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ABSTRACT

I study a communication game between a listener and a speaker in which the

speaker sends costless but verifiable messages in order to persuade the listener to

take an action that is favorable for the speaker. Because of its practical relevance

for many economic, legal, and political matters, this problem has been well

studied in economics literature, usually under the assumption that the speaker

knows the preferences of the listener. This assumption is restrictive, as in many

persuasion problems the speaker might not know the preferences of the listener,

possibly because either the listener is not able to communicate her preferences

or wants to deliberately keep the speaker uncertain about her preferences.

I explore two possible tools that can be used for information extraction in

such a game. The first tool is the uncertainty about the listener’s preferences

(type) that may be maintained or removed. Another tool is to change the “scale

of actions”-for example, increasing or decreasing legal punishment. First, in a

persuasion game in which the listener has two possible types and two actions

to choose from, I show that when one of the listener’s types is more likely, the

equilibrium speaker strategies are a subset of those that arise when the speaker

knows the listeners type. Further, I show that among the equilibria that deliver

the highest expected utility to the more likely type when there is certainty, there

is always one that remains in the set of equilibria under uncertainty. These

results imply that maintaining uncertainty can be a useful tool only for the less

likely type. To analyze the effect of the second tool, I study a legal application

of persuasion games with two-sided uncertainty. A defendant (speaker) is trying

to persuade a judge by presenting evidence to take a favorable legal action rather
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than less favorable ones on his case. I show that the equilibrium disclosure of the

defendant is not affected by a change in the scale of legal actions when there is

no uncertainty on how the judge evaluates evidence. With uncertainty, however,

the defendant can be induced to disclose more information by decreasing the

severity of the most unfavorable legal action relative to the favorable one.
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Chapter 1

Introduction

Decision makers frequently have to depend on another party to supply informa-

tion about the outcomes of their decisions. In case of conflict of interest between

the parties or when conveying information is costly, information may not be

perfectly transmitted. This imperfection has implications for the welfare of the

two parties. Because of these welfare effects, information transmission prob-

lems has been extensively studied in economic literature. Some of the central

questions in the literature have been: What are the factors that determine how

much information is transmitted? Can there be full revelation of information?

Would any relevant information be revealed at all in the absence of verification

of statements? Signalling where an informed agent takes costly actions that re-

veals his private information is discussed in Spence (1974). Information content

of costless and unverifiable statements, i.e. cheap talk, is discussed by Craw-

ford and Sobel (1982). They show that statements become more informative as

preferences of the parties become similar. Farrell and Rabin (1996) provide a

1



comprehensive summary of main results and questions in the literature of cheap

talk games. However, in many information transmission problems, the similar-

ity of the preferences of the parties depends on their private information.

Consider a seller who wants to sell his product regardless of its quality and

a buyer who only wants to buy a high quality product. The preferences of the

seller and buyer are similar when the product is high quality and very different

when the product is low quality. In such a case if the talk is cheap the seller

would claim his product is of highest quality regardless of the true quality and

no information would be revealed. A variant of such a seller-buyer problem is

studied in Milgrom (1981). Milgrom showed that if the seller’s claims are ver-

ifiable and the seller is known to possess some information about his product,

then the seller would provide full information about his product. Another ex-

ample of a persuasion problem is the problem faced by a politician who aims to

persuade a voter, by showing her some evidence that suggests he is the type of

politician that the voter likes. Yet another example, which is studied in detail in

this dissertation, is the problem faced by a defendant who has to decide whether

disclosing the evidence he has will increase or decrease the punishment he will

get. In all these examples, an informed speaker tries to persuade a listener to

take an action that is favorable for the speaker by presenting some evidence

about his private information (type of the speaker).

The main feature of persuasion problems is that the listener knows the ob-

jective of the speaker and evaluates the speaker’s statements in the light of this

knowledge. The speaker (he) chooses which facts to reveal and which to hide

according to what he knows or conjectures about the listener (she). It is gen-

erally assumed that making false statements is prohibitively costly and that the
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speaker’s statements are subject to some kind of verification. In the absence of

such verifiability constraints, the statements of the speaker would not be infor-

mative at all.

The persuasion problem is typically analyzed in literature under the as-

sumption that only the speaker has private information and only the listener

faces uncertainty-for example, Milgrom (1981), Milgrom and Roberts (1986),

Grossman (1981), Dye (1986), Shin (1994b), Glazer and Rubinstein (2004),

and Glazer and Rubinstein (2006).1 This is a restrictive assumption because in

many situations, the speaker may not be certain about the listener’s preferences.

The uncertainty about the listener’s preferences might be the result of either

the listener’s inability to communicate her preferences or the listener’s wish to

maintain the uncertainty about her preferences. Since the speaker chooses how

much information to reveal depending on what he knows about the listener’s

preferences, this restrictive assumption on the persuasion models has strong im-

plications on the results about how much information would be revealed. For

example, if there is consensus among voters on which types of politicians are

preferable, then a politician will choose his statements to suggest that he is one

of the favorable types. In contrast, if the politician is not sure about the prefer-

ences of the voters, then his incentives to reveal his private information might

be stronger in some cases and weaker in others.

The listener makes more informed decisions when the speaker reveals more

information and therefore more information is welfare improving. This thesis

focuses on the effects of uncertainty about the listener’s preferences on the in-

1See Watson (1996) for an example in which there is uncertainty about the listener’s prefer-

ences.
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formation revealed by the speaker. I analyze two possible tools that the listener

may use for information extraction in a persuasion game with two-sided uncer-

tainty. The first tool is the uncertainty about the listener’s type, which she may

choose to maintain or remove. The second tool is changing the scale of her

actions. By using these two tools whenever they are available and appropriate,

the listener might be able to extract more information from the speaker.

Whether the listener can commit to a rule that assigns an action to each state-

ment of the speaker has an important effect on her ability to use the uncertainty

about her preferences to extract information. In Chapter 2 of my thesis I ana-

lyze the first tool for both no commitment and commitment cases. I provide a

general model of the persuasion by extending the model provided in Glazer and

Rubinstein (2006) for two-sided uncertainty. I show that when the listener can-

not commit, uncertainty may improve the utility of the listener in some cases,

and I characterize these cases. On the other hand,when the listener can commit,

uncertainty improves the utility of the listener whenever the messages available

to the speaker satisfies a property called normality. Normality means that each

type of the speaker has a message that summarizes all other messages that are

available to that type. Glazer and Rubinstein (2006) provide a characterization

of optimal persuasion rules when there is no uncertainty about the listener’s

preferences. I provide an example to show that the results in Glazer and Ru-

binstein (2006) do not hold if the speaker is uncertain about the preferences of

the listener. I also discuss the effect of uncertainty about the listener’s prefer-

ences on the welfare of the speaker with an example. The example illustrates

that the speaker may benefit from the uncertainty he faces because the uncer-

tainty may lead the listener to perceive the speaker’s statements as more credible
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statements.

The second tool, a change in the scale of actions of the listener, is analyzed

as an evidence disclosure game between a judge and a defendant. The evidence

disclosures of the defendant might be affected if there is an increase or decrease

in the severity of legal punishment he might get if he is found guilty. In Chap-

ter 3 of my thesis I restrict my model of persuasion with two-sided uncertainty

to a game of evidence disclosure between a judge (listener) and a defendant

(speaker). I compare the effect of a change in the scale of legal actions on the

disclosures of the defendant when there is uncertainty about the judge’s type

and when there is no uncertainty. I also provide a measure of severity of legal

punishments. I show that the equilibrium disclosure of the defendant is not af-

fected by a change in the extent of legal actions when there is no uncertainty

on the type of the judge. With uncertainty, however, the defendant can be in-

duced to disclose more information by decreasing the severity of unfavorable

legal action relative to the favorable one. This implies that uncertainty creates

a sensitivity in the disclosures of the defendant to a change in the size of legal

actions.

The outline of the thesis is as follows. In Chapter 2, I analyze an abstract

model of persuasion games with two-sided uncertainty. Section 2.2 provides

a general model of persuasion with two-sided uncertainty. Section 2.3 is an

extension of the persuasion model of Glazer and Rubinstein with two types of

listener. In this section, two theorems characterizing the effects of uncertainty

on the set of equilibrium strategies of the speaker are given, and welfare implica-

tions of uncertainty about the preferences of the listener are discussed. Section

2.3.1 is a discussion of the effect of uncertainty on the speaker’s welfare in the
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context of a persuasion game between a job candidate and a potential employer.

In addition to characterizing Sequential Equilibria of the game, in section 2.4, I

analyze the welfare of the listener when the listener can commit. Chapter 3 is

a Law and Economics application of persuasion games with two-sided uncer-

tainty; I discuss the effects of a change in legal punishments on the disclosures

of a defendant.
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Chapter 2

Two-Sided Uncertainty in

Persuasion Games: Theory

2.1 Introduction

Persuasion games are communication games in which a speaker (he) sends mes-

sages to a listener (she) in order to persuade the latter to take a favorable action

for the speaker. This problem has been studied in Milgrom (1981), Milgrom and

Roberts (1986), Grossman (1981), Dye (1986), Shin (1994b), Glazer and Ru-

binstein (2004), and Glazer and Rubinstein (2006). In all the above papers, the

persuasion problem is typically analyzed under the assumption that the speaker

knows the preferences of the listener.1 However, this assumption is unrealistic

1See Watson (1996) for an example in which there is uncertainty about the listener’s prefer-

ences.
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in many persuasion problems. For example, potential employers usually spec-

ify some characteristics they want in a job candidate and it is usually the case

that they would not specify their preferences fully on every possible character-

istic. One reason would be that it is too time consuming to make a full speci-

fication but another reason would be that maintaining uncertainty may lead to

more informative statements from the job candidate. For example, consider

an employer who prefers a less experienced employee and the job ad does not

give this information to the candidates. Furthermore, suppose that, on average,

most employers prefer a more experienced employee. In this case the candi-

date would show all his previous experience in his CV and the employer would

make an informed choice. If the employer specified her preferences fully, then

the job candidate would modify his CV to show less experience than he really

has and supply the employer with less information. This example illustrates that

a listener can use uncertainty about her preferences to extract information in a

persuasion game.

Whether uncertainty improves the utility of the listener or not depends,

among other factors, on whether the listener can commit to a strategy ex-ante. In

the first part of my paper I analyze the no-commitment case. The welfare of the

listener is determined by the information revealed by the speaker, because the

more the speaker reveals about himself, the better decisions can be made by the

listener. Therefore, I analyze the set of Sequential Equilibrium strategies of the

speaker under uncertainty. To this end I extend the Glazer and Rubinstein model

of persuasion games with binary actions and one-sided uncertainty to two-sided

uncertainty. I analyze the set of equilibrium speaker strategies when the speaker

is uncertain about the two possible types of the listener, say alpha and beta, and
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I compare it with the set of equilibrium disclosures when the speaker is certain

about the type of the listener. I show that:

1. When the type of the listener is uncertain and one of the types of the lis-

tener is strictly more likely, say alpha, the equilibrium speaker strategies

are a subset of those that arise when the speaker knows with certainty that

the type of the listener is alpha.

2. Under uncertainty, the set of equilibrium speaker strategies stays the same

even when the probability of alpha changes.

3. Among the equilibria that deliver the highest expected utility to the lis-

tener alpha when there is no uncertainty on the listener’s type, there is

always one that remains in the set of equilibrium under uncertainty.

