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Abstract

This thesis contains three papers in which a player’s price may signal his private

information. Each paper contains a novel game theoretic model, analysis of the

model, and a discussion of how the solution contributes to our understanding of real

problems. In the first, a defendant’s settlement offer may convey the strength of his

case to a plaintiff. That papers addresses the questions of why discovery may be only

partially utilized and why parties to a case may fail to settle despite the availability of

discovery and disclosure. I show that the plaintiff may underutilize discovery in order

to openly maintain his belief that the defendant may not have a strong case to affect

the defendant disclosure and ultimately his settlement offer. I also consider a similar

buyer-seller model with buyer inspection and embed it into two more complex models.

The second paper extends the buyer-seller model with two types of sellers to one with

three types, which introduces very different kinds of equilibria (ie. partial separation).

The application there is to the labour market and, in particular, to the 1973-2006

period in which the US saw a simultaneous substantial fall in the 10th percentile male

and female wages and substantial rise in residual wage inequality followed by reversals,

which are patterns that other theories have been unable to generate. Under a kind of

technological progress in line with the routinization hypothesis, the benefit that the

middle type gets from mimicking the high type decreases, which causes him to prefer
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to separate. That generates the initial comovements and the continued technological

progress generates the reversals. In the final paper, each firm may convey through

its price its current marginal cost of production, which affects whether or not its

customers will return in the next period. Price stickiness arises in the sense that a

firm only uses two sale prices and one regular price despite the generality of its cost

process.
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Chapter 1

Introduction

When a seller has private information that a potential buyer cares about, the price he

sets can affect the buyer’s beliefs about that information, and thereby the likelihood

that the deal and/or other deals in the future will be accepted. In Chapter 2, that

factor is at work in a pretrial settlement environment where the defendant’s settlement

offer can affect the plaintiff’s belief about the strength of the defendant’s case, and

it can contribute to talks breaking down despite the availability of both discovery

and disclosure. I analyze a model in which initially the defendant has complete

information about the case whereas the plaintiff learns as much as he wants, at no

cost to himself, through discovery after which the defendant discloses as much as he

wants at some variable cost. The plaintiff may underutilize discovery so as to openly

maintain his belief that the defendant may not have a strong case. For a defendant

that actually does, that can make it excessively costly to reveal his strength through

how much he disclosures and excessively risky to make a low settlement offer. I

show that, in that situation, the availability of discovery decreases the probability

of settlement. There are a few papers in which discovery is available but settlement
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CHAPTER 1. INTRODUCTION 2

talks can still fail (Shavell 1989, Sobel 1989, Cooter and Rubinfeld 1994, Hay 1995,

Mnookin and Wilson 1998, Farmer and Pecorino 2013). Apart from the final paper

in the list, the present paper is the only one in which discovery actually does have the

potential to resolve all asymmetric information. It is also the only one that captures

the feature that discovery may be partially, but not completely, utilized even when

the only cost is to the other party.

A theoretically very similar model to my defendant-plaintiff model is one in which

the seller knows the quality of his product whereas the buyer can do an inspection. I

embed that model into (a) a market for lemons in which some unraveling can occur,

and (b) a financial asset market in which buyers care about an asset’s resell value

and liquidity. That part of the paper contributes to the price as a signal of quality

literature (Wolinsky 1983, Cooper and Ross 1984, Riordan 1986, Milgrom and Roberts

1986, Bagwell and Riordan 1991, Judd and Riordan 1994, Rocheteau 2011, Delacroix

and Shi 2012). The main difference is that the information structure itself makes

the price a signal of quality rather than production costs and/or economies of scale

considerations. In the one exception, Judd and Riodan (1994) characterize only the

equilibrium with complete separation, which misses the roles played by other kinds of

equilibria that I find to be important. Moreover, in their paper, the buyers’ don’t pick

their inspection intensities, but even if they did, there wouldn’t be the mechanism

wherein a buyer considers how his inspection affects the seller’s subsequent behaviour.

In Chapter 3, I extend the two-type buyer-seller model of Chapter 2 to a three-type

model, which introduces more complex interactions between the seller types and also

there is the possibility of partial separation. There the application is about how a job

applicant can affect the firm’s belief about his productivity through how forcefully he
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bargains for a high wage, and how the screening process affects that problem. When a

firm requests documents and conducts an interview of a potential worker, it has to take

into account that the information it collects affects the worker’s bargaining position.

The more intensely it screens, the more (less) confident a strong (weak) worker will be

in the bargaining stage, which makes the worker’s behaviour a signal of his type. With

three types of workers, there is a threshold value of the middle type’s productivity

relative to the others’ where he switches from mimicking the high type to bargaining

for his true productivity, effectively using a go-big-or-go-home strategy. Embedded

in a simple search model and under the technological routinization hypothesis, the

threshold can be crossed causing a simultaneous substantial fall in the model’s lowest

wage and substantial rise in its residual wage inequality followed by reversals, which

matches the US data from the 1973-2006 period.

That paper builds on the contributions of Chapter 2 to the literature on bilat-

eral contracts with information acquisition (Sobel 1993, Lewis and Sappington 1993,

Shavell 1994, Cremer and Khalil 1994, Cremer 1995, Kessler 1998, Nosal 2006, Dang

2008, Kaya 2010, Lester, Postlewaite, and Wright 2012). These papers do not ad-

dress the situation where the party that makes the offer is informed and the party

that responds is uninformed but can acquire private information before the contract

is offered. This situation is common in several markets and generates a different kind

of information acquisition problem where the initial acquisition decision can affect

the informational content of the offer. Further, Chapter 3 also contributes to the lit-

erature on wage inequality. Acemoglu (1999), Caselli (1999), Galor and Moav (2000),

and Shi (2002) generate a simultaneous decrease in the wages of low skilled workers

and increase in overall and/or residual wage inequality but not the reversal. Galor



CHAPTER 1. INTRODUCTION 4

and Tsiddon (1997), Greenwood and Yorukoglu (1997), and Aghion, Howitt, and Vi-

olante (2002) have an increase in overall and/or residual wage inequality followed by

a reversal but do not capture the fall in low wages.

Chapter 4 studies markets in which consumers have to visit a firm to learn its

price. There, each firm’s current price can affect its customers’ beliefs about its

future prices. If it gouges them today, they might never come back. If it sets a low

(high) price today, they might believe that it is likely to be better (worse) than their

outside option tomorrow, due to the persistence of its costs. In the efficient equilibria,

with Markov strategies, each firm simply gouges its loyal customers with its regular

price when they are the only ones who visit, but when bargain hunters visit it sets

one of two sale prices to maintain the hunters’ trust and also signal whether or not

they should come back next period. The contribution of this paper, relative to the

recent literature that focuses on how sticky prices can arise from implicit contracts

(Kleshchelski and Vincent 2009, Nakamura and Steinsson 2011, Rotemberg 2011,

and L’Huillier and Zame 2016) are that (1) it also captures realistic regular and sale

pricing behavior, which is important because there is stickiness in sale prices as well,

and (2) it has many firms and persistent costs, which makes it possible to capture

that stickiness can be caused by firms’ inability to coordinate and that customers

expectations about a firm’s price can depend on its past prices.



Chapter 2

Discovery, Disclosure, and

Confidence

2.1 Introduction

The standard explanation for why settlement talks sometimes break down, despite

the fact that both parties know that there will be additional legal fees if the case goes

to court, is asymmetric information. The natural follow-up question is why aren’t

the procedures of discovery and disclosure sufficient to resolve it beforehand? Indeed,

the idea is often advanced that one of the most important purposes of discovery is to

facilitate settlement (Huang 2009). There is little cost to the party that utilizes the

rules of discovery to force the other side to reveal its information, so it is not clear

why a party would not discover as much as possible. But in reality, they usually do

not (Brazil 1980, Shepherd 1999). For example, in Brazil’s (1980) survey of lawyers,

155 out of 176 said that they had at least once decided not to pursue information

through discovery for tactical reasons. When the 155 were asked in what fraction of

5



CHAPTER 2. DISCOVERY, DISCLOSURE, AND CONFIDENCE 6

cases that occurred, the mean response was 25%.

The idea that I put forward here is that the plaintiff may want to undertake

incomplete discovery to openly maintain his belief that the defendant might not have

a strong case and thereby affect the defendant’s settlement offer. If the plaintiff does

complete discovery, then the defendant would simply offer a settlement that makes

the plaintiff indifferent between settling and going to court. In that case, despite

the fact that the plaintiff achieves full information, he does just as well if he had no

information and rejected all settlement offers. Can he do better? With sufficiently

incomplete discovery, he could induce the defendant types to pool on a middling

settlement offer, because it is would be too risky for a defendant with a strong case

to make a low offer. Then information about the case would have a positive value to

the plaintiff because he would be able to accept the strong type’s offer and reject the

weak type’s.

The reason that disclosure may be underutilized is simpler– the defendant, rather

than the plaintiff, gets to decide how much to disclose, so he will internalize the

positive marginal cost. In fact, if the defendant types are planning to pool in the

settlement stage, then the strong type doesn’t benefit at all from increasing the prob-

ability that plaintiff is informed, because his settlement offer would be accepted either

way. It turns out that the defendant types will either pool on zero disclosure or they

will separate with the weak type providing zero disclosure and the strong type provid-

ing the least-cost separating level of disclosure. Because separation in the disclosure

stage would lead to separation in the settlement stage, the plaintiff must also try

to induce pooling in the disclosure stage by keeping the least-cost separating level

sufficiently high, which can mean undertaking even less discovery than he would if
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there were no disclosure.

There are many papers in which the parties to a case may fail to settle because

of asymmetric information (Bebchuk (1984), (1988), Reinganum and Wilde (1986),

Nalebuff (1987), Daughety and Reinganum (1993)). There are a few papers in which

discovery is available but settlement talks can still fail. In Shavell (1989), discovery

is by assumption imperfect, so some asymmetric information necessarily persists. In

Sobel (1989), both sides have private information but discovery is only available to

the plaintiff. In Cooter and Rubinfeld (1994), there is asymmetric information but

also subjective evaluations, so that settlement can fail even when all information is

public. In Hay (1995), there is an additional source of asymmetric information– how

much effort each side has exerted to be able to win the case if it went to court, and

that kind of information isn’t subject to discovery rules. In Mnookin and Wilson

(1998), there is a cost to the party that utilizes the discovery rules, and the cost of

perfect discovery is infinity. Lastly, in Farmer and Pecorino (2013), the defendant

may prefer no discovery to perfect discovery even if it is costless, because the former

allows him to credibly maintain the threat to spend a lot of money to win the case at

court, which forces a plaintiff with a weak case to settle. Apart from the final paper

on the list, the present paper is the only one in which discovery actually does have the

potential to resolve all asymmetric information. It is also the only one that captures

the feature that discovery may be partially, but not completely, utilized even when

the only cost is to the other party.

In effect, as the initial asymmetric information of the model disappears, a new one

arises: the defendant doesn’t know whether or not the plaintiff has become informed.

To the extent he thinks the plaintiff is informed by the settlement stage, a defendant
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with a strong (weak) case has an incentive to capitalize on (concede to) that fact

and make a low (high) offer, which may signal his type to a completely uninformed

plaintiff. This force for separation is completely distinct from the standard one that

the defendant types have different outside options (ie. expected payoffs at court).

Similarly, in the disclosure stage, to the extent that a defendant with a weak case

thinks the plaintiff will be informed by the start of the settlement stage, he has an

incentive to concede to that fact and not pay excessive disclosure fees. Notice that,

for both stages, the fact that the plaintiff has stayed uninformed is what makes him

need to infer the strength of his case, and at the same time the fact that he could be

informed is what makes the inference work. The final step back is to the discovery

stage in which, for some parameterizations, the plaintiff will ensure that the defendant

types pool in both stages, which keeps the settlement offer at a middling level.

The signaling games that endogenously arise in the disclosure and settlement

stages belong, if the defendant types are sufficiently similar, to a class that I have

termed confidence signaling games. These are signaling games in which (1) at some

point before the receiver (plaintiff) takes his action or one of his actions, he receives

a signal about the sender’s (defendant’s) type apart from the message sent by the

sender, and (2) if it were not for this additional signal, the game would not be a

signaling game. What drives the sender types to separate is only that the strong type

is weakly more confident that the receiver will respond positively to any given message,

which has a different flavour than the usual mechanisms that drive separation: that

messages are costly and either the strong type has a cost advantage or a greater

willingness to pay. In fact, here the sender types don’t have to be different at all

except from the point of view of the receiver.
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A similar model from a theoretical perspective but one with a wider applicability

is one of buyer-seller environments in which the seller knows the quality of his product

and the buyer can do an inspection. Then the price that the seller sets can be a signal

to the buyer, if he has remained uninformed, about the quality of the product. Here,

the buyer optimally decides to do an imperfect inspection to keep it sufficiently risky

for a seller of a high-quality product to set a high price. I embed the basic buyer-seller

model into two environments and contrast the results with those from related papers.

First, the sellers that would drop out in a standard market for lemons model instead

stay in, which generates price dispersion, and can, in fact be more likely to make

a sale than the low type seller. Also, the buyers can actually be better off with a

greater presence of low type sellers. Second, here the relationship between the return

on an asset and its liquidity is driven by the very natural idea that buyers can do an

inspection rather than the more familiar idea that asset holders must accept a low

probability of trade if they want to convey their asset’s quality. Further, these asset

markets can be overly liquid to the extent they incentivize seller to enter with assets

that have a low expected trade surplus.

The most direct contribution of this paper is to better our understanding of how

there can be a failure to settle even in the presence of discovery and disclosure pro-

cesses that have the potential to resolve all asymmetric information, and also why

discovery may not be completely utilized. Apart from that, the more general contri-

bution is to study the C.S.G.s that arise in bilateral bargaining environments when,

from one player’s point of view, there is a possibility that the other is informed. To

my knowledge, there have been only a few examples of C.S.G.s. In Judd and Riordan

(1994), each consumer views the firm’s offer as a signal of how much he values their
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product but also draws his personal experience with the product. In Cotton (2009,

2015), a politician views the size of each lobbyist’s bid for access as a signal of the

strength of their case but also draws on the information presented to him by the lob-

byist who actually wins. In Barbos (2013), an evaluator views which tier the agent

applied to as a signal of the project’s quality but also draws on his own evaluation.

While not a strict C.S.G., Feltovich, Harbaugh, and To (2002) augment Spence’s

(1973) game by giving the receiver an exogenous additional signal.

This paper also relates to the price as a signal of quality literature (Wolinsky

1983, Cooper and Ross 1984, Riordan 1986, Milgrom and Roberts 1986, Bagwell and

Riordan 1991, Judd and Riordan 1994, Rocheteau 2011, Delacroix and Shi 2012). The

main differences are that here (1) the seller faces one buyer who decides how intensely

to inspect instead of a passive population, and (2) the information structure itself

makes the price a signal of quality rather than production costs and/or economies of

scale considerations. In the one exception, Judd and Riodan (1994) characterize only

the equilibrium with complete separation, which misses the roles played by other kinds

of equilibria that I find to be important. Moreover, in their paper, the buyers’ don’t

pick their inspection intensities, but even if they did, there wouldn’t be the mechanism

wherein a buyer considers how his inspection affects the seller’s subsequent behaviour.

More broadly, this paper contributes to the literature on bilateral contracts with

information acquisition (Sobel 1993, Lewis and Sappington 1993, Shavell 1994, Cre-

mer and Khalil 1994, Cremer 1995, Kessler 1998, Nosal 2006, Dang 2008, Kaya 2010,

Lester, Postlewaite, and Wright 2012). These papers do not address the situation

where the party that makes the offer is informed and the party that responds is un-

informed but can acquire private information before the contract is offered. This
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situation is common in several markets and generates a different kind of information

acquisition problem where the initial acquisition decision can affect the informational

content of the offer.

The rest of the paper is organized as follows. In section 2, I present the model.

In section 3, solve for and discuss the unique (modified) undefeated perfect Bayesian

equilibrium of the model. In section 4, I present a buyer-seller model and its unique

(modified) undefeated perfect Bayesian equilibrium, and embed the basic model in

two slightly more complex models. Section 5 concludes.

2.2 Model

The sequence of events is as follows:

1. The defendants type T is drawn from the distribution P (H) = µ = 1 − P (L)

where 0 < H < L and 0 < µ < 1. His type is how much he would have to pay

to the plaintiff if the case went to court.

2. Apart from the basic facts, there is a unit measure of information about the

case (ie. the defendant’s type) that initially is known only by the defendant. If

the plaintiff observes a fraction of the information, however, he would be able to

determine the defendant’s type with a probability equal to that fraction. The

idea is that the plaintiff has an unknown type drawn from a uniform distribution

over [0, 1], which determines his ability to assess the merits of this particular

case.

3. The plaintiff decides how much information to force the defendant to reveal in

the discovery process. If he forces a level d0 ∈ [0, 1], the defendant pays a cost of
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cd0 and the probability that the plaintiff is informed increases to x0 = d0. If the

plaintiff is indifferent between two or more levels of discovery, he chooses the

one that would be optimal if who makes the settlement offer were reversed (see

below). The idea is that there may be some perceived risk about who makes

the offer. In Model ND, there is no discovery (d0 = 0) but in Model D, there is

(d0 ≥ 0).

4. Next, the defendant decides how much to voluntarily disclose d1 ∈ [0, 1− x0] to

the plaintiff at a cost to himself of cd1, which further increases the probability

that the plaintiff is informed to x1 = x0 + d1. The choice of d1 is public

information.

5. I consider both the model in which the defendant makes the settlement offer

(Model De) and one in which the plaintiff does (Model Pl). At this point in the

game, the selected player makes a settlement offer s.

6. The other players accepts or rejects. If he accepts, then the case is settled:

the plaintiff receives a payoff of s and the defendant gets a payoff of −s. If he

rejects, then the case proceeds to trial: the plaintiff receives a payoff of T − k

and the defendant receives a payoff of −T − k.

To be completely clear, there are four models that will be analyzed: (1) Model

ND-De: no discovery and the defendant offers, (2) Model ND-Pl: no discovery and

the plaintiff offers, (3) Model D-De: discovery and the defendant offers, and (4) Model

D-Pl: discovery and the plaintiff offers.

