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Abstract
With the world full of situations in which information that is potentially useful
to decision-making is dispersed among various individuals, research into how this information can be efficiently shared has been the focus of a large body of research in
recent years. Intuitively, it seems that even the most self-interested agents would benefit from sharing at least some of their private information, and by considering the
sender-receiver game, the simplest Bayesian game with communication, it is possible
to examine this belief. Previous research has studied the sender-receiver game in detail
in order to characterize the associated equilibrium and determine properties of optimal
decision-making strategies. However, a key assumption among current literature is that
both players know the preference divergence between the sender and receiver, but this
is not always true. In order to close the gap in research that currently exists, this paper
examines the sender-receiver game when the preference divergence is unknown to the
receiver, but in a situation when commitment to a mechanism is possible. The results
reveal that any optimal mechanism maximizing the expected utility of the receiver must
take a rather simple form in which he chooses the sender’s favorite action in general,
but if the recommendation is above or below a certain threshold, the decision rule becomes independent of the information. The results have many real-world implications
and suggest that when commitment is possible, even when the receiver doesn’t know
how great the preference divergence is, expected utilities, a priori, can be increased.
The analysis also suggests that disclosure of preferences by the sender may actually
decrease expected outcomes.

JEL classification: C; C7; C79; D; D8; D81; D82; D83; D84.
KEYWORDS: Bayesian Games; Mechanism Design; Communication;
Conflict of Interests; Sender-Receiver.
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1

Introduction

Within the business and economic world, information that is potentially useful to decisionmaking is dispersed among the various involved parties, and it is likely that these individuals
have varying preferences, which results in a conflict of interest. It seems obvious that even
these self-interested people often find it advantageous to share some information in order
to improve their outcome, but how do they decide how much information to reveal and in
what way? There is strong applied interest in studying the role of this direct communication
throughout economics due to its widespread applicability. How does the Federal Reserve
Board decide how much of its intentions it wants to reveal to investors (Stein 1989)? How
is the relationship between the Securities and Exchange Commission and the Financial Accounting Standards Board determined (Melumad & Shibano, 1991)? How much information
is information revealed between business partners, doctors and patients, and lawyers and
clients (Crawford & Sobel, 1982)?
All of these potential situations are known as games of incomplete information due to the
asymmetric distribution of the information among parties. Despite the high interest in such
situations by game theorists and behavioral economists alike, understanding such situations
has always been difficult due to the complexity resulting from the spread of information. Even
without thoroughly understanding how such situations function and how people determine
whether to share information, it has long been known that in order to maximize welfare,
it is often advantageous for a self-interested individual to reveal at least some information.
This implies a situation that requires direct communication, adding another wrinkle into
an already complex problem (Crawford & Sobel, 1982). Despite the problem being defined,
additional difficulties arise when identifying the equilibrium amount of information each
individual should share when trying to coordinate actions because they need to give each
other proper incentives due to conflicting interests (Myerson, 1983). If there was no conflict
of interest between parties (no divergence among preferences), then individuals would always
share their information, but this is rarely the case.
5

In 1967, Harsanyi (2004) introduced a primitive method to study games of incomplete information by converting them to a form that can be more easily studied; he did this through
the use of Bayes formula, which has caused such games to be referred to as Bayesian games.
In addition to introducing this new format, he also formalized the concept of Bayesian Nash
equilibrium, which is the equivalent of Nash equilibrium, but in games of incomplete information. However, this method did not allow individuals to communicate among themselves,
which limited the value of Harsanyi’s method; it only took into account the actions made
by each player. In order to solve this issue, the idea of cheap-talk formalized the ability of
players to communicate their private information within a game, which allows individuals
to at least partially coordinate their actions. Cheap talk refers to costless communication
of information between individuals that does not directly affect the payoffs of a game; it’s
equivalent to adding another round to a game, but the actions in this new round do not
affect the payoffs (Farrell & Rabin, 1996).
In order to gain insight into how communication can affect the outcome of games with
incomplete information, many economists turned to the sender-receiver game,1 which is the
most general and canonical Bayesian game. In the sender-receiver game, a sender with private
information sends a message (cheap-talk) regarding this information to the receiver, who then
takes an action based on the message; the payoffs of both players are then determined by the
action taken by the receiver as well as the private information held by the sender. At first
glance it seems as if it is better for both players if the sender communicates some information,
but the preference divergence (or bias) suggests that reporting accurate information may not
always be optimal (Holmström, 1984). By studying the sender-receiver game, it becomes
possible to gain a better understanding of the equilibrium amount of information that should
be shared and the decision that should be made based on the message. As it turns out, there
are many equilibrium present in the sender-receiver game, but the basic knowledge gained
from studying the game can still be applied to the real world to help agents decide how to
1

Within this paper, the game will always be referred to as the sender-receiver game, but other literature
often refers to the game as the principle-agent problem.
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act when facing similar situations (Blume, DeJong, Kim, & Sprinkle, 2001). In fact, recent
studies have even conducted laboratory experiments to determine how these equilibrium
manifest when humans play the game (Cain, Loewenstein, & Moore, 2005).
These equilibrium were first studied and characterized by Crawford & Sobel (1982), which
represents the first successful attempt to characterize the rational behavior in two-person
games of incomplete information when direct communication is possible. But one critical
assumption of Crawford & Sobel was that commitment to a decision-making strategy prior to
playing the game is not possible, which is not true in most real world examples of the senderreceiver game. A decision-making strategy is similar to a contract that specifies the action
chosen by the receiver based on the message sent by the receiver (Martimort & Semenov,
2006). Such strategies are the central idea of mechanism design, a branch of economics
interested in how economic institutions can improve outcomes for one or more players by
providing individuals the correct incentives to share their private information (Myerson,
1983). In this sense, a mechanism is a rule that individuals can commit to that specifies
how agents should act given certain information; in the sender-receiver game, this decisionmaking strategy/mechanism can be thought of as a contract that specifies the decision to be
made by the receiver after receiving information (Melumad & Shibano, 1991).
In real world situations the receiver generally has the right to create this decision-making
strategy, therefore the next goal in research was to identify and characterize the optimal
strategies that can be implemented when commitment to these strategies is possible. This
was first done by Holmström, who found that with commitment, the more closely aligned
the preferences, the more valuable communication becomes; he also was able to determine
sufficient conditions that determine when commitment leads to an improvement in outcomes
for the receiver (1984). From here a field of literature was produced that furthers the research
done by Crawford & Sobel and Holmström. Of particular importance is a paper published
by Melumad and Shibano (1991) that focuses on this idea of commitment by studying the
results of games in which the amount of commitment to a particular game varies. This
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revealed that commitment will not always lead to a Pareto improved result.
The unifying assumption among all of these papers is that both the sender and receiver
know how the preferences diverge between the two players, i.e., they both know the magnitude and direction of their conflict of interest. But this is not always true in the real world
and thus poses an area to conduct additional research. In situations where the preference
divergence is unknown to the receiver, when is communication between the individuals valuable? How much can be gained by sharing information (for both the sender and the receiver)?
And what is the optimal structure of an optimal decision-making rule? This paper addresses
these three questions by investigating the properties of optimal decision-making strategies in
situations where only the sender knows the preference divergence while the receiver knows
it to be over some probability distribution. To investigate these questions, a mechanism
design approach is applied to a slightly modified version of the sender-receiver game that is
common literature.
The results show that, under certain assumptions, when commitment is possible, communication between the sender and receiver will never lead to a decrease in expected utility for
either the sender or receiver. Additionally, the optimal decision-making strategy is found to
take a very simple form. The action taken will never be above or below a certain threshold
determined by the initial assumptions, and when the sender’s optimal decision is between
these maximum and minimum actions, the receiver will always choose the sender’s optimal decision as his action. Moreover, any optimal strategy must be everywhere continuous,
which implies that there will never be a jump in the set of actions that the receiver may take.
These results have important implications to real world situations since they suggest that,
in situations where commitment to mechanisms is possible and the level of bias is unknown,
a very simple contract should be implemented.
Following the introduction, Section 2 presents a general overview of important theoretical concepts necessary to analyze the sender-receiver game. Section 3 provides a literature
review of relevant research related to Bayesian games from the past thirty years in order to
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establish a basis for the current research. This is followed by Section 4, which presents an
introduction to the model implemented in this paper and an outline of the optimization problems to be completed. Section 4 also provides a summary and explanation of the analytical
results obtained. The discussion of results, connection to the real-world, and conclusion are
contained in Section 5. The paper concludes with the appendix in Section 6 that provides
proofs to the lemmas and propositions introduced in Section 4.

2

Theoretical Framework - General Overview

In order to understand the methods used in addressing the proposed research questions,
it is necessary to first have a basic understanding of the following relevant topics within
game theory: Bayesian games, cheap talk, and mechanism design. An overview of these
topics is included in hopes of providing enough background theory about games of incomplete information to understand the methods and models used throughout this paper. It is
assumed that the reader has a fundamental understanding of game theory and Nash equilibrium.2 Additionally, this section is meant to formally introduce the sender-receiver game
in a generalized format and provide a workable definition.