These results suggest that the less likely type of listener might use uncertainty in

order to extract more information from the speaker. My first and second results

imply that the information revealed in equilibrium under uncertainty does not

have a welfare impact for the more likely type. The equilibrium that delivers

the highest expected utility to her when there is no uncertainty remains in the

set of equilibria, and uncertainty does not lead to new equilibria. However,

uncertainty might have a significant effect on the welfare of the less likely type

of listener. Whether this effect is positive or negative depends on how useful

the information that is directed to the more likely type is for the less likely type

of listener. As to the welfare of the speaker, I also show with an example of a

job candidate (speaker) and an employer (listener) that the effect of uncertainty

may be beneficial for the job candidate.
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If the listener can commit to a strategy ex-ante, then uncertainty increases

the ex-ante welfare of the listener in a class of games with message structures

that satisfy a characteristic called normality. Normality means that each type

of the speaker has a message that summarizes all of the other messages that are

available to that type. In their model with one-sided uncertainty, Glazer and

Rubinstein (2006) focused on strategies of the listener that deliver the highest

utility, an optimal strategy, to the listener when the listener can commit ex-ante.

They showed that there exists an optimal strategy of the listener which also

arises as a Sequential Equilibrium strategy. Further they showed that there is

an optimal strategy for the listener in which the listener does not randomize on

actions. In addition to results I mention above, I show that if there is two-sided

uncertainty, both results of Glazer and Rubinstein fail to hold. In an example

I show that there exists a unique optimal strategy, and it does not arise as a

Sequential Equilibrium strategy. Moreover, the optimal strategy of the listener

involves randomization over actions.

2.2 Persuasion Game

A partially informed speaker and a partially informed listener meet and costless

communication takes place. The speaker’s utility depends on the action that the

listener takes, and he tries to persuade her to take the best possible action for

him. Which action the listener would like to take depends both on the speaker’s

private information and listener’s preferences, which is her own private infor-

mation.
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The private information of the listener characterizes her preferences and is

called the listener’s type. The set of types for the listener L = {l1, ..., lL} is a

finite set. The set of types of the speaker is denoted by Θ. The prior probability

that nature selects the listener’s type l from L is P (l) and the speaker’s type

θ from Θ is Q(θ). Probability distributions P and Q are independent; in other

words, the speaker and the listener can not infer anything about the other party’s

type once they learn their own types. The finite set of actions available to the

listener is denoted by A. The actions {a1, ..., aA} constituting A are ordered

by the preferences of the speaker– the speaker prefers a higher indexed action

to a lower indexed one. The listener of type l has a real-valued utility function

denoted by ul : A × Θ → R. So the utility of the listener depends on the state

of nature (l, θ) and the action a that she chooses. 2

The speaker’s utility function v : A → R solely depends on the action

the listener chooses, and these preferences of the speaker are also known to

the listener. The speaker chooses a message m from a set of messages that

he can choose from depending on his type.3 The messages available to type θ

is denoted with Mθ.4 This restriction of the message set for each type of the

2An employer who wants to hire an economist but does not want to hire an engineer is an

example of the preferences described.
3The message structure of a cheap talk game such as in Crawford and Sobel (1982) or Farrell

and Rabin (1996) is a special case in which all types of the speaker have access to exact same

message set.
4For example, a persuasion problem in which the speaker has an option of not disclosing any

information can be modeled in this framework by letting all types of the speaker have access to

a particular message, say mo.
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speaker lets the model incorporate the cases in which all or some parts of the

information the speaker sends are subject to verification.5

Let M denote the collection of {Mθ}θ and let the set of possible messages

be denoted by M. A persuasion game is denoted as Γ(Θ, P,M) when there is

uncertainty about the listener’s type. The problem is simply Γ(Θ, l,M) when

the listener’s type is known to be l, with a slight abuse of notation. The listener

selects a type dependent strategy f = {f1, ..., fL}; from here on f is called

listener’s strategy. Each component of the persuasion rule is a function that

matches each message m with a probability distribution on actions, fl : M →

∆A. The speaker selects his speaker strategy s : Θ → ∆(M), which is a

function that assigns a probability distribution over possible messages for each

type θ.

The timing of the game is as follows. Before nature selects the types of

both agents, the agents choose their strategies. Then the speaker and the lis-

tener learn their types. The speaker sends a message and the listener chooses

an action. Finally the payoffs are realized. The equilibrium notion for the game

Γ(Θ, P,M) is Sequential Equilibrium.

Definition. A Sequential Equilibrium is a tuple (f ∗1 , ..., f
∗
L, s

∗) and beliefs

µ : M→ ∆Θ such that:

1. For every θ, s∗(m|θ) > 0 implies∑
a

∑
l

v(a)f ∗l (a|m)P (l) = maxm̂∈Mθ

∑
a

∑
l

v(a)f ∗l (a|m̂)P (l) (2.1)

5For example, a job candidate can choose which certificates to include in his job application

from all his certificates, but he cannot forge fake ones.

12



2. For every m and l , f ∗l (a|m) > 0 implies

Eµ(ul(a, θ)|m) = maxâEµ(ul(â, θ)|m) (2.2)

3. Beliefs µ are derived from s∗ via Bayes’ rule whenever possible. Further,

there exists a sequence µk → µ such that µk are derived from totally

mixed sk via Bayes’ rule and sk → s∗.

2.3 Two Actions and Two Types of Listeners

In this section, I introduce uncertainty about the listener’s preferences to the

persuasion problem described by Glazer and Rubinstein (2006). As in Glazer

and Rubinstein (2006), the listener has access to two actions |A| = 2. The in-

terpretation is that the speaker makes a request and the listener can either accept

(A) or reject (R) the request, and the speaker prefers “accept” to “reject.” For

example, a job candidate wants to be hired and the potential employer either ac-

cepts or rejects, or a politician wants a voter to vote for him and the voter either

accepts or rejects. Formally, the restrictions on the general model described in

Sec 2.2 are as follows:

Assumption 1. The listener can be one of two types, L = {l1, l2}.

Assumption 2. |A| = 2.

Assumption 3. The set of types of the speaker is a finite set.

The amount of information revealed in equilibrium determines how informed

the choices of the listener are and hence the utility of the listener. In the mat-

ter of the listener’s welfare, the comparison between the utility of the listener

13



when there is no uncertainty about the listener’s type and when there is un-

certainty can be made by comparing the set of equilibrium speaker strategies

under uncertainty with the set of strategies when there is no uncertainty. When

(f ∗l1 , f
∗
l2
, s∗, µ) constitute an SE under uncertainty, the expected utility of the

listener when her type is l is given by

∑
m

∑
θ

∑
a

ul(a, θ)f
∗
l (a|m)s∗(m|θ)Q(θ) (2.3)

Let the listener’s type be observable and let (fl, sl) be SE strategies when the

listener’s type is l and µl are the beliefs derived from sl. Then the expected

utility when the listener’s type is l is given by the weighted average

∑
m

∑
θ

∑
a

ul(a, θ)fl(a|m)µl(θ|m)Q(θ) (2.4)

is feasible for the listener.

I first characterize the set of equilibrium speaker strategies under uncer-

tainty in comparison to the equilibrium strategies when there is no uncertainty

about the type of the listener. Then, I give sufficient conditions under which the

maximum expected utility under uncertainty (2.3) is higher than the maximum

expected utility when the listener’s type is known (2.4), for each type of the

listener.

The speaker strategies in equilibrium are determined by what the speaker

knows about the preferences of the listener. As a result of uncertainty, the

speaker may reveal more information, leading the listener to make more in-

formed choices or vice versa. The following example demonstrates the effects

of uncertainty about the listener’s preferences on the expected utility of the lis-
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tener for each type of the listener.

Example 1. Over-qualification Consider a job interview for a salesman job in

which there are two types of the the job candidate (the speaker): inexperienced

(θ1) and experienced (θ2). Both candidates have high school degrees (message

m1) but the second candidate has working experience that can be documented

(message m2). There are two possible preferences for the employer: she fa-

vors either an experienced candidate (θ2) over an inexperienced one θ1 or the

opposite.

The only message available to θ1 is m1, while θ2 can choose to send m1 or

m2. The message structure is as follows:

Mθ1 = {m1}

Mθ2 = {m2}

The potential employer has two actions: Hire, Reject. The preferences of

the speaker are given by v(H) > v(R).

Prior to receiving the message(s) from the speaker, the listener thinks θ1 is

more likely than θ2, that is Q(θ1) > 1
2
. Utility of l1 is given by Table 2.1.

Table 2.1: Employer 1

Actions R H
θ1 0 1
θ2 1 0

For now let there be no uncertainty about the listener’s type and it is known
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to be l1. If θ2 sends a different message than θ1, then the best response of the

listener would give action R. Therefore, at any SE s∗1(m1|θ1) = s∗1(m1|θ2) = 1.

So, the listener chooses A upon receiving m1 and the listener gets an expected

utility of Q(θ1) (by (2.3)).

The preferences of employer’s other type are just the opposite of l1. Type

l2 prefers to hire a more experienced candidate for the job and does not want to

hire an inexperienced one. Utility of l2 is given by Table 2.2.

Table 2.2: Employer 2

Actions R H
θ1 1 0
θ2 0 1

Now suppose that the speaker knows the type of the listener to be l2. In this

case the listener gives H upon receiving m2. Therefore there is only one SE

speaker strategy:

(i)s∗2(m1|θ1) = 1

(ii) s∗∗2 (m2|θ2) = 1

The listener’s best response to the speaker strategy would be choosing H

upon receiving m2 and R upon receiving m1. The listener gets an expected

utility of 1 (by (2.3)).

Now consider the case that there is an uncertainty about the listener’s type
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and P (l1) > 1/2. The candidate knows that if he sends m2 the probability of

getting rejected by the employer is P (l1) which is greater than the probability

of getting hired. The candidate also knows that since Q(θ1) > Q(θ2) the prob-

ability of getting hired is P (l1) if he sends m1. These facts imply that at any SE

under uncertainty s∗ = s∗1. This would result in an expected utility of Q(θ1) for

both of the types of employer, and this expected utility is lower than type l2’s

expected utility when there is no uncertainty about the employer’s type.

On the other hand, if P (l1) < 1/2, the candidate knows that sending m2

means being hired for the job with a probability of P (l1) > P (l2) and sending

m1 means being rejected with a probability of P (l2). The candidate would send

m2 whenever he could. At any SE under uncertainty s∗ = s∗2. In this case, the

uncertainty strictly improves the welfare of l1 while keeping l2 the same.

Table 2.3 summarizes the effect of uncertainty on the utility of two types of

the listener, in comparison to certainty.

Table 2.3: Utility Comparison Between Uncertainty and No Uncertainty

P (l1) > 1
2

P (l2) > 1
2

l1 Same Uncertainty is better
l2 Uncertainty is worse Same

�

As seen in table 2.3, when P (l1) > 1
2

the listener of type l2 strictly prefers

that the speaker knows her true type and l1 is indifferent. However, when

P (l1) < 1
2
, l1 strictly prefers uncertainty over certainty while l2 is indifferent.

In other words, when P (l1) < 1
2
, l1 would give a positive answer if she were

17



asked whether she prefers that the speaker somehow believes that the listener is

the other type. However, when P (l1) > 1
2
, l2 would answer this question nega-

tively. These effects of uncertainty on the utility of the listener are not specific

to Example 1; they can be generalized for an arbitrary finite set of speaker types,

and an arbitrary finite message structure.

Let (f ∗l , s
∗
l , µl) constitute an SE when the listener is known to be l. Formally,

the listener of type l prefers that the speaker would believe that the listener’s

type is l̂ if:

∑
a

∑
m

∑
θ

ul(a, θ)f̃l(a|m)s∗
l̂
(m|θ)Q(θ) >

∑
a

∑
m

∑
θ

ul(a, θ)f∗l (a|m)s∗l (m|θ)Q(θ)

(2.5)

where f̃ is a best response to s∗
l̂
.

Inequality (2.5) implies that if somehow the speaker uses strategy s∗2 when

the type of the listener is l1, the listener can choose a listener strategy under

which she is better off compared to the case where her type is known. This can

be interpreted as meaning that type l1 would rather use the information that l2

can extract.