The reason that the settlement is determined by a take-it-or-leave-it offer is that

both the plaintiff and the defendant have private information: the defendant knows
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his type and the plaintiff knows whether or not he knows the defendant’s type. Any

protocol where they both take actions would be much more complicated. That said,

the mechanisms at work here (ie. that the type H (type L) defendant becomes more

(less) forceful as the probability that the plaintiff is informed rises) should be at work

under any protocol where the defendant has some power.

2.3 Equilibrium Analysis

The solution concept is perfect Bayesian equilibrium (PBE).

Model Pl and Model DE are analyzed in that order. Each one is solved backwards.

The analysis of Model Pl is simple. The roadmap for the analysis of Model De is as

follows: Denote the plaintiff’s belief, before the settlement offer is made, that the

defendant is type H by µ1. For each µ1 and x1, I find the equilibria of the settle-

ment stage of the game, and apply a modified version of the undefeated equilibrium

refinement. Then, for each x0, I check which x1 the defendant would choose in the

disclosure stage under the same refinement. Finally, I check which x0 the plaintiff

would choose.

The focus will be on the probability of settlement in each model P (S)K (for Model

K), and, in particular, whether the inclusion of discovery increases or decreases it. I

highlight the probability of settlement as it is determined for each model and then

summarize with words and with a table in the discussion section.
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2.3.1 Model Pl

Settlement Stage

The settlement stage of the game in Model Pl is very simple. If the plaintiff is

informed, he demands H + k of the type H defendant and L + k of the type L one.

If he is uninformed, he either makes the maximum of the demands that both types

will accept (H + k) or the maximum of the ones that only the type L defendant will

accept (L + k). The former is optimal if and only if L−H
2k+L−H < µ and otherwise the

latter is. I refer to this as Condition 1 throughout the rest of the paper.

Disclosure Stage

Given the behaviour of the plaintiff when he makes the settlement demand, the type

H defendant can do no better and no worse than a payoff of −H − k. Therefore,

he won’t pay for any positive amount of disclosure, and so neither will the type L

defendant.

In Model ND-Pl, the plaintiff will remain uninformed into the settlement stage.

The probability of settlement will be equal to one if Condition 1 holds because the

plaintiff will make a settlement demand of H+k that both defendant types will accept

[P (S)ND−Pl = 1]. Otherwise, the probability of settlement is equal to 1− µ, because

the plaintiff will make a settlement demand of L+ k that only the type L defendant

type will accept [P (S)ND−Pl = 1−µ]. This is the kind of standard breakdown in the

settlement process, due to asymmetric information, that you have in Bebchuk (1984)

for example.
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Discovery Stage

In Model D-Pl, the plaintiff simply selects x0 = 1, because complete information

allows him to tailor his settlement demand to the defendant’s type. The probability

of settlement equals one [P (S)D−Pl = 1].

To summarize the results so far, I have determined the probability of settlement

in two of the four models: (1) P (S)D−Pl = 1, and (2) P (S)ND−Pl = 1 if Condition 1

holds, and P (S)ND−Pl = 1− µ otherwise.

2.3.2 Model De

Settlement Stage

Pooling Equilibria

In a pure strategy pooling equilibrium, by definition, all players play pure strate-

gies, and the type H and type L defendant make the same offer.

Recall that a PBE specifies beliefs that satisfy Bayes’ rule on the equilibrium

path, but are otherwise unrestricted, and strategies that are optimal given the beliefs.

Although in principle the off-equilibrium beliefs could be complicated, any equilibrium

that can be supported by some beliefs can be supported by the beliefs that minimize

the payoff to a deviation. More precisely, if there is a pooling equilibrium with

equilibrium offer ŝ and some beliefs of the uninformed plaintiff, then there is a pooling

equilibrium with equilibrium offer ŝ and the beliefs of the uninformed plaintiff that, if

the offer is ŝ, then the probability that the defendant is a type H defendant is q = µ1

and otherwise q = 0. Thus, finding the entire set of pooling equilibrium offers only

requires finding the set of pooling equilibrium offers that can be supported with these

beliefs.
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Having specified the beliefs, what remains to be specified are the conditions under

which pooling strategies are optimal given those beliefs. Of course, the strategy of

the informed (uninformed) plaintiff is to accept any payoff (expected payoff) that is

greater than or equal to his payoff at court and reject otherwise. For the defendant

types, it cannot be optimal to pool on an offer less than µ1H+(1−µ1)L−k, because

the uninformed plaintiff would reject, and then the type H and type L defendant

would be better off offering H − k and L − k respectively. Thus, condition 1 is

µ1H + (1 − µ1)L − k ≤ ŝ. The next condition relies on the fact that, if the pooling

offer were too high, then the type H defendant would be better off offering H − k.

Thus, condition 2 is x1(H − k) + (1 − x1)(H + k) ≥ ŝ. The last condition depends

on whether the defendant types are pooling on an offer less than L − k or equal to

it, because the type L defendant faces risk in the first case but not in the second. In

the first case, similarly to the type H defendant’s condition, if the pooling offer were

too high, then the type L defendant would be better off offering L− k. In the second

case, the type L defendant has no potentially profitable deviation. Thus, condition 3

is that either L− k ≥ x1(L+ k) + (1− x1)ŝ or L− k = ŝ. Overall, the offer must be

high enough that the uninformed plaintiff will accept but low enough that both the

type H and type L defendant won’t deviate to the truth. Figure 1 depicts an example

of the set of pooling equilibrium offers. The following proposition summarizes.

Proposition 2.3.1. In a pooling equilibrium, the type H and type L defendants offer

ŝ where (i) µ1H+(1−µ1)L−k ≤ ŝ, (ii) H+k−2x1k ≥ ŝ, and (iii) either L−k 1+x1
1−x1 ≥ ŝ

or L−k = ŝ. The informed plaintiff accepts the type H’s offer and rejects the type L’s

unless ŝ = L − k in which case he accepts. The uninformed plaintiff always accepts.

Any pooling equilibrium offer can be supported by the uninformed plaintiff’s beliefs
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that if the offer is ŝ, then the probability that the defendant is a type H defendant is

µ1 and otherwise equals zero.

Separting Equilibria

In a pure strategy separating equilibrium, by definition, all players play pure

strategies, and the type H and type L defendants make different offers. Through

reasoning similar to that for pooling equilibria, we have that the offer must be low

enough that the type H defendant won’t deviate to the truth but high enough that

the uninformed plaintiff will accept and the type L defendant won’t mimic. Fig-

ure 2 depicts an example of the set of separating equilibrium offers. The following

proposition summarizes.

Proposition 2.3.2. In a separating equilibrium, the type L defendant offers L − k

and type H defendant offers ŝ < L−k where (i) H−k ≤ ŝ, (ii) H+k−2x1k ≥ ŝ, and

(iii) L − k 1+x1
1−x1 ≤ ŝ. Both the informed and the uninformed plaintiff accept the type
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H’s offer and rejects the type L’s. Any separating equilibrium offer can be supported

by the uninformed plaintiff’s beliefs that if the offer is ŝ, then the probability that the

defendant is a type H defendant is q = 1 and otherwise q = 0.

It turns out that if (1 − µ1)(L − H)2k > 4k2 − µ1(1 − µ1)(L − H)2, there is

an interval where no pure strategy pooling equilibrium exists and no pure strategy

separating equilibrium exists. That makes sense– if there were to pool on an offer

less than µ1H + (1 − µ1)L − k, then the uninformed plaintiff would reject and the

type L defendant would prefer to separate; if there were to separate and the type

H defendant were to set an offer less than H + k − 2x1k and greater than H − k,

then the uninformed plaintiff would accept and the type L defendant would prefer to

pool. This intuition is suggestive, and indeed there are mixed strategy equilibria in

the interval where no pure strategy equilibria exist. There are also mixed strategy

equilibria outside that interval, and unlike most other signaling games, these mixed



CHAPTER 2. DISCOVERY, DISCLOSURE, AND CONFIDENCE 19

strategy equilibria can be important in the overall game.

Mixed Strategy Equilibria

In a mixed strategy equilibrium, by definition, one or more of the players plays

a mixed strategy. I assume that the informed plaintiff will always accept when in-

different, which eliminates the possibility of him playing a mixed strategy, and that

the uninformed plaintiff will always accept the offer L− k. See the appendix for the

analogous proposition and proof.

Equilibrium Refinement

What may be the most familiar PBE refinement, the intuitive criterion, is insuffi-

cient here– it does not refine the set of equilibria with offers below L− k 1+x1
1−x1 . Fortu-

nately, the undefeated equilibrium refinement proposed by Mailath, Okuno-Fujiwara,

and Postlewaite (1993) works much better here and moreover has a very persuasive

intuition. In particular, when the receiver reconsiders his beliefs in response to a hy-

pothetical deviation, he should continue to use Bayes’ rule and also keep in mind that

all types may respond, not just those whose expected payoffs improve. But beliefs

that satisfy Bayes rule while all player optimize is exactly the PBE concept. It is

this notion– that deviations should be to an alternative equilibrium, that leads to the

authors’ refinement.

Definition (M, O-F, & P 1993): An equilibrium E defeats another equilibrium

E ′ when (i) there exist some E equilibrium offer s for some type(s) T that is not an

E ′ equilibrium offer, (ii) at least one of the type(s) in T strictly prefers and all of the

type(s) in T weakly prefer their payoffs in the E equilibrium when making the offer s

to their payoffs in the E ′ equilibrium, and (iii) the uninformed plaintiff’s beliefs that

support the E ′ equilibrium are inconsistent with (a) the type(s) in T who strictly
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prefer the E equilibrium offer s with the probability one, (b) the type(s) in T who

weakly prefer the E equilibrium offer s with any probability, and (c) the types outside

T offer s with probability zero.

Definition (M, O-F, & P 1993): An equilibrium is undefeated if there is no

equilibrium that defeats it.

Through direct application of the definition of defeats, the set of pooling equilibria

is refined to the one where the defendants set the offer µ1H + (1− µ1)L− k, and the

set of separating equilibria is refined to the one where the type H defendant offers

max{L− k 1+x1
1−x1 , H − k}. However, as mentioned in their paper, the refinement is not

written to apply to mixed strategy equilibria, because they were not important in the

games the authors had in mind. Thus, it too is insufficient– it refines the set of mixed

strategy equilibria where the type H defendant offers less than µ1H+(1−µ1)L−k (the

other mixed strategy equilibria are defeated by the undefeated pooling equilibrium)

to the subset where the type H defendant offers H−k, which the uninformed plaintiff

accepts with a probability λ ≤ λ̂ = min{ 2k
(1−x1)(2k+L−H)

, 1}, and the type L defendant

offers L − k. Happily, the refinement can be modified in a reasonable way to apply

to mixed strategy equilibria, that is, to apply when a deviation to an equilibrium

doesn’t necessarily mean a deviation to a certain offer.

Definition: The modified refinement differs only in the third part of the definition

of “defeats”. In particular, I have (iii) the uninformed plaintiff’s beliefs that support

the E ′ equilibrium are inconsistent with (a) the type(s) in T who strictly prefer the

E equilibrium offer s with the probability that they do in the E equilibrium, (b) the

type(s) in T who weakly prefer the E equilibrium offer s with any probability less

than or equal to the probability that they do in the E equilibrium, and (c) the types
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outside T offer s with probability zero.

With the modified definition of defeats, the rest of set of mixed strategy equilibria

is refined to the one where the type H defendant offers H − k, which the uninformed

plaintiff accepts with probability λ̂, and the type L defendant offers L − k. Each of

the equilibria where the uninformed plaintiff accepts with probability λ < λ̂ is now

defeated by an equilibrium where the type H defendant offers H − k + ε(λ), which

the uninformed plaintiff accepts with probability min{ 2k
(1−x1)(2k+L−H−ε(λ))

, 1}. Notice

that, without the modification, the plaintiff could believe that the type L defendant

deviated to the offer H − k+ ε(λ) with probability one despite the fact that the type

L defendant offers that with a very small probability in those equilibria. I use only

the modified definition of “defeats” throughout the rest of the paper.

For each pair of µ1 and x1, which of the within group undefeated equilibria–

pooling, separating, or mixed strategy– is the between-group undefeated equilibrium1

depends on which the type H defendant prefers, that is, which of −(µ1H+(1−µ1)L)+

k, min{−L + k 1+x1
1−x1 ,−H + k}, and min{−H − k + 2x1k + 4k2

2k+L−H ,−H + k} is the

greatest. It turns out that the third is always greater than or equal to the second,

so it is only the first and the third in tension. Of course, the first does not exist for

some pairs of µ1 and x1, but the third would be greater for those values anyway.

There is a threshold value of the probability that the plaintiff is informed, x̂1, below

which the between-group undefeated equilibrium of the settlement stage of the game

is the within-group undefeated pooling equilibrium and above which it is the within-

group undefeated mixed strategy equilibrium. As x1 increases, the probability with

1The two-step refinement process works, because if an equilibrium that is refined away from

group A in the first step can defeat the within-group undefeated equilibrium from group B, then the

undefeated equilibrium from group A also defeats it.
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which the plaintiff accepts the offer H−k increases, because (a) the informed plaintiff

accepts whereas the uninformed mixes, and (b) the uninformed plaintiff accepts with a

higher probability because the weak defendant has less incentive to mimic. Eventually,

as x1 increase, the strong defendant gets a higher expected payoff by offering H − k

rather than µH + (1− µ)L− k. The following proposition summarizes.

Proposition 2.3.3. The unique undefeated equilibrium of the settlement stage of the

game for Model De is as follows: (1) For x1 ≤ x̂1(µ1) = L−H
2k+L−H [µ1 − (1 − µ1)L−H

2k
],

the type H and type L defendant offer µ1H + (1 − µ1)L − k, which the informed

plaintiff accepts if and only if the defendant is a type H and the uninformed plaintiff

accepts. (2) For x1 > x̂1(µ1), the type H and type L defendants offer H−k and L−k

respectively. The informed plaintiff accepts, whereas the uninformed plaintiff accepts

H − k with probability λ̂ = min{ 2k
(1−x1)(2k+L−H , 1} and accepts L− k.

Notice that 0 < x̂1(µ) if and only if Condition 1 holds.

Here, the condition states that the strong type’s incentive to offer H − k (rather

than µH+ (1−µ)L−k) is not so powerful that he would do it even if the probability

that the plaintiff is informed were zero. Therefore, the probability that the defendant

is strong (µ) must be sufficiently high, the cost of going to court (k) must be suffi-

ciently high, or the difference between the two types of defendants (L−H) must be

sufficiently low.

Because the undefeated equilibrium of the settlement stage of the game is a mixed

strategy equilibrium for some pairs of µ1 and x1, it’s worth the detour to think

about the famous critique of mixed strategy equilibria that a player who is indifferent

between two actions would be unlikely to play them with exactly the probability

that supports the equilibrium, and also about the famous response, due to Harsanyi
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(1973), that a mixed strategy equilibrium where player i plays a mixed strategy can

be interpreted as the limit of a sequence of pure strategy equilibria, where there is

a continuum of player i types, as the difference between the types goes to zero. In

the context of this game, the interpretation is very compelling– if the undefeated

mixed strategy equilibrium is taken as the limit of a sequence in n where the type H

defendant offers H−k+εn, which is in line with the refinement process above, then the

interpretation is just that even the uninformed plaintiff (who is the player who plays a

mixed strategy) receives some very noisy signal from a continuous distribution. Then

uninformed plaintiffs with sufficiently ‘strong’ noisy signals accept and the others

reject.
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Disclosure Stage

For Model D-De, I solve for the defendant’s optimal level of disclosure d1 for each

x0 ∈ [0, 1], which solves for his disclosure in Model ND-De as a special case. The mod-

ified version of the undefeated equilibrium refinement is necessary anyway, so rather

than solve for the entire set of PBE, I directly solve for the undefeated within-group

equilibria of the disclosure stage of the game. The undefeated pooling equilibrium

is the one in which both defendant types choose d1 = 0. The undefeated separating

equilibrium is the least cost separating equilibrium– the type L defendant chooses

d1 = 0 whereas the type H defendant chooses the minimum d1 such that the type

L does not prefer to mimic. Lastly, it turns out (see appendix) that each mixed

strategy equilibrium is defeated by either the undefeated pooling equilibrium or the

undefeated separating equilibrium except in a knife-edge case. Therefore, there are

three only possible values of µ1: µ1 = µ if the defendant types pool in the disclosure

stage, and µ1 = 1 or µ = 0 if they separate.

To settle which of those two equilibria is the between-group undefeated equilibrium

only requires finding which provides the type H defendant with a greater expected

payoff. His payoff in the undefeated pooling equilibrium equals −(µH+(1−µ)L)+k

under Condition 1 and equals γ(−H + k) + (1 − γ)(−H − k) otherwise where γ =

x0 + (1 − x0)λ̂x0 . His expected payoff in the undefeated separating equilibrium is

−H + k − cd̂1 where d̂1 is implicitly defined by

L−H = cd̂1 + (x0 + d̂1)(L−H) + 2k(x0 + d̂1) (2.1)

Notice that the derivative of the LHS with respect to d1 is zero whereas for the RHS

it is positive. Also notice that LHS > RHS for x0 +d1 = 0 whereas LHS < RHS for
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x0 +d1 = 1. Therefore, there is no solution for d̂1 for all x0 above some threshold, and

there is a unique solution for d̂1 otherwise. In the former case, the type H defendant

prefers to separate and, though there is no exact solution, only needs to choose some

very low d1 in order to do so (although this issue never arises in equilibrium).

In the latter case, whether the type H defendant prefers pooling or separating

in the disclosure stage depends on whether, if there were pooling in the disclosure

stage, there would be pooling or separating in the settlement stage. If there would be

pooling in the settlement stage, he prefers the undefeated pooling equilibrium of the

disclosure stage if and only if (1− µ)(L−H) ≤ cd̂1. If there would be separating in

the settlement stage, then it turns out that to solve for the undefeated equilibrium of

the whole model does not require the solution for the type H defendant’s preferences

over the two equilibria for all possible values of x0 but only for x0 = 0.2 In that

case, he prefers the undefeated pooling equilibrium of the disclosure stage if and

only if (L−H)2k
L−H+2k

≤ cd̂1. Intuitively, whether there will be pooling or separating in the

settlement stage, the strong type defendant is always willing to pay something to be

able to offer H − k and have it be accepted with probability one, but he may not be

willing to pay for the least-cost separating level of disclosure cd̂1.