2.1

Games of Incomplete Information

In game theory, a game is said to be of incomplete information3 (a term first introduced by
von Neumann and Morgenstern) if, when the players choose their strategies, each has different private information about his preferences, abilities, and/or knowledge. Additionally,
in order to be considered a game of incomplete information, at least some private information of one or more player must be a factor in determining the outcomes for other players
(Myerson, 2005). For example, players may lack complete information about other players’
2

If not, consult a relevant text such as Game Theory: Analysis of Conflict by Roger B. Myerson.
The distinction between games of incomplete and complete information must not be confused with
games of imperfect and perfect information. Imperfect information refers to those games in which players
are uncertain about the previous moves made by others (Harsanyi, 2004).
3
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or their own payoff functions or about strategies available to others and themselves, and
this private information will have an impact on their outcome (Harsanyi, 2004). Even with
the widespread applicability of such games to the real-world, for many years little progress
was made in studying games of incomplete information because they seem to give rise to an
infinite regress in reciprocal expectations on the part of the players. For example, consider
a simple two-player game in which the players are uncertain about each other’s payoffs. In
such a game, player 1’s strategy will depend on what he believes to be player 2’s payoff
function. But his strategy must also depend on what he believes to be player 2’s beliefs
about his payoff function, and so on. Thus each player’s strategy must depend on an infinite
number of beliefs (Harsanyi, 2004).
Due to the apparent complexity of such a problem, no model was created to explain games
of incomplete information for many years, but this problem was solved by Harsanyi in 1967
(2004). To do so, Harsanyi defined a player’s type as all of the private information held by
that player. Thus, for any arbitrary player, his type must be expanded to include parameters
that specify his beliefs about other players’ types; each player’s type must specify everything
that he knows that is not common knowledge among all players. In order to eliminate
the infinite sequence of beliefs that was required, Harsanyi removed the beliefs about other
players’ types and allowed them to be common knowledge among everybody through Bayes’
Rule.4 Because the beliefs are now considered to be a closed system, the game is transformed
into a game in which each player has a type and all players’ have a belief system about this
type, which takes the form of a probability distribution across the types.

2.1.1

Bayesian Games

A game of incomplete information transformed by these new methods is referred to as a
Bayesian game due to the use of Bayes’ Rule about conditional expectations. In order to
further refine his new construction of the game, Harsanyi modeled the game of incomplete
4

For an explanation on how this transformation works, see Harsanyi 2004.
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information as a game where each player’s payoff depends not only on the strategies chosen
by each player but also on some random vectors (information or attribute vectors) known
as the types; these types are the private information. It is also assumed that all players
know the joint probability distribution of these random vectors, but the actual value of a
particular vector is only known by the player to whom it is assigned. This model is known
as the random-vector model for Bayesian games, and it the most useful model for discussing
the sender-receiver game. Described in this way, the random-vector model of a Bayesian
game is equivalent to the original definition of a game of incomplete information.5
Formulated in this manner, the game becomes a game of imperfect information, which
is a type of game of complete information and has thus been studied extensively since the
creation of game theory (Harsanyi, 2004). A formal working definition is as follows (Myerson,
1997):
Definition. A Bayesian Game consists of the following:
1. A set of players {1, . . . , i, . . . N };
2. A set of actions Ai with generic element ai for each player i;
3. A set of types Θi with generic element θi for each player i;
4. A payoff function for each player i: ui (a1 , . . . , aN , θ1 , . . . θN );
5. A (joint) probability distribution p (θ1 , . . . θN ) over types.
In order to think of this as a game of imperfect information, consider an extensive game of
imperfect information that adds Nature (or Chance) as the first player whose move assigns
a type to each player based on the probability distribution; from here the game continues
as a typical game of imperfect information (Myerson, 2005). Within the model of Bayesian
games, a strategy of any player is a function that denotes the action chosen by the player
based on his type and beliefs about the other players, or formally (Harsanyi, 2004):
5

To see a complete derivation of this model, see Harsanyi 2004.
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Definition. A pure strategy for player i is a map ai : Θi → Ai prescribing an action for
each possible type of player i.
In a typical Bayesian game, direct communication of types is not allowed.
2.1.2

Bayesian Equilibrium

With the concept of Bayesian games introduced, it is important to study the equilibrium of
the games. The concept is similar to that of Nash equilibrium, but it requires that beliefs
about other players’ types are consistent with the prior belief p. Moreover, each player’s
conditional belief, given his own type, about his opponents’ types must be be derived by the
common prior via Bayes’ rule (Myerson, 2005). From here, the concept of an equilibrium
can be introduced: an equilibrium of a Bayesian game is a strategy profile such that any
action taken with positive probability by any type of any player maximizes his expected
utility (Myerson, 2005). A formal definition is as follows (Osborne, 2004):
Definition 1. A pure strategy profile a (·) is a Bayesian Nash equilibrium if for all i ∈ N
and for all θi ∈ Θi ,
ˆ
ui (a0i , a−i (θ−i ) , θi , θ−i ) p (θ−i | θi ) dθ−i ,

ai (θi ) = argmax
a0i ∈Ai

Θ−i

where Θ−i denotes the Cartesian product Θ1 × · · · × Θi−1 × Θi+1 × · · · × ΘN .

2.2

Cheap Talk (Bayesian Games with Communication)

The definition of Bayesian equilibrium above assumes that each player’s decision-making
strategy can only depend on his own type, but in general, players of certain games may seek
to change a game by attempting to communicate their strategy and type with each other in
hopes of obtaining superior outcomes and higher payoffs. In general, a game is said to be
with communication if, in addition to the explicitly specified strategies, players have a range
of implicit options to communicate with each other (Myerson, 1997). This idea of valuable
12

communication is certainly applicable to Bayesian games in which it is often advantageous
for self-interested players to at least reveal some of their private information through direct
communication (Crawford & Sobel, 1982). The idea of adding costless communication is
formalized in the concept of cheap talk (Farrell & Rabin, 1996):
Definition 2. Cheap talk is costless communication between players that does not directly
affect the payoffs of the game.6
Even though the ability to implement cheap talk leads to improved outcomes in most
situations, the amount of information shared varies with the preference divergence among
players. In situations where there is no conflict of interest between players, all of the information is transmitted in the optimal equilibrium and outcomes are significantly improved, but
if preferences are disparate, very little information will be communicated. In such circumstances, it is possible for certain equilibrium to become less desirable than the equilibrium
obtained without communication (Farrell, 1992). In the context of Bayesian games, the addition of communication to the model does not change the method of determining equilibrium
strategies; the concept of Bayesian Nash Equilibrium above still holds true (Myerson, 2005).

2.3

Mechanism Design

With the implementation of communication in Bayesian games, the ability to commit to a
decision-making strategy before communicating can possibly lead to an even greater increase
in payoffs, and thus be optimal. This allows players to coordinate on the best equilibrium
through communication, but commitment to a decision rule is not always possible; it often
requires the presence of a mediator or contract. Such a commitment model is known as a
mediation plan or a mechanism (Myerson, 2005). In general, a mechanism is a specification of
how economic decisions are made as a function of the information known by the individuals
in an economy; it is a function that inputs the information reported by each player and
reports back the decision that each player should take.
6

This is in contrast to signaling, which can directly effect the outcome of a game.
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The basic insight of mechanism design is that in situations where individuals have private
information, instituting some mediation plan to produce desirable outcomes must provide
the right incentives for individuals to share their private information. These incentives may
impose constraints on economic systems; the theory of mechanism design is the mathematical
methodology for analyzing these constraints (Myerson, 1983).

2.3.1

The Revelation Principle and Direct-Revelation Mechanisms

Any study of mechanism design begins with the study of direct-revelation mechanisms: a
special and very important class of mechanisms. In such a mechanism, it is assumed that
there is a mediator who can communicate separately and confidentially with every individual
in the economy; for example, the mediator can be thought of as a trusted person not involved
with the game or a computer tied into a network. At each step of the economic process, each
individual reports all of his/her private information to the mediator, who then confidentially
recommends some action or move to each individual.
A direct-revelation mechanism is a rule that specifies how the mediator’s recommendations are determined as a function of the reports received. Additionally, a direct-revelation
mechanism is said to be incentive-compatible if no player could ever expect to do better
by reporting dishonestly to the mediator or by disobeying the mediator’s recommendations,
given that each individual expects the others will report truthfully and follow the recommendation of the mediator. In relation to game theory, if honesty and obedience of the
mechanism is a Bayesian equilibrium, then the mechanism is incentive-compatible. In this
paper, it is assumed that the players actions are directly enforceable; hence, all mechanisms considered automatically satisfy all obedience constraints. Therefore in this setting,
an incentive-compatible direct revelation mechanism can be defined as follows (Myerson,
1983):
Definition. A mechanism µ : Θ1 × . . . × ΘN → A1 × . . . × AN is an incentive-compatible
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direct-revelation mechanism if, for each individual i and every pair of types θi , θi0 ∈ Θi ,
ˆ

ˆ
ui (µ (θi0 , θ−i ) , θi , θ−i ) p (θ−i | θi ) dθ−i .

ui (µ (θi , θ−i ) , θi , θ−i ) p (θ−i | θi ) dθ−i ≥
Θ−i

Θ−i

Even though the study of direct-revelation mechanisms may not seem important initially,
because such real-world mechanisms are rare, the importance of studying this class of mechanisms comes from two key insights. First, for any equilibrium of any general mechanism,
there is an incentive-compatible direct-revelation mechanism that is equivalent. Second, the
set of incentive-compatible direct-revelation mechanisms contains simple mathematical properties. This means that by studying incentive-compatible direct-revelation mechanisms, it is
possible to find all equilibrium of all feasible mechanisms for a given economic situation. The
first insight above is known as the revelation principle,7 and is the most important principle
within all of mechanism design.

