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Abstract

I analyze a disclosure game between an uninformed decision maker and an informed
but possibly biased expert. The relevant information is contained in a set of argu-
ments. The expert can disclose each argument credibly, but he cannot prove whether
he has disclosed everything.

In all equilibria some, but not all, information is revealed. The biased expert
exaggerates his reports in favor of his preference, yet he does not suppress all of the
unfavorable information. The decision maker takes balanced reports at face value, but
is skeptical about the unbalanced ones. In the latter case, she chooses the alternative
favored by the biased expert only if the expert can provide her with enough favorable
arguments.

The decision maker is better-off when she is familiar with the choice problem, and
she is more likely to be persuaded in complex situations.

Keywords Strategic communication, persuasion, argumentation, expert, disclo-

sure garmes



1 Introduction

Consider a first-time camera buyer who wants to compare all relevant characteristics
of different cameras. As an inexperienced camera buyer, she may be uninformed
about the complexity of the product; that is, she may not know which and how many
technical specifications are important for taking quality pictures. The salesman knows
all the relevant features and can credibly disclose each of them to the buyer. Disclosed
information is credible because of different reasons: the salesperson may be able to
prove the size of the display and zoom by demonstrating them, the consumer may be
able to test the features by using the camera, or liability laws may make it unprofitable
for the salesperson to lie about any feature. One does not, however, expect the
salesperson to always disclose all information to the buyer. In addition to revealing
favorable characteristics of the camera, he may also mention some unfavorable ones—
for example, he may mention its short battery life—but he will probably conceal some
unfavorable features. This observation is puzzling in light of the unravelling result,
which states that when the expert cannot lie, he reveals all information even if the
parties have conflicting interests.

There are many situations that exhibit similar features: an investor consulting a
financial adviser before choosing between two investment options, a patient listening
to a doctor before selecting a treatment, or a reader of an academic or newspaper
article before forming opinion. This paper shows that unravelling may fail in such
situations and identifies the reasons for this failure. It also shows that although
information favorable to the expert is always disclosed, some unfavorable information
is likely to be disclosed as well. Finally, it identifies conditions under which there is
more disclosure of information.

The model has the following structure. A decision maker consults an expert to help
her choose between two alternatives: Right and Left. The state of nature is a set of
random variables, called arguments, each of which favors one alternative. The quality
of each alternative is a fraction of the arguments in its favor, and the decision maker
prefers Right to Left only if its quality is sufficiently high. The number of arguments
is itself a random variable, which is known to the expert but not to the decision maker.
The expert observes all of the arguments and truthfully reports a subset of them to
the decision maker before the decision maker makes a choice. To focus on robust

equilibria I analyze a game in which the players’ preferences are uncertain; both the



threshold quality above which the decision maker chooses Right and the expert’s
preference are private information. The expert can be either an honest type who
reveals all of the arguments, a persuader toward Right, or a persuader toward Left. A
persuader wants the decision maker to choose the persuader’s preferred alternative.

Full disclosure of information is not an equilibrium; if it were, the decision maker
would take all reports at face value, but then the expert would have an incentive
to reveal only favorable arguments. Unravelling fails because the expert is unable
to prove to the decision maker whether he has disclosed all arguments: the decision
maker does not know, and the expert cannot prove how many arguments there are.

I first analyze a simple version of the game in which the expert can be either honest
or a persuader toward Right. In this game, aruments in favor of Right and states with
many such arguments are favorable to the persuader. In any equilibrium, the per-
suader biases his reports in favor of his preference, but does not suppress unfavorable
information altogether. The decision maker takes at face value all reports that have
a high proportion of arguments unfavorable to the persuader. For all other reports,
the decision maker bases her choice only on the number of favorable arguments, dis-
regarding the unfavorable ones. The reason for this is as follows. The decision maker
must be sufficiently skeptical about reports with a small number of arguments in
favor of Left —that is, she must believe that many more arguments in favor of Left
are likely to exist — because they are available to the persuader in unfavorable states.
Moreover, she must be equally skeptical about all such reports; that is, she must hold
the same low posterior belief about the quality of Right. Otherwise, the persuader
would mislead her by choosing a report about which she is least skeptical.