Theorem 1 AssumeA1−3. If s∗ is an equilibrium speaker strategy of the game

Γ(Θ, P,M) with P (l) ∈ (1
2
, 1), then s∗ is an equilibrium speaker strategy for

all games Γ(Θ, P̂ ,M) with P̂ (l) ∈ [1
2
, 1].

Theorem 1 establishes that the set of equilibrium speaker strategies in the

game with uncertainty is a subset of the set of speaker strategies that arise in

the equilibria of the game when the listener’s type is known to be the more

likely type of the uncertainty game. Moreover, under uncertainty, the set of
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equilibrium speaker strategies stays the same even when the probability of the

more likely type changes.

The following corollary of Theorem 1 shows that when there is a unique SE

under certainty for each type and inequality (2.5) holds for the less likely type

of listener, then that type of listener has strictly higher expected utility under

uncertainty.

Corollary 1 Assume A1 − 3. Let Γ(Θ, l,M) have a unique SE for every l ∈

{l1, l2}. Let inequality (2.5) be satisfied for type l1. Then the game Γ(Θ, P,M)

with P (l1) < 1
2

has a SE under which the expected utility of the listener of type

l1 is strictly higher under uncertainty compared to the expected utility of l1 in

game Γ(Θ, l1,M).

Proof. Directly follows from Theorem 1.

Theorem 1 shows that when there is uncertainty, changes in the prior beliefs

of the speaker that do not affect which type of the listener is more likely, also do

not affect the set of equilibrium disclosures. Also it shows that the equilibrium

disclosures under uncertainty is a subset of equilibrium disclosures when there

is no uncertainty about the type of the listener.

However, a large class of persuasion games has more than one equilibrium

for at least one type of the listener under certainty. And the set of feasible

outcomes for the more likely type is frequently a proper subset of the set of

feasible outcomes when there is certainty. However, Theorem 2 shows that

some of the equilibrium strategies that deliver the highest expected utility to the

listener when her type is observable, remain in the set of equilibria when there
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is uncertainty. Let S∗l be defined as following

SEl = {(sl, fl) that are equilibrium strategies of Γ(Θ, l,M)}

SMl = argmax
(sl,fl)∈SEl

∑
a

∑
θ

∑
m

ul(a, θ)fl(a|m)sl(m|θ)

S∗l = {s| there exists deterministic f such that (s, f) ∈ SMl }

S∗l is a subset of speaker strategies that give the highest expected utility to l

when there is no uncertainty. Glazer and Rubinstein (2006) and Sher (2008)

show that S∗l is nonempty.

Theorem 2 Assume A1− 3. For every l, there exists s∗ ∈ S∗l such that s∗ is an

equilibrium speaker strategy for game Γ(Θ, P,M) where P (l) ∈ [1
2
, 1].

Since Glazer and Rubinstein show that for every game Γ(Θ, li,M) there ex-

ists an optimal deterministic listener strategy, Theorem 2 implies that the maxi-

mum possible expected utility for the more likely type under certainty remains

feasible when there is uncertainty, given that the prior probability of that type is

more than 1
2
. However, for the less likely type, uncertainty changes the maxi-

mum feasible expected utility in equilibrium, and whether this effect is positive

or negative depends on whether the less likely type of the listener wants to re-

ceive the information that is cut for the more likely type of the listener. This

implies that uncertainty might be a welfare affecting tool for the less likely type

of the listener.
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Example 2 illustrates that when both types of the listener are equally likely,

uncertainty may lead to new equilibria and may strictly improve both types’

welfare.

Example 2. A politician (speaker) is trying to persuade a potential donor (the

listener) to donate to his campaign. The potential donor will donate only if

she is convinced that the politician’s agenda is compatible with her own views

on international relationships and government support for the agricultural sec-

tor. The politician delivers information consisting of detailed feasibility stud-

ies of projects related to his agenda to the potential donator. Upon receiving

this information the potential donor decides whether to donate to the campaign

(Accept-A) or not (Reject-R).

The politician is one of the three types. Politician of type θ1 has a worked-

out plan for attacking another nation and does not have any plan on tax cuts for

the agricultural sector. Type θ2 has a worked-out plan for tax cuts on the agricul-

tural sector and does not have any plan for attacking another nation. Politician

of type θ3 has a worked out-plan for tax cuts on the agricultural sector and has

a plan for attacking another nation. Let m1 denote a plan for attacking another

nation and m2 denote a plan for tax cuts on the agricultural sector.

Mθ1 = {m1}

Mθ2 = {m2}

Mθ3 = {m1,m2}

Prior probability on the types of the politician is Q(θ1) = Q(θ2) > Q(θ3).

The potential donor is one of two types {l1, l2}. Type l1 is opposed to the
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idea of war and supports tax cuts on the agricultural sector. Utility of the donor

of type l1 is given by the Table 2.4.

Table 2.4: Donor 1

Actions R A
θ1 10 0
θ2 0 10
] θ3 10 0

Suppose that there is no uncertainty and the politician somehow knows that

the type of the donor is l1. The donor will donate the money only if she thinks

there is a high chance that she is facing θ2. The message m1 can come only

from θ1 and θ3, so in any SE the donor would choose R upon receiving m1.

Therefore θ3 will show his project about tax cuts and never mention his project

about war. When the listener’s type is known to be l1, the SE strategies of the

politician are characterized by:

s∗1(m2|θ2) = s∗1(m2|θ3) = 1

Since Q(θ2) > Q(θ3), the donor chooses A upon receiving m2 and chooses

R upon hearing any other message. Using (2.3) the donor’s expected utility is

calculated to be 10(Q(θ1 + θ2)), in equilibrium when her type is known to be l1.

The potential donor’s second type (l2) supports the idea of war and is op-

posed to tax cuts on the agricultural sector. Utility of the donor of type l2 is

given by Table 2.5.

Now assume that the politician’s type is θ3 and he knows that the type of the

donor is l2. In this case, if θ3 chooses a strategy that puts positive probability
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Table 2.5: Donor 2

Actions R A
θ1 0 10
θ2 10 0
θ3 10 0

on m2, then the best response of the donor would be giving R upon receiving

m2 and giving A upon receiving m1. Therefore θ3 shows his project on tax cut

and never mentions his project on war in his equilibrium strategy. At any SE

s∗1(m1|θ1) = s∗1(m1|θ3) = 1, so upon hearing m1 the donor thinks it is equally

likely that the politician’s type is θ1 or θ3 and is indifferent in giving A or R.

The donor gives R upon hearing any other message. Using (2.3) her expected

utility is calculated to be 10(Q(θ1)+Q(θ2)). Hence, the ex-ante expected utility

of the donor when her type is known is equal to 10(Q(θ1) + Q(θ2)) for both of

her types by equation (2.4).

Assume the case in which the politician is not sure about the preferences of

the donor. The prior probability on the types of the donor is given as P (l1) =

P (l2) = 1/2.

In this case strategies s∗, f ∗1 , f
∗
2 and beliefs µ described below constitute an

equilibrium:

1. s∗(m1|θ3) = s∗(m2|θ3) = 1/2

2. s∗(m1|θ1) = s∗(m2|θ2) = 1
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f ∗1 (A|m) =

{
1 if m = m2

0 otherwise

f ∗2 (A|m) =

{
1 if m = m1

0 otherwise

µ(θ1|m1) = µ(θ2|m2) = 1

µ(θ3|m1) = µ(θ3|m2) =
1

2

The SE strategies described above yield an ex-ante expected utility ofQ(θ1)10+

Q(θ2)10 +Q(θ3) = 1
2
10 to both types of the donor when there is uncertainty.

The uncertainty about the preferences of the listener makes it rational for

the politician of type θ3 to imitate θ1 half of the time and imitate θ2 at the rest. If

the donor hearsm2, then she deduces that it is θ2 talking with probability of 2/3.

In contrast, the equilibrium speaker strategies under certainty result in listener

beliefs under which upon hearing message m2, l1 thinks it is equally likely that

the politician she is facing is the type she wants to accept (θ2) or a type she

wants to reject (θ3)- the same applies to l2. Therefore, when the politician is not

sure about the preferences of the potential donor, the politician’s equilibrium

strategy leads the donor to take more appropriate actions delivering her higher

ex-ante expected utility. �
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2.3.1 Welfare of the Speaker

Theorem 1 establishes that information disclosed in equilibrium depends on

which of the types of the listener is more likely. The effect on the welfare of

different types of listener can be determined by this observation. After analyz-

ing the uncertainty from the perspective of the listener, a natural question to ask

would be whether the speaker prefers to know the true type of the listener. It

may seem intuitive that the speaker would like to know the preferences of the

listener, but the following example illustrates that the speaker may prefer uncer-

tainty.

Example 3. Consider a variation of the job interview game discussed in Exam-

ple 1. Let the message structure for the job candidate be the same. Similar to

Example 1, l′1 denotes the type of potential employer that favors θ1 and thinks

that θ2 would be overqualified for the job. For the purposes of this example let

ul′1(a, θ) be given by Table 2.6

And similar to Example 1, l′2 denotes the type of potential employer that favors

Table 2.6: Employer 1′

Actions R H
θ1 0 x
θ2 y 0

θ2 for the job. Let ul′2(a, θ) be given by Table 2.7.

For both types of employer, choosing the appropriate action affects the util-

ity of the employer by an amount of x > 0 when the candidate is an inexpe-
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Table 2.7: Employer 2′

Actions R H
θ1 x 0
θ2 0 y

rienced one and by an amount of y > 0 when the candidate is an experienced

one.

Let prior probability distribution over types of the job candidate be given by

Q(θ1) = α, Q(θ2) = 1 − α and the priors for types of the employer be given

by P (l′1) = β, P (l′1) = 1 − β. Let P (l′1) < 1
2
. Theorem 1 implies that in

equilibrium, the job candidate would use s∗ that fully reveals his type. Upon

receiving s∗ the employer knows for sure which type she is facing. As a result

when the type of the employer is not known l′1 will hire θ1 while rejecting θ2,

and l′2 will hire θ2 while rejecting θ1.

Now consider each case in which the type of the employer is known. If the

employer’s type is l′1, then θ2 will send m1 and the employer will not be able

to make out whether she is facing θ1 or θ2. Now suppose αx < (1 − α)y and

the employer’s type is l′1. In that case the employer will choose to reject the job

candidate. If the employer’s type is l′2 then the job candidate will reveal his type

and the employer will hire θ2 and reject θ1.

Since αx < (1 − α)y, making the right decision when the job candidate’s

type is θ2 is more important compared with when it is θ1 for both types of the

employer. Therefore if both types of the job candidate send the same message,

type l′1 would reject the job candidate. So when there is no uncertainty about the
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type of the employer, θ1 would expect to be rejected regardless of the employer’s

type. Type θ2 would expect to be hired by l′2 and be rejected by l′1. This means

that being able to observe the employer’s type reduces the expected utility of

the job candidate if his type is θ1 and keeps it the same if his type is θ2.

Uncertainty benefits θ1 by ensuring a fully revealing equilibrium. The mes-

sage m1 is indicative of θ1. In other words, the statements of the job candidate

are more credible when the employer knows that the job candidate is unsure

about the preferences of the employer. This enhanced credibility results in an

improvement of the ex-ante utility of the job candidate.

2.4 Optimal Persuasion Rules under Uncertainty

An optimal persuasion rule is a function that assigns a probability distribution to

each message and it maximizes the listener’s ex-ante expected utility under the

condition that the speaker gives a best response. An optimal persuasion rule is

a f : L×M→ ∆A that is ex-ante optimal for the listener if she could commit.