That completes the analysis of Model ND-De. If Condition 1 holds, then (a) if

(1 − µ)(L − H + 2k) ≤ µc, then they pool in both the disclosure and settlement

stage [P (S)ND−De = 1], and (b) otherwise, they separate in the disclosure stage

[P (S)ND−De = 1]. If Condition 1 does not hold, then (a) if 2k(L − H + 2k) ≤
2If the plaintiff were to choose an x0 that would induce the separating equilibrium in the settle-

ment stage, he would choose x0 = 1 by the assumption that when indifferent between two or more

levels of discovery, he chooses the one that would be optimal if who makes the settlement offer were

reversed.
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c(L−H), then they pool in the disclosure stage but separate in the settlement stage

[(P (S)ND−De = µλ̂x1=0 + (1− µ)], and (b) otherwise, they separate in the disclosure

stage [P (S)ND−De = 1].

Discovery Stage

The only way that the plaintiff can capture an expected payoff that exceeds that from

going to court is to undertake a positive amount of discovery d0 > 0 and, at the same

time, induce the undefeated pooling equilibrium in the disclosure and the settlement

stages of the game. He only will be able to do so if both (1−µ)(L−H+2k) < µc and

Condition 1 holds. The first inequality states that, if the defendant types expected

to pool in the settlement stage, then there exists a positive value of x0 such that they

will pool in the disclosure stage. The second inequality (Condition 1) states that, if

the defendant types pool in the disclosure stage, then there exists a positive value of

x0 such that they will also pool in the settlement stage.

Further, the maximum d0 that he can choose that induces that outcome, if pos-

sible, is now the minimum of x̂0 = µ(L−H)
L−H+2k

− (1−µ)(L−H)
c

and x̂1(µ). Notice that, if

there were no disclosure, the plaintiff could simply choose d0 = x̂1(µ), which is the

maximum probability that he can be informed such that the defendant types pool in

the settlement stage. He has to choose a strictly lower d0 than that if and only if

c(L−H) < 2k(L−H+2k). The intuition is that he has to keep x0 sufficiently low so

that the type L defendant has a sufficient incentive to mimic in the disclosure stage

so that the value of d1 that allows the type H defendant to separate is prohibitively

costly.

That completes the analysis of Model D-De. If Condition 1 holds, then (a) if
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(1 − µ)(L − H + 2k) < µc, then the defendants pool in both the disclosure and

settlement stage [P (S)D−De = µ+(1−µ)(1−min{x̂0, x̂1(µ)})], and (b) otherwise, they

separate in the disclosure stage [P (S)D−De = 1]. If Condition 1 does not hold, then

the plaintiff chooses d0 = 1, by the assumption that when indifferent he does what

would be optimal if who makes the settlement offer were reversed, which captures

some perceived risk about that [P (S)D−De = 1].

Probability of Settlement

ND-Pl D-Pl ND-De D-De
Condition 1 1 1 1 1 if K2, A2 otherwise
¬Condition 1 1− µ 1 1 if K1, A1 otherwise 1

Table 2.1: The table displays the probability of settlement for each of the four models
under various conditions. Here K1 represents c(L − H) < 2k(L − H + 2k), A1
represents µλ̂x1=0 +(1−µ), K2 represents µc ≤ (1−µ)(L−H+2k), and A2 represents
µ + (1 − µ)(1 − min{x̂0, x̂1(µ)}). Notice that there are three ways that settlement
can fail. Notice that discovery weakly decreases the probability of settlement under
Condition 1, and weakly increases it otherwise.

2.4 Discussion

2.4.1 Effect of Discovery

Does the addition of discovery to the process increase or decrease the probability of

settlement when the plaintiff makes the offer? What about when the defendant makes

the demand? Finally, does the plaintiff use discovery to become completely informed

about the case or does he use it tactically?

If the plaintiff makes the settlement offer, then discovery weakly increases the

probability of settlement. In Model ND-Pl, the plaintiff remains completely unin-

formed because the defendant does no disclosure. Under Condition 1, the plaintiff
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makes an offer such that P (S)ND−Pl = 1, but otherwise the type H defendant rejects

and P (S)ND−Pl = 1 − µ. In Model D-Pl, the plaintiff does a complete discovery

and tailors his offer to the defendant’s type, so P (S)D−Pl = 1. Therefore, when the

plaintiff makes the offer, discovery facilitates settlement very well.

If the defendant makes the settlement demand, then discovery can increase or

decrease the probability of settlement. There are several subcases to both Model

ND-De and Model D-De, but the probability of settlement only differs between them

in only two subcases. First, if 2k(L − H + 2k) ≤ c(L − H) and also Condition 1

does not hold, then in Model ND-De the defendant types pool in the disclosure stage

but separate in the settlement stage, so P (S)ND−De = µλ̂x1=0 + (1 − µ) whereas

P (S)D−De = 1 by the assumption on how much discovery the plaintiff undertakes

when indifferent. Here the plaintiff still uses discovery to learn as much as possible

and discovery facilitates settlement. Second, if (1 − µ)(L − H + 2k) < µc and also

Condition 1 holds, then the defendant types pool in both the disclosure and settlement

stages, so P (S)ND−De = 1 whereas P (S)D−De = µ + (1 − µ)(1 − min{x̂0, x̂1(µ)}).

There, the plaintiff endogenously undertakes imperfect discovery to ensure that no

extra information is revealed in either the disclosure stage or the settlement stage,

but the fact that he has done some discovery allows for the possibility that he has

become informed and will be able to reject the weak type’s offer. When this tactical

use of discovery is possible, the availability of discovery actually has the opposite of

its intended effect and makes settlement less likely.

Overall, if there is an ex-ante positive probability that the defendant makes the

settlement offer and positive probability that the plaintiff does, a necessary and suf-

ficient condition for discovery to strictly increase the probability of settlement is that
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Condition 1 not hold. That is, that the parameters satisfy µ ≤ L−H
2k+L−H . If µ = 1

2
, for

example, then it must be the case that the total cost of going to court is less than

the difference between the two possible payouts.

2.4.2 Failure to Settle

Even with complete discovery and disclosure available, the parties may fail to settle,

which forces them both to pay additional fees. There is only one way that can

happen and only when the defendant makes the offer: if (1 − µ)(L − H + 2k) < µc

and Condition 1 holds, then the plaintiff undertakes positive but a sufficiently low

amount of discovery so that it is too costly for the type H defendant to separate in

the disclosure stage and too risky for him to separate in the settlement stage. With

the defendant types pooling in both the disclosure and settlement stages and with

there being a positive probability that the plaintiff is informed, it is possible that the

defendant is a weak type but makes a middling settlement offer and gets rejected.

2.5 Buyer-Seller Model, Equilibrium, and Appli-

cations

As mentioned in the introduction, a similar model from a theoretical perspective but

one with a wider applicability is one of buyer-seller environments in which the seller

knows the quality of his product and the buyer can do an inspection. In this section,

I present a buyer-seller model and its unique modified undefeated perfect Bayesian

equilibrium, and I embed the basic model in two slightly more complex models. The

biggest difference between the plaintiff-defendant model and the buyer-seller one is
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that, in the latter, there is no disclosure available to the seller.

2.5.1 Model

The sequence of events is as follows:

1. The sellers type T , his product’s quality, is drawn from the distribution P (H) =

µ = 1− P (L) where L < H and 0 < µ < 1.

2. The seller observes his type.

3. The buyer picks an inspection intensity x.

4. The seller observes the buyer’s inspection intensity.

5. The buyer observes the seller’s type with probability x and observes nothing

with probability 1− x.

6. Who makes the take-it-or-leave-it offer is drawn from the distribution P (buyer) =

G = 1− P (seller).

7. That person makes a price offer p. Case I will be if the seller makes the offer,

and it will be Case II if the buyer does.

8. The other person accepts or rejects. If he accepts, then the buyer gets a payoff

of Π = T − p and the seller gets a payoff of p. If he rejects, then the buyer gets

a payoff of uB and the seller gets a payoff of uT .

Because there is no disclosure, there can be the additional complexity that there

is risk about which party makes the settlement that is resolved after inspection.
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There are a few parameter restrictions that I make. First, trade has a positive

surplus for all seller types: uB + uL < L and uB + uH < H. Second, the high type’s

outside option is weakly greater than the low type’s: uL ≤ uH . These two restric-

tions imply that uB and uL can be normalized to zero while uH is weakly greater

than zero, which leaves the vector of parameters z = {uH , µ,H, L,G}. Third, the

inspection costs are zero to highlight the strategic effects of the buyer’s inspection

intensity. However, they are simple to incorporate, and in fact can make the require-

ment that the seller observe the buyer’s choice of inspection intensity unnecessary

(see appendix).

2.5.2 Equilibrium

Seller’s Offer

Proposition 2.5.1. The unique undefeated equilibrium of the bargaining stage of the

game in Case I is as follows: (1) For x ≤ x̂ = H−L
H−uH

[µ− uH/H], the type H and type

L seller set the price µH + (1− µ)L, which the informed buyer accepts if and only if

the seller is a type H and the uninformed buyer accepts. (2) For x > x̂, the type H

and type L sellers set their prices equal to H and L respectively. The informed buyer

accepts, while the uninformed buyer accepts H with probability λ̂ = min{ L
(1−x)H

, 1}

and accepts L.

Notice that 0 ≤ x̂1(µ) if and only if uH ≤ µH. This is Condition 1 for the

buyer-seller version of the model.
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Figure 2.4: The type H seller’s expected payoff is µH + (1 − µ)L in the unde-
feated pooling equilibrium, min{ L

1−x , H} in the undefeated separating equilibrium,

and min{xH + L+ (1−x)H−L
H

uH , H} in the undefeated mixed strategy equilibrium.

Buyer’s Offer

The bargaining stage of the game in Case II is much simpler. If the buyer is informed,

he offers uH of the type H defendant and zero of the type L one. If he is uninformed,

he either makes the maximum of the offers that both types will accept (uH) or the

maximum of the ones that only the type L defendant will accept (zero). It turns out

that the former is optimal if and only if Condition 1 holds and otherwise the latter

is.

Buyer’s Inspection Intensity

Of course, if Condition 1 does not hold, then the buyer can only capture a positive

expected payoff if he makes the offer, in which case it is maximized if he inspects

perfectly.

If Condition 1 holds, then the buyer chooses between x̂ and perfect inspection.
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The latter will be optimal if and only if G[x̂(µ(H−uH)+(1−µ)L)+(1− x̂)(µH+(1−

µ)L−uH)] + (1−G)[x̂µ(1−µ)(H−L)] ≤ G(µ(H−uH) + (1−µ)L). His incentive to

inspect imperfectly is to keep sufficiently risky the type H’s option to demand what

his product is worth.

It is clear that, if Condition 1 holds, there is a threshold value of G below which

x̂ is optimal and above which perfect inspection is. It turns out, if Condition 1 holds,

that there is also a threshold value of 1−µ below which x̂ is optimal and above which

perfect inspection is (see appendix).

2.5.3 Applications

The Market for Lemons

The results from the model contrast sharply with both those from Akerlof’s (1970)

The Market for Lemons and Levin’s (2001) extension3. Consider a variant of the

model where a fraction α of type H sellers have an outside option l = 0 (motivated

sellers) and the rest have an outside option h > µH + (1−µ)L (unmotivated sellers).

Without inspection, the equilibrium is that the type Hh sellers drop out of the market

whereas the type Hl and the type L sellers set their price equal to αµH+(1−µ)L
αµ+1−µ and

successfully sell their cars.

Here (1) the type Hh sellers stay in the market, set their price equal to H, and

successfully sell their cars with probability x̂ + L/H where x̂ = αµ
1−(1−α)µ

H−L
H

, and

(2) the type L sellers only sell their cars with probability 1 − x̂. In contrast to the

standard lemons model, (a) when αµ > 1 − µ, the type Hh sellers are in fact more

3Levin (2001) studies the market for lemons in the presence of an exogenous public signal. In
this application, if the realization were public, the seller would just demand the entire surplus after
an informative inspection and it would be like there was no inspection otherwise.
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likely to make a sale than the type L sellers, and (b) when αµ > 2(1− µ) the buyers

would actually be better off with a greater presence of type L sellers.

Asset Markets

In a dynamic model, the players’ valuation of the product may depend on its resale

value, and then assets can be imperfectly liquid for different reasons than in Lester,

Postlewaite, and Wright (2012) and in different ways than in Guerrieri, Shimer, and

Wright (2010). For example, consider an economy populated by a large measure of

players who discount the future at rate β. A measure µ have a type H asset, which

produces a dividend dH each period while a measure (1 − µ) have a type L asset,

which produces a dividend dL each period. After the dividend is consumed, each asset

holder decides whether or not to be matched with a buyer.4 In a match, (1) the buyer

does an evaluation of the asset, which the seller observes, and (2) the seller makes a

take-it-or-leave-it offer p; if the buyer accepts, he produces p (at an equal disutility)

in exchange for the asset. Lastly, to generate trade, each type H asset holder receives

a productivity shock at the start of each period. In particular, with probability α his

asset becomes as productive as a type L asset for every period in which he holds it.

The model and analysis would be almost exactly same but apply to more kinds of

assets if instead the shock were a liquidity shock that forces the asset holder to enter

the market.

In equilibrium, the type H asset holders only search after a productivity shock

whereas the type L asset holders always search. In a match, the buyer does an

evaluation with intensity x̂ = αµ(H0−H1)+(1−mu)(L−H1)
(αµ+1−µ)(H0−H1)

, the asset holder offers p̂ =

β αµH0+(1−µ)L
αµ+1−µ where H0 = α(dL + p̂) + (1 − α)(dH + βH0), H1 = dL + p̂, and L =

4Asset holders don’t decide to be matched when they’re indifferent.
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dL + x̂βL+ (1− x̂)p̂, and the buyer accepts unless he knows the asset is a type L. In

Lester, Postlewaite, and Wright (2012), an asset can be imperfectly liquid only if it

is costly to identify.

Thus, type H assets are more valuable than type L assets for two reasons: (1)

they’re more productive, and (2) they’re easier to sell at the market offer, which

contrasts with the result in standard approach (without inspection) in the literature

that owners of more valuable assets take a lower probability of trade in order to

signal their type (for example, see Guerrieri, Shimer, and Wright (2010)). In fact,

here the market is only illiquid to the extent that the type L assets are, but these

sales do not generate surplus anyway. If the asset holders had to draw a cost from

a continuous distribution over [0, ĉ] to be matched with a buyer, the kind of market

illiquidity mentioned above actually improves efficiency because it reduces the type

L asset holders incentive to incur the search cost.

2.6 Conclusion

This paper studies a model in which initially the defendant has private information

about the strength of his case, the plaintiff chooses any amount of discovery at no cost

to himself, the defendant chooses an amount of disclosure, and finally one party makes

a settlement offer. The result is an endogenous signaling game that derives from the

fact that a defendant with a strong case can disclose and bargain more confidently. In

the unique (modified) undefeated equilibrium, the plaintiff may undertake imperfect

discovery to maintain the low type defendant’s incentive to mimic, which increases

the settlement offer.

Future work on the buyer-seller model could be to include more than two types,
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which presents the buyer with a trade-off between his inspection intensity and who

pools with whom. In a related paper, I find that the unique (modified) iteratively

undefeated equilibrium of the three-type model can exhibit partial separation even

when the probability that the seller makes the offer is one, and I apply the model to

US wage dynamics.



Chapter 3

The Role of Job Interviews in

Wage Inequality

3.1 Introduction

In Chapter 2, I analyzed a buyer-seller model with two types of sellers and showed

that, if the probability that the seller makes the offer is one, then the buyer always

selects an inspection intensity that induces the seller types to pool if possible. How-

ever, that property relies on the fact that the buyer can’t make a profit if there is any

separation, which does extend to models with more than two types. In fact, with more

than two types, the buyer can sometimes do better if he induces some separation: if a

middle type’s quality were just below the mean, then that type risks rejection by the

informed buyer for a very small benefit when all types pool. The buyer would have

to inspect with a very low intensity to induce that type to pool, and he would make a

very small expected profit. He could instead abandon that plan, increase his inspec-

tion intensity and have just some types pool. With more than two types, therefore,

37
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there is more than one type who may prefer to reveal their type rather than pool

with the low type and the buyer has a trade-off between the inspection intensity and

who pools with whom. A more complete treatment of buyer-seller environments with

inspection should take this trade-off into account. Further, I find that a three-type

model can capture some features of US wage inequality over 1973-2006 which is a

period that has received a lot of attention.

The model here is very similar to the buyer-seller model in the previous chapter

except that there are three types of sellers1 and, for tractability, more parametric

restrictions. The quality of the seller’s product is initially his private information,

but the buyer picks an inspection intensity which is the probability with which he

learns the seller’s type. The intensity is observed by the seller but the realization of the

inspection– the evaluation of the product that the buyer has reached– is not. Finally,

the seller sets a price and the buyer accepts or rejects. Each seller type’s incentive

to set a certain price will depend on the exact value of the inspection intensity and

on the other types’ equilibrium prices. One step back, the buyer has to pick an

intensity that takes in the effect on his expected information and on each seller type’s

subsequent behaviour.

As mentioned, in a modified undefeated PBE of the same model with two types

and I show that there is a threshold intensity such that the seller types pool for all

intensities below or equal to the threshold and separate for all those above it, and that

the buyer picks the threshold intensity. With the three-type model, under what I’ve

termed the iteratively-undefeated equilibrium refinement that also maintains the same

modifications as before, there continues to be complete separation passed a threshold.