This intuition raises doubts about whether any information can be transmitted
when there are three types of experts: an honest expert, a persuader toward Right,
and a persuader toward Left. In this setting, the decision maker does not know
which alternative the expert favors; hence, she does not know whether she should be
skeptical about the reported quality of Right or Left. In section 4 I analyze a game
with three types of experts and show that a persuader can successfully transmit
information only if he separates himself from the persuader of the other type, and he
always chooses to do so, if possible. This is a surprising finding. Since the persuader
benefits from pooling with the honest expert, we might expect him to benefit from
pooling with the expert with the opposite bias. However, this turns out not to be true

in every state. When the persuader has many arguments favorable to him, he benefits



more from proving this than from pooling with the other type of persuader. Hence,
upon hearing many arguments in favor of one alternative, the decision maker is able
to infer toward which alternative the expert may be biased and then bases her choice
solely on these arguments. However, when the persuader has few favorable arguments,
he prefers to pool with the persuader of the other type and thus benefit from the
decision maker’s uncertainty about what type of arguments have been concealed. As
a result, the decision maker ignores the expert’s recommendation if he supports it
with too few arguments.

The equilibrium use of unfavorable arguments is consistent with everyday expe-
rience. For example, a salesman may mention a car’s long acceleration time, or an
author may mentions findings that disagree with his agenda. Some commercials use
two-sided messages — messages containing arguments both for and against a given
alternative — for example, an advertisement attempting to persuade consumers of su-
periority of dBase IV software disclosed that it was more costly and worse at handling

I Psychological research has shown that two-sided

errors than competing products.
messages are more persuasive and increase the perceived truthfulness of the expert.?
The current model can be viewed as a game-theoretical foundation for these observa-
tions. In the model, two-sided messages are not more persuasive, but neither do they
harm the expert, and in equilibrium the persuader must use them to avoid revealing
his type. However, adding a small number of naive decision makers who take the
expert’s messages at face value makes the rational decision maker more likely to be
persuaded by the expert using a two-sided message, as shown in section 3.2. In such
a game, the persuader has an incentive to bias his reports to influence the naive deci-
sion makers, which is why a rational decision maker is more skeptical about reports
with few unfavorable arguments.?

In this paper, the inability of the expert to prove whether he has disclosed all

information stems from two assumptions: first, that there is no credible message con-

!See Pechmann (1992). Another example is the case of Continental Airlines acknowledging a
variety of past problems such as canceled flights and lost luggage when trying to persuade the
clients about its new commitment to quality (Crowley and Hoyer, 1994).

2See, for example, Smith and Hunt (1978) and Anderson and Golden (1984).

3Crowley and Hoyer (1994) discuss many psychological theories for why two-sided messages are
more persuasive. The intuition in this paper about persuasiveness of two-sided messages is closest
to attribution theory, which says that decision makers attribute claims either to the persuader or to
the honest expert. Including unfavorable arguments enhances the credibility of the expert.



firming full disclosure; and second, that the decision maker is uncertain about how
many arguments exist. Varying the prior distribution of arguments amounts to relax-
ing or strengthening the second assumption. In particular, if the prior distribution of
arguments is degenerate, the expert proves that he has revealed all arguments simply
by doing so. In Section 5, I show that the utility of the decision maker increases
as the prior distribution of the arguments becomes less dispersed. As this distribu-
tion becomes less dispersed, the decision maker has a more precise estimate of how
many arguments she should consider; hence, she can better estimate the number of
arguments that the expert has concealed. The dispersion of the prior distribution of
arguments may be interpreted in two ways. First, it may represent the complexity of
the decision problem. For example, when reading a newspaper, the decision maker
may find it difficult to estimate how many relevant facts exist for each particular
problem. Second, the dispersion of the distribution of arguments may represent the
degree of the decision maker’s familiarity with the problem. Hence, this paper finds
that less informed decision makers facing complex choice problems benefit most from
mandatory disclosure. It is well known that in many situations it is impossible to
ascertain whether the expert possesses undisclosed information; therefore, mandatory
disclosure policies may be difficult to implement. More broadly, my finding suggests
that in such situations it is important to have a policy of informing decision makers
about the relevant dimensions of the decision problems, but not necessarily about
the values these dimensions take. In terms of the motivating example, educating con-
sumers about the relevant features of cameras in general will lead to more information
disclosure.

