From (35)-(37), the reservation utility of an I/-
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type woman for a low-type man is

jr - AN AT oy (r+aX])
I — A}‘V’Iu<r+o¢>\2”)(T—i—a)\"]\’})—i—)\’frw(l—l/)(r—&—a)\TL”—&-oc/\K})'

Compared to the benchmark case, we have

T (T—&—cxkf—&—akﬁ)rk’fcxw(l—y))fﬁm
(r—l—a)\;@) ()\}f{,u(r+a)\2”) (T‘+a)\’x})+)\%7'w(1*ll) (r+a)\’['f +aX’i; ) )

RP

l < 0.
ML

Ry =-—
On the other hand, the reservation utility of a j/-type woman for a middle-type man can
be calculated as follows: if a jg-type woman turns down a middle-type man (V! > xpr/7),

JHM
her value function becomes

R B AL TH Y(A=@)AY
r‘/]?;IM = m |:Oé)\g (7 — VITIHM):| + m [a)\rﬁ (VM]VI - VJ\CIHM@S)
Vs, = oAl (LM _ VMM) , (39)
T
where rV7 NG Vi VA=AV,

e = BT (5T T (1= 451;4)\%1 . The first term in the second square bracket
in (38) implies that, if the actual type of a jya-type woman is the middle-type, she learns
that she is a middle-type after a meeting with a high-type man. She then changes her value
function to (39) as middle-type men accept middle-type women.

When she accepts a middle-type man, her value function is

> oY TH TM
T‘/jilM = 9)\%+’y(1}i¢))\}\“4 [a)‘g (T o VﬁHM) + aAjy (T o VﬁHM)]
(1—9) Y, M
N [ (Vi — Vi) + o (- v, )] ()
~ ONErVE 1—) NV,
where Vi = T f;(fi’é’)‘gﬂ + 76() A’ﬁ?wgi ¢1)”/\’{],\}1” . Therefore, the reservation utility of a

Jjrm-type woman for a middle-type man is

RP AgAFOaxy (r+a)\’ﬁ)
JHM ()\%H(rJra)\’H") (r+a)\ﬁ)+r'y(lf¢>))\7j\j[ (r+oz)\’H" +aA, )) )

Compared to the benchmark case, we have

ray(1-=Q) NG Az (r-l—a)\”H“-i—a)\R"I)

RP  —Rj=—
H (r+aX ) (A5 0 (r+ad T ) (r+ayy ) +ry(1=@) Ay (r+aX T +aA];

JHM

) < 0.

Given the behavior of all agents except ko-type women, we can obtain the lifetime utility

of a ko-type woman. If she rejects a middle-type man, her value function is

Vo= (1—9)Az+(1—(ﬁ:§;i%[+(1—w—m)xg [0‘)‘% (QCTH - Vfr) + aXjy (VjHM - Vﬁ)}
+(1—9)AZ+(1(—1;ﬁ;§Y)?’J€’;%(1—w—N)A‘f [O‘XHn (‘7IML - Vz@) + aAjy (VjHM - Vz@)]

(I=9=kK)AT m (Y r m T
+(1—9))\}1_}+(1—,U4—’Y))\u]\jfﬁ—(1—'¢l—n)>\f |:Oé)\H (‘/lML — VL) + OZ)\M (VLL — VL)i| ) (41)

Vo= A=) XGrVE+A—p—y) Ay Vi +(A—p—r)APrV]

() Y Gy v ¢ ey v . The second term in the third square

where r
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bracket in (41) implies that, if the actual type of a ko-type woman is the low-type, she learns
that she is the low-type after meeting a middle-type man. She then changes her value function
to (36) as a low-type man accepts a low-type woman. The second term in the first (or the
second) square bracket in Equation (41) means that, if the actual type of a ko-type woman is
the high- (or middle-) type, she learns that she is the high- or the middle-type after meeting
a middle-type man. She then changes her optimal strategy to R?HM. Likewise, the first term
in the second (or the third) square bracket in Equation (41) means that, if the actual type
of a ko-type woman is the middle- (or low-) type, she learns that she is the middle- or the
low-type after meeting a high-type man. She then changes her optimal strategy to R