Glazer and Rubinstein studied optimal persuasion rules under the assump-

tion that the speaker knows the preferences of the listener. They proved optimal

persuasion rules show two important characteristics: there exists an optimal

persuasion rule that involves no randomization and there exists an optimal per-

suasion rule that is ex-post optimal. They define a persuasion rule to be ex-post

optimal if it is a Sequential Equilibrium strategy. With an example, I show that

when the speaker faces uncertainty about the preferences of the listener both

results cease to hold. I also discuss the effect of uncertainty on ex-ante expected
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utility of the listener when the listener can commit to a rule. I restrict my atten-

tion to a class of problems with message structures that satisfy a characteristic

called normality and in which no two types of the listener have access to ex-

act same message set. In that class of problems I show that when the listener

can commit, under uncertainty it is always feasible to deliver each type of the

listener a weakly better utility.

First I want to review Glazer and Rubinstein’s results for a no-uncertainty

case. Let the listener’s type be known as l and let Cl be a set of pairs (fl, s) such

that sl is a best response to fl. Persuasion rule, f̂l is an optimal listener strategy

for the listener if there exists ŝl such that:

(f̂l, ŝl) solves max
(fl,sl)∈Cl

∑
m

∑
θ

∑
a

ul(a, θ)fl(a|m)sl(m|θ)Q(θ) (2.6)

Definition. A listener strategy f is deterministic if for all l and for all m

fl(a|m) ∈ {0, 1}

Glazer and Rubinstein (2006) and Sher (2007) show that there exists an optimal

deterministic persuasion rule that is an SE strategy for the game Γ(Θ, li,M).

Parallel to the definition of optimal persuasion rule when there is no un-

certainty about the listener’s type, Optimal Persuasion Rule under uncertainty

maximizes the ex-ante expected utility of the listener under the condition that

the speaker gives a best response. That is f ∗ is an Optimal Persuasion Rule if it

solves:

max
f

∑
m

∑
a

∑
θ

∑
l

ul(a, θ)f(a|l,m)s(m|θ)Q(θ)P (l) (2.7)

s.t

s is a best response to f
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The following example is another version of the over-qualification game that

is introduced in Section 2.3. The only difference is that the employer can com-

mit to a persuasion rule ex-ante. I show that no optimal listener strategy under

uncertainty is an equilibrium strategy for this example.

Example 4. Consider a job interview problem that is similar to what is de-

scribed in Examples 1 and 3. Suppose prior to the interview the employer (the

listener) knows Q(θ1) = Q(θ2) = 1
2

and the prior probability that the employer

prefers the inexperienced candidate for the salesman job is 3
4
.

The only message available to θ1 is m1, while θ2 can choose to send m1 or

m2.

v(H) = 2 and v(R) = 0

The utility of the employer of type l′′1 is given by 2.8.

Table 2.8: Employer 1′′

Actions R H
θ1 0 50
θ2 30 0

Utility of l2 is given by Table 2.9.

Now suppose the employer can commit to a hiring rule before nature selects

her type that she will commit to use in all her hiring decisions. In order to

maximize her expected utility, the employer chooses f̂ = (f̂1, f̂2) that solves

(2.7).
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Table 2.9: Employer 2′′

Actions R H
θ1 100 0
θ2 0 20

If the employer’s strategy assigns a lower probability of H to message m2

than m1, then θ2’s best response would be sending m1. On the other hand if the

employer’s strategy assigns a higher probability ofH tom2, then θ2 would send

m2. Types θ1 and θ2 would separate only if the employer’s strategy assigned a

probability of hiring to m2 as high as to m1. The employer of type l2 prefers to

accept θ2 for the job and the type l1 prefers to reject θ2. The optimal persuasion

rule that separates the types of the speaker is as follows. Upon receiving m2 it

assigns H with probability 1 when the listener is type l2 so that the probability

of rejecting is maximized if the employer’s type is l1.

The listener strategy f̂ given below solves the maximization problem given

above.

f̂l1(H|m) =

{
1 if m1
2
3

otherwise and f̂l2(H|m) =

{
0 if m1

1 otherwise

ŝ =

{
m1 if θ1

m2 if θ2

The listener strategy f̂ is an optimal listener strategy under uncertainty.

However H is not a utility maximizing choice given message m2 for l1. If

the employer’s type is l1 the employer strictly prefers to choose R in response

to m2, so f̂ is not a credible rule for l1. Also, l1 is not using a deterministic
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strategy under f̂ (and under any other (f, s) that solves (2.7)). Therefore, Ex-

ample 4 shows that Glazer and Rubinstein’s results do not hold when there is

uncertainty about the employer’s type. �

Next, I show that in a class of message structures, optimal listener strategies

under uncertainty deliver weakly higher ex-ante expected utility to the listener

than optimal listener strategies under certainty. In order to compare the effect of

uncertainty about the listener’s preferences on the listener’s welfare the ex-ante

expected utility of the listener should be defined for the no uncertainty case.

Let the listener’s type be observable. Let fl be the optimal listener strategy for

type l under when there is no uncertainty and the pair fl, sl solves (2.6). Then

the ex-ante expected utility for the listener when there is no uncertainty about

the listener’s preferences is the weighted average of utilities of each type of the

listener. ∑
l

∑
a

∑
θ

ul(a, θ)fl(a|m)sl(m|θ)Q(θ)P (l) (2.8)

Each pair of (f, s) assigns a probability distribution over the set of actions

to each θ and l. Any such pair can be expressed as an outcome function

b : L×Θ→ ∆A.

The problem of choosing an optimal persuasion rule which is given by (2.7) is

equivalent to choosing an optimal outcome function that can arise as a result of

a (f, s) pair in which s is a best response to f . These sets of outcome functions

are called implementable outcome functions.

Definition. An outcome function b is implementable if there exists a listener

strategy f = {f1, ..., fL} and speech rule s, which is a best response to f ,
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satisfying ∑
m

fl(A|m)s(m|θ) = b(A|l, θ)∀θ, l (2.9)

I restrict my attention to message structures in which each type of speaker

has a message that summarizes all his messages. These are message structures

that satisfy Bull and Watson (2007) definition of normality. 6

Definition. The message structure M is normal if for each θ there exists mθ

such that for every θ̂

if mθ ∈Mθ̂ then Mθ ⊂Mθ̂. (2.10)

Message mθ is called the maximal message of θ.

Normality means that each type of speaker has a special message that im-

plies all his other messages. It can be thought as a message that combines the

meaning of all the other messages that the type can send. This special message

is called a maximal message. Presence of a maximal message implies that the

speaker is able to summarize all his other messages with one message. This

assumption is non-trivial as in the presence of time constraints it might be im-

possible for a speaker to send all his messages in the absence of a maximal

message. For further analysis of the effect of time constraints, see Sher (2008).

Normal message structures lead to a very simple expression of implementability

condition.

Lemma 1 Let M be normal and Mθ 6= Mθ̂ for all θ, θ̂. An outcome function b

is implementable if and only if for all θ, θ′, Mθ ⊇Mθ′ implies:

6See also Green and Laffont (1986).
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∑
l

b(A|l, θ)P (l) ≥
∑
l

b(A|l, θ′)P (l) (2.11)

For the proof of Lemma 1, see the Appendix.

Lemma 1 gives a simple characterization of outcome functions.7 For the

commitment case, the set of ex-ante utilities of the listener when the speaker

faces uncertainty about the preferences of the listener is given by

∑
θ

∑
a

∑
l

ul(a, θ)b(a|l, θ)Q(θ)P (l) (2.12)

s.t

b satisfies (2.11)

This reduces the problem of selecting optimal ex-ante listener strategy to

selecting an outcome function b̂ such that

b̂ solves max
b

∑
θ

∑
a

∑
l

ul(a, θ)b(a|l, θ)Q(θ)P (l) (2.13)

s.t

b satisfies (2.11)

Let bl be an implementable outcome function when the listener’s type is

known to be l ∈ L. By implementability, for all (l) types of the listener

7For a discussion of outcome functions in more general language structures under no uncer-

tainty, please see Sher (2008).
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bl(A|θ) ≥ bl(A|θ̂) ifMθ ⊇Mθ̂

Summing over possible types of the listener gives

∑
l

bl(A|θ)P (l) ≥
∑
l

bl(A|θ̂)P (l) if Mθ ⊇Mθ̂.

Under uncertainty b(l, θ) = bl(θ) is an implementable outcome function.

Thus, any outcome function vector that is implementable when the type of the

listener is known is implementable under uncertainty as well. This implies the

main result of Section 2.4, that is when the listener can commit, uncertainty

about the preferences of the listener improves the ex-ante expected utility of the

listener.

Theorem 3 Let M be normal and Mθ 6= Mθ̂ for all θ, θ̂. Then the optimal

listener strategies under uncertainty deliver a weakly higher ex-ante expected

utility to the listener than the maximum ex-ante expected utility she can get when

her type is observable given by (2.8).

Theorem 3 shows that when the listener can commit to a persuasion rule,

then uncertainty helps the listener to extract information that is at least as useful

as in the case of no-uncertainty from the speaker. The listener who can commit

ex-ante would always prefer to keep the speaker uncertain. For example, an

employer may not provide information about exactly what kind of job candidate

they are looking for if there are no time constraints on the side of the speaker

(by normality assumption) and no costs of reading applications on the side of

the employer. This result is contrary to what happens when the listener cannot

34



commit. As discussed in section 2.2, uncertainty may result in disclosures that

may decrease the utility of the listener in equilibrium compared with the no

uncertainty case. Another important implication of the result is that optimal

listener strategies are not equilibrium listener strategies when there is two-sided

uncertainty; this implication is contrary to Glazer and Rubinstein’s results about

optimal listener strategies under no uncertainty.

2.5 Conclusion

The main focus of my paper is the effect of uncertainty about a listener’s pref-

erences on information disclosed. The effect of uncertainty on information

disclosed depends on whether the listener may commit or not, amongst other

factors.

In order to analyze the usefulness of uncertainty for the listener, I first char-

acterize the equilibrium speaker strategies when there is uncertainty and discuss

the no-commitment case. I show that the equilibrium strategy of the speaker is

determined by the more likely type of listener. In other words when there is

uncertainty the speaker chooses his strategy to persuade the more likely type of

listener. Corollary 1 gives a sufficient condition on whether the listener would

prefer that the speaker face uncertainty about her type or he would prefer that the

speaker knows her type. It turns out that the information revealed depends on

which type of listener is more likely. If one type of listener is more likely then in

equilibrium the speaker reveals his information as if there were no uncertainty

and the listener is known to be the more likely type. However, uncertainty is not
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described as a policy choice of the listener in my model, yet. In order to talk

about uncertainty as a policy choice of the listener, a persuasion problem with

an extra communication stage in which the listener sends a cheap talk message

to the speaker regarding her type can be analyzed, and this is a subject for future

research. As for the effect of uncertainty on the speaker’s welfare, it may seem

intuitive that the speaker would like to know the preferences of the person he is

trying to persuade, however, an initial analysis suggests that the effect of uncer-

tainty about the listener’s type on the speaker’s welfare is ambiguous. Again,

this question is a subject of future research.

When the listener can commit the language structure is normal, I show that

uncertainty improves the ex-ante expected utility of the listener. The listener

is able to use the uncertainty about her preferences to extract more information

from the speaker. These results implies that an agent (a firm, a manager) that can

commit would always keep the speaker uncertain about her preferences whereas

an agent who cannot commit ahead to a strategy may find it useful to clear the

uncertainty that the speaker faces.
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Chapter 3

Punishment and Evidence

Disclosure

3.1 Introduction

The extent of the effectiveness of legal punishments in deterring criminal activ-

ity have been extensively studied and debated. 1 In his seminal paper, Becker

(1968) analyzed optimality of legal punishments assuming that criminals are

rational decision makers. In his analysis the criminal perceives legal punish-

ments as a cost of crime and decides on whether to commit crime accordingly.