Since Grossman (1981), Milgrom (1981), Milgrom and Roberts (1986), and Matthews
and Postlewaite (1985) first laid out the unravelling argument, the research has fo-
cused on identifying situations in which this argument may fail.* Viscusi (1978) and
Jovanovic (1982) show that the expert reveals only favorable states when disclosure is
costly. In Fishman and Hagerty (2003), information transmission is hindered by the
presence of decision makers who can verify the event of disclosure, but do not under-
stand the disclosed information. Dye (1985), Shin (1994a), Shin (1994b), and Shin

(2003) show that unravelling may fail if there is uncertainty about how well informed

4 A parallel strand of literature focuses instead on information transmission when talk is cheap;
that is, when the expert cannot prove anything, but can send any message at no cost. See, for
example, Crawford and Sobel (1982), Krishna and Morgan (2001), and Battaglini (2002).



the expert is. In a dynamic setup, Grubb (2007) shows that unravelling may be hin-
dered further if senders want to build a reputation for being uninformed. Although
in the present paper disclosure is costless, all decision makers are fully rational, and
the expert is fully informed, unravelling fails nevertheless.

The papers closest to mine are Shin (1994a) and Wolinsky (2003). However, the
current paper differs from Shin (1994a) in two important ways. First, in Shin (1994a),
the expert may have imprecise information about the state of nature and can reveal
what he knows credibly, but he cannot prove that his information is imprecise. In
contrast, in the current model the expert always knows the state of nature, but he
cannot prove that he has disclosed all available arguments. However, even though
these are different assumptions, the logic at work is somewhat similar: the expert is
unable to prove whether he has disclosed everything. Second, Shin (1994a) focuses on
the class of equilibria in which the expert reveals only favorable information. I allow
for uncertainty about the preferences of the expert, with the result that the complete
suppression of unfavorable information cannot be part of an equilibrium.’

Wolinsky (2003) introduces uncertainty about the preference of the expert in a
game with fully informed experts. In his model, unravelling fails because the deci-
sion maker cannot hold a belief unfavorable to the expert, since she does not know
the expert’s preferences. In contrast, in my model uncertainty about the expert’s
preferences is not crucial to the failure of information revelation. In both papers the
uncertainty about the expert’s preferences results in the use of reports that would not
be most favorable if taken at face value. In contrast to this paper, however, in Wolin-
sky (2003) the strategy of the expert cannot be interpreted as the use of two—sided
messages.

The nature of disclosure suggests that the message space available to the expert
is discrete, and this is what Shin (1994a), Shin (1994b), and Wolinsky (2003) assume.
One technical contribution of this paper is to model the number of arguments as
a continuous variable. This makes the model more tractable and allows for more
generality.

The paper is organized as follows. Section 2 describes the game. Section 3 analyzes

a version of the model in which the expert is either honest or a persuader toward Right.

5For more on this difference, see Section 5.1.

SFrom the modeling perspective, Glazer and Rubinstein (2001) and (2004) also analyze a model
in which information is a collection of arguments, but they focus on communication when there is
boundary on the number of arguments that can be revealed.



Section 4 extends the analysis to the case in which the expert can be any of three
types. Section 5 analyzes the impact of uncertainty that the decision maker faces on

the equilibrium outcome. Section 6 provides a summary and conclusions.

2 The Model

The environment

There are two alternatives: Right and Left. A state of nature is a tuple (L, R) €
R?%. L represents the number of arguments in favor of Left, and R represents the
number of arguments in favor of Right. Let f (L, R) be the prior probability density
function over the state space, and F' (L, R) be the corresponding distribution function.
The distribution over the state space is common knowledge.”