I
If a kp-type woman accepts a middle-type man, her value function becomes

V= e [ (5 - Vi) + o (5 - Vi) |
ey [0 (Vi — Vi) +aXir (25 = vy )|

(A=y—r)AY m () a m a
T AN == )G, =G =r)\T [a)‘H (VIML - VL) +aXyy (Vo — VL)} :

e

Ve = (I-ONErVAE+(A—p—y) Ny r Ve +(1—p—r) A rVE

Ve . -
where r (A=0) AT F (A=) T, + (T AT . Therefore, the reservation utility of a

ko-type woman for a middle-type man is

po_ N N0z b (r+ayy) _op <
Ry = (0N (r+oX ) (r+aXiy ) +ryA Y (1—0) (r+aXfj+aryy ) Ry > (S)2ur

If Rio > (<) xpr, a ko-type woman rejects (accepts) a middle-type man. W

Proof of Propostition 2: From (8) - (12), we obtain

Am
() A
= —0, = = ooy 43
. (BT o=v (AT +A%) (43)
g _ (i)’ m
v Orap)y VT Dram) nan) (44)

The proposition follows immediately by substituting (42)-(44) into (5), (6) and (7). W

Proof of Lemma 3: Since a middle-type man accepts a low-type woman, an M, -type
woman and an Ljsz-type woman face the same problem. They decide whether to accept or
reject low-type men. Therefore, if an ly/z-type (I = M, L) woman rejects a low-type man,
her value function is

e A TM o7 4
T‘/} =« M 7 - ‘/}AJL ° ( 5)

ML

When she accepts a low-type man, her value function is

A~ xM A~ J;L A~
T‘/l(]lML = OZ)\?\}[ (7 - W?\/]L) + a)\an (7 - Vl(zle) : (46)
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Therefore, the reservation utility of an [j;7-type woman for a low-type man is

T1 _ OAMTM _ o
e = AT M-
As xp, < Ry, v, < Ry,,, holds. Hence, an [j/7-type woman turns down a low-type man.
Given the behavior of all agents, except a kg-type woman, we can obtain the lifetime utility

of a ko-type (k = H, M, L) woman. If she rejects a middle-type man, her value function is

Srr Y m (TH 1 (1*7)()‘1151*)‘21) m (A N r)
v = )\1}"1+(177)(A}\“/I+)\’f)a)\H( r VH) * Az+(177)(wfﬂg)o‘/\H Vi =Var ), (47)
_— A&V (A=) r( N VA V] . .
where rV" = NI D F) + N (=D)AL A7) The second term in Equation (47)

means that, if the actual type of a kg-type woman is the middle- or low-type, she becomes
an lyrr-type woman after meeting a high-type man. She then changes her optimal strategy
to R

(V5
If a ko-type woman accepts a middle-type man, her value function becomes

rve = Az+(1_:>%w,+w) (0‘Ag (xTH - Vg’) +adgy (:ETM - Vﬂ"))

L ) (1, V) s (2 12)).

where p7e = — MirVi o (=D Vi HAEVE)
/\H+(1_T)(.>‘]\4+)‘L) >‘H+_(1_T)()‘1\l+>‘L)
ko-type woman for a middle-type man is

. Therefore, the reservation utility of a

AN Gox g (r+a)\’]c})
()\z (r+a)\ﬁ) (r+a)\’H" ) +r(l—7) (A% +)\f4) (r+a)\’H" +oz)\’1’v})) ’

T1
Ry,
Compared to the benchmark case, we have

(r(a=m) (AL +XY ) +a(1—1) (AL +XY) (AF 4N ) JreXFay

RTl _ R* - _
ko H (r+aXf) (MY (r+aXiy) (r+aXf ) +r(1—) (AL +X% ) (r+aXf+aXhy

) < 0.

Proof of Proposition 3: From (15)-(16), we obtain 7 = w = % The proposition

follows immediately by substituting 7 = w = X}}/\f% into (14) and (13). W

Proof of Lemma 4: Now we consider the T2EC in which apparently underconfident
Mprr-type women accept low-type men. Thus, a low-type man rejects a low-type woman
(Rﬂzn > x1,) with the expectation to marry an Mjyr-type woman. In this case, the decision
of an lpp-type (I = M, L) woman is as follows: by meeting a high-type man, an [y;7-type

. . . _ . -1 Lo ARy
woman thinks that her actuai t)?;pe is the middle-type with probability AT T YN and the
2L

low-type with probability vy v Now, the option of an l;7-type woman is to marry or
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to reject a low-type man. If she accepts a low-type man, her value function is

“ra _ Mo Ay m m
W}ML - uz)\lﬂ";-i-%zxf [ )‘ ( r VMML) Jra)‘ (’l“ VMML):|

)\U}
e [ (A +AF) (0 VE,,)]

— M a YT a
where TVlML = AT YT ’I”VMML + T NT Ty AT TVLML.