Becker discusses optimality of different types of punishment such as fines and

prison terms in relation to the welfare of the society. The social welfare in

1For a survey of empirical papers that support the argument that punishment is indeed a

deterrent to criminal activity, see Tullock (1974).
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Becker (1968) includes social loss from offenses and cost of law enforcement

and utility taken by the criminal from committing crimes.

To have a complete analysis of optimality of punishments, punishments

should also be analyzed in relation to evidence disclosures. Evidence disclo-

sures are crucial for courts to make informed legal decisions. How much evi-

dence a defendant discloses in court depends on what results these disclosures

may lead to, which in turn depends on the severity of punishments. This paper

studies the relationship between the severity of legal punishments and evidence

disclosed in courts.

Consider the specific example of a judge trying to decide on the punishment

for a defendant in a tort case. The defendant is a producer whose product has

harmed a consumer. The judge determines the extent of compensation accord-

ing to whether the producer has been irresponsible or not, among other factors.

The producer is asked if the product was tested for a specific characteristic be-

fore it was sent into the market. The producer may present a piece of evidence

as an answer. The judge might choose a small compensation payment upon

seeing favorable test results or might choose a high compensation amount if the

test results show that the producer was irresponsible. The evidence is “hard” in

the sense that the defendant can disclose or suppress what he knows but can-

not forge evidence. If the producer has tested the product he may disclose the

results during the proceedings or suppress this information. The producer who

has favorable test results may want to present this evidence to the court. The

event that defendant is genuinely uninformed is a special event because the pro-

ducer cannot prove lack of evidence. In this paper, I restrict my attention to

the cases in which the sole provider of information about the evidence is the
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defendant; neither judge nor any other agent can investigate the matter them-

selves and find evidence. As discussed in Shin (1994a), the possibility that the

defendant is uninformed leads the judge to make non-trivial inferences when

the defendant does not answer a question. An additional important feature of

the tort case proceeding is that the defendant faces an uncertainty about how

the judge would evaluate the evidence– a lenient judge might choose a different

action than a strict judge upon receiving the same evidence.

I analyze the effects of a change in the extent of legal punishments on the

evidence disclosure of the defendant. I compare the effect of a change in the

scale of legal actions on the disclosures of the defendant when there is uncer-

tainty about the judge’s type and when there is no uncertainty. In the tort case

example the legal punishments correspond to a compensation schedule. I show

that:

1. The equilibrium disclosure of the producer is not affected by a change in

the compensation schedule when there is no uncertainty on the type of the

listener (judge).

2. With uncertainty, however, the defendant can be induced to disclose more

information by decreasing the severity of compensation schedule.

3. The defendant would disclose less information when the severity of com-

pensation schedule is increased.

This implies that uncertainty creates a sensitivity in the disclosures of the de-

fendant to a change in the severity of legal actions. In cases where the producer

knows how the evidence will be perceived by the judge, a change in the com-
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pensation schedule does not affect what evidence he suppresses and what evi-

dence he discloses. The severity of the compensation schedule would affect the

producer’s evidence disclosure behavior only if the producer faced uncertainty

about how the judge evaluates the evidence. In general, in a legal system in

which there is no uncertainty and every contingency is well-defined by laws, a

change in the size legal actions does not affect incentives to disclose evidence.

However, in a legal system where the laws leave a higher degree of freedom

of choice to the judge, i.e. when there is uncertainty about the listener’s type,

decreasing the severity of unfavorable legal action relative to the favorable one

would affect evidence disclosed in equilibrium, positively.

3.2 Evidence Disclosure Game

A defendant is facing a judge in a legal proceeding. The judge chooses an action

that determines the utility of the defendant. The defendant sends a message m

to the judge in order to persuade the judge to take a favorable legal action. The

defendant faces uncertainty about how the judge would evaluate the evidence.

Turning back to the example of the tort case, a lenient judge might decide to

reduce the defendant’s punishment when mediocre results are presented to court

while a strict judge might increase the punishment of the defendant for the same

test results.

There are two pieces of information related to judge’s preferred action for

the case. The first piece of information is about the evidence whether the defen-

dant is informed or not and the nature of evidence x ∈ [0, 1]. The second piece
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of information is about how the judge evaluates the evidence. The evidence is

hard in the sense that if the defendant has evidence, then he can either disclose

the evidence or hide it, but cannot forge or manipulate the evidence. In the

tort case example, the producer who did research about the product can show

the results to the court or can hide them, but forging fake results is extremely

costly. The informed defendant observes evidence x drawn from the interval

[0, 1]. The uninformed defendant’s type is denoted with xo. Type space for the

defendant is Θ = [0, 1] ∪ {xo}. The prior probability on Θ is atomless on [0, 1]

and Q(xo) > 0. Type determines what he can say in the court– in other words,

which messages are available to him. The uninformed defendant’s message set

is Mxo = {mo}. The informed defendant who observes evidence x has the

message set Mx = {mx,mo}. The set of messages available in the evidence

disclosure game is M = [0, 1] ∪ {mo}. This message structure is standard in

disclosure games with verifiable information as in Milgrom (1981), Dye (1986),

Shin (1998), and Che and Severinov (2007). The judge evaluates the evidence

according to her private information which is her type j ∈ J. The variable j

represents the judge’s interpretation of how the evidence fits in the case given

the judge’s personal character and his private knowledge about the case. I as-

sume that there is a finite number of types for the judge and denote the set of

types with J.

When the defendant sends mo the judge forms beliefs regarding whether

the defendant is suppressing evidence or he is genuinely uninformed. The set

of judge’s actions A = {L,N,H} is a list of legal actions that the judge can

impose on the defendant. In response to the disclosure of the defendant, the

judge may choose between three actions: High (H), Neutral (N) and (Low).
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For the tort case example these three actions can be interpreted as reducing the

compensation that the defendant has to pay, not changing it, or increasing the

compensation.

The defendant’s utility depends on the action the judge chooses but not on

his type, and his utility is described by the function v : A → R such that

v(H) > v(N) > v(L). The defendant chooses his disclosure strategy to get a

favorable decision from the judge. Without loss of generality, let v(N) = 0.

The judge’s utility depends on the action she chooses, the type of the de-

fendant, and the type of the judge. As in Daughety and Reinganum (2000) and

Che and Severinov (2007), the judge chooses her action according to given legal

standards. The legal standard is described by three values: bH , bN , bL such that

bH > bN > bL. For any pair (j, θ), the judge evaluates the case by a function

g : J × Θ → [bL, bH ] and chooses an action. The utility function of the judge

u : J× A×Θ→ R is given by a squared loss function similar to Shin (1998)

uj(a, θ) = −(g(j, θ)− ba)2

Without loss of generality, I assume that bN = 0. The legal standards may

be interpreted as a standard measure of the degree of the guilt of the defendant

with which the judge compares her private evaluation of the case. The judge’s

utility is negatively related to the difference between her evaluation and the legal

standards that correspond to the action she chose. If the evaluation is closer to

bH than bN or bL, then she decides the most suitable action is H; whereas a

value closer to some other ba implies that she chooses a. Upon a tie between

two actions, the judge may choose either action and may choose to randomize
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between two actions.

The evidence disclosure game is denoted by Γ(Θ, P,A) when the type of the

judge is not observable and with Γ(Θ, j,A) when the type of the judge is known

to be j. The defendant’s strategy is a function that assigns a probability distri-

bution on messages to each type of the defendant, d : Θ → M, d(x) ∈ ∆Mx.

The decision strategy of judge of type j is a function that gives a probability

distribution over the set of actions for each message, fj : M→ ∆A.

The evaluation function satisfies two properties for all types of the judge.

Assumption 4. For all j the evaluation function g(j, x) is continuous and mono-

tone increasing in x ∈ [0, 1].

Similar to Che and Severinov (2007), Assumption 4 implies that the higher x is

more favorable for the defendant regardless of the type of the judge. But differ-

ent types of judge may differ on their evaluations for a specific x 2. For example,

a strict type of judge may decide to take action N upon receiving evidence x

but a more lenient type may decide to take action H .

Assumption 5. For all j the evaluation function g(j, x) satisfies

g(j, 1) = bH and g(j, 0) = bL

Assumption 5 states that all types of judge agree on how to evaluate the highest

and lowest evidence in the sense that all types wants to take action H when

2See Seidmann (2005) for an evidence disclosure model in which defendant’s evidence is

not ranked the same by different types of the decision maker.
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x = 1 and L when x = 0.

Assumption 6. For all j, g(j, xo) = 0.

Assumption 6 means that in the absence of new evidence, the judge takes a neu-

tral action.

Upon receiving a message m, the judge forms beliefs about the type of the

defendant and chooses an action accordingly. The action of the judge depends

on the expected utility calculation of the judge given her beliefs about the type

of the defendant. Upon receiving a message m, the judge is said to be best

responding given beliefs µ if the action a∗ she chooses solves the problem

max
a
Eµ(−(g(j, θ)− ba)2|m) (3.1)

That is, a∗ is a maximizing choice for j if and only if

−
∫

Θ

(g(j, θ)− ba∗)2dµ(θ|m) ≥ −
∫

Θ

(g(j, θ)− ba)2dµ(θ|m) (3.2)

for all a. This is equivalent to∫
Θ

[2g(j, θ)ba∗ − b2
a∗ ]dµ(θ|m) ≥

∫
Θ

[2g(j, θ)ba − b2
a]dµ(θ|m)

Rearranging the terms yields

Eµ(g(j, θ)|mo)(ba∗ − ba) ≥
b2
a∗ − b2

a

2

For ba∗ > ba, this is equivalent to

Eµ(g(j, θ)|m) ≥ ba∗ + ba
2

(3.3)

and for ba∗ < ba

Eµ(g(j, θ)|m) ≤ ba∗ + ba
2

(3.4)
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Inequalities 3.3 and 3.4 yield cutoffs that the judge compares her evaluation

with, and chooses an action accordingly. Since bN = 0, it follows 3.3 and 3.4

from a∗ = H if and only if

bH ≥ Eµ(g(j, θ)|m) ≥ bH
2

And similarly, a∗ = N if and only if,

bH
2
≥ Eµ(g(j, θ)|m) ≥ bL

2

I introduce the following cutoffs

cN =
bL
2

and cH =
bH
2

(3.5)

When the judge’s evaluation is less than cN , she takes action L; when it is in

between two cutoffs, she takes action N ; and when the evaluation is greater

than the second threshold, she takes action H . Let ca+ denote the cutoff that

is higher than and adjacent to ca and for completeness of notation let cL = bL

and cH+ = bH . Note that since bN = 0, the right hand sides of (3.3) and (3.4)

can be rewritten as cH and cN . I conclude that when message m is received, the

judge’s best response is a∗ if and only if

ca∗+ ≥ Eµ(g(j, θ)|m) ≥ ca∗ (3.6)

3.3 Equilibrium Analysis

In the United States, defendants are protected from self incrimination by the

right to silence. In most cases the jury members are advised not to make nega-

tive inferences when a defendant uses that right. However, Criminal Justice and
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Public Order Act 1994 of the UK allows adverse inferences to be drawn from

silence. Also in the United States many studies show that contrary to instruc-

tions given, jury members make inferences upon silence in reality. For example,

the National Legal Poll (1998) of National Law Association indicated that % 40

of the potential jurors would draw a negative inference from the defendants re-

fusal to testify. I employ an equilibrium notion under which the judge makes

a Bayesian inference upon receiving mo and the beliefs of the judge is derived

from the equilibrium strategy of the defendant.

Definition. A Sequential Equilibrium of disclosure game is a tuple consisting

of the judge’s strategy {f ∗1 , .., f ∗J}, the defendant’s strategy d∗, and beliefs of the

judge µ such that:

1. The defendant’s strategy d∗ is a best response to f ∗. That is, if d∗(x) = m,

then

∑
a

∑
j

v(a)f ∗j (a|m)P (j) = maxm̂∈{x,mo}
∑
a

∑
j

v(a)f ∗j (a|m̂)P (j)

(3.7)

for all x.