There are two players: an expert and a decision maker.

The expert

The expert observes the state of nature (L, R) and sends a report to the decision
maker. A report is a tuple (A, p), where A is the number of arguments in favor of
Left and p is the number of arguments in favor of Right that the expert reveals. A
report (A, p) € R? is feasible in state (L, R) if A < L and p < R, and in each state
the expert can send any report from the feasible set at no cost. This implies that
the expert can truthfully disclose any subset of the existing arguments, but cannot
credibly convey that he has disclosed all of them.

There are three types of experts: an honest expert, H; a persuader toward Right,
P.; and a persuader toward Left, P,. An honest expert is non-strategic and reveals
all of the arguments. A persuader toward alternative A wants the decision maker to
choose A, independent of the state of nature; that is, he maximizes Pr {4 is chosen} .
The probability that the expert is of type i € {P, P., H} is 7;. A strategy of a type
i persuader, m; ((\, p) | (L, R)), specifies for each (L, R) the probability distribution
over the set of feasible reports. The expert is said to report fully if he reveals all of
the arguments.

The decision maker

"Note that arguments are continuous variables. In my motivating examples, the number of
arguments is a discrete variable, but modeling L and R as continuous variables makes the model
significantly more tractable and allows it to obtain general results without putting much structure
on f (L, R). Section 3.3 discusses the limitations of this assumption.



Define the quality of a given alternative as the fraction of arguments in its favor,

qr = % and q;, = RLJFL. The utility of the decision maker is:
U (Right|L, R) = qr— 0, U (Left|L, R) = g1, + 0 — 1 (1)

where 6 € [0, 1] is a preference parameter. In short, the decision maker chooses Right
if and only if E [gr|A, p] > 6.

The parameter 6 describes an ex ante preference of the decision maker. For exam-
ple, a consumer may have some intrinsic preference for Canon cameras over Panasonic
cameras, a shareholder may prefer stocks of environmentally friendly companies, or a
voter may prefer a Republican candidate because of family tradition, all other things
being equal. Nature chooses 6 according to a continuous probability density func-
tion g () with full support, with the corresponding distribution function G (). The
decision maker observes her 6, but the expert does not.

The game

The game proceeds as follows. First, nature determines the type of expert ¢ €
{P,, P., H} and the set of arguments (L, R). The expert observes his type and the
state of nature (L, R), and sends a report (A, p) to the decision maker. The decision
maker observes her type and the report, and chooses one of the alternatives.

Technical assumptions

Assume that f (L, R) is continuous with full support on R2. Let f% (L|R) denote
the conditional density of L given R, and f (R|L) the conditional density of R given
L. Let F*(L|R) and F'® (R|L) be the corresponding distribution functions. I impose

the following regularity conditions:

dF" (L|R) dFR (R|L)
> > 0. 2
ar =% a2 2)

Intuitively, condition 2 says that the presence of an additional argument in favor
of one alternative does not make the opposing arguments more likely. This rules
out situations in which "good news is bad news," that is, in which a higher number
of arguments favoring a given alternative makes this alternative less likely to be
attractive.

Graphic representation

The triangle in Figure 1 represents the state space and the report space. Define



Z(Lo,Ro)

V(¥o,Rp)

Lo L

Figure 1: This figure represents the state space. V' (Lg, Ry) is the set of feasible reports
for (Lo, Ro) and Z (Lo, Ry) is the set of states of nature in which report (Lo, Ry) is
feasible.

Z(Np) ={(L,R)eS:L>Xand R > p} and let V (L, R) be the set of feasible
reports in state (L, R). If the state of nature is (Lo, Ro), then the shaded region
V' (Lo, py) is the set of feasible reports. The shaded region Z (Lg, Ry) is the set of
states of nature that allow the expert to send a report (Lg, Ro)

The line 6 represents the states of nature that generate the same quality, qr = 0.
The decision maker of type 6 prefers to choose Right if the state of nature lies above
this line but Left otherwise.