1See the appendix for an explanation of why I think three types is a better choice than infinite
types.
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Below that, the new question arises of “who pools with whom, and at which values

of the inspection intensity?” It turns out that there can be three different kinds of

equilibria (under the refinement) of the model: full pooling, high-low pooling, and a

kind in which the low type mixes over pooling with the middle type and pooling with

the high type. That is, with three types of sellers there is full pooling for some, but

not all, of the parameter space.

The result of particular importance for the application to wage inequality is that

if the middle type’s quality is above a threshold but below the mean, he separates and

the other types pool. Intuitively, if his quality is above the mean, each type prefers

that they all pool rather than that the middle type separates because he raises the

expected quality and therefore the price. Below the mean quality, however, the middle

type’s incentive to mimic and pool with the other types, which entails some risk of

rejection, decreases as his true quality increases. Effectively, the middle type uses a

go-big-or-go-home strategy (ie. tell a sufficiently big lie or tell the truth). That is,

a seller of middling quality will only be willing to take the risk of rejection by over-

representing his quality if the payoff is sufficiently big. That affects the high type’s

expected payoff from high-low pooling, because the uninformed buyer may have to

reject probabilistically to ensure that the middle type doesn’t mimic, which in turn

affects the buyer’s optimal choice of inspection intensity.

Embedded in a dynamic search model of the labour market, the static three worker

type model provides a mechanism to simultaneously explain both the behaviour of the

distribution of residual wages and of the 10th percentile wage for males and females

over the period 1973-2006, which have received a lot of attention in the literature
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but that have not been captured by other theoretical models (see the literature re-

view section below). The mechanism relies on the evidence from Autor, Levy, and

Murnane (2003) in favour of the routinization hypothesis which posits that one of the

major effects of computer capital was to substitute for workers who perform routine

tasks. Intuitively, that should cause a monotonic compression in the productivities

of those workers, who tend to have low levels of education and therefore low resid-

ual wages. But instead the ratio of 50th to the 10th percentile male (female) residual

wage substantially increased then recovered, and, at the same time, the 10th percentile

male (female) wage substantially decreased then recovered. With the middle type’s

go-big-or-go-home strategy in mind, however, that makes perfect sense. If the middle

type’s initial skill level is sufficiently low, the compression decreases his incentive to

mimic (that is, to bargain forcefully) and can lead to a transition from full pooling

to high-low pooling. The transition followed by the continued technological progress

and routinization can cause a simultaneous substantial increase in residual wage in-

equality and decrease in the middle type’s wage (the lowest in the model) followed

by reversals.

Further, the other half of the routinization hypothesis– that computer capital

complements workers who perform most non-routine tasks, who tend to have high

levels of education and therefore high residual wages– automatically predicts that the

ratio of 90th to the 50th percentile male (female) residual wage should increase even in

the most standard labour model. Therefore, if I suppose that the mechanism through

which interviews affect wage inequality is stronger among low skilled worker, then the

model in combination with the routinization hypothesis also captures the differential

behaviour of the upper and lower halves of the distribution of residual wages. While
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speculative, some reasons why the mechanism might be stronger among low skilled

workers are that there may be a greater degree of asymmetric information before the

interview starts with them and/or they may have a lesser sense of career concerns

which could otherwise dominate wage concerns.

To be able to do additional tests of the application, I maintain the sequence of

newly bargained wages from the dynamic model but impose a kind of wage growth

that depends on the worker’s type, which was not possible to incorporate into the

full dynamic model for tractability reasons. The underlying assumption, therefore, is

that the sequence of newly bargained wages would not be much different under the

more realistic kind of wage growth. In particular, I impose that a worker receives his

bargained wage plus a fraction λ of his on-the-job productivity gains realized after

his productivity exceeds his wage. Given that, the theory further captures that (a)

aggregate wage growth should increase over the period, and that the wage growth

(measured by the variance of transitory earning) should be concentrated in (b) low

wage workers, (c) low education workers, and (d) workers who change jobs during the

period.

Here I’d like to pause to address the concern the reader may have about the extent

to which asymmetric information about the worker’s productivity at the start of a

job can affect his wage over time. Of course, if he stays in that job for the rest of

his career, I expect that the effect would persist for some time, due to noise in the

measurements of his production and frictions in how wages change, but eventually

almost disappear. If he were to stay at the same firm but move to a different position

in which somewhat different abilities were valued, then the effect would come back

into play. Finally, each time he moves to a completely new firm, the effect certainly
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comes back into play.

The main contribution is to the literature on bilateral contracts with informa-

tion acquisition (Sobel 1993, Lewis and Sappington 1993, Shavell 1994, Cremer and

Khalil 1994, Cremer 1995, Kessler 1998, Nosal 2006, Dang 2008, Kaya 2010, Lester,

Postlewaite, and Wright 2012). These papers do not address the situation where the

party that makes the offer is informed and the party that responds is uninformed

but can acquire private information before the contract is offered. This situation is

common in several markets and generates a different kind of information acquisition

problem where the initial acquisition decision can affect the informational content

of the offer. The two-type model of Chapter 2 made a similar contribution to this

literature but was unable to address the situations in which the seller makes the offer

with probability one but the buyer still chooses to induce some separation.

The application contributes to the literature on wage inequality. Acemoglu (1999),

Caselli (1999), Galor and Moav (2000), and Shi (2002) generate a simultaneous de-

crease in the wages of low skilled workers and increase in overall and/or residual

wage inequality but not the reversal. Caselli (1999) drives an overall wage inequal-

ity reversal only with compositional effects. Galor and Tsiddon (1997), Greenwood

and Yorukoglu (1997)2, and Aghion, Howitt, and Violante (2002) have an increase in

overall and/or residual wage inequality followed by a reversal but do not capture the

fall in low wages. Greenwood and Yorukoglu (1997) have the reversal with an almost

simultaneous reversal of the productivity growth slowdown, which is yet to happen.

As mentioned, none of these papers address the differential behaviour of the upper

and lower halves of the distribution of residual wages.

2Greenwood and Yorukoglu (1997) have a small decrease in the wages of unskilled workers but
with a counterfactual decrease in the wages of skilled workers.
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The rest of the paper is organized as follows. In Section 2, I present the model.

In Section 3, I define and solve for the iteratively-undefeated equilibrium. In Section

4, I embed the static model into a simple dynamic search model of the labour market

and relate the results to the data. Section 5 concludes.

3.2 Model

The sequence of events is as follows:

1. The seller’s type T , his product’s quality, is drawn from the distribution P (H) =

P (M) = P (L) = 1
3

where H > M > L > 0

2. The seller observes his type.

3. The buyer picks an inspection intensity x.

4. The seller observes the buyer’s inspection intensity.

5. The buyer observes the seller’s type with probability x and observes nothing

with probability 1− x.

6. The seller sets a price p.

7. The buyer accepts or rejects. If he accepts, then he receives a payoff of Π = T−p

and the seller receives a payoff of p. If he rejects, then he receives a payoff of

uB and the seller receives a payoff of us.

The reason that the price is determined by a take-it-or-leave-it offer is that the

buyer and the seller both have private information: the seller knows his product’s
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quality and the buyers knows whether or not he knows the product’s quality. Any

protocol where they both take actions would involve signaling both directions, which

would be much more complicated.

3.3 Equilibrium and Refinement Definition and Equi-

librium Analysis

3.3.1 Definitions

The solution concept is perfect Bayesian equilibrium (PBE). Recall that a PBE spec-

ifies beliefs that satisfy Bayes’ rule on the equilibrium path but are otherwise un-

restricted, and strategies that are optimal given the beliefs. While in principle the

off-equilibrium beliefs could be complicated, any equilibrium that can be supported

by some off-equilibrium path beliefs can be supported by those that minimize the

payoff to a deviation– the beliefs that a seller who sets an unexpected price must be

a low type.

The solution method is as follows. For each inspection intensity x, I find the

within-group (full pooling, high-low pooling, etc.) modified undefeated equilibrium

(defined below) of the second stage of the game, which starts when the seller sets a

price, and move onto finding the between-group modified undefeated equilibrium. At

that point, there will be a compelling motivation for a further modification to the

refinement leading to the iteratively-undefeated equilibrium refinement. With that

refinement, I find the between-group i-undefeated equilibrium of the second stage of

the game for each x where one exists. Then I check which x the buyer would actually

choose.
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The undefeated equilibrium refinement proposed by Mailath, Okuno-Fujiwara,

and Postlewaite (1993) can be sufficient (if reasonably modified) to refine the set of

equilibria at each x to at most one equilibrium and moreover has a very persuasive

intuition. Specifically, when the buyer reconsiders his beliefs in response to a hypo-

thetical deviation, he should continue to use Bayes’ rule and also keep in mind that

all types may respond, not just those whose expected payoffs improve. But beliefs

that satisfy Bayes rule while all players optimize is exactly the PBE concept. It is

this notion that deviations should be to an alternative equilibrium that leads to the

authors’ refinement.

Definition (M, O-F, & P 1993): An equilibrium E defeats another equilibrium

E ′ when (i) there exist some E equilibrium price p for some type(s) T that is not an

E ′ equilibrium price, (ii) at least one of the type(s) in T strictly prefers and all of the

type(s) in T weakly prefer their payoffs in the E equilibrium when they set the price

p to their payoffs in the E ′ equilibrium, and (iii) the uninformed buyer’s beliefs that

support the E ′ equilibrium are inconsistent with (a) the type(s) in T who strictly

prefer the E equilibrium set the price s with the probability one, (b) the type(s) in

T who weakly prefer the E equilibrium set the price p with any probability, and (c)

the types outside T set the price p with probability zero.

As it stands, the refinement does not apply to mixed strategy equilibria, because

they were not important for the games the authors had in mind. The refinement can

be modified in very reasonable way to apply to mixed strategy equilibria, that is, to

apply when a deviation to an equilibrium doesn’t necessarily mean a deviation to a

certain price. At the same time, since the requirement that “all of the type(s) in T

weakly prefer their payoffs in the E equilibrium when they set the price p to their
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payoffs in the E ′ equilibrium” is completely unmotivated and has real consequences,

I simply remove it.

Definition: An equilibrium E defeats another equilibrium E ′ when (i) there

exist some E equilibrium price p for some type(s) T that is not an E ′ equilibrium price,

(ii) at least one of the type(s) in T strictly prefers their payoffs in the E equilibrium

when they set p to their payoffs in the E ′ equilibrium, and (iii) the uninformed buyer’s

beliefs that support the E ′ equilibrium are inconsistent with (a) the type(s) in T who

strictly prefer the E equilibrium set the price p with the probability that they do in

the E equilibrium, (b) all other type(s) in T set the price p with any probability less

than or equal to the probability that they do in the E equilibrium, and (c) the types

outside T set the price p with probability zero.

3.3.2 Case 1: M > 1
2(H + L)

Within-Group Undefeated Equilibria

Full Equilibria: In the set of full equilibria, in which all types of sellers set the

same price, the undefeated equilibrium is the one in which the seller set the price

1
3
(H +M +L) which the uninformed buyer accepts. The conditions under which this

equilibrium exists are xH ≤ 1
3
(H + M + L) and L ≤ (1 − x)1

3
(H + M + L). Notice

that the set of parameters and x under which a full equilibrium exists is a subset of

those under which the undefeated full equilibrium exists because each type’s expected

payoff is maximized.

HL Equilibria: In the set of HL equilibria, in which the type H and type L

sellers set the same price but the type M seller does not w.p. > 0, there is no
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undefeated equilibrium.3 There can be relevant HL equilibria, however, in which the

type M seller sets the price M with a low probability and pools with the complement,

and therefore the sellers’ expected payoffs are almost equal to those in the undefeated

full equilibrium. Of course, the conditions under which some of these equilibria exist

are the same as the conditions for the undefeated full equilibrium with the weak

inequalities replaced with strict ones.

HM Equilibria: In the set of HM equilibria, in which the type H and type M

sellers set the same price but the type L seller does not w.p. > 0, each equilibrium

is defeated by the equilibrium in which each seller type sets a price equal to his type

and the uninformed buyer accepts H and M with the highest probabilities such that

the type L seller does not prefer to mimic either one (henceforth “the separation

equilibrium”).

ML Equilibria: In the set of ML equilibria, in which the type M and type L

sellers set the same price but the type H seller does not (ones in which he does not

wp > 0 are just worse versions of the undefeated full equilibrium for all types), the

undefeated equilibrium is the one where the type H seller sets the price H which the

uninformed buyer accepts with the highest probability such that the type L seller

does not prefer to mimic, and the type M and type L sellers sets the price 1
2
(M +L)

which the uninformed buyer accepts. The conditions under which this equilibrium

exists are xM ≤ 1
2
(M + L) and L ≤ (1− x)1

2
(M + L). The set of parameters and x

under which an ML equilibrium exists is a subset of those under which the undefeated

ML equilibrium exists because each type’s expected payoff is maximized.

3As the type M seller increases the probability with which he pools with the other types, the
pooling price increases, and each seller’s expected payoff increases. That makes a sequence of HL
equilibria in which each equilibrium defeats the one before it that has a limit equal to the undefeated
full equilibrium.
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Equilibrium Type H’s Expected Payoff Type M ’s Expected Payoff
Full Equilibrium 1

3
(H +M + L) 1

3
(H +M + L)

HL Equilibrium 1
3
(H +M + L) 1

3
(H +M + L)

ML Equilibrium xH + (1− x)1
2
(M + L) 1

2
(M + L)

Separation Equilibrium min{xH + L,H} min{xM + L,M}
HL-ML Equilibrium < xH + (1− x)1

2
(M + L) < 1

3
(H +M + L)

Table 3.1: The type H and type M sellers’ expected payoffs in each within-group
undefeated equilibrium in Case 1.

Other Equilibria: First, if the type L seller sets the price L w.p. > 0, the un-

defeated equilibrium is the separation equilibrium, which exists under all conditions.

Second, if the type L seller does not set the price L w.p. > 0, the undefeated equi-

librium is one in which the type H seller sets the price greater than M , the type M

seller sets the price greater than L, and the type L seller mixes over those two prices,

that is, a kind of HL-ML equilibrium.4 The conditions under which these equilibria

exists are xH ≤ xpHL + (1− x)pML, xM ≤ pML, and L ≤ (1− x)pML.

Between-Group Undefeated Equilibrium

The next step is to find the type H and type M sellers’ preferences over the within-

group undefeated equilibria and which is the between-group undefeated equilibrium at

each x, but there is immediately a problem– there can be no between-group undefeated

equilibrium at some values of x. In Figure 3.1, there is a shaded interval (sub-interval

I plus sub-interval II) in which the undefeated ML equilibrium defeats the other

within-group undefeated equilibria and all HL equilibria, but an HL equilibrium

4The type L seller has to pool with both the other types otherwise the type he pools with will
pool on one price and we are back in either the HL or ML equilibrium. Next, the type H seller
will pool on one price. Given that and that it can’t be the undefeated full equilibrium, the type M
seller will pool on one separate price.
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defeats it. The reason is that the type H seller deviates to the undefeated ML

equilibrium (MLH is above all the lines), but the type M seller deviates to an HL

equilibrium (HLM is above MLM)– each type prefers that the other pool with the

type L sellers.
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Figure 3.1: The type H seller’s expected payoff is 1
3
(H + M + L) in the undefeated

full equilibrium and an HL equilibrium, xH + (1 − x)1
2
(M + L) in the undefeated

ML equilibrium, and min{xH + L,H} in the separation equilibrium. The type M
seller’s expected payoff is 1

3
(H + M + L) in the undefeated full equilibrium and an

HL equilibrium, 1
2
(M +L) in the undefeated ML equilibrium, and min{xM +L,M}

in the separation equilibrium.

It would be useful, therefore, to have a compelling reason to strengthen the re-

quirements for one equilibrium to defeat another. Happily, the situation in subinterval

II in which SeparationM > MLM suggests such a reason. Recall that the motivation
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for the undefeated equilibrium refinement was that, after some type(s) adjust their

strategies, the buyer ought to adjust his beliefs using Bayes’ rule while keeping in

mind that all other players might respond by adjusting their strategies. Thus, in the

subinterval II, the undefeated ML equilibrium defeats all HL equilibria, because the

type H seller adjusts his price to H and, in response, the type M and type L sellers

adjust their prices to 1
2
(M + L). In that subinterval, however, of the equilibria in

which the type H seller set the price H, the type M seller prefers the separation equi-

librium to the undefeated ML equilibrium. A very compelling reason to strengthen

the requirements for one equilibrium to defeat another is that the other sellers ought

not just respond but best respond. In this example, after the type H adjusts his price

to H, the type M seller ought to adjust his price to M and the type L seller ought

to adjust his price to L. Of course, the type H seller should anticipate that, and not

adjust his price to H until SeparationH > FullH .

Definition: An equilibrium (E ∈ E) iteratively defeats another equilibrium

(E ′) when E defeats E ′ where E is the set of undefeated equilibria of the game in

which each type in T plays his E equilibrium strategy.