2. If f ∗j (a|m) > 0, then a is a best response for beliefs µ, i.e. a solves (3.1).

3. For every Borel subset X of Θ, µ(θ ∈ X|m = mo) is derived from d∗ via

Bayes’ rule and for every x ∈ [0, 1], µ(θ = x|m = x) = 1.

The question I ask is how does a change in the set of punishments effect

evidence disclosures in equilibrium, that is the effect on the set of equilibrium
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disclosures. I show that if the defendant knows the effect of the evidence he

presents on the judge’s verdict. In the tort example, this means that if the pro-

ducer knows j, then a change in the compensation schedule does not affect

his disclosure behavior. However if the defendant is not sure which evidence

invokes L, which invokes N and which one invokes H , then the changes in

possible legal actions do affect the disclosure behavior of the defendant.

I first show the existence of SE. I focus on a particular plausible kind of

equilibrium in which the defendant’s strategies are in the form of threshold

strategies.

Definition. The speaker strategy d is called a threshold strategy if there exists a

threshold x

x ≥ x implies d(mo|x) = 1, and x > x implies d(m = x|θ = x) = 1

Theorem 4 Under A4− 5, there exists a SE {f ∗1 , .., f ∗J , d∗, µ} such that d∗ is a

threshold strategy.

Proof. Assume that the defendant uses a threshold disclosure strategy d∗ with

threshold x. The beliefs µ of the judge that are derived this strategy via Bayes’

rule are such that

µ(xo|mo) =
Q(xo)

Q(xo) +Q[0, x]
(3.8)

and,

µ(X|mo) =

∫
X
dQ(x)

Q(xo) +Q[0, x]
(3.9)

for every Borel subset X of [0, x].

Upon receiving mo, the expected evaluation of the judge given belief µ of (3.8)

47



and (3.9) is

Eµ(g(j, θ)|mo) =

∫
Θ

g(j, θ)dµ(θ|mo) (3.10)

Using (3.9) and g(j, xo) = 0, expression (3.10) is equal to

Q(xo)g(j, xo) +
∫ x

0
g(j, x)dQ(x)

Q(xo) +Q[0, x]
(3.11)

Let convS denote the convex hull of a set S. Consider a correspondence Ψj :

[bL, bH ]⇒ R

Ψ(k) := conv{v(a)|ca+ ≥ k ≥ ca} (3.12)

Correspondence Ψ(k) gives the possible set of utilities of the defendant when

the judge’s evaluation of the evidence is equal to k. The correspondence Ψ is

convex, compact valued, and upper-hemicontinuous. In order to show that there

exists a threshold equilibrium, it suffices to show that there exists x∗ such that a

defendant who observes x∗ is indifferent between disclosing it or sending mo if

the judge uses (3.6) to choose an action. If the defendant is indifferent between

disclosing the evidence and sending mo at x∗, then for any x > x∗, disclosing

is at least as good as sending mo and for any x < x∗ sending mo is at least as

good as disclosing the evidence.

Consider the correspondence

h(x) =
∑
j

Ψ(g(j, x))P (j)−
∑
j

Ψ(
Q(xo)g(j, xo) +

∫ x
0
g(j, x)dQ(x)

Q(xo) +Q[0, x]
)P (j)

(3.13)

The first term on the right hand side of (3.13) is the set of possible expected

utilities of the defendant when the defendant discloses x and the judge gives

a best response to the defendant. The second term on the RHS is the set of
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expected utilities of the defendant when he sends mo and the judge’s evaluation

is given by (3.10) where µ is defined by (3.9) for threshold x∗. If there exists

x∗ ∈ [0, 1] such that 0 ∈ h(x∗), then

∑
j

Ψ(g(j, x∗))P (j) =
∑
j

Ψ(
Q(xo)g(j, xo) +

∫ x∗
0
g(j, x)dQ(x)

Q(xo) +Q[0, x∗]
)P (j)

Such x∗ is a threshold above which the defendant prefers to disclose the ev-

idence and under which the defendant prefers to send mo while the judge is

giving a best response to the disclosure strategy with a threshold x∗. I want

to show such x∗ exists. Function g(j, x) is continuous in x ∈ [0, 1] and h is

an upper-hemicontinuous, compact and convex valued correspondence. By As-

sumption 5, h(1) ≥ 0 and h(0) ≤ 0. Therefore by the Intermediate Value

Theorem for correspondences, see de Clippel (2008), there exists x∗ such that

0 ∈ h(x∗). Therefore,

0 ∈
∑
j

Ψ(g(j, x∗))P (j)−
∑
j

Ψ(
Q(xo)g(j, xo) +

∫ x∗
0
g(j, x)dQ(x)

Q(xo) +Q[0, x∗]
)P (j)

(3.14)

This implies that x∗ is a threshold such that if the defendant observes x∗, then

he is indifferent between disclosing the evidence or sending mo, so (3.14) char-

acterizes a threshold equilibrium.

I analyze the effects of a change in the set of actions available to the judge,

for example an increase in the legal punishments, on the disclosure policy the

defendant will choose in equilibrium. The utility function of the judge implies

that the only objective of the judge is to choose the the action that complies with

exogenously defined legal standards {ba}a∈A. This restriction on the judge’s
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utility implies that a change in the severity of legal actions does not have an

effect on the utility of the judge.

I focus on the changes in the least favorable action for the defendant relative

to the most favorable action that the judge can give for any given set of actions.

Therefore, I restrict alternative action sets to such sets that the neutral action of

the judge yields zero utility to the defendant.3 Let A = {A′ such that |A′| =

3, N ′ = N} be the collection of such alternative action sets where N is kept

constant. The action sets in A should be interpreted as deviations from A in

terms of severity. The ratio rA = |v(L)|/v(H) measures (relative) severity of

punishments in A and is called the severity ratio and punishments in A are said

to be more severe than A′ if rA ≥ rA′ . Some simple changes of punishments

may lead to an increase of severity ratio. For instance consider A, Â ∈ A, if

v(H ′) ≤ v(H) and v(L′) ≥ v(L), then rA ≥ rÂ.

Whether a change in the severity ratio has any effect on the set of equilib-

rium strategies of the defendant depends on whether there is uncertainty on how

the judge evaluates the evidence. If there are well defined laws on a subject or

there have been many similar cases, then the defendant might not face uncer-

tainty about how the evidence will be evaluated. The no-uncertainty situation

is a special case of my model where the defendant is one hundred percent sure

that the judge is some specific type. I show that if there is no uncertainty about

the type of the judge, then the set of equilibrium disclosures of the defendant

are not affected when the severity ratio changes.

3For any given alternative A′, even if v(N ′) > 0 an affine transformation of the defendant’s

utility would normalize the v(N) to be zero without changing the equilibrium strategies of the

defendant.
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Theorem 5 Assume A4− 6. Let the judge’s type be known to be j. For all pair

A, Â ∈ A,if d∗ is an equilibrium disclosure strategy for Γ(Θ, j,A), then it is

also an equilibrium strategy for Γ(Θ, j, Â).

The formal proof of the theorem is given in the appendix. The intuition

behind the proof can be best given by a graphical example in which I will focus

only on the set of threshold equilibria.

Example 5. Suppose the defendant knows that the judge’s type is j. In other

words, the defendant knows how the judge evaluates the evidence. Let Q be a

uniform distribution on [0, 1] and let Q(xo) = 0.2. Let the judge’s evaluation

function when evidence is disclosed be

g(j, x) = −(2x− 1).

Function g is shown in Fig. 3.1 where x is on the horizontal axis. The judge

compares his evaluation g(j, x) of evidence x against cut-offs cN and cH . For

example, if the evaluation is greater than cH , then the judge chooses H .

Now consider the event that defendant sends mo. When the defendant uses

a threshold strategy with threshold x, the expression for judge’s expected eval-

uation (3.10) is calculated using Bayesian updating of her beliefs according

equation (3.9). I obtain the expected evaluation function of the judge:

Eµx(g(j, x)) =
(x2 − x)0.8

0.2 + 0.8x

Fig. 3.2 shows Eµx(g(j, x)) as a function of threshold x. In this case, for

any threshold the judge’s expected evaluation would be between cN and cH ;

therefore, the judge chooses N .
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Figure 3.1: Evidence Disclosed
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Figure 3.2: Evidence Suppressed
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In order to find a threshold equilibrium, it suffices to compare g(j, x) and

Eµx(g(j, x)). For x̂ to be an equilibrium, type x̂ should have no incentive to

deviate and disclose the evidence. Further, the types above x̂ should have no

incentive to deviate and suppress. Consider a value x̂ ∈ (0, 1) that invokes

the same action on Fig. 1 and Fig. 2. Any value above x̂ would invoke a

more favorable action than x̂ for the defendant on Fig. 1. Since x̂ is indifferent

between suppressing and disclosing, at values above x̂ the defendant does not

have incentive to suppress. Therefore such an x̂ is a threshold equilibrium. The

set of values for which the judge’s evaluation on both Fig. 1 and Fig. 2 results

in the same action are the set of threshold equilibria.

Fig. 3 shows Eµx(g(j, x)) and g(j, x) together as functions of x and x re-

spectively. The values on the horizontal axis that correspond to the same action

on Eµx(g(j, x)) and g(j, x) are those that the defendant is indifferent between

disclosing the evidence or suppressing it and they constitute the set of threshold

equilibria.

Theorem 2 concerns the effect of a change in A on evidence disclosed in

equilibrium. A change in A can be expressed as a change in the utility function

of the defendant. A threshold value x satisfies

∃y ∈ Ψ(Eµx) and ŷ ∈ Ψ(g(j, x)) such that y > ỹ (3.15)

Let the utility function of the defendant be changed from v to some v̂ with

v̂(H) > v̂(N) > v̂(L). A change from v to v̂ is equivalent to a monotone

increasing transformation of y and ỹ whenever y and ỹ are results of pure actions

of the judge. This would not affect the best response of the defendant. Consider
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one of y and ỹ is mixed. Since the judge would only mix two adjacent actions a

change from v to v̂, again, would not affect the best response of the defendant.

The defendant knows the evaluation function of the judge and chooses which

message to send to invoke the best action, regardless of how much better this

action is compared to next best action. However, if the utility function of the

defendant is changed such that ordinal preferences of the defendant are affected-

for example v̂(H) > v̂(N) = v̂(L)-then the set of equilibria would be affected.

Fig 3. shows that in this case all values in [0,0.75] would be equilibrium thresh-

olds.

Hence, it suffices to know v(H) > v(N) > v(L) to find the set of equilibria

and that is all that is used to find the set of equilibria. This implies that the exact

values of v(H), v(N), v(L) are irrelevant. The set of equilibria does not change

as long as the ordinal preferences of the defendant stay the same. A change in

the severity ratio is a cardinal change and this illustrates Theorem 2.

�

However, if there is uncertainty about the type of judge, a change in severity

ratio may have an effect on the disclosures of the defendant. Theorem 6 below

shows that a decrease in severity ratio leads the threshold equilibrium strategies

of the defendant to be more informative.

Definition. A threshold strategy d with threshold x is said to be at least as

informative as the threshold strategy d̂ with threshold x̂ if

x ≤ x̂
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Figure 3.3: Equilibrium
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Theorem 6 Assume A1 − 3. Let rA and rÂ be severity ratios for A, Â ∈

A respectively. If rA > rÂ, then for every equilibrium threshold strategy

d∗ of Γ(Θ, P,A), there exists an equilibrium threshold strategy d∗∗ of game

Γ(Θ, P, Â) that is at least as informative as d∗.