2.3.2

Optimizing Among Mechanisms

In general, the mechanism design approach to solving economic problems is to list the constraints that a mechanism must satisfy and to try to characterize the incentive-compatible
mechanisms that have relevant properties. Given a mechanism, an equilibrium is any specification of how each individual may choose his strategy in the mechanism as a function of
his type, so that no individual, given only his information, could expect to do better by
unilaterally deviating from the equilibrium.
Within any one economic situation, there is always going to be multiple equilibrium
mechanisms, which provide different outcomes for different players. Because mechanism
design allows for any given mechanism to be implemented, it is often of interest to find the
optimal mechanism that maximizes the expected payoff for a given player or that maximizes
total welfare. For example, it is sometimes helpful to find an incentive-compatible mechanism
that maximizes the expected utility of a given individual that is auctioning off a good. This
7

For a completed proof of the revelation principle, see Myerson 1983.
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means that if it were possible to implement any general mechanism and if it were possible to
designate the equilibrium that the individuals would play in the mechanism, then it would
be impossible to give this individual a higher expected utility by choosing the equivalent
optimal incentive-compatible mechanism and its honest equilibrium (Myerson, 1983).

2.4
2.4.1

Sender-Receiver Game
Formal Definition

Sender-receiver games are a special and simple class of Bayesian games with communication
that has been studied in hopes of gaining insight into the problems of strategic communication. The game is a two-player game in which player 1 (the sender) holds private information
but has no choice of actions, and player 2 (the receiver) has a set of feasible actions but
holds no private information. The preferences of both players depend on both the type of
the sender and the action of the receiver. Thus, the sender-receiver game represents the simplest Bayesian game with communication and is an example in which a conflict of interests,
adverse selection, and moral hazard are involved. The general sender-receiver game can be
defined as follows (Myerson, 1997):
Definition. A general sender-receiver game consists of the following:
1. A set of player 1’s types Θ with generic element θ;
2. A set of player 2’s actions A with generic element a;
3. A payoff function for each player: us (θ, a) and ur (θ, a);
4. A “prior” probability distribution p (θ) over types.
This game can also be thought of as a three-stage extensive form game (Myerson, 1997):
1. Nature (or Chance) chooses the senders private information θ ∈ Θ according to the
probability distribution p (θ);
16

2. The sender sends a message m ∈ Θ to the receiver;
3. The receiver chooses an action a ∈ A, and the players’ payoffs are determined.

2.4.2

Mechanisms within Sender-Receiver Games

The revelation principle implies that the search for an optimal mechanism can be restricted
to the set of mechanism in which the sender reports his true type to the receiver. Formally,
a mechanism is a function µ : Θ → ∆ (A) specifying the probability µ (a | θ) of choosing
action a for any reported type θ. Given a mechanism µ, the sender’s expected payoff when
is true type is θ and he reports θ0 , is
ˆ ˆ
0

µ (a | θ) us (µ (a | θ) , θ) P (dθ) .

Us (θ , θ, µ) =
Θ

A

The mechanism µ is incentive-compatible if, for all θ, θ0 ∈ Θ

Us (θ, θ, µ) ≥ Us (θ0 , θ, µ) .

(1)

The receiver’s expected payoff in an incentive-compatible mechanism µ is (Myerson, 1997)
ˆ ˆ
µ (a | θ) ur (µ (a | θ) , θ) P (dθ) .

Ur (µ) =
Θ

3

A

Literature Review

Following Harsanyi’s method of converting games of incomplete information to Bayesian
games, a significant amount of research has been conducted on Bayesian games of communication due to its ability to provide insight into problems of communication and commitment.
Of this research, a vast majority has focused on the sender-receiver game due to its simplistic
nature and ability to be generalized. Within the relevant literature, there are three key papers that have provided the backbone for more recent research. These papers, by Crawford
17

& Sobel, Holmström, and Melumad & Shibano, successfully characterized the equilibrium
and optimal mechanisms of the sender-receiver game under a very loose set of assumptions.
The research of Crawford & Sobel (1982) represents the first successful attempt to characterize all of the Bayesian equilibrium of the game and note the amount of improvement that
can be gained by communicating. Holmström (1984), on the other hand, applied principles
of mechanism design in order to characterize the mechanisms that maximize the expected
payoff of the receiver. Finally, the research of Melumad & Shibano (1991) furthered the work
of both papers by implementing a more complex set of utility functions in order to show that
communication and commitment is not always beneficial. This work has been extended in
many directions, particularly by implementing a model in which transfer payments can be
made between the sender and receiver (Krishna & Morgan, 2008), by varying the degree of
commitment available to the sender (Alonso & Matouschek, 2007 & 2008), and by looking
at situations that vary the distribution of the receiver’s type (Martimort & Semenov, 2006).
All of these papers have revealed similar results in that the equilibrium are all of a
simple structure such that the impact of the information on decision-making varies with the
amount of bias present between the different preferences. They also were all based around
continuous distributions of the sender’s type. Some have been more beneficial than others,
but all papers concerning the sender-receiver game published thus far have assumed that the
preference divergence between players is known by both the sender and receiver. This is the
primary difference between previous research and the research of this paper.
Although the majority of work in recent years has been focused on the theory surrounding
the sender-receiver game, there has recently been a surge of laboratory studies focusing on
the impact of conflict of interest on the sender-receiver game. Of these papers, the most
significant contribution to the understanding of how people play the sender-receiver game
in real life is presented by Cain, Loewenstein, and Moore (2005). This paper investigates
how outcomes change for the sender and receiver when prior knowledge of the preference
divergence varies. Due to the assumption that the direction of bias is not known exactly,
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the results are relevant to the research goal of this paper.

3.1

Crawford & Sobel (1982)

With primary motivations stemming from bargaining theory, Crawford & Sobel’s goal was to
analyze the sender-receiver problem from a game-theoretic viewpoint in order to characterize
the Bayesian Nash equilibrium under standard assumptions. Under this set of assumptions,
they found that the equilibrium can be characterized in a very simple way. Additionally,
the research found that even though the sender’s choice of signaling rule is not restricted a
priori, in equilibrium he partitions the support of the probability distribution of the variable
that represents his private information and introduces noise into his signal by reporting only
which element of the partition contains his type. With this simplistic representation of the
characteristic equilibrium of the sender-receiver game, the one with the greatest number of
partitions is a reasonable one in which the two players can coordinate because, a priori, it is
Pareto superior to all other equilibrium. The results of the paper have important implications
for the design of models relating to the quality of bargaining outcomes to the bargaining
environment.

3.2

Holmström (1982)

In his essay On the Theory of Delegation, Holmström attempts to determine when it is useful
for players to cooperate in situations of delegation, which is one formulation of the senderreceiver game. In particular, the goal was to analyze situations of delegation to determine
when cooperation is of value to the receiver, which makes this a problem of mechanism
design. The paper provides two sufficient conditions for a positive value of delegation and
cooperation, which show that the value of cooperation depends on how similar the preferences
of the sender and receiver are and what opportunities are available to control the sender so
that his induced preferences align more closely to the receiver’s preferences.
Part of the purpose of this paper was to formalize the notion of delegation, but the ideas
19

extend to applications of commitment and cooperation within the sender-receiver game. This
is because a situation of delegation can be viewed as the sender making the final decision
relative to constraints placed on him by the receiver (in the form of a decision-making
strategy). Holmström showed that two factors influence the optimal delegation decision:
the relationship of the preferences of the sender and receiver and the degree of the sender’s
expertise (which is not important to the current research question). The paper makes it clear
that the receiver is better off when it is possible to precommit himself to a decision-making
rule than when he cannot and therefore is expected to respond optimally to the sender’s
message. Additionally, Holmström found that without a well-defined model structure, only
weak comparative statics results could be obtained. However, much weaker assumptions
need to be made in order to show that coordination is better in general.

3.3

Melumad & Shibano (1991)

This article examines whether or not both players in a sender-receiver game will agree on the
introduction of communication-based organizational structures. Additionally, the research
demonstrates that when there is enough disagreement (difference) between the two parties,
the introduction of communication-based structures benefits the receiver, but not the sender;
this result is true whether or not the decision-maker can commit to a decision-making rule.
This study focuses on communication in settings with no transfers both when commitment
to a decision rule is possible and when this commitment is not possible. The objective
of the paper is to determine whether introducing communication into the game is Pareto
optimal; the authors were also interested in characterizing the nature of communication as
commitment ability varies.
The cases of commitment and no-commitment are studied because they can provide useful benchmarks for studying these and other similar relationships. This paper shows that the
Pareto efficiency of introducing communication into the sender-receiver game is not robust
to certain extensions of the analyses conducted by Crawford & Sobel and Holmström. In the
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commitment model introduced by Melumad & Shibano, the decision-making rule is allowed
to be continuous; this is in contrast to Holmström, who restricts his analysis to continuous
decisions. In the no-commitment model, a more general notion of preference divergence
between the sender and the receiver is considered when compared to the model studied by
Crawford & Sobel. Both of these extensions lead to the same result: communication of the
sender’s private information may make the sender ex ante worse off than without communication, which implies that both parties may not always agree to institute communication-based
organizational structures. These results provide the first possible explanation for why some
parties in the real-world attempt to avoid communication. Additionally, the paper also possibly explains the rationale for legal limitations imposed by legislatures on the information
that receivers can require senders to disclose, which is possibly because the regulators are
concerned with the welfare of the senders.