If she turns down a low-type man

e Mo ARy m M T m T
"Vinie = po G FuoAy aAng r VMML +aAp (VMM VMJ\/IL)

Yo AY
ooy [ (i + A7) (0-VE,, )] (48)
T
Vi, = aXjy (T - VMM> )
where TVlML = %T‘V]&ML + ;LQA%WTVLML The second term in the first square

brackets in Equation (48) means that, if the actual type of an [/7-type woman is the middle-
type, she learns that she is the middle-type after meeting a low-type man. Here, Vl‘;\“ <
V', holds, as Ry, > xp. That is, an ly-type (I = M, L) woman always rejects a low-type
man. This contradicts the assumption that an [;;-type woman accepts a low-type man.
Therefore, the T2EC is not an equilibrium.*® W

Proof of Lemma 5: As R > T > RT3 7., the information about types of women from
the proposals by men and the behef—updatlng processes of women are the same as those in

the PSEIL. Hence, the reservation utility levels of women are obtained in the same manner as
those in the PSELI:

RT3 = A AT aiom g (T+aAT)

e =, (1-va)AY (r+a X +ay )+ Ay (r+ad ] ) (r+ary) (< Ruy),
Rigy = Riy = (w;m(1_¢2>@fﬁ%ﬂ%ﬁeﬁ%@mm)(WAM)) (< Rp).
|
Proof of Proposition 4: From (21) - (26), we obtain
05 = A;,}*% (49)
2
Hs = X+ (e (A%))(AQHM) (50)

IIVEEVAEVEST) )
7 = OO % B

Ky = AT (52)

(51)
_\m Ar
’IIZ)3 - )\H’ vy = (}\'}&_’_)\T)’

The proposition follows immediately by substituting (49)-(52) into (17), (18) (19) and
(20).m

A jua- and a ko-type woman always reject a middle-type man when xy < RYy, = < R, < Ris.
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Appendix B

Type 4 equilibrium candidate

In this Appendix, we show that, even if there are many apparently underconfident Hyp-type
women who accept middle-type men, a middle-type man always accepts a low-type woman.*”
To see this, in this Appendix, we consider a Type 4 equilibrium candidate in which high-type
agents form the first cluster of marriages, middle-type men and apparently underconfident
high-type women, the second cluster, low-type men and middle-type women, the third cluster,
and low-type women can never marry. Then, let us assume that a kg-type woman chooses
the strategy to accept a middle-type man.

We first investigate the strategy of men, given the behavior of the women above. A high-
type man has the same reservation utility as a high-type man in the benchmark case since all
women want to marry high-type men. Since we consider the equilibrium in which a ko-type
woman accepts a middle-type man (or rejects a low-type man), some middle-type women
accept a low-type man, let (1 —64) € (0,1) and (, € (0,1) denote the proportion of Hy-type
women who accept middle-type men and that of middle-type women who accept middle-type
men, respectively. Furthermore, ¢, € (0,1) denotes the proportion of middle-type women
who accept low-type men. Then, the optimal strategy of a low-type man is obtained in the

Py A T

. . T4 — i
same manner as in the T2EC, ie., Ry, = Tap T On the other hand, the reservation

utility of a middle-type man is obtained in the next lemma.

Lemma 6 Let us assume that xp < R}y and xp, < R}y, and that (1 —04) € (0,1) of high-
type women and (4 € (0,1) of middle-type women accept middle-type men. Furthermore,
w4 € (0,1) of middle-type women accept low-type men. If
alf(1—64) _ pT4
(r+a)\}‘}(1—94))xH = RMm > (S) TM, (53)
a middle-type man rejects (accepts) a middle-type woman. In this case, the reservation utility

level of a middle-type man increases relative to the benchmark result, i.e., Ry, < Ry,

Proof. First, we consider whether a middle-type man wishes to marry a middle-type woman.
If a middle-type man accepts a middle-type woman, i.e., xpr/r > Vi, (> arp/r), his dis-

counted lifetime utility is
a w :CH a w xM a
Vi = aXg (1 — 04) (7 - VMm) +aCy Ay (7 - VMm) . (54)
If a middle-type man turns down a middle-type woman (zar/7 < Vy,,), his value function

is

VI = aX? (1 - 64) ("’“"TH - V;"wm) .