Equilibrium concept

I look for a perfect Bayesian equilibrium of this game. The decision maker in
this game has a very limited role: she chooses Right if she believes that the quality
of Right is above 6. Given this, from the perspective of the expert the probability
that the decision maker chooses Right is a strictly increasing function of the belief.
Therefore, one can transform this game into a game with one player only, in which
the persuader toward A maximizes the belief of the decision maker about ¢, where
the belief is formed using Bayes’ rule.’

Let 1 (), p) be the equilibrium belief of the decision maker about ¢y if she observes
report (A, p). A perfect Bayesian equilibrium is characterized by m; for i € {P, P}
and 7 (A, p) such that

8The honest expert uses all possible reports; therefore, there are no off-equilibrium beliefs.



1. m,; satisfies
R L
/ / m; (A, p)| (L, R))d\dp = 1 for all (L, R) € R?;
o Jo

2. if (\*, p*) is in the support of mp, (:| (L, R)), then (A", p*) solves

a A :
o X (X, p);

and if (A", p*) is in the support of mp, (:| (L, R)), then (A, p*) solves

. o).
o T (A p);

3. (A, p) is derived using Bayes’ rule.

The above definition entails the immediate conclusion that the set of equilibria

does not depend on the distribution of # as long as it has full support.

3 One-sided Bias

In this section, I consider a situation in which the decision maker knows the direction
of the potential bias of the expert. Let m be the probability that the expert is biased
toward Right, i.e., is of type P,; and 1 —7 be the probability that the expert is honest,
i.e., is of type H.

The decision maker often knows which alternative the expert may favor. A sales
representative may advise the customer honestly about the quality of his product, but
he is certainly not interested in increasing the sales of competing products. A firm
may report honestly, but if it does not, it is interested in maximizing its perceived

value.

3.1 The properties of the equilibria

It is easy to see that there is no equilibrium with full information disclosure. If there
P
m, and the

persuader would prefer to conceal all unfavorable arguments, convincing the decision

were one, the expert’s reports would be taken at face value, n (X, p) =

maker to choose Right. Proposition 1 states the less obvious result.

9



Proposition 1 There is no babbling equilibrium.

Proof All proofs are in the Appendix. m

The intuition for Proposition 1 is as follows. In a babbling equilibrium all reports

_R_
R+L

arguments in favor of Right (p, large) and few in favor of Left (Ao small). There is

generate the prior belief F [ } . Consider a decision maker who receives many
some probability that these reports come from the honest expert, and in such a case
the quality of Right is close to 1. Hence, if the decision maker forms F [RL_;L] < 1,it
must be that the persuader sends this report when the quality of Right is low, which
is when there are many more arguments in favor of Left than in the report. But given
condition 2, such a state is very unlikely relative to state (Ao, py) . Hence for p, large
enough the decision maker believes it is very likely that the report came from the
honest expert; her belief therefore must be close to 1.

Although there is no babbling equilibrium, there are many partially revealing equi-
libria in this game, which is not very surprising given that the message space is larger
than the payoff-relevant space. However, all equilibria share properties described in

Proposition 2.

Proposition 2 In each equilibrium, for all p, there exists A, such that 1 (X, p) is
constant for all A € [0,),). The persuader is indifferent among revealing any small
number of unfavorable arguments and does not always suppress them completely. The

belief n (0, p) is weakly increasing in p.

In all equilibria the persuader does not completely suppress the unfavorable infor-
mation: his strategy includes revealing arguments that appear to oppose his interest.
However, two-sided messages are not more persuasive. If the number of arguments
in favor of Left that the expert reveals is low enough, the decision maker bases her
decision solely on the number of arguments in favor of Right: n (), p) is independent
of \.