3.4

Cain, Loewenstein, & Moore (2005)

As compared to the other articles of interest, this paper investigated how people determine
how to provide and interpret information in a lab version of the sender-receiver game. To
investigate the topic, the experiment was set up as a standard game without the possibility
of commitment to a mechanism, but the bias was only known over a certain probability
distribution. The experiment was set up as follows: the sender would observe a jar of coins
with some previous knowledge about the amount it contained, he would then relay this
information to the receiver, who would have to make a final approximation about the value
of the coins. The payoff structures were either identical in the first case, or the sender
received a higher payoff the greater the guess of the receiver. In this second case, there were
two different options: either the receiver knew that there was some sort of conflict of interest
but didn’t know in which direction or the receiver knew that the sender preferred a higher
guess but didn’t know how much higher.
The results showed that, as expected, the receiver’s payoff was highest when the incen21

tives aligned exactly, but surprisingly, the sender’s payoffs were maximized in the last case,
when the direction of the conflict of interest was known. Conversely, the receiver had the
lowest expected value in this case, which suggests that additional knowledge about the preference divergence is not always advantageous when making a decision. In the trials, the
recommendations were much greater in the final case, but the receiver did not compensate
correctly for this deviation, which resulted in the lower payoff. Overall, these results imply
that although the receiver may not know how to properly discount the information received
when the direction of the deviation is known, this may in fact be an equilibrium. Even
with this possibility, as suggested by the authors, it may also be the case that this is an
equilibrium, but Cain, Loewenstein, & Moore did not analyze the problem theoretically.

4

Theoretical Framework - Model Development

The goal of this paper is to extend the knowledge of the sender-receiver game to situations
where the preference divergence is, a priori, unknown to the receiver. This is done through
the characterization of the optimal decision-making strategies based on the prior belief of
the magnitude and direction of the conflict of interest. In this situation, the concept of
optimization is restricted to the expected outcome of the receiver, which can be interpreted
as the receiver having ultimate power over which strategy is employed. These decisionmaking strategies, employed in situations where commitment to the mechanism is possible,
take the form of optimal mechanisms. Due to the revelation principle, it is only necessary
to study mechanisms that satisfy Equation 1; incentive-compatibility is not required for the
receiver since he can’t change his action after specifying the mechanism. This simplification
makes calculations significantly easier and helps to find the mechanism that optimizes the
receiver’s expected utility.
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4.1

The Basic Model

In this research, the sender-receiver game is represented in a simplified manner similar to
what is found in previous literature. In the game, there are two players, the sender and the
receiver, and the sender has private information about the environment (that determines the
payoff for both players) represented by x ∈ X and about the preference divergence (that
only influences the payoff of the sender) represented by b ∈ B; together these represent the
type of the sender, θ = (x, b) ∈ X × B = Θ; this type θ is the private information held by
the sender while Θ is the random variable representing the joint probability density function
of the types that is known to both the sender and receiver. The receiver is able to take an
action a ∈ A.
Given these choice sets and probability density functions and given that incentive- compatibility invokes the revelation principle, the receiver first commits to a decision rule denoted
a (x, b) = a (θ). Once this rule is made, the sender then submits a report about the environment, θ ∈ Θ, and finally the receiver takes the action prescribed by the decision rule
a (θ). In the analysis to follow, it is useful to adopt some terminology. If it is true that there
exists some θ1 and θ2 where θ1 6= θ2 for which a (θ1 ) 6= a (θ2 ), the decision-rule is said to be
communication-dependent, otherwise it is said to be communication-independent; communication is considered to be valuable if there does not exist a communication-independent
decision-making rule that results in the same expected utility as the optimal decision-making
mechanism (Melumad & Shibano, 1991).
The focus of this paper is in determining situations in which there is a potential to gain
from communication between the sender and receiver, which implies an inherent conflict of
interest. For this reason, the partial conflict of interest is represented by assuming that both
the sender and receiver have non-monotonic, single-peaked utility functions. Additionally,
as the definition of a Bayesian game requires, the preferences of both players are defined as
functions of both the type of the sender and the decision made by the receiver. For easier
analysis, the prior belief of the type is such that X is set to have a uniform distribution over
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the interval [0, 1] and the prior probability belief of B is uniform over the interval [bmin , bmax ]
, where bmin , bmax ∈ R. The receiver’s and sender’s preferences are represented, respectively,
by the following quadratic utility functions,

ur (a, x) = − (a − x)2

(2)

us (a, x, b) = − (a − (x + b))2 .

(3)

and

Additionally, it is straightforward to see that the “first-best” decision functions for the receiver
and sender, respectively, are

ar (x, b) = x and as (x, b) = x + b.

(4)

Therefore, if the receiver knew the value of θ, he would set a = x, whereas if the sender had
control over a, he would set a = x + b.
Remark. In contrast to the vast majority of the mechanism design literature, no individual
rationality constraints are imposed. Therefore it is implicitly assumed that the sender does
not have a “quit” option (Melumad & Shibano, 1991).

4.2

The Receiver’s Problem

The receiver aims at choosing a decision rule that maximizes his expected utility within the
set of all incentive-compatible rules. Formally, the problem can be stated as8
1
max −
a(x,b)
bmax − bmin

ˆ
0

1

ˆ

bmax

(a (x, b) − x)2 dbdx

(5)

bmin
2

s. to − (a (x, b) − (x + b))2 ≥ − (a (x0 , b0 ) − (x + b))

∀ (x, b) , (x0 , b0 ) ∈ X × B.

(IC)

8

Recall that the receiver’s belief about the pair (x, b) is represented by the uniform density over the
rectangle [bmin , bmax ] × [0, 1].
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The IC constraint guarantees that the sender truthfully reports both the state x and the
bias parameter b. As mentioned in Section 2.3.1, by invoking the revelation principle, it is
without loss of generality to restrict attention to this class of mechanisms.

4.3

A Characterization of Incentive-Compatible Mechanisms

The first step in determining whether communication is valuable is to characterize the basic
structure of the optimal decision function, which begins with an examination of how the
incentive-compatibility constraint affects the form of the mechanism. To help clarify the
analysis to follow, it is optimal to conduct a change of variables on the decision rule, which
is possible because the inequality in Equation 5 is solely a function of a (x, b) and x + b. The
function is transformed by letting s ≡ x+b and substituting it into the equation appropriately
so that a (x, b) becomes a (x, s). Although this means that the decision rule is a function of
x and s, the reporting of these two values provides equivalent information to the receiver
as reporting θ since b = s − x. With this change of variables, the incentive-compatibility
constraint becomes

− (a (x, s) − s)2 ≥ − (a (x0 , s0 ) − s)

2

∀ (x, x + b = s) , (x0 , x0 + b0 = s0 ) ∈ X × B,

or, equivalently,

(a (x, s) − s)2 ≤ (a (x0 , s0 ) − s)

2

∀ (x, x + b = s) , (x0 , x0 + b0 = s0 ) ∈ X × B.

(6)

With this new expression in hand, it is beneficial to begin with a characterization of
the monotonicity required for a decision-making rule to fulfill the incentive-compatibility
constraint. Since the sender’s utility function is single peaked according to Equation 3, his
goal is to minimize the distance between s and the action taken. If a certain region of
the decision function had a negative gradient, then the sender could always benefit from
lying a little bit since this alternate message would lead to a lower action than by reporting
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truthfully. The intuition behind this is as follows: if a (x, s) < s and there was a negative
gradient, then reporting a type s − ε for some ε > 0 would provide a greater utility for the
sender because given the negative gradient a (x, s − ε) < a (x, s) implying that

|a (x, s − ε) − s| < |a (x, s) − s| .

A similar argument can be made if a (x, s) > s and there is a negative gradient. Since
incentive-compatibility eliminates the ability to benefit from inaccurately reporting information, the decision rule must be non-decreasing; this idea is formalized in the following
lemma.
Lemma 1. Any function a (x, s) that satisfies all inequalities in IC is non-decreasing in both
x and b. Moreover, it is non-decreasing in s.
Proof. See appendix.
The monotonously in s is particularly useful since it significantly restricts the classes
of IC functions, and by altering the ideas of the proof of Lemma, it is easy to show that
given some s∗ , a (x, s∗ ) can only take on two values. This idea results from the incentivecompatibility requirement that for a given s, the expected utility of the sender must be
equivalent; since the utility function has only one relative maximum, there can only be two
points that produce the same expected utility. If there weren’t equal outcomes then the
sender would always report the s-value that leads to the greater utility.
Lemma 2. Suppose that a (x, s) satisfies IC, and consider any set S = {(x, b) | x + b = s∗ }.
Then the function a can take at most two values on S. If it does take two (distinct) values,
they must sum to 2s∗ .
Proof. See appendix.
Suggested by this result, discontinuities may arise unless the partial derivative with respect to x is identically zero. But before this fact can be formally investigated, it is helpful
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to discuss the form of any incentive-compatible mechanism in regions in which it is strictly
increasing in s.
Lemma 3. Pick any values s1 and s2 such that the function a satisfies IC, is continuous
and strictly increasing in s on the set S = {(x, s) | s1 < s < s2 }. Then a (x, s) = s on S.
Proof. See appendix.
This lemma states that if the decision-making function is strictly increasing in s in some
region, then the decision rule must be equal to the sender’s first-best decision function over
that area. With all of these previous results in hand, it is possible to denote the structure
of an incentive-compatible mechanism in the vicinity of a discontinuity.
Lemma 4. Consider any discontinuity point (x∗ , s∗ ). If a (x∗ , s∗ ) < s∗ , then any incentivecompatible mechanism must satisfy:




a (x∗ , s∗ ) ,
for a (x∗ , s∗ ) < s < s∗




a (x, s) = a (x∗ , s∗ ) or 2s∗ − a (x∗ , s∗ ) , for s = s∗






2s∗ − a (x∗ , s∗ ) ,
for s∗ < s < 2s∗ − a (x∗ , s∗ ) .