With the i-undefeated equilibrium refinement, the within-group analysis continues

to hold with “i-undefeated” in place of “undefeated”. The differences come in the

between-group analysis. In what follows, I forgo the word “i-undefeated” in references

to i-undefeated within-group equilibria.
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Between-Group I-Undefeated Equilibrium

The i-undefeated equilibrium refinement improves matters, but still there can be no

between-group i-undefeated equilibrium at some values of x.5 First, there remains the

problem that the ML equilibrium i-defeats all HL equilibria and an HL equilibrium

i-defeats it in subinterval I in which the type M seller prefers the ML equilibrium to

the separation equilibrium. Second, in subinterval II, while the ML equilibrium does

not i-defeat all HL equilibria, a similar problem arises with an HL-ML equilibrium

in place of the ML equilibrium. To see this, notice that just after xM + L crosses

1
2
(M+L), the type H seller can set a price a little bit less than H and therefore make

it possible for the uninformed buyer to accept w.p. > 0 even while the type L seller

sets the type H seller’s price w.p > 0. With the complement probability, the type L

seller sets the type M seller’s price, which can now be greater than 1
2
(M + L), and

equal to xM +L. The idea is that, when the ML equilibrium comes off the table, the

type H seller pools with the type L seller w.p. > 0 to keep an equilibrium that’s close

to the ML equilibrium on the table. Then he can use the same trick as needed as x

5The problem, however, may be deeply rooted in the fact that nature randomly selects the
seller’s type and the (well motivated) i-undefeated equilibrium refinement. In particular, there is a
unresolvable tension between (a) the random selection, and (b) the idea that an equilibrium is not
reasonable if the selected seller type can credibly inform the buyer that a different equilibrium is
being played but, at the same time, the types can have different preference over credible equilibria.
As an analogy, take two people with some outside options who have to decide how to split a surplus
where, after they reach a decision, one of them is picked at random to inform a banker who then
executes it. The problem is that whoever is picked will report that they decided to split the surplus
in the way that is most favourable to himself (of the splits that are on the table), and therefore the
banker can’t believe the report and there is no reasonable prediction of this game. The two people
are the type H and type M sellers, and the banker is the buyer. Each side has a most favourable
split of the ones that are on the table just like how each type has a most preferred equilibrium
(almost) of the ones that i-defeat the other type’s most preferred (ie. of the ones that the other
would comply with). Lastly, each person is picked at random to inform the banker just like how
nature randomly picks the seller’s type who announces which equilibrium will be played. That is
intuitive explanation of why there is no reasonable prediction of the game in the intervals in which
no between-group i-undefeated equilibrium exists.
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increases. Because it’s not that too many equilibria are reasonable but that none are,

I simply assume that the buyer won’t pick an x in those intervals. That assumption

can be justified if we think that buyers have a sufficient level of ambiguity aversion.

I can now find the type H and type M sellers’ preferences over the within-group

undefeated equilibria and which is the between-group undefeated equilibrium (if one

exists) at each x. There are three relevant intersections: [1] xH + (1 − x)1
2
(M +

L) crosses 1
3
(H + M + L), [2] xM + L crosses 1

2
(M + L), and [3] xH + L crosses

1
3
(H + M + L). It can be shown that [1] occurs at x = 1

3
and [2] occurs before

[3]. Therefore, the possible orders are [1][2][3], [2][1][3], and [2][3][1]. Each requires

a separate explanation, and [1][2][3] (the most complicated of the three) also has a

graph. In the explanations, notice that the type H, type M , and type L sellers’

expected payoffs are never less than xH, xM , and L/(1 − x) respectively, and thus

that there is no problem of equilibria non-existence.

[1][2][3]: Before [1], there is the full equilibrium. From [1] to [2], the ML equilib-

rium and an HL equilibrium i-defeat each other. At [2], an interval starts in which

an HL-ML equilibrium and an HL equilibrium i-defeat each other. In that inter-

val, in order to have an HL-ML equilibrium i-defeat all HL equilibria, the type H

seller’s price must be such that type M seller’s price can be equal to xM + L. If

either (a) the type H seller’s price falls below M , or (b) the type H seller’s expected

payoff falls below 1
3
(H +M +L), after that there would be an interval in which there

is the full equilibrium. While the M -constraint can’t bind and later become slack,

that may not be true for the payoff constraint.6 Therefore, if the payoff constraint

binds, then the subsequent full equilibrium interval may end either where the payoff

6In every example that I’ve looked at on the computer, the type H seller’s expected payoff, in
the relevant intervals, slopes downwards and is convex in every subcase of both Cases I and II. If
that were true in general, then the payoff constraint could not bind and later become slack.
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constraint becomes slack, and then the process may even repeat, or at [3]. At [3], (i)

the bound in the payoff constraint switches to xH + L, (ii) all HL equilibria come

off the table, so when both constraints are slack, two HL-ML equilibria i-defeat each

other– one that the type H seller prefers and one that the type M seller prefers, and

(iii) when either constraint binds, there is the separation equilibrium. Therefore, if

either constraint binds for the final time before [3], then after that there is the full

equilibrium followed by the separation equilibrium. The last part of the explanation

is that, after [3], at each point that either constraint holds with equality, there is an

HL-ML equilibrium– there is just one HL-ML equilibrium on the table, so the one

that the type H seller prefers and the one that the type M seller prefers are the same.

[M > 3]

[2][1][3]: Before [1], there is the full equilibrium. After [1], there continues to be

the full equilibrium. To see this, notice that because [2] occurs before [1], just after

[1] the type H seller’s full equilibrium payoff is still greater than his best HL-ML

equilibrium payoff if the type M seller’s payoff is greater than or equal to xM + L.

In effect, the type H seller’s HL-ML equilibrium payoff has to “take the lead”. If

it never does or not before the M -constraint binds, then the full equilibrium interval

continues until [3] and after that there is the separation equilibrium. If it does before

[3] (after [3]), then the rest of the explanation is identical to that in the [1][2][3]

subcase after “At [2]” (“At [3]”). [2 < M < 3]

[2][3][1]: Before [3], there is the full equilibrium. After [3], there is the separation

equilibrium. [M < 2]
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Figure 3.2: The type H seller’s expected payoff is 1
3
(H+M+L) in the full equilibrium

and an HL equilibrium, xH+(1−x)1
2
(M+L) in the ML equilibrium, and min{xH+

L,H} in the separation equilibrium. The type M seller’s expected payoff is 1
3
(H+M+

L) in the full equilibrium and an HL equilibrium, 1
2
(M + L) in the ML equilibrium,

and min{xM + L,M} in the separation equilibrium. This depicts the subcase in
which M > 3.

3.3.3 Case 2: M < 1
2(H + L)

The analysis of Case 2 is similar to that of Case 1. The only difference in the within-

group analysis is that there exists an i-undefeated HL equilibrium in which the type

H and type L sellers set the price 1
2
(H+L), which the uninformed buyer accepts with

the highest probability such that the type M seller does not prefer to mimic, and the

typeM seller sets the priceM , which the uninformed buyer accepts. That complicates
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the between-group analysis because the type H seller can now prefer either the full

equilibrium, the ML equilibrium, or the HL equilibrium. The complete analysis is

in the appendix.

3.3.4 Buyer’s Inspection Intensity

Of course, the buyer won’t induce the separation equilibrium. While the separation

equilibrium lets him infer the seller’s type from his price, his payoff is zero because

the seller demands the entire surplus. Also, of all the intensities that induce the full

equilibrium, he would pick the highest one because the price is the unaffected and

the probability that he is informed is maximized.

He has two more options in the three-type model. Of course, by the same logic,

of all the intensities that induce the HL equilibrium, he would pick the highest one.

It turns out that the same is true for the HL-ML equilibrium (the proof is in the

appendix).

Therefore, he has at most three options: (a) the top full equilibrium, which is

always an option, (b) the top HL equilibrium, which is not an option in Case I and

part of Case II, or (c) the top HL-ML equilibrium, which is not always an option.

To have a sense of which equilibrium the buyer will pick in general, I use a 6 x 1000

grid in (H,M)-space– recall that L is normalized to one. Each of the six graphs in

Figure 3.3 corresponds to a different value of H, which is listed in each graph’s title.

On the x-axis, the value of M moves between L and H. On the y-axis is the kind of

equilibrium that the buyer picks.

Figure 3.3 has several characteristics that need to be explained. The explanations

focus on the type H seller’s preferences over the different kinds of equilibria. These
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Figure 3.3: Each of the six graphs corresponds to a different value of H, which is
listed in each graph’s title. On the x-axis, the value of M moves between L and H.
On the y-axis is the kind of equilibrium that the buyer picks.

have a powerful influence on which kind of equilibrium is played, because the more

he prefers an equilibrium, the more intense the inspection can be before he switches

to the separation equilibrium.

For M < 1
2
(H + L), there is the full equilibrium followed by the HL equilibrium.

That happens because the type H seller’s preference for the full equilibrium relative to

the HL equilibrium decreases with M . As M increases, the type M seller’s incentive

to mimic in the HL equilibrium decreases, and so does the probability with which

the uninformed buyer has to reject the HL price as a deterrent. There can exist a
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between-group i-undefeated HL-ML equilibrium at some values of x, but except for

the few that arise when H > 25 (approximately), the buyer never picks it.

For M > 1
2
(H + L), the buyer never picks the HL equilibrium, because it is not

an option– all types prefer the full equilibrium.

For M > 1
2
(H + L), what remains to be explained is the buyer’s choice between

the full equilibrium and the HL-ML equilibrium. It turns out (with numerical simu-

lations) that he picks the HL-ML equilibrium whenever there exists a between-group

i-undefeated HL-ML equilibrium, and of course picks the full equilibrium otherwise.

There is an interval of M values in which both the payoff constraint and the M con-

straint bind (at least once) after xH + L crosses 1
3
(H + M + L), which means that

a between-group i-undefeated HL-ML equilibrium exists at that value of x. For low

values of H, the interval is empty; for intermediate values, the interval is non-empty;

for high values, the interval extends down to M = 1
2
(H + L).

For the purposes of the application in the next section, Figure 3.10’s most impor-

tant characteristic is that, with the value of H constant and while M < 1
2
(H + L),

there is a threshold value of M at which the equilibrium switches from the full equi-

librium to the HL equilibrium. Figure 3.4 depicts that threshold at 100 different

values of H ∈ [1, 21]. Notice that the line is almost linear. In fact, the linear model

Mi = β0 + β1Hi yields an R2 = 0.9987. That is, the ratio F̂ equiv[ β̂0
β̂1

+ H]/M is

approximately constant and equal to 1

β̂1
on the line.

To briefly motivate the application, consider what happens if I impose that M0 is

low relative to H0 (while L0 = 1) and over time the values of Ht, Mt, and Lt increase

while the ratios Ht/Mt, Ht/Lt, and Mt/Lt decrease. Then Ft = [ β̂0
β̂1

+Ht/Lt]/(Mt/Lt)

can start above F̂ and move below it. If in particular they increase at constant rates
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Figure 3.4: This depicts the value of threshold value of M (for M < 1
2
(H + L))

at which the equilibrium switches from the full equilibrium to the HL equilibrium.
With M on a 1000 point scale, the linear model Mi = β0 + β1Hi yields β̂0 = 0.64,
β̂1 = 0.2147, and R2 = 0.9987.

γH < γM < γL, then dFt/dt = β̂0
β̂1

L0

M0
( γL
γM

)t[ln(γL)−ln(γM)]− H0

M0
( γH
γM

)t[ln(γM)−ln(γH ],

which for low growth rates will be initially less than zero if and only if H0 > 3

(approximately). That is, there can be a transition from the full equilibrium to the

HL equilibrium. If that happens, the type M seller’s price would decrease in the

transition but otherwise increase, and ratio of the highest price to the lowest would

increase in the transition but otherwise decrease. These dynamics are qualitatively

similar to those of wage inequality from the introduction.

3.4 Application to US Wage Inequality

In this section, I embed the three-type model into a simple dynamic model, present

evidence that the parameters should update over time in a particular way, and com-

pare the simulation results when they do to the 1973-2006 data on US wages. The

benefit of a dynamic model over a repeated static model, which we saw above can
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generate a transition from the full equilibrium to the HL equilibrium, is that here the

workers’ outside options are determined within the model. The discount factor has

an extreme value, but I argue that it would not have to be so extreme if the model

could include persistence of worker type and/or a more complex bargaining protocol,

which can’t be done for tractability reasons.

3.4.1 Dynamic Three-Type Model

Time is discrete and indexed by t ∈ {0, 1, 2, ...}

There is a measure one of firms and a measure one of workers. Firms and workers

discount the future at rate β.

Each firm maximizes its expected discounted sum of output minus payments to

workers and vacancy costs. Each worker maximizes his expected discounted sum of

wage payments plus unemployment benefits.

There are initial values for the unemployment level u0 = 1, for possible job specific

productivities h0, m0, and l0, and for the unemployment benefits z0. The sequence

of productivities and unemployment benefits obey ht = γhht−1, mt = γmmt−1, lt =

γllt−1, zt = γzzt−1.

The sequence of events in period t ≥ 0 is as follows:

1. Each firm/worker pair that has produced in a previous period separates with

probability s.

2. Each firm/worker pair that remains produces γτpkt where k is their job specific

productivity and τ is the number of previous periods in which the pair has

produced. The firm receives γτpkt and the worker receives a payment determined

earlier. At the same time, each unemployed worker receives zt.
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3. Each firm decides on a number of vacancies to post for the period at a small

per vacancy cost c. The small cost ensures that there will be more vacancies

than unemployed workers.

4. Each unemployed worker is matched with a vacancy with probability p.7 No

two workers are matched with the same vacancy.

5. In each new match the sequence of events is as in the static three-type model:

(a) The worker realizes and observes a job specific productivity which is h,

m, or l with equal probabilities. That ensures that each worker’s outside

option is independent of his current productivity, which was a restriction

in the previous section, and also that the distribution of productivities in

the unemployment pool is invariant to the history of parameters.

(b) The firm picks a public inspection intensity and privately observes the

realization.

(c) The worker makes a take-it-or-leave-it offer that determines an expected

discounted sum of payments, which I impose is received in expectation in

a sequence of payments that increase at a rate γw.

3.4.2 Equilibrium Analysis

The equilibrium definition for the dynamic three-type model is that each newly

matched firm and worker play an i-undefeated equilibrium to determine the worker’s

7A standard CRS function that determines the measure of matches between unemployed workers
and vacancies would entail a fixed point problem each period because the measure of vacancies
depends on but also affects (because it affects the measure of unemployed workers next period) the
value of unemployment next period.
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per period payments and also that each firm optimally decides how many vacancies

to post each period while it takes into account the play of other firms and workers.

The i-undefeated equilibrium analysis from the previous section depended on the

restriction that trade generates a positive surplus even if the worker has a low quality

product. Here, that translates into the restriction that the expected discounted sum

of outputs of a worker with any job specific productivity has to be greater than the

firm’s outside option plus the worker’s outside option. Because there is perfect com-

petition, each firm with an open vacancy has an expected discounted sum of output

minus payments to the worker that’s less than or equal to the vacancy cost. That is,

each firm’s outside option once matched equals zero. Each worker’s outside option,

however, equals the expected value of unemployment next period. In particular, a

worker that is matched with a vacancy in period t has an outside option equal to

Ut+1 = zt+1 +βpE[Matcht+1] +β(1−p)Ut+2 where E[Matcht+1] is the expected value

of a match for a worker in period t + 1. Therefore, the analysis from the previous

section only applies to periods t in which Ut+1 <
∑∞

τ=t+1(βγp(1− s))τ−(t+1)k ≡ Kt+1.

While the l job specific productivity is the lowest, the analysis from the previous

section with inputs H and M while L is normalized to one applies directly here with

inputs [Ht+1 − Ut+1]/[Lt+1 − Ut+1] and [Mt+1 − Ut+1]/[Lt+1 − Ut+1].

3.4.3 Parameter Selection and Model Simulation

Each period represents a quarter, and the workers represent workers with weekly

wages below the median.

For the more standard parameters, I have the discount rate β = 0.7, the separation

rate s = 0.06, the probability with which an unemployed worker is matched with a
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vacancy p = 0.3, the the on-the-job additional productivity growth rate γp = 1.0035.

This value of the discount factor is very extreme to help maintain Ut+1 < Lt+1, which

is difficult to do because a low type worker can always just try unemployment instead

and hope to be a better type in his next match. The restriction would be easier

to satisfy if workers with a lower productivity also had a lower outside option (ie.

if workers’ productivities were persistent) or if the bargaining protocol were more

complex and such that the firm captured most of the surplus. While more realistic,

that model would be much more complex to solve. This value for the discount factor

should be viewed as what’s necessary in a model without persistent types and/or

a broader interpretation of the take-it-or-leave-it offer of how forcefully the worker

bargains.

The value of the vacancy cost c is immaterial provided that p times the measure

of vacancies is always more than the measure of unemployed workers. I have the rate

at which payments to a worker increases over time γw = 1.0015, but it does not affect

anyone’s expected payoff.

To discipline the other parameters, I need to know the behaviours of low wage

workers’ relative productivities over 1973-2006, which likely were determined in large

part by advances in computer capital. Autor, Levy, and Murnane (2003) test several

of the implications of their theoretical model and write that one of the main effects of

computer capital was to substitute for workers who perform routine tasks. Further,

in their theoretical model, there is a compression in the relative productivities of

workers who perform routine tasks. Because those workers tend to have low levels of

education (Table 5b Acemoglu and Autor 2012) and therefore low wages, we should

expect a compression in the relative productivities of low wage workers. Figure 1
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in their paper is evidence that these forces started to take effect sometime in the

mid-seventies.

Therefore, to impose the routinization hypothesis, I have γh < γm < γl. In

particular, γh = 1.0015, γm = 1.0040, and γl = 1.0055, which implies a mean annual

rate of increase in low wage workers’ productivities of approximately 1.015%. I have

γz = 1.0015 to keep the expected value of unemployment low.

The only parameters that remain are the initial values of possible job specific

productivities and of unemployment benefits. The initial productivities are chosen

such that there is a transition from the full equilibrium to the HL equilibrium before

any conditions for the analysis of the previous section to apply become violated. A

set of initial productivities that work are such that h200 = 1.9, m200 = 1.15, and l200

is normalized to one. I have z200 = 0.2.

To run the simulation, I solve for the minimum T + 1 such that LT+1 > MT+1

and I have an estimated expected value of unemployment in that period UT+1. Then

I solve the model backwards.

To relate the simulation results to the data, I compare (a) the lowest newly bar-

gained wage each period in the simulation to the 10th percentile wage of males and

of females each quarter in the data, and (b) the ratio of the highest newly bargained

wage to the lowest each period in the simulation to the ratio of the 50th percentile to

the 10th percentile residual wage of males and of females each quarter in the data.

3.4.4 Episodic Fall in 10th Percentile Wages

Figures 3.5 and 3.6 depict the cumulative change in the lowest log smoothed newly

bargained wage each period in the simulation and the cumulative change in the 10th
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percentile log wage of males and of females each quarter in the data (Acemoglu

and Author 2012). In all three graphs, the curve increases, experiences an episodic

decrease, and then increases. This happens in the simulation because the middle

workers’ newly bargained wages fall in the transition from the full equilibrium to the

HL equilibrium but otherwise rise due to advancements in productivity.