The intuition for Proposition 2 is as follows. Assume that there exists p, such
that the belief about the quality of Right when only favorable arguments are revealed
is different from the belief when some unfavorable arguments are revealed; that is,
1 (Ao, po) # 1 (0, py) for an arbitrarily small Ag. If the belief is higher when there

are few unfavorable arguments than when there are none, 1 (Ao, py) > 7(0, p,) , the

10



persuader always tries to reveal a small number of unfavorable arguments. Hence,
upon hearing a report with favorable arguments only, the decision maker must believe
that the quality of Right is 1, which contradicts the assumption that including a small
number of unfavorable arguments is beneficial. If the belief is lower when there are
few unfavorable arguments than when there are none, 7 (g, py) < 7(0,p,), then
the persuader suppresses the unfavorable arguments completely, and the decision
maker must take the report with few unfavorable arguments at face value. In this
case, however, the expert benefits from revealing a few unfavorable arguments. Even
though he would be admitting that Right is not perfect, he would gain because his
report would be perceived as credible.

Intuitively, the decision maker should be skeptical about reports with very few
unfavorable arguments because the persuader can send them when the quality of Right
is not very high. Moreover, if she is more skeptical about one report than another, the
persuader would only use the latter, and her skepticism would not be rational. Hence,
she forms the same belief upon seeing any small number of unfavorable arguments.
This means that revealing a small number of unfavorable arguments does not hurt the
persuader, and in equilibrium he uses these arguments in order to keep the decision
maker’s beliefs justified.

Given the multiplicity of equilibria, it is natural to ask whether some equilibria
are more plausible than others. In the remainder of the paper I focus on equilibria in
which the belief function 7 (), p) is continuous in reports. I do this in part because
Proposition 2 suggests that focusing on one type of equilibria is without much loss of

generality. Nevertheless, I justify my choice in section 3.3 further.

Proposition 3 There is a unique equilibrium belief function n (X, p) that is con-
tinuous in reports (N, p). All equilibria characterized by this function are outcome-
equivalent. In any such equilibrium, 1 (A, p) is strictly increasing in p, and for each
p, there exists A\, > 0, defined by

P
p+ A,

=Pr(H[A< Ay, p) Elgr|L < Ay, R = p] (3)
+Pr (P A < A, p) Elgr|R = p]
such that

1. P, reveals all arguments in favor of Right, p = R for each R;

11



v

Figure 2: The details of the continuous equilibria. The shaded region represents the
ambiguity area.

ii. P, reveals a subset of arguments in favor of Left, A < min{L,\,}, using a

strategy that results in n (X, p) = for all X < X,

=

Proposition 3 says that there is a unique equilibrium belief function that is contin-
uous in reports. Given that the persuader always tries to induce the highest possible
belief, this implies that all continuous equilibria are outcome-equivalent. Figure 2
represents all of these equilibria for a fixed m and f (L, R).” The white area, which I
call the revealing area, is the set of reports that are used in equilibrium only by H.
The shaded region, which I call the ambiguity area, is the set of reports used in equi-
librium also by P.. Hence, the ambiguity area includes all reports that do not allow
the decision maker to identify the type of expert. The boundary of the ambiguity
area is determined by A,—p defined by equation (3).

In any continuous equilibrium, the persuader reveals all of the arguments that
favor Right and some arguments that favor Left. The highest number of arguments
in favor of Left that the persuader reveals for any R is Ag. After observing a report
from the revealing area, the decision maker knows that the expert has reported fully,
and she takes this report at face value, that is, n (), p) = /ﬁ. After observing a report

from the ambiguity area, she forms her belief based only on p: n (A, p) = FISwE Given

9The comparative statics is in Section 5.
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this belief function, the persuader is indifferent among sending any report (\, p) such
that p = R and A\ < Ag. However, in equilibrium he must use a strategy that supports
the decision maker’s beliefs.

The persuader can use many strategies that support the continuous belief function,
but they all must generate a belief that is constant in A for (A, p) : A < A,. This belief

is characterized by

p p
A p)=Pr(H|Np) ——+ (1 —=Pr(H|\p) E|——|\p, P . 4

DO =Pr(HN ) L (PN E LR )

If the expert is honest, then a smaller number of arguments in favor of Left implies
a higher quality of Right. The strategy of the persuader must offset this effect.