““However, the large proportion of Ho-type women in the market increases the possibility that ko-type
women reject middle-type men.
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If a middle-type man proposes to a middle-type woman (zps/r > Vi > xp/7), his value
function becomes (54). Hence, from Vy; > Vi,

oy (1—604)

_ pT4
—H= =y =R T
(r+ang (1—05)) “H = HMm = M

If xp > Rﬁm, a middle-type man accepts a middle-type woman. m

This lemma means that, if some high-type women accept middle-type men, a middle-
type man’s reservation utility level increases relative to that of the benchmark result. This is
because a middle-type man expects to marry a high-type woman who accepts a middle-type
man. In the following analysis, we assume that Rffm > xpr and RE; > x, as we consider
the T4E.

Next, we investigate the strategies of women in the market given Rffm > T, Rfﬁl > L.
Now, the means of the proposal and rejection by a high-type man are the same as those in
PSEIL. Now, the rejection from a middle-type man means that the woman who is rejected
by him is either a middle- or a low-type. The offer from a middle-type man means that the
woman who is accepted by him is a high-type. The rejection from a low-type man means
that a woman who is rejected by him is a low-type. The offer from a low-type man means
that the woman who is accepted by him is either a high- or a middle-type.

Therefore, a woman’s learning process becomes the following: an Hy-type woman learns
that she is a high-type when she is accepted by a high- or a middle-type man. It is noteworthy
that she marries a middle-type man, since they propose to each other simultaneously. Another
Hy-type woman also learns that she is a high- or a middle-type by meeting a low-type man
(we refer to her as ‘Hpp-type’). An Hpp-type woman learns further that she is a high-type
after meeting a middle-type man (that is, she becomes the ‘Hpy-type’). Likewise, an M-
type woman becomes an Mrys-type after she meets a low-type man. An Mg y/-type woman
becomes an Mp,-type by meeting a high- or a middle-type man. On the other hand, another
My-type woman also learns that she is a middle- or a low-type after meeting a high- or a
middle-type man (we refer to her as ‘My;r-type’). An Mysr-type woman leaves the market
before recognizing her actual type when she marries a low-type man. An Lg-type woman
becomes an Ljysr-type woman after she meets a high- or a middle-type man. An Ly;-type
woman learns that she is the low-type by meeting a low-type man. Another Lo-type woman
also learns that she is the low-type by meeting a low-type man. A low-type woman who
learns that she is the low-type leaves the market as she can never marry.*’

Therefore, in the market, there are nine kinds of women according to different beliefs:
ko-type women (k = H, M, L), lp1-type women (I = M, L), jgp-type women (j = H, M)),
Hpy-type women, and Mj/-type women. Their optimal strategies are obtained in the next

lemma.

Lemma 7 Let us assume that vy < Ry, v < Ry, R;‘\Ffm > xp and R:Lpf‘n > x1, hold. In this
case, an lyrr, (I = M, L)-type woman always accepts a low-type man. A jun (5 = H, M )-type

0If a low-type woman learns that she is a low-type and leaves the market, a single lo-woman enters the
market at once from the ‘cloning assumption.’
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woman rejects a middle-type man.

Proof. By meeting a high- or a middle-type man an lyrr-type woman thinks that her

actual type is the middle-type with probability W and the low-type with probability
Py AT

M4)\1ﬁ1+¢4/\f ’

If she turns down a low-type man, her expected discounted lifetime utility becomes zero.

Now, the option of an [j;7-type woman is to marry or to reject a low-type man.

Therefore, an Iy -type always proposes to a low-type man with

¥ Y m A m
TWJML - wfj\qgﬁ [ )‘ < r VMML>:| + M}\’ZMW [O‘)‘L (0 - VLML)L (55)

’ — MMV, g YarLTViy g
where Vi, = TXETest toaxg ooy
becomes zero if her actual type is the low-type and if she meets a low-type man.

At this time, the value of an [;7-type woman

From z)s < Rffm and xp < RLm, the option of a jya-type woman is to marry or to

reject a middle-type man. Let us assume that a jgj/-type woman thinks that her actual type
04(1— 774))\
1-ng) g +v,(1-

is the high-type with probability o
Ya(1— ) AWy
04(1—mg) Mg +74(1—04) AT,
If she accepts a middle-type man, her value function V&  becomes

RN and the middle-type with probability

JHM
— 04(1—ng) N rH T M
Vi = 94(1—774;1>\}‘;,+¢4(1H—¢4)>\}f{ [0‘)‘%( , VHHM) + ajy ( , Vﬁw)}
Ya(1=ga) A}
+94(1 774;)\7,’;-&—';14(2[]{(154))\}’(4 [04( Tﬁ + )\n]\}[) (VMM - V]\aJHJVI)] ’ (56)
Tr
Wi, = o (S =V, ). (57)
_ 0a(1—ny) g Ya(1=4) Ay,
where 1Vi | = graong 0 aong Vit TN i 0gong Vit The second

square bracket in Equation (56) means as follows: if the actual type of a jgy/-type woman
is the middle-type and she meets a high- or a middle-type man, she is rejected by them.
Therefore, she updates her belief about her own type and then changes her value function to
(57).