(7)

If instead a (x∗ , s∗ ) > s∗ , then the function must satisfy:

a (x, s) =





2s∗ − a (x∗ , s∗ ) ,





for 2s∗ − a (x∗ , s∗ ) < s < s∗

a (x∗ , s∗ ) or 2s∗ − a (x∗ , s∗ ) , for s = s∗






a (x∗ , s∗ ) ,
for s∗ < s < a (x∗ , s∗ ) .

(8)

Additionally, all the points in the set {(x, s) | s = s∗ } is a discontinuity.
Proof. See appendix.
The previous four lemmas completely characterize any decision rule satisfying Equation
6, and, when taken together, the analysis restricts any such mechanism to an elementary
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Figure 1: Examples of a general incentive-compatible decision rule; the left shows the function a (x, s) as a function of both x and s, while the right shows it as a function of s only.
aHx, sL º aHx, bL

a=s

1

aHx, sL
0

bmin

-1

2

0.0

1 + bmax

s º x+b
1
0.5
0

x

s

1.0-1

form. All of the results concerning the structure of a mechanism satisfying the IC constraint
thus far are summarized in the following proposition, which completely defines the structure
of any incentive-compatible rule:
Proposition 1. Any incentive-compatible decision rule a (x, b) ≡ a (x, s) must satisfy the
following:
1. The function a (x, s) is non-decreasing in s.
2. If a (x, s) is strictly increasing and continuous in s over some set S = {(x, s) | s1 < s < s2 },
then a (x, s) equals the sender’s first-best decision function on S.
3. If a (x, s) is discontinuous at some point, (x∗ , s∗ ), then the function a (x, s) must satisfy
Equation 7 if a (x∗ , s∗ ) < s∗ or Equation 8 if a (x∗ , s∗ ) > s∗ .
Proof. See appendix.
The results expressed in this proposition are graphically illustrated in Figure 1, which demonstrates the possible features of an incentive-compatible mechanism. The graph on the left
shows an example function a (x, s) in its three-dimensional form, but as can be seen, the
mechanism appears to only be dependent on s ≡ x + b. In combination with the proposition, Lemma 2 shows that this is generally true except where the function is discontinuous.
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Because of this, and in order to further discuss the characteristics of an incentive-compatible
mechanism, it is advantageous to view the function in two dimensions, as a function of s only
while remembering that the function may be defined differently at the discontinuities. Thus
the incentive-compatible function can be defined as a single-variable function a (s) that is
then defined separately at the discontinuities. This form of the mechanism, represented in
the right graph in Figure 1, provides clearer visual representation of the mechanism.
Within the figure, the dashed diagonal line a (x, s) = s represents the sender’s first-best
decision function defined in Equation 4. As the two graphs show, any incentive-compatible
function is weakly increasing in s and consists of (1) flat segments where the receiver’s decision function is independent of the sender’s report9 and (2) segments where the action taken
by the receiver is equal to the sender’s first-best decision. Additionally, this figure shows that
when a discontinuity exists, the decision rule must be include two regions symmetric around
the plane formed by a (x, s) = s. Moreover each region must be constant and extend from
discontinuity until it intersects with a (x, s) = s. The figure also shows that an incentivecompatible rule can begin or end with a flat region that emerges from the sender’s first-best
decision function; this particular feature is indirectly implied by Proposition 1 since it is not
explicitly disallowed.

4.4

Optimizing Over Incentive-Compatible Mechanisms

Since Proposition 2 restricts the allowable mechanisms to a small class of functions, optimization is simplified and the the IC constraint in Equation 5 can be replaced by the
requirements of an incentive-compatible mechanism. The optimization problem can then be
9

However, at the discontinuities, the decision function may depend on the information, but these discontinuities occur with zero probability.
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rewritten as



max E − (a (x, s) − x)2

a(x,b)

such that a (x, b) is incentive-compatible.

(9)

Unlike the previous section in which the sender’s utility function restricted the shape of any
incentive-compatible mechanism, the receiver’s utility function, Equation 2, determines the
optimal mechanism. Since regions around discontinuities are one of the key features of an
incentive-compatible functions, it is useful to investigate if discontinuities are ever optimal,
and if so, where and how they should be implemented. To do this analysis, it is useful to
study the optimality in two regions, when 0 ≤ s ≤ 1 and when s < 0 or s > 0. The reason
for this is that within this first region there is a possibility that s = x since 0 ≤ x ≤ 1.
Outside of this region, it is impossible for s = x thus different properties hold and an easier
analysis is possible; for this reason it is best to investigate this region first.
When s ∈
/ [0, 1] an optimal mechanism can include a discontinuity or, as Figure 1 shows,
a flat region that extends from the sender’s first-best decision function. If neither of these are
optimal, then it is implied that a (x, s) = s is the best function in this region. However, it can
easily be shown that only a flat region is ideal in this region. To see the intuition behind this,
consider a case when a discontinuity exists at some point where s < 0. As noted in Lemma 4,
a discontinuity and the surrounding area consists of two flat regions, which can be written as
a (x, s) = a1 if a1 < s < s∗ and a (x, s) = a2 if s∗ < s < a2 , where a2 = 2s∗ − a1 and a1 < a2 .
Thus, since s < 0, the flat region to the left of the discontinuity must lay below s∗ < 0.
Given that the values of these two flat regions follow Lemma 2, |x − a1 | > |x − a2 | for all x,
which means that removing the discontinuity and letting a (x, s) = a2 for all s < a2 would
lead to a higher expected utility. With regards to the function being a (x, s) = s if s < 0,
letting the function be a (x, s) = 0 improves the expected utility because |0 − x| < |s − x|
for all s < 0 since x ∈ [0, 1]. The following lemma captures these ideas in a more refined
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Figure 2: This figure presents a generic discontinuity (at s = m) of an incentive-compatible
mechanism. Additionally, the gray area represents the uniform joint probability density
function of X × S.
a=s

aHx, sL º
aHx, bL

bmin

x
1



n

bmin

§n

§

1 + bmax

m

1

sºx+b

bmax

way:
Lemma 5. Any optimal rules a (x, s) must satisfy:

a (x, s) =




a1 , for s < 0


a2 , for s > 1.

Proof. See appendix.
It is important to note that although intuition suggests that a1 ≥ 0 and a2 ≤ 1, this lemma
alone is not powerful enough to state this.
With the shape of the optimal decision-function now determined in the outer regions, it
is now possible to investigate the effectiveness of discontinuities when s ∈ [0, 1]. However,
unlike the previous proof, the intuition in this second is not straightforward. Consider Figure
2, which shows a mechanism with an arbitrary discontinuity at s = m ∈ [0, 1]. The gray
region in the plot represents the joint probability density function of X × S; in this area,
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the density is constant such that any region with equal area holds the same probability.
What this helps to show is that, in general, the flat regions tend to move away from more
a greater region of types than it moves towards. This, in conjunction with the fact that
expected utility is decreased more when moving away from a type than moving toward the
type, suggests that even when s ∈ [0, 1], a discontinuity is never optimal. However, this
result doesn’t seem so intuitive when a1 < 0 or a2 > 1, where these definitions are taken
from the previous paragraphs. In these regions it is possible that the decision-making rule
is moving away from less types and moving towards more types, which suggests that it may
be optimal.
However, as the following lemma states, a continuity is never optimal:
Lemma 6. Any optimal decision rule is continuous whenever 0 < s < 1.
Proof. See appendix.
With these two lemmas, the basic structure of any optimal, incentive-compatible can now
be completely defined.
Proposition 2. Any optimal, incentive-compatible decision-making rule satisfying Equation
5 is everywhere and takes the form

a (x, s) =





k1 ≤ 12 , for s < k1




s,
for k1 ≤ s ≤ k2






k2 ≥ 1 , for s > k2 .
2

(10)

Proof. See appendix.
Figure represents a general optimal decision-making rule according to this proposition.
With this second proposition, the final goal in identifying the optimal decision-making rule
is to determine how optimal values for k1 and k2 are chosen, which are clearly dependent
on bmin and bmax because these are the only two variables that change between different
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Figure 3: This graph represents a general optimal decision-making rule according to Proposition 2
aHx, sL º
aHx, bL

1
a = k2

a=s

a = k1
bmin

k2

1 + bmax

1

k1

sºx+b

situations. Moreover, Proposition 2 implies that the optimization problem can be rewritten
as





max E − (k1 − x)2 s < k1 P [s < k1 ] + E − (s − x)2 k1 ≤ s ≤ k2 P [s < k1 ]
k1 ,k2



+E − (k2 − x)2 s > k2 P [s > k2 ]
s. to k1 ≤ k2 .

(11)

The maximizing values then complete the definition of the optimal decision-making rule to be
employed by the receiver. Although this may appear a workable maximization problem, due
to the involvement of a joint probability distribution function in conjunction with conditional
expectations, an explicit solution to k1 and k2 is impractical. Instead, it is useful to maximize
given certain values of bmin and bmax , which is done in Section 4.6.
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4.5

The Value of Communication

Even though explicit equations for k1 and k2 cannot be developed to quantify the impact on
expected utilities for the sender and receiver, some analysis is still possible to investigate the
overall implications of commitment when facing uncertain bias. In general, communication
is said to be valuable if the expected utility of the optimal communication-dependent decision rule is higher than the optimal communication-independent mechanism. The optimal
communication-dependent mechanism is defined as the mechanism a rational receiver would
employ if he received no information from the sender; this is defined by the optimization
problem

ˆ
a

1

(a − x)2 dx.

max −
0

This objective function of this optimization problem is being maximized over a, a constant,
since the receiver obtains no information and therefore must make the same decision in all
cases. Given this, the maximizing value is a = 12 , and the expected utility of the receiver
given this decision rule is

ˆ
−
0

1



1
−x
2

2
dx = −

1
.
12

Thus communication is said to be valuable when a (x, s) 6=

(12)
1
2

and



1
E − (a (x, s) − x)2 > − .
12
In this case, the sender’s expected utility prior to receiving information about his type is
" 
2 #

1
1
E −
− (x + b)
=−
1 + 4b2min + 4bmin bmax + 4b2max .
2
12

(13)

Thus communication is valuable to the sender if



1
E − (a (x, s) − x − b)2 > −
1 + 4b2min + 4bmin bmax + 4b2max .
12
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Even without calculating values for k1 and k2 , the simple fact that the structure of the
optimal decision rule requires that k1 ≤

1
2

and k2 ≥

1
2

means that communication with

commitment is never going to decrease the expected utility of the sender or receiver. This
is because at worst, the receiver will choose the communication independent decision rule,
a (x, s) = 12 . On the other hand, the sender’s expected utility is determined by the distance
|a (x, s) − s| and since in any optimal decision |a (x, s) − s| ≤

1
2

− s , communication can

never hurt the sender, a priori.