Theorem 3 shows that a decrease in severity ratio of legal actions results in

weakly more informative disclosure strategies of the defendant in equilibrium.

Theorem 7 Assume A1 − 3. Let rA and rÂ be severity ratios for A, Â ∈ A

respectively.

If rA < rÂ, then for every equilibrium threshold strategy d∗ of Γ(Θ, P,A), there

exists an equilibrium threshold strategy d∗∗ of game Γ(Θ, P, Â) that is weakly

less informative than d∗.

Example 5 illustrates a case in which a decrease in the severity of legal

punishment leads to a strictly more informative threshold equilibrium strategy

under uncertainty.

Example 6. Suppose that the judge can be one of two types, J = {1, 2}. Let

the first type of the judge be the same as in Example 1. The utility functions of

two types of the judge are given by

u1(a, x) = −((2x− 1)− ba)2

u2(a, x) = −((2 6
√
x− 1)− ba)2

The evaluation functions are given by

g(1, x) = 2x− 1
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Figure 3.4: Strict Judge

g(2, x) = 2 6
√
x− 1

As seen on Figure 3.4 and Figure 3.5, u2(a, x) > u1(a, x), for all x ∈ (0, 1)

so that the first type’s evaluations are always lower than the second judge’s

evaluations whenever evidence is disclosed. Therefore, the first type is called

the strict type and the second type is the lenient type of.

Suppose that both types of judge are equally likely and Q is uniform on

[0, 1]. Moreover let Q(xo) = 0.2. The legal standards that the judge uses are

given by:

bH = 1, bN = 0, bL = −1

Fig. 4 shows evaluation function g(1, x) and the expected evaluationEµx(g(1, x)|mo)
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Figure 3.5: Lenient Judge

when the threshold is equal to x. The strict type of judge gives L to the defen-

dant whenever there is a disclosure x, such that x < 1
4
. As seen in Fig. 1, if

there is no uncertainty, since E(g(1, x)|mo) > −0.5 for any threshold x < 1
4
,

the most informative threshold equilibrium is characterized by the threshold

x = 1
4
.

The second type of judge is lenient and gives H whenever x > 1
4
. Also,

since E(g(2, x)|mo) > −0.5 for any threshold the lenient type of the judge

gives at least a neutral action when there is no disclosure, as seen in Figure 2.

Let the action set be given as A = {L,N,H} and the utility of the de-

fendant be given by v(H) = 1, v(N) = 0, v(L) = −100. Since v(N) >
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1
2
v(H) + 1

2
v(L), the most informative threshold equilibrium in Γ(Θ, P,A) is

characterized by the threshold 1
4
.

Now consider A′ = {L′, N ′, H ′} with v(H ′) = 100, v(N ′) = 0, v(L′) = 1.

In that case, since v(N) > 1
2
v(H) + 1

2
v(L), the most informative threshold

equilibrium strategy is characterized by the threshold x = 729
4096

< 1
4
. �

3.4 Conclusion

The relationship between crime and punishment is studied extensively. This

paper studies punishment in another dimension: its relationship with evidence

disclosure. Measures of severity and informativeness for the evidence disclo-

sure model are introduced. My main results are that the equilibrium disclosure

of the defendant is not affected by the size of legal actions when there is no

uncertainty on the type of the listener (judge). With uncertainty, however, the

defendant can be induced to disclose more information by decreasing severity

of legal punishment. Also it is shown that if the severity of the legal system

increases, then defendant’s equilibrium disclosures becomes less informative.

This shows that in a legal system where the laws leave a higher degree of free-

dom to the judge, a change in the severity ratio of legal actions would affect the

evidence disclosed.
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Chapter 4

Appendix

Proof of Theorem 1. Let P (l1) = γ∗ where 1
2
< γ∗ < 1, and let {s∗1, f ∗1 , f ∗2 , µ}

be a SE for Γ(Θ, P,M). Let P̂ (l1) = γ. I want to show that for all γ such that

1 ≥ γ ≥ 1
2
, there exists f ∗1γ, f

∗
2γ such that {s∗, f ∗1γ, f ∗2γ, µ} is a SE.

Without loss of generality suppose v(A) = 1 and v(R) = 0. Then the

expected utility of the speaker is equal to the probability of receivingA from the

listener. I construct f ∗1γ and f ∗2γ as best responses to µ by using the equilibrium

listener strategies f ∗1 , f
∗
2 of game Γ(Θ, P,M) . Then I show that equilibrium

speaker strategy s∗ of the game Γ(Θ, P,M) is a best response to strategy pair

(f ∗1γ, f
∗
2γ). Strategies (f ∗1γ, f

∗
2γ) are constructed as follows:

Table 4.1: Constructing Strategy

Condition on f∗1 and f∗2 f∗1γ(A|m) f∗2γ(A|m)

1. γ∗f∗1 (A|m) + (1− γ∗)f∗2 (A|m) > γ∗ 1 1

2. γ∗ ≥ γ∗f∗1 (A|m) + (1− γ∗)f∗2 (A|m) > (1− γ∗) and f∗2 (A|m) = 1 2γ−1
γ

1

3. γ∗ ≥ γ∗f∗1 (A|m) + (1− γ∗)f∗2 (A|m) > (1− γ∗) and f∗2 (A|m) = 0 1 0
4. γ∗f∗1 (A|m) + (1− γ∗)f∗2 (A|m) = 1− γ∗ and f∗1 (A|m) = 0 0 1

5. γ∗f∗1 (A|m) + (1− γ∗)f∗2 (A|m) = 1− γ∗ and 0 < f∗1 (A|m) < 1 1−γ
γ

0

6. 1− γ∗ > γ∗f∗1 (A|m) + (1− γ∗)f∗2 (A|m) 0 0
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Now I want to show the pair (f ∗1γ, f
∗
2γ) are best responses given beliefs µ

• Condition 1 implies that f ∗1 (A|m) > 0, f ∗2 (A|m) > 0 and this means A

is a best response for both types of the listener when her beliefs are given

by µ(.|m).

• Condition 2 implies that f ∗1 (A|m) > 0 and this means for l1 both A and

R are best responses and for l2, A is a best response when the listener’s

beliefs are given by µ(.|m)

• Condition 3 implies that f ∗1 (A|m) > 0 and this means for l1 both A and

R are best responses and for l2, R is a best response when the listener’s

beliefs are given by µ(.|m)

• Condition 4 implies that f ∗2 (A|m) = 1 and this means for l1, R is a best

response and for l2, A is a best response when the listener’s beliefs are

given by µ(.|m)

• Condition 5 implies that f ∗2 (A|m) < 1 and this means for l1, R is a best

response and for l2, both A and R are best responses when the listener’s

beliefs are given by µ(.|m)

• Condition 6 implies that f ∗1 (A|m) < 1 and f ∗2 (A|m) < 1 and this means

R is a best response for both types of listener when the listener’s beliefs

are given by µ(.|m).

Now, I want to show that s∗ is a best response to the pair {f ∗1γ, f ∗2γ}. For

each message m ∈ M {f ∗1γ, f ∗2γ} delivers a different expected utility to the

speaker than {f ∗1 , f ∗2}, but without changing the order of messages in terms of
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the expected utility they deliver. For example, if sendingm delivers an expected

utility greater than γ∗ when the listener uses {f ∗1 , f ∗2} , then the same message

delivers an expected utility of 1 to the speaker with {f ∗1γ, f ∗2γ}, and if {f ∗1 , f ∗2}

delivers an expected utility lower than γ∗ but higher than 1−γ∗, then sending the

same message delivers an expected utility of 1 to the speaker when the listener

uses {f ∗1γ, f ∗2γ}.

This implies s∗1 is a best response to {f ∗1γ, f ∗2γ} as well and the beliefs µ and

the speaker strategy s∗ already satisfies conditions of SE. This establishes that

(f ∗1γ, f
∗
2γ, s

∗, µ) is a SE of Γ(Θ, P̂ ,M)

Proof of Theorem 2. Glazer and Rubinstein (2006) and Sher (2008) show

that there exists f ∗i and a speaker strategy s∗ such that f ∗i , s
∗
i are SE strategies

and s∗ ∈ S∗i . Take one such pair as f ∗i , s
∗
i , and from that pair of strategies

(f1ε, f2ε, s
∗
i , µi) will be constructed. Let b∗1 : Θ→ {0, 1} be a function such that

1

b∗1(A|θ) =
∑
m

f ∗1 (A|m)s∗1(m|θ)

Consider a partition of Θ:

A1 = {θ|b∗1(A|θ) = 1}

R1 = {θ|b∗1(A|θ) = 0}
1Since f1 is a deterministic optimal listener strategy, there exists such a b1. The function b∗1

is an indicator function, taking the value 1 for the types of the speaker that receive (A) from the

listener.
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.

Without loss of generality, assume v(A) = 1. Let MR1 = {m|∃θ ∈

R1,m ⊂ Mθ}. Let Γ̂A1(A1, P,MR1) with P (l1) = 1 − ε be a communica-

tion game in which the speaker strategies available to the speaker are restricted

so that the only messages available to each type of speaker are those that are not

available to any of the types that belong to R1. Formally the speaker strategies,

denoted by sA, in this communication game satisfies,

supp(sA(θ)) ⊂Mθ\MR1

The speaker strategies available to the speaker in Γ̂R1(R1, P,MR1) are re-

stricted only by verifiability as in any game described in my model. Formally,

supp(sR(θ)) ⊂Mθ

Let triplets {f̂A1, f̂A2, ŝA} and {f̂R1, f̂R2, ŝR} be SE equilibria of these arti-

ficial games respectively. The proof will proceed by specifying transformations

of listener strategy pairs {f̂A1, f̂A2} and {f̂R1, f̂R2, ŝR}. The transformations

will leave ŝA and ŝR as best responses to relevant pairs and also keep the lis-

tener strategy pairs as best responses to the relevant speaker strategies. The

object of these transformations is to end up with persuasion strategies that are

equilibrium strategies for Γ(Θ, l,M).

The first part of the transformation regards the types of speaker that are in

A1. Let the final products of the transformation be called fA1, fA2, persuasion

strategies of two different types of the listener respectively.

First, let’s construct fA1, fA2 for the messages that deliver (1−ε)f̂A1(A|m)+

64



εf̂A2(A|m) > ε. The changes in the table below keep the order in terms of

expected utility of types of the speaker and hence leave the incentives of the

speaker for a response the same and also keep all θ ∈ A1 at an expected utility

level above 1 − ε when ŝA is used. Also, notice that the transformation from

{f̂A1, f̂A2} to fA1, fA2 keeps the payoffs to the listener the same for both types.