Figure 3.5: This depicts the sequence log(wMt)− log(wMτ ) where wMt is the middle
workers’ smoothed newly bargained wage in period t and τ is the first period plotted
in the figure. His smoothed newly bargained wage in period t is the weighted average
of his newly bargained wages in periods t− k to t+ k with the weight on the one in
period t′ equal to α|t−t

′| where k = 20 and α = 0.9.

3.4.5 Episodic Rise in Residual Wage Inequality

Figures 3.7 and 3.8 depict the log ratio of the highest smoothed newly bargained wage

to the lowest one each period in the simulation and the log ratio of the 50th percentile

residual wage to the 10th percentile one of males and of females each quarter in the

data (Autor, Katz, and Kearney 2008). To read Figure 3.8 requires some explanation.

Besides the actual residual, the other lines are measures with different base years

of the effect of movements in the prices of observable characteristics. To picture
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Figure 3.6: These depict the cumulative change in the 10th percentile log real weekly
earnings of males and of females.

the composition adjusted residual, you have to subtract from the actual residual

the cumulative change in one of those lines. That is, because the other lines slope

upwards, you have to picture the actual ratio with a more downward slope. If you

do that, then in all three graphs, the curve is flat (decreases for females), experiences

an episodic increase, and then decreases. This happens in the simulation because the

high and low workers’ newly bargained wages rise while the middle workers’ fall in

the transition from the full equilibrium to the HL equilibrium but otherwise they

compress towards each other due to routinization.

3.4.6 Further Evidence

The Education and Residual Inequality Relationship

The simulation comparisons were motivated by three facts: (1) routinization com-

presses the productivities of workers who perform routine tasks, (2) these workers
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Figure 3.7: This depicts the log ratio of the highest smoothed newly bargained wage
to the lowest one each period in the simulation The smoothed highest newly bargained
wage in period t is the weighted average of the highest newly bargained wages in each
of the periods t − k to t + k with the weight on the one in period t′ equal to α|t−t

′|

where k = 20 and α = 0.9.

Figure 3.8: Besides the actual residual, the other lines are measures with different base
years of the effect of movements in the prices of observable characteristics. To picture
the composition adjusted residual, you have to subtract from the actual residual the
cumulative change in one of those lines. For details, see the reference.
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tend to have low levels of education (Table 5b Acemoglu and Autor 2012), and (3)

workers with low levels of education tend to have low wages, and thus be in the lower

half of the residual wage distribution. However, I can look directly at the behaviour

of residual wage inequality at each education level. If the residual wage inequalities

at the low levels of education– high-school dropout, high-school graduate, and some

college exhibit an increase followed by a decrease and the high levels do not, then the

theory does not somehow depend on the third relationship. Figure 3.9 depicts the

variance of wages at each education level for males and for females (Lemieux 2006).

As expected, the behaviour is there only at the lower levels of education.

Figure 3.9: This depicts the variance of wages at each education level for males and
for females.

The Rise in On-The-Job Wage Growth

To utilize the results of the static three-type model in the dynamic one required

that each worker’s on-the-job wage growth was independent of his true productivity

beyond the effect on his initial wage. The exercise here is to take the sequence

of newly bargained wages for each type from the simulation but impose a different

kind of on-the-job wage growth. In particular, I impose that a worker receives his
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bargained wage plus a fraction λ of his on-the-job productivity gains realized after

his productivity exceeds his wage. The assumption that underlies this exercise is that

the sequences of newly bargained wages would not be much different under this more

realistic kind of wage growth.

To isolate the effect of the transition from the full equilibrium to the HL equi-

librium, I compare on-the-job wage growth rates for the last cohort hired before the

transition to the first cohort hired after. Figure 3.10 depicts the wage growth rate

for the type H, M , and L workers in the last full equilibrium cohort and the first

HL equilibrium cohort (with λ = 0.3). Recall that, due to the positive separation

rate, the measure of workers in each cohort who remain on the job decreases with

each period, and therefore that their impact on the average wage growth rate or on

the average for their type decreases. For example, a separation rate of 0.06 implies

that about 16% of each cohort last on the job until period 30 and about 5% last until

period 50.

Figure 3.10: These are the wage growth rates for the type H, M , and L workers
in the last full equilibrium cohort and the first HL equilibrium cohort. Their initial
wages are taken from the simulation and their wage growth rate obeys that a worker
receives his bargained wage plus a fraction λ = 0.3 of his on-the-job productivity
gains realized after his productivity exceeds his wage.

The cumulative effect of the transition from the full to the HL equilibrium on the

average wage growth rate is a combination of a small decrease for type H workers, a
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Wage Growth Within Job

Years Wage Growth
1970-75 0.031
1975-80 0.041
1981-86 0.050
1986-91 0.051

Table 3.2: The table reports the annual wage growth for job stayers. The standard
error is 0.002 for each value. For details, see the reference.

huge increase for type M workers (with the separation rate effect at work), and a very

small decrease for type L workers (again, with the separation rate effect at work).

Violante (2002) uses several different measures and finds evidence that supports this

prediction. I report the results for his baseline measure in Table 2.

Further, the model in combination with the imposed wage growth predicts that the

wage growth should be concentrated among workers (1) with low levels of education,

because the three-type model overall was applied only to those workers, (2) with low

levels of income (the middle types), and (3) who changed jobs during the period.

Gottschalk and Moffitt (1994) find that, to the extent that wage growth rates over a

group of workers can be proxied by the variance of their transitory earnings8, these

more specific facts are true in the data.

Variance of Transitory Earnings by Education

Years of Completed Education 1970-1978 1979-1987 Percent Change
Fewer than 12 0.106 0.208 96
12 or more 0.081 0.123 52
16 or more 0.065 0.093 43

Table 3.3: The table reports the percent change in the variance of transitory earnings
by years of completed education. For details, see the reference.

8A worker’s transitory earnings is defined as his deviation from his mean earnings.
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Variance of Transitory Earnings by Permanent Earnings Percentile

Permanent Earnings Percentile 1970-1978 1979-1987 Percent Change
Bottom 25 0.229 0.337 47
25-75 0.075 0.097 29
Top 25 0.045 0.054 20

Table 3.4: The table reports the percent change in the variance of transitory earnings
by permanent earnings percentile. For details, see the reference.

Variance of Transitory Earnings by Job Status and Education

Years of Completed Education Job Stayer Change Job Mover Change
Fewer than 12 0.012 0.132
12 or more 0.016 0.040
16 or more 0.010 0.016

Table 3.5: The table reports the change between 1970-78 and 1979-87 in the variance
of transitory earnings for people who did not change jobs during the period and for
people who changed jobs at least once by years of completed education. For details,
see the reference.

3.5 Conclusion

This chapter extended the buyer-seller model with inspection from the previous chap-

ter to more than two types. That introduces multiple types who are better than the

worst type, which may lead them to separate rather than pool with the low type, and

also the buyer may actually choose to induce that behaviour. While the equilibrium

refinement and analysis were complicated at points, an intuitive and robust pattern

emerged: if the middle type starts very dissimilar to the high type and then becomes

more similar, then the equilibrium switches from full pooling to high-low pooling. The

intuitive explanation is that a worker of middling productivity will only be willing to

take the risk of rejection by over-representing his productivity in the bargaining stage

if the payoff is sufficiently big. Imposing the routinization hypothesis– that there has
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been a compression in skill levels of workers performing routine tasks and an expan-

sion in the skill levels of workers performing nonroutine tasks, immediately predicts

the substantial increase in the upper half residual wage inequality. Only through

the model does it further predict the simultaneous substantial decrease in the lowest

wages and the substantial increase in the lower half residual wage inequality followed

by reversals.



Chapter 4

Implicit Contracts with Sticky

Regular and Sale Prices

4.1 Introduction

What does dynamic Bertrand competition with stochastic, persistent costs look like

if customers have to visit a firm to learn its price? It turns out that it looks a lot

like the real world: (a) there is price stickiness in the sense that each firm’s prices

often won’t respond to changes in its cost, (b+c) the stickiness can derive from both

firms’ implicit contracts with their customers and from firms’ inability to coordinate

on price increases, (d) there is a regular price and sales, (e) the sale price is volatile

relative to the regular price, (f) sale prices tend to be a fairly deep discount, (g) there

is stickiness in both the regular price and the sale prices, (h) most sales only last a

week but some last longer and (i) customers expectations about a firm’s price depends

72
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on its past prices and they have unfavourable reactions to unexpectedly high prices.1

The contribution of this paper, relative to the recent literature that focuses on how

sticky prices can arise from implicit contracts, are that (1) it also captures realistic

regular and sale pricing behavior, which is important because there is stickiness in sale

prices as well, and (2) it has many firms, which makes it possible to simultaneously

capture (b) and (c), and it has persistent costs, which makes it possible to capture

(i). Further, the equilibrium behaviour of firms and customers is very simple. The

main drawbacks of the theory are that I have to impose Markovian restrictions on the

players’ strategies, an additional restriction on the customers’ strategies that forces

some amount of coordination, and lastly I focus on efficient equilibria with a discount

factor that exceeds some threshold. Some restrictions like these are necessary due to

the fact each firm has private information about its sequence of costs, which it can

signal with its prices, and customers have asymmetric information about firms’ past

prices but, at the same, may want to coordinate on which firms to visit. The model

itself, however, is very flexible.

The model is driven by the idea that a customer often wont know the exact price

of a product until she visits a store, and once there, she is to some extent locked-in

because it is costly to visit another one. That automatically puts firms and customers

into implicit contracts, because a firm that gouges its locked-in customers with a high

price may never have them come back. The other results of the model depend on the

1The references are, respectively, (a) Kleshchelski and Vincent (2009), (b) Blinder (1994), and
Zbaracki et al. (2004) (c) Blinder (1994), (e) Nakamura and Steinsson (2011), (f) Heidhues and
Koszegi (2014), (g) Eichenbaum et al. (2009) find, with weekly price data, that the probability of
a weekly price change is 0.43 whereas the probability of a weekly price change from either of the
two most frequently observed weekly prices in a quarter to some other price is 0.01; Nakamura and
Steinsson (2011) find that number of unique prices as a fraction of total sale price weeks is 0.434
whereas, if it were completely flexible, that fraction would be equal to one; Anderson et al. (2014)
find that their sale prices have a much weaker average response than regular prices to changes in
the wholesale price, (h) Anderson et al. (2014), and (i) Kalwani and Yim (1992).
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feature that some customers are loyal to a particular firm whereas hunters remain

with a firm only if they have favourable expectations about its price next period.

Of course, a firm with no hunters simply sets its price equal to its loyal customers’

willingness to pay (the regular price). A firm with hunters sets its price to affect both

the hunters’ incentive to come back next period and the hunters’ trust for the firm. If

each firm makes a sufficient expected profit in equilibrium, then it won’t ever break

their hunters’ trust and have them never come back. Therefore, a firm that currently

has hunters decides between the maximum price such that they stay (low sale price)

and the maximum price such that they leave (high sale price), and due to persistence

in the cost process, will do so based on whether or not its current cost is below some

threshold. The hunters know that there is persistence in the firms’ cost processes,

so they do rationally stay after they observe the low sale price and leave otherwise.

Therefore, there will be some extended sales where the hunters stay and the firm sets

the low sale price for several periods, and also some short sales where hunters observe

the high sale price and leave. The caveat to one of the results in the list above (result

f) is that the efficiency of the equilibrium only determines the threshold cost but not

the two sale prices; therefore, that it captures result f means that the model can be

consistent with that fact.

The intuition for many of the results is that, when customers have to visit a firm

to learn its price, a firm is only in competition with other firms when hunters are

there to observe its price and even then it only has to compete with the other firms

as the hunters’ outside option, not with their actual prices. Whether or not a firm is

up for the competition depends on its present cost, but either way, it doesn’t want to

lose the hunters’ trust.
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4.2 Literature Review

Two papers, Blinder (1994) and Zbaracki et al (2004), present evidence from surveys

of people who actually set prices that one of the main sources of price stickiness is

that firms have implicit contracts with their customers, which has led to a recent

theoretical literature that aims to capture that feature. The first two papers below,

of the four in that literature, relate to present paper more than any others.

First, in Kleshchelski and Vincent (2009), persistent costs means that a firm’s

current price is a signal about its future prices, which customers incorporate into

their decisions about whether to stay or leave. That kind of implicit contract is very

similar to the one in the present paper. The main differences are that, in their paper,

(a) each firm’s price is observable to the each customer before she decides which one

to visit, (b) there is a direct cost for a customer to visit a different firm than her

previous one; in the present paper, the customer lock-in is more subtle because each

customer starts each period not locked-in at all, (c) the responses of prices to changes

in cost are small rather than exactly zero, and (d) it doesn’t attempt to capture the

presence of sale prices, which is an important part of the behaviour of prices anyway

but also Eichenbaum et al. (2009), Nakamura and Steinsson (2011), and Anderson

et al. (2014) show there is considerable stickiness to sale prices.

Second, in Nakamura and Steinsson (2011), the lock-in is that customers form

habits for the firm’s particular product. The implicit contract is that, if the firm

ever sets an out-of-equilibrium price (in their model, any price above an endogenous

threshold), then the customers’ beliefs about how the firm’s future behaviour becomes

unfavourable, which also is a feature of the present paper. They also focus on the

presence of sale prices that are relatively volatile, and comment that menu cost models
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that can only capture this feature with the assumption of two different menu costs

(temporary versus permanent adjustments) must justify that assumption. The main

differences are that, in their paper, (a) there is a monopolist firm, so it is impossible

to capture how stickiness can derive from firms’ inability to coordinate, (b) there is

no persistence in the firm’s cost, so it is impossible in equilibrium that customers’

expectation of future prices depend on its past prices, (c) there is no stickiness to sale

prices and there are sales that are a very small discount.

Third, in Rotemberg (2011), there are both altruistic and selfish firms, and some

customers experience disutility after a selfish firm’s profit increases and also after

prices increase. Altruistic firms may insulate their customers from positive shocks

to demand and selfish firms may mimic. Fourth, in L’Huillier and Zame (2016),

the firm’s price may or may not convey information about the economy-wide state

variable that affects the firm’s payoffs and also the price level of the other product(s)

in the economy. If customers observe an out-of-equilibrium price, then they reach the

beliefs that are the least favourable for the firm.

There is a theoretical literature about the presence of sale prices that are relatively

volatile. Apart from Nakamura and Steinssen (2011), recent contributions to this

literature include Heidhues and Koszegi (2014), in which the firm commits to a price

distribution that exploits customers’ loss aversion, and Kehoe and Midrigan (2015),

in which there are two types of menu costs. Lastly, a few papers (ex. Varian (1980)

and Guimaraes and Sheed (2011)) use the presence of customers with different price

sensitivities to derive sales, however, they do not capture its relative volatility. The

present paper differs from that literature in that here sale can arise without mixed

strategies.
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4.3 Model

Time is discrete and indexed by t.

There are K firms indexed by k, and each maximizes its expected lifetime profits.

Each firm has a measure L of loyal customers who behave naively and visit the firm

they are loyal to every period. There is also a measure H0 of hunters indexed by h. In

contrast to the loyal customers, each hunter strategically decides which firm to visit,

and does so to maximize her expected lifetime utility. All players have a discount

factor of β ∈ (0, 1).

The sequence of events, each period, is as follows:

1. Each hunter decides whether or not to try to ruin the reputation of the firm

she most recently visited. If at least a measure C of hunters try to ruin a firm’s

reputation, then they are successful.

2. A public randomization device ranks the firms, and every player observes the

results Dt. A firm that has had its reputation ruined, in any period, is not

ranked.

3. Each firm observes its cost ck,t and set a price pk,t.

4. Each loyal customer visits her firm. Each hunter, in a random sequence, picks

a firm to try to visit. Each firm has a capacity of L + C where H1 = H0/C

is a natural number that is less than K. If a hunter tries to visit a firm that

is already at capacity, then she has to pick another firm to try to visit. The

measure of customers who ultimately visit a firm is its demand dk,t.

5. Each customer of firm k observes pk,t, and decides whether or not to make a



CHAPTER 4. IMPLICIT CONTRACTSWITH STICKY REGULAR AND SALE PRICES78

purchase. If she does, she receives utility 1− pk,t. Otherwise, she receives zero.

6. Each firm receives pk,t − ck,t from each of its customers who made a purchase.

7. Each firm observes each other firm’s price and demand that period.

Each firm’s cost follows a Markov process with a state space of N ≥ 2 points in

[0, 1]. That the process has a discrete state space is supported by the fact that a

firm’s cost very often returns to past values (Eichenbaum et al. (2011)). The process

obeys two properties but otherwise is completely unrestricted: (1) with probability

one, each state will be visited infinitely often, and (2) the probability mass function

over next period’s cost for a current period cost of z0 is first order stochastically

dominated by that of z1, if z0 < z1.

In period one, each firm’s cost is drawn from the stationary distribution of the

Markov process.

4.4 Equilibrium Definition

Asymmetric information and opportunities to signal it abound and, at the same time,

hunters with different information sets may want to coordinate on which firms to

visit. To keep the analysis tractable, I impose Markovian restrictions on the players’

strategies to limit how much information firms can convey to their customers and

how much information customers can use. In particular, I impose that each firm’s

price depends only on its present demand (it can predict its demand in equilibrium)

and present cost. An interpretation is that a firm needs to have a relatively simple

price plan for its store to follow.
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On the hunters’ side, I impose that each hunter picks an order in which to try to

visit firms, from a restricted set, based only on the price at the firm she visited in the

previous period and the public randomization device. The restriction on the possible

orders is that each hunter decides whether to put the firm she visited in the previous

period at the start of her order (“stay”) or not (“leave”) but apart from that, her order

follows the public randomization device exactly. Lastly, I impose that each hunter

decides whether or not to try to ruin a firm’s reputation based, again, only on its

price in the previous period and the public randomization device. The interpretation

of these restrictions is that hunters have a short attention span to dedicate toward

firms.