4.6

Numerical Example

In order to illustrate the impact of communication with commitment to mechanisms, it
is useful to consider a few elemnetary examples that vary the distribution of the bias.
First, as stated above, it is useful to consider the expected utility of the sender and re1
ceiver without communication, which, from Equations 16 and 14, are − 12
≈ −0.08333 and
1
(1 + 4b2min + 4bmin bmax + 4b2max ), respectively. As a starting example, consider a situ− 12

ation where B ∼ U nif orm [−1, 1], which is a symmetric distribution around zero; in this
situation, the communication-independent decision-rule would lead to an expected utility
5
for the receiver of − 12
≈ −0.41667. In reality, this says that, a priori, the receiver knows

very little about the magnitude or direction of the bias between him and the sender. In such
a case, the optimal values of k1 and k2 can be found using the expression in Equation 12,
which show that they are

√1
6

and 1 −

√1 ,
6

respectively. When these are inserted into the

expected utility equations, it is found that the expected outcome is





E − (k1 − x)2 s < k1 P [s < k1 ] + E − (s − x)2 k1 ≤ s ≤ k2 P [s < k1 ]


+E − (k2 − x)2 s > k2 P [s > k2 ]
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Table 1: This table shows the expected utilities of the sender and receiver given the optimal
decision-making rule based on the distribution of the preference divergence.
Expected Utility of the Sender
Expected Utility of the Receiver


√
√
√ 


1
B ∼ U nif orm[−1, 1] 108
−4 − 6 3 + 6 ≈ −0.32543 16 13 − √16 3 + 6 ≈ −0.06804
B ∼ U nif orm [0, 1]
B = 12

≈ −0.35407
5
− 12
= −0.41667

≈ −0.0705394
1
− 12
≈ −0.08333

for the receiver and





E − (k1 − s)2 s < k1 P [s < k1 ] + E − (k2 − s)2 s > k2 P [s > k2 ]
√ 
for the sender. When computed , these results provide values of
−
3+ 6 ≈
√ 
√ 
1
−4 − 6 3 + 6 ≈ −0.32543, respectively, which clearly show that
−0.06804 and 108
10

1
6



1
3

√1
6



both the sender and receiver improve significantly over the communication-independent case.
For a second example, consider a situation when the receiver knows the direction of the
preference divergence but doesn’t know the magnitude, represented as B ∼ U nif orm [0, 1].
Using the same method, the optimal choices are k1 = 0 and k2 ≈ 0.557875 while expected utilities resulting from this optimal rule are then ≈ −0.35407 for the sender and
≈ −0.0705394 for the receiver. Finally, consider a situation in which the receiver knows the
preference divergence to be exactly 0.5, a situation similar to what is discussed in Melumad &
Shibano’s work (1991). In this case, the optimal mechanism is such that k1 = k2 = 21 , which
is the communication-independent decision rule. Thus, when the preference divergence is
known to be exactly 21 , communication is no longer valuable.
The results from these three trials, along with the expected utilities form the communicationindependent case are summarized in Table 1 . The values in the table show an interesting
result: knowing that the conflict of interest lies within a smaller range, a priori, doesn’t
always result in higher expected outcome for the sender and receiver. Although this is true
in this example, it is not a general result since at some point knowing a narrower prior
10

These calculations are done using Mathematica since such maximization problems with conditional
expectations are difficult to do by hand.
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probability density function of the preference divergence is advantageous. However, it does
show that providing the receiver with an updated probability density function can lead to
a worse outcome even though more information is being shared suggesting that mandatory
disclosure can lead to worse outcomes for both players.

5

Discussion and Conclusions

5.1

Key Findings

The analysis in this paper focuses on characterizing the optimal decision-making mechanism
as chosen by the receiver in the sender-receiver game when uncertainty surrounds the inherent
conflict of interest but commitment is possible. As the results demonstrate, any mechanism
that satisfies the incentive-compatibility constraint takes on a very simple monotonic form
such that there are only regions in which the decision rule is either equal to the sender’s
optimal choice or independent of the type information communicated by the sender. Optimization of the receiver’s expected utility over all of these incentive-compatible mechanisms
prior to receiving information reveals that the optimal mechanism takes an even simpler form
in that there is a certain region in which the decision rule requires the receiver to choose
the sender’s optimal choice but below or above a certain threshold the mechanism becomes
independent of the state reported by the sender and instead is equal to the threshold value.
With a complete characterization of the optimal decision-making rule in hand, the research shows that, as expected, these threshold values depend on the previous knowledge of
the distribution of the preference divergence. Additionally, the optimal decision mechanism
implies that for all possible prior beliefs surrounding the conflicts of interest, communication
can never lead to a decrease in expected utility for either the sender or receiver, and in fact,
even after the state is revealed to the sender, it is always optimal to report information
and not abstain (even though this is not an option). Finally, as the results of the example
suggest, after the type is revealed to the sender, it is often not advantageous to report the
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level of bias to the receiver before he chooses a mechanism; it is possible that doing so may
actually decrease the expected utility of both the sender and receiver. Even though this aspect seems important, it is beyond the scope of the model that was implemented and would
require considerable more analysis.

5.2

Comparison to Previous Works

When compared to the results found in previous work, this research most closely reflects
the observations made by Melumad & Shibano (1991) in their paper on sender-receiver
games with commitment but with previous knowledge of the preference divergence. Their
analysis also showed that the optimal decision-mechanism must take a simple form, one that
is similar to the structure identified in Section 4.4. However, Melumad & Shibano were able
to explicitly state situations when communication is said to be valuable, but the current
work only addresses whether or not communication is valuable in general. Although the
results show that communication can never harm the sender or receiver, it does not specify
when communication is valuable.
In contrast to the study by Crawford & Sobel (1982) that generalized the results to
all single-peaked utility functions and more general distributions for the environment state
distribution, the results presented in the current research focused on a single type of nonmonotonic functions to represent preferences and uniform prior probability density functions
for the states. However, the results in this paper can easily be generalized to other distributions and utility functions with similar results. The structure required by an incentivecompatibility mechanism will still hold, but the optimality of having no discontinuities may
not be true.
Besides the relationship to previous theoretical work, the results of the numerical example
echo the findings of the study by Cain, Loewenstein, & Moore (2005), which reveal that the
outcomes are generally worse when the receiver is aware of the direction of the bias. However,
the experiment conducted doesn’t consider looking at the expected outcomes since it looks
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at one particular conflict of interest, which means that although there is a prior probability
distribution, only one possible preference deviation ever exists. Additionally, the paper
doesn’t consider the possibility of mechanism. Even so, the results of the example in the
previous section shows similar results in that knowing the distribution to be within a smaller
range is sometimes harmful and even after the state is observed by the sender still may lead
to lower outcomes for both the sender and receiver.