If a jgpm-type woman rejects a middle-type man, her value function Vj’;{M becomes,

r . 04(1—ny) A\ m (TH r
T‘/]HM - 94(1—774;1%;}—%;4(1[1(1)4))\}‘\’4 [a)‘H( r VHHM) + Ay (VHH VHHJW):|
+‘94(1—77:31)\%+¢4(1]{¢4)>‘X} [Oz( Tt AM) (VMM - VMHJVI)] ) (58)
Wiy = g (S = Vi) (59)

where TVJ’;IM = 94(1_7]5)4/&1774;()‘;;1_ ST Vi, T = nj)(\l};f ;‘zg‘f‘z ST Vi1, The second
term in first square bracket in Equation (58) means the following: if the actual type of a
Jam-type woman is the high-type and she meets a middle-type man, she knows that she is a
high-type after this meeting. She then changes her value function to (59). Now, the term in
the second square bracket of Equation (58) is the same as that of Equation (56), as a high-

and a middle-type man reject a middle-type woman.
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From Equations (56)-(59) and zy < R}y,

Vitne = Vi = M lﬁar(r+a;’21;1(;iiiéf-z;'j’}58%+>\}‘(4) <0
holds. Therefore, a jgp-type woman always rejects a middle-type man. m
From Lemma 7, an Hpy p-type woman marries a high-type man when they meet. However,
an Hpgp-type woman rejects a middle-type man when they meet. After their meeting, an
Hpy-type woman learns that she is a high-type by an offer from a middle-type man, and
she then changes the reservation utility level to R};. Therefore, an Hpy-type women marry
high-type men when they meet. An Mp)/-type woman also chooses the option of rejection
for a middle-type man. However, she learns that she is a middle-type after she meets a high-
or a middle-type man, since she is rejected by them. Then, an My,-type woman marries a
low-type man. An Mj;r-type woman marries a low-type man when they meet. An Ljy;r-type
woman learns that she is a low-type and leaves the market after meeting a low-type man.
With these results, we obtain the discounted lifetime utility of a ko-type woman when

Ty < Rffm and R}Cﬁn > xy. As she accepts a middle-type man, her value function becomes,

ra (1-04)\F m (TH  +a m (TM  1.q m (Y7
PV = gy [0 (S~ ViE) et (S = Vi) + et (Vi

N

(I—prg—v4) A}, m m > a m a
+ mgr g (@ O AR (Vi = Vi) + @AE (Vi = Vi) |

(A—v )AL m m % a m a
+ e O O + AR (Vi = VE) + o0 (0= V)], (60

a — (A=0)XNErVE+A—pg =y ) AV + (=9 )AFrVE . .
= GV ey y o e DY . The third term in the first and second

square brackets in Equation (60) means that, if the actual type of a ko-type woman is the

where 7V

high- or middle-type and she meets a low-type man, she learns that she is a high- or a middle-
type. She then changes her value function to (58). The first term in second and third square
brackets in Equation (60) means that, if the actual type of a ko-type woman is the middle-
or low-type and she meets a high-type or a middle-type man, she learns that she is a middle-
or a low-type. Therefore, she changes her value function to (55).

If she rejects a middle-type man, her value function becomes,

T (1-04)Xg TH T m r m (Y,
V7 = G Erag (N (5 Vir) + aXi (Vi = Vi) + aX (Vi

(I—pa—74) Ay, m m Y r ? r
+ g ety (@ O AR (Vi = Vir) + a2 (Vi = Vi)

(I=p )XY m m ¥ r m T
+ g | O+ AR (Vi = VE) +aXE 0= VD] (6)

(A=0)XgrVe+(A—ps —ya) Ny Vi (L= )ALV
(1=02) N+ (1—pg—7) Ay +(1—pg ) AT
ko-type women have the incentive to reject low-type men. Therefore, a middle-type man

where V" = . Since 4 < Vp,, from xp < R,

always accepts a middle-type woman even if there are many Hy-type women who accept

middle-type men.
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