A symmetric equilibrium is (a) a belief about each firm’s present demand (if she

were to try to visit it, which would imply that every other firm ahead of it in her

order is already at capacity), present cost, and entire price plan for each possible pair

of (i) her most recently observed price, and (ii) public randomization device outcome,

(b) a price plan P for each firm, and (c) a rule O about the order in which to try to

visit firms, and a rule R about whether or not to try to ruin a firm’s reputation, such

that

1. each hunter’s beliefs are correct given (b) and (c),

2. each firm’s price plan pk,t = P (ck,t,E[dk,t]) maximizes its expected lifetime profit

given (a), (b) for each other firm, and (c),

3. each hunter’s rules oh,t = O(pk,t−1, Dt) ∈ {Ak,t, Dt} where Ak,t = k,Dt − k and

rh,t = R(pk,t−1, , Dt) (if she visited firm k in period t-1) maximize her expected

lifetime utility given (a), (b), and (c) for each other hunter, except that each
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hunter tries to ruin a firm’s reputation or not in the way that would be best for

her if it happened.

There is a multiplicity of equilibria due to the fact that a hunter can have any

beliefs about a firm if she observes it set a price that she should not, and also that

the hunters can affect firms’ prices by how they coordinate. Rather than refine down

to a unique equilibrium, I characterize the entire set of symmetric, efficient equilibria

(which is in the spirit of Bertrand competition) in which hunters don’t randomize

and the discount factor exceeds some threshold β̂(z) (defined by one condition later)

that depends on the set of parameters z. By efficiency, I mean that it maximizes the

expected total welfare. Also, the initial distribution of hunters is such that each firm

either is at capacity or only has its loyal customers. How the players coordinate on

an equilibrium in this set, I don’t take a stance on.

4.5 Observable Prices

What is the effect, in equilibrium, of the friction that customers have to visit a firm

to learn its price?

To answer that, I first consider a variant model in which customers observe each

firm’s price before they decide which firm to try to visit. Firms can’t predict their

demands before they set their price and, to the purpose of the exercise, the hunters

need to be able to pick a firm based on its price, so the exact restrictions on the

players’ strategies don’t make sense here. Their natural counterparts are that each

firm’s price depends only on its present cost and each hunter’s order in which to visit

firms depends only on the firms’ prices; for hunters, it is really no restriction at all.
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Notice that hunters’ beliefs about firms’ future behaviour don’t matter here, so

they can’t credibly threaten to have unfavourable beliefs about a firm that deviates.

They also can’t punish a firm to maintain a reputation as the kind of people who

carry out punishments because there is a free-rider problem.

The important characteristic of any symmetric equilibrium is that, for each cost,

the distribution that each firm draws its price from is atomless. The proof is simply

that if, for some cost, every firm’s distribution has a mass point, then any firm

could increase its expected lifetime profit if it shifted the mass point either to (a) an

infinitesimally lower price (if it prefers to win for sure at that price), or (b) one (if

instead it prefers to lose for sure at a price of one).

In sum, there is no notion of an implicit contract between any firm and its cus-

tomers, and there is an extreme lack of stickiness– the probability that a firm sets

the same price for two periods in a row is zero.

4.6 Unobservable Prices

There are three possible sources of inefficiency: (1) a firm can set a price that exceeds

one, (2) the distribution of hunters over firms that haven’t had their reputations

ruined can be different from the one in which they are distributed over the ones with

the lowest costs, and (3) hunters may ruin more or less than the optimal number of

reputations. The first is not a problem, because but a firm would always prefer to set

its price to one if it were to provide its customers with zero utility. The second and

third are discussed below.

There are two possible ways that hunters can try to punish a firm after they

observe its price: (a) they can leave, and (b) they can try to ruin its reputation.
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Therefore, in equilibrium, there are at most four possible prices that a firm uses when

it has hunters– the maximum in each of the sets of prices such that the hunters: (1)

stay, don’t ruin, (2) stay, ruin, (3) leave, don’t ruin, and (4) leave, ruin. When a

firm has hunters, every other price is dominated by one of those four. Of course, if it

doesn’t have hunters, then its price simply equals one (the regular price).

Now suppose that no firm ever has its reputation ruined.

The next step is to show that the distribution of hunters over firms, which initially

has the property that each firm is either at capacity or only has its loyal customers

by assumption, will continue to have that property for all future periods. Define a

cohort to be a set of hunters who visited the same firm in the previous period. Define

a conflict to be when hunters from different cohorts try to visit the same firm. Of

course, if there are no conflicts, then each cohort remains intact. If there are one or

more conflicts, then those two or more cohorts have the same order over the firms

that are not already at capacity, which completes the proof.2

For at-capacity firms, since there is persistence in the cost process in the FOSD

sense, the stay-price and the leave-price implicitly defines a threshold cost such that

they set the stay price if its cost is below some threshold, the leave price if its cost

is above the threshold, and possibly mix if its cost exactly equals the threshold. An

efficient equilibrium simply picks out the efficient threshold and, if applicable, the

efficient mixing probability. The threshold exceeds the best cost and is less than the

worst cost, but otherwise depends on the parameters. The reason that firms may

have to mix with a particular probability if the threshold exactly equals a possible

2There are three cases to consider: (1) The two cohorts follow the PRD, which is trivial, (2) one
cohort follows the PRD and one puts a different firm first (there, if they conflict, then the firm the
second cohort put first will be at capacity so it is back to case 1), and (3) neither cohort follows the
PRD (there, if they conflict, then both firm the cohorts put first will be at capacity so it is back to
case 1).
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cost is that the average distribution of empty firms depends on the exact probability.

Of course, the threshold behaviour has to be incentive compatible for both the

hunters and the firms. That is, each hunter must want to stay after they observe the

stay-price and leave after they observe the leave-price, and each firm must want to set

the stay-price below the threshold, the leave-price above the threshold, and (if appli-

cable) be indifferent at the threshold. The hunters’ IC constraints are automatically

satisfied if the hunters coordinate on that behaviour. There are only two types of

firms– stay-price firms and leave-price firms. From the set of distributions over stay

and leave-price firms, stay-price firms have the best distribution over next period

costs in the FOSD sense (therefore, over next period prices as well) and leave-price

firms have the worst.

The firms’ IC constraints can be satisfied with an appropriate choice of the two

prices. First, each firm must only set one of those two prices when hunters visit. That

will be the case if (a) the hunters always ruin the reputation of a firm that deviates,3

and (b) in equilibrium, each firm’s expected continuation profit (for each cost) exceeds

that from the plan to set its price equal to one for that cost and then have no hunters

for all future periods, which can be accomplished with sufficiently high sale prices.

Second, each firm with hunters must set the appropriate price between the two sale

prices, which again can be accomplished with appropriate choices of sale prices. If

the stay and leave-price are almost equal, then as that price continuously moves from

one to zero so does the threshold cost. Let the lowest price such that the threshold

is efficient be denoted by p̂. Now let the leave-price moves continuously from one to

zero and, for each leave-price, the stay-price moves continuously from the leave-price

3That would be IC for hunters to do if they believe that any firm that deviates has indicated its
intention to set a price equal to one in every future period.
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to zero. For each leave-price that exceeds p̂, there is at least one stay-price such that

the threshold is efficient (infinitely many if the efficient threshold isn’t exactly equal

to a possible cost). Therefore, there are infinitely many pairs of stay and leave prices

such that the threshold is efficient.

Now I return to whether or not any firm ever has its reputation ruined in equi-

librium. If the discount factor exceeds some threshold, then it is not efficient for a

firm’s reputation to be ruined, because the fewer firms, the greater the probability

each period that a firm that sets the leave price is immediately visited next period

by some hunters.4 The question that remains is, if each hunter believes that no firm

ever has its reputation ruined, does she ever try to ruin a firm’s reputation? The

answer is no for the same reason that it is not efficient. A hunter’s incentive to ruin

a firm’s reputation could be (a) she wants to stay and doesn’t want other hunters to

arrive there before her, or (b) she wants to leave and wants to delay (to infinity) her

return time to that firm. Again, if the discount factor exceeds some threshold, then

the total cost to a hunter (ie. in all future periods, it increases the probability that

she visits a firm that had set the leave price in the previous period) will outway the

short-term benefit.

In sum, there is a continuum of efficient equilibria with β̂ < β that have the same

stay-leave threshold and, if applicable, also the same probability with which a firm

picks the stay-price when indifferent, but they have different stay-leave prices. In each

4The firms that set the stay price in the current period will be at capacity next period, and, if
there are any firms that set the leave price, so will some firms who either set the leave price in the
current period or are not at capacity in the current period (being “at capacity” is a quality that is
randomly allocated to these two kinds of firms if at all). Between those two kinds of firms, the ones
who set the leave price in the current period have a worse expectation over next period’s cost (if
not, the threshold cost would not be interior). Apart from having the efficient threshold, efficiency
can be maximized only by maximizing the probability that the firms that set the leave price are not
at capacity next period. The more firms, the more firms that are not at capacity, and therefore the
lower the probability that hunters will visit a firm that set the leave price.
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one, each firm uses only three prices: (a) if it has no hunters, its price is one, (b) if

it has hunters, then it sets the stay-price (leave-price) if its cost is below (above) the

threshold and mixes if it’s equal. Each hunter stays after it observes the stay-price

and leaves after it observes the leave price. They ruin a firm’s reputation if and only

if they observe it deviate but that never happens.

Notice, in Figure 4.1 below, that (a) for long stretches of time, the regular price

remains fixed, (b) for a given regular price, there is more than a single sale price

but there are also sale prices that repeat frequently, and (c) there appears to be a

serial correlation in the depth of sales (as the model predicts), although the related

prediction that there should never be a deep discount followed by a regular price

is violated here. There is similar behaviour in the simulated price sequence from a

numerical example of the model in Figure 4.2.

Figure 4.1: This figure is taken from Anderson et al. (2017) where it has the following
caption: This figure reports the price trends for the three price variables for an
arbitrarily chosen SKU at a single store that had sales of the SKU in all 195 weeks
of the sample period.
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Figure 4.2: This is a simulation of the theoretical model with two firms, one cohort of
hunters, an equal measure of loyal customers (per firm) and hunters, two costs (0.5 and
0.6), diagonal elements of the Markov transition matrix of 0.6 and 0.8 respectively,
and a discount factor of 0.99. A set of stay and leave prices that deliver an efficient
threshold are 0.8 and 0.84 (ie. each firm sets the stay-price if and only if its cost is
0.5).

4.7 Discussion

In this section, I briefly explain how the model captures each of the main features of

real world pricing behaviour that were mentioned in the introduction.

1. Regular and sale prices may not respond to changes in costs:

(a) A firm with no hunters sets its price equal to one no matter what its cost

is.

(b) A firm with hunters has its price respond only when the cost crosses the
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threshold.

2. Price stickiness derives from firms’ implicit contracts with their customers and

also from their inability to coordinate on price increases:

(a) With unobservable prices, hunters stay after they observe the stay-price,

leave after the leave-price, and never come back after any other price. With

observable prices, they simply try to visit whichever firm has the lowest

price.

(b) There is a multiplicity of equilibria, and the one that is coordinated on may

not be the one that maximizes firms’ expected profits. Further, consider

the addition of a public demand shock to the model that increases by an

amount ε each customers’ willingness to pay for that period. Each firm

would set its regular price equal to 1+ ε when the shock hits. But whether

or not the sale prices responds depends on the particular equilibrium that

the players coordinate on. It is possible that they would coordinate on an

equilibrium with no response, possibly due to its relative simplicity, while

the firms prefer to coordinate on one with a positive response.

3. The regular price is stable relative to the sale price.

(a) There is one regular price but two sale prices.

(b) The regular price equals the customers’ willingness to pay, whereas the

sale prices depend on many parameters of the model.

As mentioned, the intuition for many of the results is that, when customers have

to visit a firm to learn its price, a firm is only in competition with other firms when
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hunters are there to observe its price and even then it only has to compete with the

other firms as the hunters’ outside option, not with their actual prices. Whether or

not a firm is up for the competition depends on its present cost, but either way it

doesn’t want to lose the hunters’ trust.



Chapter 5

Conclusion

When a seller has private information that a potential buyer cares about, the price he

sets can affect the buyer’s beliefs about the information, and thereby the likelihood

that the deal and/or other deals in the future will be accepted. In Chapter 2, that

factor is at work in a pretrial settlement environment where the defendant’s settlement

offer can affect the plaintiff’s belief about the strength of the defendant’s case, and

it can contribute to talks breaking down despite the availability of both discovery

and disclosure. I analyze a model in which initially the defendant has complete

information about the case whereas the plaintiff learns as much as he wants, at no

cost to himself, through discovery after which the defendant discloses as much as he

wants at some variable cost. The plaintiff may underutilize discovery so as to openly

maintain his belief that the defendant may not have a strong case. For a defendant

that actually does, that can make it excessively costly to reveal his strength through

how much he disclosures and excessively risky to make a low settlement offer. I

show that, in that situation, the availability of discovery decreases the probability of

settlement. A theoretically very similar model is one in which the seller knows the

89
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quality of his product whereas the buyer can do an inspection. I embed that model

into (a) a market for lemons in which some unraveling can occur, and (b) a financial

asset market in which buyers care about an asset’s resell value and liquidity.

In Chapter 3, I extend the two-type buyer-seller model of Chapter 2 to a three-type

model, which introduces more complex interactions between the seller types and also

there is the possibility of partial separation. There the application is about how a job

applicant can affect the firm’s belief about his productivity through how forcefully he

bargains for a high wage, and how the screening process affects that problem. When a

firm requests documents and conducts an interview of a potential worker, it has to take

into account that the information it collects affects the worker’s bargaining position.

The more intensely it screens, the more (less) confident a strong (weak) worker will be

in the bargaining stage, which makes the worker’s behaviour a signal of his type. With

three types of workers, there is a threshold value of the middle type’s productivity

relative to the others’ where he switches from mimicking the high type to bargaining

for his true productivity, effectively using a go-big-or-go-home strategy. Embedded

in a simple search model and under the technological routinization hypothesis, the

threshold can be crossed causing a simultaneous substantial fall in the model’s lowest

wage and substantial rise in its residual wage inequality followed by reversals, which

matches the US data from the 1973-2006 period.

Chapter 4 studies markets in which consumers have to visit a firm to learn its

price. There, each firm’s current price can affect its customers’ beliefs about its

future prices. If it gouges them today, they might never come back. If it sets a low

(high) price today, they might believe that it is likely to be better (worse) than their

outside option tomorrow, due to the persistence of its costs. In the efficient equilibria,
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with Markov strategies, each firm simply gouges its loyal customers with its regular

price when they are the only ones who visit, but when bargain hunters visit it sets

one of two sale prices to maintain the hunters’ trust and also signal whether or not

they should come back next period.
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Appendix A

A.1 Appendix for Chapter 2

A.1.1 Plaintiff-Defendant Model

Mixed Strategy Equilibria in the Settlement Stage

Proposition A.1.1. In a mixed strategy equilibrium with complete separation, the

type L defendant offers L− k and the type H defendant either offers H − k or mixes

over ŝ and H−k where (1) H+k−2x1k ≥ ŝ, and (2) L−k 1+x1
1−x1 ≤ ŝ. Any mixed strat-

egy equilibrium with complete separation can be supported by the uninformed plaintiff’s

beliefs that if the offer is ŝ or H − k, then the probability that the defendant is a type

H defendant is q = 1 and otherwise q = 0.

Proof. If the type H defendant put positive probability on just one offer and the offer

were greater than H − k, the uninformed plaintiff would accept and the equilibrium

would not be a mixed strategy equilibrium.

If the type H defendant put positive probability on more than one offer, he must

be indifferent between any two of them. He cannot be indifferent between two offers

greater than H − k, because they will both be accepted. Therefore, one offer must
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be greater than H − k which will be accepted and the other must be equal to H − k

which will be accepted with some probability less than one.

Proposition A.1.2. In a mixed strategy equilibrium with some separation, the types

pool on exactly one offer ŝ. A mixed strategy equilibrium with some separation can be

constructed with a pooling offer ŝ if (1) H+k−2x1k ≥ ŝ, and (2) L−k 1+x1
1−x1 ≥ ŝ, and

either (3a) ŝ > µH+(1−µ)L−k and x(−H+k−ŝ)(L+k−ŝ) > 2k(H+k−ŝ), or (3b)

µH+(1−µ)L−k < ŝ and x(−H+k−ŝ)(L+k−ŝ) < 2k(H+k−ŝ). Any mixed strategy

equilibrium of that form can be supported by the uninformed plaintiff’s beliefs that if

the offer is ŝ, then the probability that the defendant is a type H defendant is such

that the uninformed plaintiff is indifferent between accepting and rejecting; if the offer

is H − k, then q = 1, and otherwise q = 0. [Note: The statement would be an “if and

only if” statement except for the fact that the uninformed plaintiff can accept H − k

with any probability such that the type L defendant doesn’t prefer to mimic, which has

been excluded from the construction below. Each of those additional equilibria has the

types pool on an offer greater than µH+(1−µ)L−k, which means that the undefeated

pooling equilibrium defeats it.]

Proof. Suppose the types were to pool on two offers s1 < s2 ≤ L− k. By the type H

defendant’s indifference I have

(x+(1−x)α1)s1 +(1−x)(1−α1)(H+k) = (x+(1−x)α2)s2 +(1−x)(1−α2)(H+k)

(A.1)

which implies α1 < α2. By the type L defendant’s indifference I have

(x+(1−x)(1−α1))(L+k)+(1−x)α1s1 = (x+(1−x)(1−α2))(L+k)+(1−x)α2s2 (A.2)
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By substitution of the type L’s indifferent equation into type H’s I have

xs1 + (1− x)α1(L−H) = xs2 + (1− x)α2(L−H) (A.3)

which contradicts that both s1 < s2 and α1 < α2.

The offers can be sorted as follows. If the uninformed plaintiff were to continuously

decrease the probability with which he accepts a certain offer α, whether the type H

defendant starts to prefer to offer H − k or the type L defendant starts to prefer to

offer L − k first. This defines a line x(−H + k + s)(L + k − s) = 2k(H + k − s) in

{x, s}-space above which the type H defendant becomes indifferent first and below

which the type L defendant does.