5.3

Real-World Implications

As the relationship to the lab experiment by Cain, Loewenstein, & Moore (2005) shows,
many researchers are interested in how people behave or should behave in situations of
incomplete information when communication is possible because many situations in the realworld can be characterized in similar ways, especially as sender-receiver games. Generally
the situations that are of interest when looking at sender-receiver games are when a conflict
of interest is associated with a divergence between a person’s professional responsibilities
and personal interests and when different professional responsibilities work against each
other. For example, there is often a preference divergence between attorneys and clients
when attorneys give advice as to whether or not to seek legal action (Cain, Loewenstein,
& Moore, 2005). Doctors face a similar conflict of interest when recommending procedures
or medications that they will profit from (Dana & Loewenstein, 2003). Accounting firms
face conflicts of interest when auditing the same companies that they advise (Bazerman,
Loewenstein, & Moore, 2002). All of these are of interest to economists because of their
relationship to the sender-receiver game; each game inherently has some sort of preference
divergence with one party having private information that can effect the outcome of both
parties involved. Due to the preference divergence the party with the information is often
going to lie to hopefully obtain a better outcome while the receiver must know how to
properly interpret the information.
As noted in Section 3, many papers have been devoted to developing theory around the
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sender-receiver game, but all of it assumed that the preference divergence was known to be
an exact value. However, in the real-world this is rarely the case; even if the direction of the
conflict of interest is known (which isn’t even always true), its magnitude is never exactly
known. Consider the situation of a patient consulting a doctor about potential treatments
for some illness where the treatments can range from pharmaceuticals to performing some
additional tests. If the doctor is being paid by a pharmaceutical company for prescribing a
certain medication, then he will prefer this approach, but if the doctor is also getting paid to
do the additional tests, he will lean in this way instead. Going into the appointment the patient is unsure in what direction the conflict of interest is leaning and thus doesn’t know how
much weight to put on the doctor’s recommendation. Even if the patient knows the doctor
is being paid for performing tests, the amount of compensation is still uncertain. Similarly,
when a politician hires an advisor, it is often known with which party they align with, but
the degree to which they identify with liberal or conservative views is often unknown. Thus
it is hard for the politician to accurately interpret the information reported by the advisor.
Due to this uncertainty around the preference divergence, a lot of the previous research
is only partially applicable, and the research in this paper helps to close this gap by addressing the sender-receiver problem when the conflict of interest is only known to be over
some probability distribution. In the real world, the perceived prior probability distribution
may not be correct, but as long as it is close, the work done in this paper is applicable.
Additionally, it isn’t always possible for the receivers to be able to commit to a decision-rule
in the real-world since contracts aren’t made for single doctor visits, but in cases where the
sender is employed by the receiver contracts are feasible. Also, more specific situations such
as the interaction between the President and Congress and between the Federal Reserve
and its investors allow for more plausible contracts. In general the ability to commit to a
mechanism depends on the legal environment, whether decisions are verifiable, relationship
lengths, and reputational forces.
In cases when commitment is feasible the results of this paper are applicable and provide
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general guidelines for individuals or firms on how to send and interpret information. Since
the mechanisms are all incentive-compatible it is always optimal for the sender to reveal all
of their private information after a decision-rule has been implemented, but not beforehand.
The decision mechanism chosen by the receiver should align perfectly with the sender’s
optimal choice in some region, but if the recommendation by the sender is too extreme,
the mechanism should become independent of the report. In these regions of independence
the decision rule should prescribe the highest (or lowest) decision made in the informationdependent region if the recommendation is higher (lower) than the threshold. This method
limits the possible actions taken by the receiver to only those that lie close to the actual
state of the environment where the threshold levels are determined by the uncertainty in the
preference divergence. If this basic structure is followed by both the sender and receiver, they
are guaranteed to achieve better outcomes than would be possible without communication.
Even if the sender already knows his type prior to the mechanism being decided he is still
better off agreeing to the mechanism.
Even though contracts are not often made between doctors and patients it is helpful to
look at this example to see how this method applies to the real world. Supposing the patient
is unsure of the preferences before the appointment, he can maximize his utility by creating
a contract that specifies that he will follow the doctor’s recommendation if it doesn’t require
too much medication or too many tests, which is restricted by his prior belief about the true
severity of his illness and by his beliefs about the conflict of interest. If the number of tests
or level of medication is higher than the level the patient will accept, he will follow some
predetermined lower level of treatment. If this method is followed, then both the doctor and
patient are better off than if the patient determined the optimal course of treatment without
consultation. If this recommended optimal contract is not implemented, however, or there
is no contract formed, then it is possible that the expected outcome for the patient is lower
than it would have been without scheduling an appointment.
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5.4

Suggestions for Further Research

Although this paper begins to investigate the optimal decision-making rule that should be
implemented in a sender-receiver game when commitment is possible and their is uncertainty
surrounding the preference divergence between the two players, there are several extension
that would provide useful information about the problem and its solution. First, exploring
the equilibrium of the game in situations where mechanisms cannot be implemented would
provide a great level to which the expected utility of mechanisms could be compared, but
this problem poses some difficulty due to the use of two random variables. The finding of
equilibrium in the simple case where the preference divergence was known proved to be a
difficult task, as shown by Crawford & Sobel (1982). Thus the addition of a second unknown
increases the difficulty of finding a solution to a point where it is near impossible to identify
one explicitly.
This problem can already be seen in determining the optimal threshold values in Section
4.5; even given the restriction that the preference divergence is a uniform distribution it is
impossible to find an explicit form because of the number of different cases. This problem
can again be seen when attempting to determine the gains from communication and the
changes in expected utility when changing the range of the distribution. Answering these
questions would be the optimal next step following the current analysis. Doing so would
help determine when sharing some information about the conflict of interest is beneficial to
the sender, but again this adds another element to the basic sender-receiver game and is
more difficult.
When these questions are finally answered, extensions similar to what was done in recent
research following Melumad & Shibano’s (1991) work would be of interest. One possibility
is to investigate how the degree of commitment impacts the usefulness of communication,
while another extension that would provide greater insight into the problem would be to
allow for a larger class of utility functions that take additional features into account (such
as sensitivity to the environment). Finally, investigating how transfers between the sender
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and receiver would impact the choice of an optimal mechanism would be of use, but this
is not possible without first understanding the impact of commitment and communication
on the sender-receiver game as used in this paper. Until this further research is conducted,
the analysis presented here provides initial insight into the problem facing a receiver when
trying to optimize utility without knowledge of the conflict of interest that exists between
him and the sender.

6
6.1

Appendix: Proof to Lemmas, Claims, and Propositions
Proofs from Section 4.3

Proof. Lemma 1. Suppose that there are two different sender types (x, s) , (x0 , s0 ) ∈ X × B.
By the incentive-compatibility constraint in Equation 6, the following two inequalities must
hold:
2

(a (x, s) − s)2 ≤ (a (x0 , s0 ) − s)
2

2

(a (x0 , s0 ) − s0 ) ≤ (a (x, s) − s0 ) .
For simplicity, let a (x, s) = a, a (x0 , s0 ) = a0 , so that the equations can be represented as
2

(a − s)2 ≤ (a0 − s)
2

2

(a0 − s0 ) ≤ (a − s0 ) ,
By expanding and simplifying, these are equivalent to the following two expressions:
2

−a2 + 2as0 + (a0 ) − 2a0 s0 ≤ 0
2

a2 − 2as − (a0 ) + 2a0 s ≤ 0.
Summing these inequalities gives
(s − s0 ) (a − a0 ) ≥ 0.
This then means that if s > s0 , then a ≥ a0 , which means that a (x, s) is monotonically
increasing in s. Since the two types were chosen arbitrarily, this holds for all types.
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In a similar fashion suppose that there are two different types, (x, b) , (x, b0 ) ∈ X × B,
such that only the bias differs between the two. By the incentive-compatibility constraint
and the inequality in Equation 5, the following two inequalities must hold:
2

(a (x, b) − (x + b))2 ≤ (a (x, b0 ) − (x + b))
2

2

(a (x, b0 ) − (x + b0 )) ≤ (a (x, b) − (x + b0 )) .
Through simplification and addition these two equations become
(a − a0 ) (b − b0 ) ≥ 0,
which implies that a (x, b) is monotonically increasing in b. Starting with two types (x, b) , (x, b0 ) ∈
X × B, a similar calculation yields
(a − a0 ) (b − b0 ) ≥ 0,
implying that the decision function is also monotonically increasing in x.

Proof. Lemma 2. Consider two distinct types (x1 , s∗ ) , (x2 , s∗ ) ∈ {(x, s) | s = s∗ } and for
simplicity, let a (x1 , s∗ ) = a1 and a (x2 , s∗ ) = a2 . Then by Equation 6, it must be true that:
(a1 − s∗ )2 ≤ (a2 − s∗ )2
(a2 − s∗ )2 ≤ (a1 − s∗ )2 .
Taken together these imply that
(a1 − s∗ )2 = (a2 − s∗ )2 ,
which can be reduced to the equality
(a1 − a2 ) (a1 + a2 ) = 2s∗ (a1 − a2 )
through multiplication and simplification. Given this equation, it is possible that a1 = a2 ,
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which is trivial since both sides equal zero. However, if a1 6= a2 , then
a1 + a2 = 2s∗

(14)

implying that a1 = 2s∗ − a2 (or a2 = 2s∗ − a1 ).
Assuming that a1 6= a2 , consider any third type (x3 , s∗ ) ∈ {(x, s) | s = s∗ } and let
a (x3 , s∗ ) = a3 . Then, using the method employed above with the pairs a1 , a3 and a3 , a2 ,
the following two equalities are obtained:
(a1 − a3 ) (a1 + a3 ) = 2s∗ (a1 − a3 )
(a3 − a2 ) (a3 + a2 ) = 2s∗ (a3 − a2 ) .
Thus, if a3 6= a1 it must be true that a3 = 2s∗ − a1 , which is equivalent to a2 . Similarly,
if a3 6= a1 , then a3 = 2s∗ − a1 , which is the same as a2 . Thus a3 ∈ {a1 , a2 }, and since x3
represents an arbitrary element within the set S = {(x, s) | s = s∗ }, a (x, s) can take at most
two values, a1 6= a2 over S. Additionally, Equation 18 shows that these two distinct values
must sum to s∗ .

Proof. Lemma 3. Suppose that a function a (x, s) is strictly increasing in s on the set
S = {(x, s) | s1 < s < s2 }, for some s1 and s2 , and that a (x, s) 6= s for some (x∗ , s∗ ) ∈ S
such that a (x∗ , s∗ ) < s∗ or > s∗ . First suppose the former: let a (x∗ , s∗ ) = s∗ − ε for some
ε > 0. By reporting the true type, the expected utility of the sender is
− (a (x∗ , s∗ ) − s∗ )2 = − ((s∗ − ε) − s∗ )2
= −ε2
Since a is strictly increasing in s, there must exist some δ and s0 where ε > δ > 0 such that
s∗ > a (x∗ , s0 ) = s∗ − δ > a (x∗ , s∗ ) = s∗ − ε. By reporting the type (x∗ , s0 ) instead of the
true type, the expected utility of the sender is
2

− (a (x∗ , s0 ) − s∗ ) = − ((s∗ − δ) − s∗ )2
= −δ 2
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Since ε > δ > 0, −δ 2 > −ε2 , which implies that
2

− (a (x∗ , s0 ) − s∗ ) > − (a (x∗ , s∗ ) − s∗ )2 ,
which violates the incentive-compatibility constraint. A similar argument can be made if
at some point a (x∗ , s∗ ) > s. Additionally it is clear that a (x, s) = s satisfies IC since
0 ≥ 0. Together these two results imply that in order to satisfy IC, it must be that case that
a (x, s) = s on S.