Table 4.2: Constructing Strategies: θ ∈ A1

Condition fA1(A|m) fA2(A|m)

1. (1− ε)f̂A1(A|m) + εf̂A2(A|m) > 1− ε 1 1

2. ε < (1− ε)f̂A1(A|m) + (ε)f̂A2(A|m) ≤ 1− ε and f̂A2(A|m) > 0 1−2ε
1−ε 1

3. ε < (1− ε)f̂A1(A|m) + εf̂A2(A|m) ≤ (1− ε) and f̂A2(A|m) = 0 1 0

Similar to the proof of Theorem 1, the implications of the above table are

given by

1. f̂1(A|m) > 0, f̂2(A|m) > 0

2. f̂1(A|m) > 0

3. f̂1(A|m) > 0

If

(1− ε)f̂A1(A|m̂) + εf̂A2(A|m) ≤ ε

for a message m̂ ∈ range(sA), then this means f̂A1(A|m̂) < 1. Let the set of

θ that receive an expected utility strictly lower than ε be denoted by Aε. There

does not exist θ ∈ Aε that can send an m that some θ ∈ A1�Aε sends with

positive probability using strategy sA. If it had been utility improving for the

listener of type l1 to give a R rather than A for all types in Aε, then the optimal

listener strategy would give R to the types in Aε, which is a contradiction. This

implies,
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∑
θ∈Aε

u1(A, θ)Q(θ) =
∑
θ∈Aε

u1(R, θ)Q(θ)

Therefore, for any m̂ ∈ range(ŝA) with

(1− ε)f̂A1(A|m) + εf̂A2(A|m) ≤ ε

the A is a best response of the listener of type l1. Together with () this

implies that l1 is indifferent to give A or R to any such m̂ that is used by

θ ∈ Aε with a positive probability under ŝA. Also s∗A is still a best response

to {fA1, fA2}

Table 4.3: Constructing Strategies: θ ∈ A1

Condition fA1(A|m̂) fA2(A|m̂)

(1− ε)f̂A1(A|m̂) + εf̂A2(A|m̂) = ε and f̂A1(A|m̂) = 0 1−2ε
1−ε 1

(1− ε)f̂A1(A|m̂) + (ε)f̂A2(A|m̂) = ε and f̂A1(A|m̂) > 0 1 0
(1− ε)f̂A1(A|m̂) + (ε)f̂A2(A|m̂) < ε 1 0

For out-of-equilibrium messagesm such that (1−ε)f̂A1(A|m)+εf̂A2(A|m) ≤

ε, the transformation is given by fA1(A|m̂) = 0. The transformation should be

fA2(A|m̂) = 0 if f̂A2(A|m̂) < 1 and fA2(A|m̂) = 1 otherwise. This transfor-

mation keeps m as an out-of-equilibrium message.

Now the same procedure for Γ̂R1(R1, P,MR1) is described below:

Let the set of types of speaker that receive an expected utility greater than or

Table 4.4: Constructing Strategies: θ ∈ R1

Condition fR1(A|m) fR2(A|m)

(1− ε)f̂R1(A|m) + εf̂R2(A|m) = ε and f̂R1(A|m) = 0 0 1

(1− ε)f̂R1(A|m) + (ε)f̂R2(A|m) = ε and f̂R1(A|m) > 0 ε
1−ε 0

(1− ε)f̂R1(A|m) + (ε)f̂R2(A|m) < ε 0 0
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equal to 1− ε be denoted by R1−ε. If

(1− ε)f̂R1(A|m) + εf̂R2(A|m) ≥ 1− ε

then this means f̂R1(A|m) > 0. However, optimal listener strategy b∗1 gives R

to all θ ∈ R1 and this implies

∑
θ∈R1−ε

u1(A, θ)Q(θ) =
∑

θ∈R1−ε

u1(R, θ)Q(θ).

With a similar argument in the symmetrical case ofAε, whenever f̂R1(A|m) =

1, this implies that the listener of type l1 is indifferent between A and R. The

series of modifications below does not affect expected utilities of both type of

the listener. Also s∗R is still a best response to fR1, fR2

Table 4.5: Constructing Strategies: θ ∈ R1

Condition fA1(A|m) fA2(A|m)

(1− ε)f̂R1(A|m) + εf̂R2(A|m) > 1− ε 0 1

ε < (1− ε)f̂R1(A|m) + (ε)f̂R2(A|m) ≤ 1− ε and f̂R2(A|m) < 1 ε
1−ε 0

ε < (1− ε)f̂R1(A|m) + εf̂R2(A|m) ≤ (1− ε) and f̂R2(A|m) = 1 0 1

Then {f1, s
∗
1} given below are SE strategies of the game Γ(Θ, l1,M). Moreover,

since the expected utility of the listener in this equilibrium (whose type is l1) is

the same with expected utility delivered by b∗1, f ∗1 is an optimal listener strategy.

s∗1(m|θ) =

{
ŝA(m|θ) if θ ∈ A1

ŝR(m|θ) otherwise

f ∗1 (A|m) =

{
fA1(A|m)ε=0 if m ∈M\MR1

fR1(A|m)ε=0 otherwise
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And, by construction {f1ε, f2ε, s
∗
1} given below constitute a SE of the game

Γ(Θ, P (l1),M).

s∗1(m|θ) =

{
ŝA(m|θ) if θ ∈ A1

ŝR(m|θ) otherwise

f ∗i (A|m) =

{
fAi(A|m) if m ∈M\MR1

fRi(A|m) otherwise

Proof of Lemma 1. (⇒) Suppose b is implementable. Then, there exists

{f, s} that satisfies (2.9). For a contradiction, suppose (2.11) does not hold.

This means there exists θ, θ′ such that Mθ ⊇Mθ′ and

∑
l

b(A|l, θ)P (l) <
∑
l

(b(A|l, θ′))P (l)

Since b is implemented by {f, s},

∑
l

∑
m

fl(A|m)s(m|θ)P (l) <
∑
l

∑
m

fl(A|m)s(m|θ′)P (l)

However, Mθ ⊇Mθ′ , so any m that is in the support of s(.|θ) is also in Mθ′ .

In that case since (2.1) does not hold, s can not be a best response to f , and b

can not be implemented by {f, s}.

(⇐) Suppose b satisfies (2.11). Consider the following listener strategy f :

fl(A|mθ) = b(A|l, θ) and fl(A|m) = 0 if m 6= mθ
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Since ∀θ, θ̂ Mθ 6= Mθ̂, for all θ mθ 6= mθ̂. Then, fl is a well defined function.

Let s be defined as:

s(mθ|θ) = 1 and s(m|θ) = 0 if m 6= mθ

In that case, since
∑

l fl(A|mθ)P (l) ≥
∑

l fl(A|m)P (l) s is a best response

to f , and {f, s} implements b.

Proof of Theorem 5. Take any pair of SE strategies (f ∗j , d
∗) for gameΓ(Θ, j,A),

I will show (f ∗, d∗) are equilibrium strategies also for Γ(Θ, j, Â). If d∗ is a best

response to f ∗j , this means d∗(m∗|x) > 0 implies

∑
a

v(a)f ∗j (a|m∗) = maxm∈{x,m0}
∑
a

v(a)f ∗j (a|m) (4.1)

Consider an alternative set of actions for the judge, Â ∈ A. If f ∗j is a mixed

strategy, then by (3.6) there are at most two actions in the support of f ∗j and if

there are two actions in the support, then one of the actions is N . Therefore,

equation (4.1) holds if and only if for all pairs a′, a ∈ A with v(a′) > v(a)

either of the following conditions holds:

1. For all m, f ∗j (a′|m∗) ≥ f ∗j (a′|m) and f ∗j (a|m∗) ≤ f ∗j (a|m).

2. If there existsm ∈Mx such that f ∗j (a′|m∗) ≤ f ∗j (a′|m), then f(H|m∗) >

0.

The same relationship holds for all pairs â, â′ ∈ Â. Therefore for every m∗

such that d∗(m∗|x) > 0

∑
â∈Â

v(â)f ∗j (â|m∗) = maxm∈{x,m0}
∑
â∈Â

v(â)f ∗j (â|m) (4.2)
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Hence, d∗ and f ∗ are also SE strategies of the game Γ(Θ, j, Â).

Proof of Theorem 6.

Take threshold equilibrium strategies (f ∗, d∗). LetD∅ denote the set of types

of defendant such that d∗(mo|x) = 1 and let x be the highest type of defendant

that sends mo under d∗. For all x̂ that is not an element of D∅∑
a

∑
j

v(a)f ∗j (a|x)P (j) ≥
∑
a

∑
j

v(a)f ∗j (a|mo)P (j) (4.3)

Let γax =
∑

j f
∗
j (a|x)P (j) and γa∅ =

∑
j f
∗
j (a|mo)P (j). By (4.3) defendant

discloses x if and only if

γHx v(H) + γLx v(L) ≥ γH∅ v(H) + γL∅ v(L)

Therefore the defendant discloses x if

v(H)[γHx − γH∅ ] ≥ v(L)[γL∅ − γLx ] (4.4)

This gives for all x ≤ x

v(H)[γHx − γH∅ ] ≤ v(L)[γL∅ − γLx ] (4.5)

Lemma 2 Let d∗ be a SE strategy of the defendant and x be the threshold under

which the defendant sends mo. If x ≥ x, then γHx − γH∅ > 0.

Proof. Take an equilibrium characterized by x. Expected value of g(x, j) con-

ditional upon no disclosure is given by

E[g(x, j)|mo] =

∫ x
0
g(x, j)dQ(x)

Q(xo) +Q[0, x]

This implies if E[g(x, j)|m0] ≥ cH then g(x, j) > cH . So the set of types

of listener that grants H to x is a superset of types that grant H to mo.
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I want to show that there exists x̂ ∈ [0, x] such that for all x ≤ x̂, the

defendant suppresses the evidence and for all x > x̂ discloses evidence in game

Γ(Θ, P, Â).

Case 1. Suppose for all x ≤ x

v(Ĥ)[γHx − γH∅ ] ≤ v(L̂)[γL∅ − γLx ]

holds. Since x is a threshold in Γ(Θ, P,A), for all x > x we have

v(H)[γHx − γH∅ ] ≥ v(L)[γL∅ − γLx ]

If γL∅ − γLx ≥ 0, then by Lemma 2 and by the fact that v(L̂) < 0 we have

∀x > x, v(Ĥ)[γHx − γH∅ ] ≥ v(L̂)[γL∅ − γLx ]

and therefore incentives to disclose x are not changed. If γL∅ − γLx < 0, (4.4)

and Lemma 2 implies

γHx − γH∅
|γL∅ − γLx |

≥ |v(L)|
v(H)

As severity ratio decreases we have

γHx − γH∅
|γL∅ − γLx |

≥ |v(L̂)|
v(Ĥ)

Therefore d∗ is an equilibrium of the Γ(Θ, P, Â).

Case 2. The nontrivial case is that

v(Ĥ)[γHx − γH∅ ] > v(L̂)[γL∅ − γLx ] (4.6)
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Consider the correspondence (3.12) which gives the set of defendant utilities

for any given evaluation.

Ψ̂(k) := conv{v(â)|ca+ ≥ k ≥ ca}

By (4.6) the set ∑
Ψ̂(g(j, x))P (j)−

∑
Ψ̂(Eµxg(j, x))P (j)

contains a non-negative value. Moreover by A5 the difference∑
Ψ̂(g(j, 0))P (j)−

∑
Ψ̂(Eµ0g(j, x))P (j)

attains a non-positive value. Since the difference correspondence∑
Ψ̂(g(j, x))P (j)−

∑
Ψ̂(Eµxg(j, x))P (j)

is u.h.c, compact and convex valued there exists a x̂ ∈ [0, x] such that

0 ∈
∑

Ψ̂(g(j, x̂))P (j)−
∑

Ψ̂(Eµx̂g(j, x̂))P (j)

Therefore there exists a weakly more informative equilibrium in Γ(Θ, P, Â).

Proof of Theorem 7. By Lemma 2 and inequality (4.5), the defendant x

chooses to send mo only if

v(H)

|v(L)|
≤

γL∅ − γLx
γHx − γH∅

As severity ratio increases

v(Ĥ)

|v(L̂)|
<

v(H)

|v(L)|
≤

γL∅ − γLx
γHx − γH∅
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This implies that

∑
Ψ̂(g(j, x))P (j)−

∑
Ψ̂(Eµxg(j, x))P (j)

contains a non-positive value. A5 implies that

∑
Ψ̂(g(j, 1))P (j)−

∑
Ψ̂(Eµ1g(j, x))P (j)

attains a non-negative value. Therefore there exists x̂ ∈ [x, 1] such that

0 ∈
∑

Ψ̂(g(j, x̂))P (j)−
∑

Ψ̂(Eµx̂g(j, x̂))P (j)

We conclude that there exists a weakly less-informative equilibrium in Γ(Θ, P, Â).
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