If ŝ > µH + (1 − µ)L − k and x(−H + k + ŝ)(L + k − ŝ) > 2k(H + k − ŝ),

then a mixed strategy equilibrium can be constructed with pooling offer ŝ through

a continuous decrease in α until the type H defendant becomes indifferent who then

plays a mixed strategy over that offer and H − k. If ŝ < µH + (1 − µ)L − k and

x(−H + k + ŝ)(L + k − ŝ) < 2k(H + k − ŝ), a mixed strategy equilibrium can be

constructed at an offer through a continuous decrease in α until the type L defendant

becomes indifferent who then plays a mixed strategy over that offer and L− k.

Mixed Strategy Equilibria in the Disclosure Stage

Proposition A.1.3. Unless the type H defendant is exactly indifferent between the

undefeated pooling equilibrium (when it induces the undefeated separating equilibrium

in the settlement stage) and the undefeated separating equilibrium in the disclosure

stage, each mixed strategy equilibrium in the disclosure stage is defeated by either the

undefeated pooling equilibrium or the undefeated separating equilibrium.
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Proof. Suppose that there is a mixed strategy equilibrium (the proposal) that is not

defeated by either.

The defendant types’ distributions over disclosure amount must overlap (otherwise

the undefeated separating equilibrium would defeat the proposal) but they must not

be identical (otherwise the undefeated pooling equilibrium would defeat the proposal).

Each d1 > 0 in the support of both distributions must be associated with a pair

µ1 and x1 that induce pooling in the settlement stage, otherwise the type L would

not pay the positive disclosure cost.

The defendant types can’t both be indifferent between two non-zero disclosure

levels d̂1 > d̃1 that induce pooling in the settlement stage. The type H’s indifference

condition is

−(µ̂1H + (1− µ̂1)L) + k − cd̂1 = −(µ̃1H + (1− µ̃1)L) + k − cd̃1 (A.4)

The positive disclosure cost and the fact that d̂1 > d̃1 imply that µ̂1 > µ̃1. The

type L’s indifference condition is

x̂1(−L−k)+(1−x̂1)(−(µ̂1H+(1−µ̂1)L)+k)−cd̂1 = x̃1(−L−k)+(1−x̃1)(−(µ̃1H+(1−µ̃1)L)+k)−cd̃1

(A.5)

Substitution of the type H’s into the type L’s delivers

x̂1(µ̂1(L−H) + 2k) = x̃1(µ̃1(L−H) + 2k) (A.6)

which contradicts that both d̂1 > d̃1 and µ̂1 > µ̃1.
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There are four cases to consider:

1. If they overlap on zero disclosure and it induces pooling in the settlement stage,

then they can’t overlap elsewhere. The type H defendant could increase the µ1

associated with zero disclosure by choosing it with probability one. That is, the

undefeated pooling equilibrium defeats the proposal.

2. If they overlap on zero disclosure and it induces separating in the settlement

stage and they don’t overlap elsewhere, then the type H defendant must be

choosing d̂1 (the least cost separating level of disclosure) with positive probabil-

ity. If the type H defendant were to choose zero disclosure with probability one

and then it would induce pooling in the settlement stage, then the previous case

would apply. Therefore, he must be exactly indifferent between the undefeated

pooling equilibrium (when it induces the undefeated separating equilibrium in

the settlement stage) and the undefeated separating equilibrium.

3. If they overlap on a non-zero level and the type L defendant chooses that level

with probability one, then the undefeated pooling equilibrium defeats the pro-

posal.

4. If they overlap on a non-zero level and the type L defendant also chooses zero

with a positive probability, then the type H defendant could (weakly) increase

the µ1 associated with that level of disclosure by choosing it with probability

one. That mixed strategy equilibria of this form are defeated is the subject of

the rest of the proof.

The proof that the mixed strategy equilibria from the final case are defeated is as

follows:
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1. Recall that d̂1 is implicitly defined by L−H = cd̂1+(x0+d1)(L−H)+2k(x0+d̂1)

2. For any µ1 associated with equilibria form the final case, the d∗1 is implicitly

defined by µ1(L−H) = cd∗1 + µ1(x0 + d∗1)(L−H) + 2k(x0 + d∗1).

3. Notice that for µ1 = 1, the two equilibria provide the type H defendant identical

payoffs.

4. Total differentiation of the d∗1 equation delivers F = (dµ/dd∗1) = c+µ1(L−H)+2k
(1−x0−d∗1)(L−H)

,

which is positive. Also, in the equilibria of the form in the final case, the type

H’s payoff is equal to −(µ1H+(1−µ1)L)+k, which increases with µ1 at a rate

of L−H. If you multiply L−H by F, then you have that the type H’s payoff

increases with d∗1 at a rate of c+µ1(L−H)+2k
1−x0−d1 . That is, the marginal benefit from

an increase in d∗1 is increasing in d∗1 whereas the marginal is constant at c.

5. Therefore, if the type H defendant were to choose a positive d∗1, then he would

choose it such that µ1 = 1, which is the undefeated separating equilibrium.

A.1.2 Buyer-Seller Model

Threshold Value of µ

Proposition A.1.4. There is a threshold value of µ below which the buyer inspects

perfectly and above which he picks the threshold intensity.

Proof. The buyer’s expected payoff if he inspects with the threshold intensity is

Πx=x̂ = G[x̂(µ(H −uH) + (1−µ)L) + (1− x̂)(µH + (1−µ)L−uH)] + (1−G)[x̂µ(1−

µ)(H − L)] (recall that x̂ = H−L
H−uH

[µ− uH/H].) If he inspects perfectly, it is Πx=1 =

G(µ(H − uH) + (1− µ)L). The expressions below will be useful in what follows:
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1. dΠ
dµ
|x=x̂,µ=1 = G[H − L− uH(1− uH/H) H−L

H−uH
]− (1−G) (H−L)2

H
,

2. dΠ
dµ
|x=1 = G[H − L− uH ]

3. d2Π
(dµ)2
|x=x̂ = 2(H−L)

H−uH
[(1−G)(H − L)(1− 3µ+ uH/H)−GuH ].

I have that (1) the buyer’s expected payoff is the same whether he picks the

threshold intensity or inspects perfectly if µ = 1 whereas the latter is optimal if

mu = uH/H; recall that µ > uH/H to ensure that the threshold intensity is positive,

and (2) the second derivative of E[Πx=x̂] with respect to µ is less than zero at µ = 1 and

the third derivate is always less than zero whereas the derivate of E[Πx=1] is constant.

Those facts imply that, apart from the intersection at µ = 1, the lines E[Πx=x̂] and

E[Πx=1] intersect at most one other time. Therefore, if dΠ
dµ
|x=x̂,µ=1 <

dΠ
dµ
|x=1,µ=1, then

the threshold is at some interior value of µ and otherwise is at one.

Inspection Costs

In this discussion of the addition of inspection costs to the buyer-seller model, Π(x)

denotes the buyer’s expected payoff, and Πx denotes the derivative of it with respect

to x. C(x) denotes the inspection cost function, and Cx denotes the derivative of it

with respect to x. I assume that the first and second derivatives are positive.

There are three useful expressions:

• For G = 0, ΠS
x ≡ Πx = µ(1− µ)(H − L).

• For G = 1, ΠB
x ≡ Πx = (1− µ)uH .

• For 0 < G < 1, Πx = GΠB
x + (1−G)ΠS

x for x ≤ x̂ and Πx = GΠB
x for x̂ < x.
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To determine the optimal inspection intensity, for any parameterization and for

any inspection cost function, there are four cases to consider:

1. Cx intersects Πx below x̂, which means the intersection is optimal.

2. Cx intersects Πx above x̂, which means either the threshold or the intersection

is optimal.

3. Cx does not intersect Πx and Cx(1) > Πx(1), which means the threshold is

optimal.

4. Cx does not intersect Πx and Cx(1) < Πx(1), which means the threshold or one

is optimal.

In Cases 1 and 3, the optimal inspection intensity is settled. In Cases 2 and 4, it

is possible to write down the expected payoff for each of the two inspection intensities

and compare them.

Notice that if the optimal inspection intensity is ever strictly below the threshold,

then the seller can simply predict which intensity the buyer will choose, because he

knows the buyer’s marginal benefit and marginal cost of inspection.

A.2 Appendix for Chapter 3

A.2.1 Infinite Types Each of Measure Zero

In a model with infinite types each of measure zero, no undefeated equilibrium exists

in which a positive measure of sellers pool. The intuition is that there is a free

rider problem– if a positive measure were to pool, the top type in the pool would
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separate and leave the other above-the-mean types to babysit the rest. But while no

two workers have identical productivities, there are reasons to doubt the infinite-type

model prediction. First, in that model, the equilibrium in which all types pool on

one wage can Pareto dominate the one in which all types separate. Second, we think

that workers do sometimes act confident to seem to have to be more productive, that

is, workers do pool. Third, since an equilibrium is defeated when it would be credible

if the worker informed the employer (with his behaviour) that a different equilibrium

will be played, we should think about whether in the real world a worker’s behaviour

is an indication to employers of how similar workers behave. If it is, the free rider

problem can disappear.

Proposition A.2.1. With infinite types each of measure zero, there does not exist a

modified undefeated equilibrium in which a positive measure of types pool. However, an

equilibrium in which a positive measure of types pool Pareto dominates the equilibrium

in which each type separates for some values of x.

Proof. Let there be an undefeated equilibrium in which a positive measure of types

pool on a wage w. The top type (K) in the pool could deviate and demand a wage

equal to his type, which would increase his expected payoff– xK + C > xp + C.

Either the initial undefeated equilibrium is not an equilibrium or it is defeated– a

contradiction

The equilibrium in which all types pool Pareto dominates the equilibrium in which

each type separates for some values of x because (i) (1 − x)E(T ) > xE(T ) + L, and

(ii) E(T ) > xH + L for sufficiently small x.
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A.2.2 The Relevant HL-ML Equilibrium

Proposition A.2.2. If the type H worker were to deviate to an HL-ML equilibrium,

he would deviate to the one in which the type M worker’s payoff is xM + L.

Proof. Let L be normalized to one.

In an HL-ML equilibrium, the type H and type M workers’ wage demands can

be written H+z
1+z

and M+(1−z)
1+(1−z) where z is the probability with which the type L worker

sets his price equal to the type H worker’s wage. The type H worker’s expected payoff

can be written F = xH+z
1+z

+ (1 − x)M+(1−z)
1+(1−z) , which has a positive second derivative

with respect to z.

In an HL-ML equilibrium, there are the contraints (i) xM + 1 ≤ M+(1−z)
1+(1−z) , and

(ii) M ≤ H+z
1+z

. Because F is convex, the maximum under the contraints is achieved

either at (a) z1 where xM + 1 = M+(1−z1)
1+(1−z1)

, or (b) min{z2, 1} where M = H+z2
1+z2

.

However, because F is convex, if the maximum were achieved at z2, the type

H worker’s expected payoff would be even more if he demands a wage equal to

1
3
(H + M + L), and if the maximum were achieved at one, that would be an HL

equilibrium.

A.2.3 Between-Group Undefeated Equilibrium for Case II:

M < 1
2(H + L)

The analysis of Case 2 is similar to that of Case 1. The only difference in the within-

group analysis is that there exists an i-undefeated HL equilibrium in which the type

H and type L workers demand the wage 1
2
(H + L), which the uninformed employer

accepts with the highest probability such that the type M worker does not prefer to



APPENDIX A. APPENDICES 108

Equilibrium type H’s expected payoff type M ’s expected payoff
Full Equilibrium 1

3
(H +M + L) (1− x)1

3
(H +M + L)

HL Equilibrium min{x1
2
(H + L) +M, 1

2
(H + L)} M

ML Equilibrium xH + (1− x)1
2
(M + L) 1

2
(M + L)

Separation Equilibrium min{xH + L,H} min{xM + L,M}
HL-ML Equilibrium < xH + (1− x)1

2
(M + L) < M

Table A.1: The type H and type M workers’ expected payoffs in each within-group
undefeated equilibrium for Case II.

mimic, and the type M worker demands the wage M , which the uninformed employer

accepts.

In Case IIA ( M < (H+1)(H+2)
5H+1

), xH+L crosses x1
2
(H+L)+M below 1

3
(H+M+L).

The first subcase is the one in which M < 2. Then xH + L crosses 1
3
(H + M + L)

before xH + (1 − x)1
2
(M + L) does, and the explanation is just that there is the

full equilibrium until the intersection and then there is the separation equilibrium.

The second subcase is the one in which M > 2. The important intersections are [1]

xH + (1− x)1
2
(M +L) crosses 1

3
(H +M +L), [2] xM +L crosses 1

2
(M +L), and [3]

xH + L crosses x1
2
(H + L) +M . All orders are possible except [1][3][2]. Also, define

[K] xH + L crosses 1
3
(H +M + L).

[1][2][3] and [3][1][2]: Before [1], there is the full equilibrium. After [2], where the

HL-ML payoff constraint binds before [K] there is the full equilibrium, and where it

does after [K] there is the separation equilibrium. After [3], at each point where the

payoff constraint holds with equality there is an HL-ML equilibrium.

[2][1][3], [2][3][1], and [3][2][1]: Before [1], there is the full equilibrium. After [1],

there continues to be the full equilibrium, because the type H worker’s HL-ML

equilibrium expected payoff needs to take the lead. If it doesn’t, the full equilibrium
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continues until [K] and then there is the separation equilibrium. If it does, the rest of

the explanation is identical to that for the [1][2][3] and [3][1][2] case after “After [2]”.

In Case IIB ( (H+1)(H+2)
5H+1

< M < (H+1)/4 ), xH+L crosses x1
2
(H+L)+M above

1
3
(H+M+L) and xH+(1−x)1

2
(M+L) crosses 1

3
(H+M+L) before x1

2
(H+L)+M

does. The important intersections are [1] xH+(1−x)1
2
(M+L) crosses 1

3
(H+M+L),

[2] xM + L crosses 1
2
(M + L), and [3] xH + L crosses min{x1

2
(H + L) + M, 1

2
(H +

L)}. The definition of Case IIB implies that [1] comes before [3]. Also, define [K]

x1
2
(H + L) +M crosses 1

3
(H +M + L).

[1][2][3] and [1][3][2]: Before [1], there is the full equilibrium. After [2], where the

HL-ML payoff constraint binds before [K] there is the full equilibrium, where it does

after [K] and before [3] there is the HL equilibrium, and where it does after [3] there

is the separation equilibrium. After [3], at each point where the payoff constraint

holds with equality there is an HL-ML equilibrium.

[2][1][3]: Before [1], there is the full equilibrium. After [1], there continues to be the

full equilibrium. because the type H worker’s HL-ML equilibrium expected payoff

needs to take the lead. If it doesn’t, the full equilibrium continues until [K] and then

there is the HL equilibrium until [3] and then there is the separation equilibrium. If

it does, the rest of the explanation is identical to that for the [1][2][3] and [1][3][2]

case after “After [2]”.

In Case IIC (M > (H+1)(H+2)
5H+1

and M > (H + 1)/4), xH + L crosses x1
2
(H + L) +

M above 1
3
(H + M + L) and xH + (1 − x)1

2
(M + L) crosses 1

3
(H + M + L) after

x1
2
(H + L) + M does. The important intersections are [1] xH + (1 − x)1

2
(M + L)

crosses min{x1
2
(H+L)+M, 1

2
(H+L)}, [2] xM+L crosses 1

2
(M+L), and [3] xH+L

crosses min{x1
2
(H + L) + M, 1

2
(H + L)}. The first subcase is the one in which [3]



APPENDIX A. APPENDICES 110

is before [1] ( H < 2M + 3 and/or HM + M + 1 < 3H ). There the explantion is

just that there is the full equilibrium then the HL equilibrium then the separation

equilibrium. The second subcase is the one in which [1] is before [3]. All orders are

possible except [1][3][2].

[1][2][3]: Before [1], there is the full equilibrium and then the HL equilibrium.

After [2], where the HL-ML payoff constraint binds before [3] there is the HL equi-

librium, and where it does after [3] there is the separation equilibrium. After [3],

at each point where the payoff constraint holds with equality there is an HL-ML

equilibrium.

[2][1][3]: Before [1], there is full equilibrium and then the HL equilibrium. After

[1], there continues to be the HL equilibrium, because the type H worker’s HL-ML

equilibrium expected payoff needs take the lead. If it doesn’t, the HL equilibrium

continues until [3], and then there is the separation equilibrium. If it does, the rest

of the explanation is identical to that for the [1][2][3] case after “After [2]”.

A.2.4 The employer’s Expected Profit in an HL-ML Equilib-

rium

Proposition A.2.3. If there is more than one between-group i-undefeated HL-ML

equilibrium, the employer will pick the one with the highest x.

Proof. Let L be normalized to one. In an i-undefeated HL-ML equilibrium, wHL =

H+z
1+z

and wML = M+1−z
1+1−z = xM + 1, which can be substituted into the employer’s

expected payoff in an HL-ML equilibrium.
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ΠHL−ML =
x

3
[(H − wHL) + (M − wML)]

=
x

3

2xHM −H(M − 1)− 6xM − 2 + 3M + (4x− 1− 3x2)M2

M(3x− 1) + 1

It can be shown that both (i) d3ΠHL−ML

dx3
> 0, and (ii) d2ΠHL−ML

dx2
|x=1 < 0, which

implies that d2ΠHL−ML

dx2
< 0 for all x ∈ [0, 1]. Therefore, the minimum of dΠHL−ML

dx

over x ∈ [0, H+M−2
3M

] is achieved at x̂ = H+M−2
3M

. There can’t be a between-group

i-undefeated HL-ML equilibrium beyond x̂, because x̂M + 1 = 1
3
(H + M + 1), so

beyond that the type M worker’s HL-ML equilibrium payoff is greater than his full

equilibrium payoff and therefore the type H worker’s expected payoff is less than his

full equilibrium payoff– the payoff constraint would be violated.

Define Q ≡ N/D ≡ dΠHL−ML

dx
|x=x̂ where N is the numerator and D is the denom-

inator. It can be shown that both (i) dN
dH

> 0, and (ii) D > 0, which implies that

if Q were to be negative for any value of H ∈ [M,∞], then it would be negative at

H = M . As the last step, it can be shown that Q|H=M > 0. Therefore, the employer’s

expected payoff in an i-undefeated HL-ML equilibrium increases with x.