Proof. Lemma 4. Suppose that there exists a discontinuity at (x∗ , s∗ ) such that a (x∗ , s∗ ) <
s∗ , but suppose that



a (x∗ , s∗ ) ,
for a (x∗ , s∗ ) < s < s∗


a (x, s) 6= a (x∗ , s∗ ) or 2s∗ − a (x∗ , s∗ ) , for s = s∗



2s∗ − a (x∗ , s∗ ) ,
for s∗ < s < 2s∗ − a (x∗ , s∗ ) ,
which implies that one or more of the three conditions are not satisfied. First, consider
s ∈ [a (x∗ , s∗ ) , s∗ ). By Lemma 1, it must be true that a (x, s) ≤ a (x∗ , s∗ ). Now suppose
that a (x, s0 ) < a (x∗ , s∗ ) for some s0 ∈ [a (x∗ , s∗ ) , s∗ ). If the sender is of type (x, s0 ), then
his expected utility from telling the truth is − (a (x, s0 ) − s0 )2 , while the expected utility is
− (a (x∗ , s∗ ) − s0 )2 if he lied and reported the type (x∗ , s∗ ). Since s0 ≥ a (x∗ , s∗ ) > a (x, s0 ),
it is clear that
2
2
− (a (x∗ , s∗ ) − s0 ) > − (a (x, s0 ) − s0 ) ,
which violates IC. A symmetric argument can be made when s∗ < s < 2s∗ −a (x∗ , s∗ ). Lemma
2 implies that for any incentive-compatible function, a (x, s) ∈ {a (x∗ , s∗ ) , 2s∗ − a (x∗ , s∗ )}
when s = s∗ . Therefore, if any of the three conditions are not satisfied, a (x, s) is not IC.
A similar argument holds if a (x∗ , s∗ ) > s∗ . This result implies that either Equation 7 or
Equation 8 must hold.
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Proof. Proposition 1. The results in this proposition come directly from Lemma 1, Lemma
3, and Lemma 4.

6.2

Proofs from Section 4.4

Proof. Lemma 5. There are two portions to this proof: it is necessary to show that a (x, s) =
s and that a discontinuity is never optimal is never optimal when s ∈
/ [0, 1] . Although the
lemma covers the two regions s < 0 and s > 1, it is only necessary to consider the case when
s < 0 since the other reionregion requires a similar argument. First, consider the case when
a (x, s) = s on the set S = {(x, s) | s1 < s < s2 } for some s1 < s2 < 0. Given, the decision
rule, given any (x∗ , s∗ ) ∈ S, the receiver’s utility is represented by − (s∗ − x)2 . Now consider
the decision rule a (x, s) = s2 on the set S. For any given x, the receiver’s utility is now
− (s2 − x)2 , and since x ≥ 0 > s2 > s∗ ,
|s∗ − x| > |s2 − x| ,
which implies that
− (s2 − x)2 > − (s∗ − x)2
for all types within S. Additionally, since a (x, s) ≤ s1 for all s < s1 (as implied by Proposition
1), a (x, s) = s2 if all s < s2 gives the receiver a higher expected value than a (x, s) = s on
S and any other incentive-compatible mechanism on the set {(x, s) | s < s1 }. Therefore, it
is never optimal to for the decision mechanism to be a (x, s) = s on any open set such that
s < 0 or s > 1.
This same general principle applies to discontinuities when s < 0. Consider a discontinuity at (x∗ , s∗ ) such as in Lemma 4 where a (x∗ , s∗ ) < s∗ . Also, let s∗ − a (x∗ , s∗ ) = α. This
implies that

a (x, s) =


∗


s − α,


for a (x∗ , s∗ ) < s < s∗

s∗ − α or s∗ + α, for s = s∗



s∗ + α,
for s∗ < s < 2s∗ − a (x∗ , s∗ ) .

Now consider an arbitrary type point (x0 , s0 ) such that s ∈ [a (x∗ , s∗ ) , s∗ ). Then the receiver’s
utility at this type is − (a (x∗ , s∗ ) − x0 )2 = − (s∗ − α − x0 )2 , where |s∗ − α − x0 | = x0 +α−s∗ .
Now assume that instead, the mechanism prescribes the action a (x, s) = 2s∗ − a (x∗ , s∗ ) =
s∗ + α. In this case, the utility of the receiver is − (s∗ + α − x0 )2 , where |s∗ + α − x0 | =
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max {x0 − (s∗ + α) , s∗ + α − x0 }. Thus
|s∗ − α − x0 | − |s∗ + α − x0 | = max {−2α, 2s∗ } ,
which is guaranteed to be positive. As a result,
2

2

− (s∗ + α − x0 ) > − (s∗ − α − x0 ) ,
implying that the function in Equation 7 is not optimal when s ∈ [a (x∗ , s∗ ) , s∗ ). Additionally
this says that, as in the first portion of this proof, a (x, s) = s∗ +α is superior for all s < s∗ +α
since any a (x, s) ≤ s∗ −α if s < s∗ −α. Thus, if s < 0, a (x, s) = a1 and if s < 1, a (x, s) = a2
for some constants a1 and a2 .

Proof. Lemma 6. This proof can be broken into two parts, but first consider a discontinuity
at (x∗ , s∗ ) such as in Lemma 4 where a (x∗ , s∗ ) < s∗ . Also, let s∗ −a (x∗ , s∗ ) = α. For the first
part of the proof, assume that 0 ≤ s∗ − α < s∗ + α ≤ 1. Now consider only the probability
density function of types where x > s. In this region, given a specific s0 , the values of x
are within the interval [max {s0 , s0 − bmax } , min {max {s0 , s − bmin } , 1}]. This implies that
the length of the interval for smaller s > 0 is at least as long as the interval for larger s.
Additionally, with respect to the line x = s, these intervals begin at the same point (again,
assuming that s > 0). An additional important result is that given two types (x1 , s1 ) and
(x2 , s2 ) such that x1 − s1 = x2 − s2 = β, s∗ − α < s1 < s2 < s∗ + α, and s∗ − s1 = s2 − s∗ ,
the sum of the receiver’s utility at these two types given the discontinuity is
− (s∗ − α − x1 )2 − (s∗ + α − x2 )2 = −2 (s∗ )2 − x21 − x22 .
Under the mechanism a (x, s) = s, the utility of the receiver at these two points is
− (s1 − x1 )2 − (s2 − x2 )2 = −2β 2 .
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Taking the difference between the first and the second yields
−2 (s∗ )2 − x21 − x22 + 2β 2 = −2 (s∗ )2 − x21 − x22 + 2 x21 − 2x1 s1 + s21



= −2 (s∗ )2 + x21 − x22 + 2s21
<0
because 0 < x1 < x2 and 0 < s1 < s∗ . Thus, given two types of this sort, the sender’s firstbest function is the optimal choice. These two results, taken together with the fact that the
joint probability density function implies that any discontinuity of this form is not optimal
when compared to a (x, s) = s over the same region. This is because for each given s∗ <
s2 < s∗ + α, and all possible x-values at this s2 , there is an s1 and x1 values as defined above
such that changing to the sender’s first-best choice function increases the expected utility
of the sender at that s2 . Additionally, since [max {s0 , s0 − bmax } , min {max {s0 , s − bmin } , 1}]
is monotonically decreasing in s if 0 < s < 1, there are additional points above the lower
region that do not have a matching type in the upper region. These types would lead to an
even greater benefit from switching to a (x, s) = s. Thus, if there is a discontinuity such that
a (x∗ , s∗ ) < s∗ and 0 ≤ s∗ − α < s∗ + α ≤ 1, it is never optimal. A similar argument can be
used to show the same effect for the types where x < s, but this just enhances the effect.
The last step of this proof is to show that if a (x∗ , s∗ ) < s∗ while 0 > s∗ − α or s∗ + α > 1.
However, it is only necessary to consider one of these, when s∗ − α < 0. First, suppose that
there is a discontinuity such that s∗ − α = 0, which is already known not to be optimal.
Now suppose that this reduces by some δ > 0 such that now the lower region is at a (x, s) =
s∗ − α − δ. Now in this case, since s∗ − α − δ < 0, it may not be true that the length of
the interval [max {s0 , s0 − bmax } , min {max {s0 , s − bmin } , 1}] is longer for lower values of s.
However, for the triangle formed by x = s, x = 0, and s = s∗ − α − δ that does not contain
any points to cancel out the possible benefit in increasing the value of the upper region (the
method of matching types), the increase of the upper region by δ actually guarantees that
there is a region in which s∗ + α + δ is actually moving away from it (the triangle bounded by
x = s and x = s∗ + α, which exists with positive probability even before this lower triangle
does), thus cancelling out the benefit itself. Since this δ is of arbitrary size, the expected
utility of a region around a discontinuity decreases when s∗ − α < 0 when compared to the
case that s∗ − α = 0. Since this latter case isn’t even optimal, then the other discontinuity
case is never optimal. Thus a discontinuity can never occur at a point where 0 < s < 1.
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Proof. Proposition 2. The results in this proposition are derived from Lemma 5 and
Lemma 6. Additionally, the requirement that k1 ≤ 12 comes from the fact that if it was
greater than 12 then a (x, s) > 12 everywhere, which results in a worse expected value than
the communication-independent mechanism. The reason k2 ≥ 12 is similar.
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