Differentiating both sides of equation 4 with respect to A\, we get

dPr(H[\p) ( p p
—E|—L P
7 PR (A0, P

= Pr(H|Xp)

(p+N) dA

The expression in brackets on the left-hand side is positive because the persuader
sends A only if L > A. This implies that in equilibrium either % > 0 or
dB[ 27 | \p, Pr |

dax
the expert is honest increases, or the expected quality of Right conditional on the

> (. This means that as \ increases, either the posterior belief that

expert being a persuader increases — or both. The first effect captures the intuition
that two-sided arguments are more credible (although not more persuasive). The
second effect is less intuitive; it says that the less favorable the state is, the more
likely the persuader is to send more extreme reports . Although there is no guarantee
that revealing unfavorable information increases the credibility of the expert in any
particular equilibrium, there always exist equilibria in which this is true. In one
such equilibrium the persuader reports fully if L < A,; otherwise, he randomizes
over A € [0,),] using some probability density function s(\). For s(A) to be an
equilibrium, it must be decreasing in A, which means that the persuader randomizes
over how many arguments to reveal, but is more likely to reveal fewer of them.
Under this strategy revealing an additional argument in favor of Left increases the

credibility of the expert, Pr(H|\, p), but decreases the estimate of the quality of

13
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Honest Persuader

Figure 3: The behavior of the decision maker. The triangles represent the choice of
the decision maker given the state of nature and given that the expert happens to be
an honest type or a persuader, respectively.

Right conditional on the expert being honest.

Figure 3 shows the behavior of the decision maker of type 6 in any continuous
equilibrium. The first triangle represents her decision as a function of state if she
happens to face the honest expert, and the second triangle represents her decision if
she happens to face the persuader. The decision maker prefers Right in the states
that lie above the # line and prefers Left otherwise. If she observes a report from the
revealing area, she chooses Right if the report lies above the 6 line. If she observes a
report from the ambiguity area, Ry is the number of arguments for Right for which
Nk, = 0. This means that when seeing a report from the ambiguity area, the decision
maker chooses Right if R > Ry and Left if R < Ry.

In Figure 3 the shaded areas represent the states in which the decision maker
chooses Left. When the number of arguments that favor Right is low enough, the
decision maker chooses Left even if she receives an extreme report. The striped area
represents the states in which Right is optimal but Left is chosen. Note that in the
states from the striped area, every player of this game prefers the decision maker
to choose Right, but she nevertheless chooses Left in equilibrium. The dotted area
represents successful persuasion; that is, the states in which Left is actually better,
but the decision maker is persuaded to choose Right.

The inability of the expert to prove whether he has disclosed all relevant informa-

tion hinders unravelling and causes the decision maker to make suboptimal choices

14



even in situations in which all players of the game agree on the choice. The decision
maker is persuaded to select Right in complex situations in which the persuader has
many favorable arguments at his disposal. However, she fails to choose Right in sim-
ple situations. In this model mandatory disclosure would clearly improve the welfare

of the decision maker.

3.2 Naive decision makers

One prediction of this model is that experts may use arguments that seemingly go
against their interests. This is consistent with casual observations and psychological
research. However, this paper does not explain why people may be more likely to
be convinced by two-sided messages. In my model in any equilibrium, if the decision
maker cannot identify the type of expert, she bases her decision solely on the number
of arguments in favor of Right, disregarding completely the arguments in favor of Left.
In this section, I show that if the decision maker might be naive, that is, if there is
a chance that she would take the expert’s recommendation at face value, a rational
decision maker is more likely to be persuaded by two-sided reports.!’

Assume that with probability ;1 < 1 the decision maker is naive and believes that
(L,R) = (A, p). As before, (A, p) denotes the belief of a rational decision maker.

The persuader maximizes the probability that Right is chosen, which is now

Pr (Right is chosen|\,p) = pPr (9 < %) +(1—=p)Pr(d <n(\p)
p

e (L) -G (M), (5)

p+A

where G (0) is the c.d.f. of 6. Define p (A, p) = Pr (Right is chosen|\, p) . Proposition
4 says that in any equilibrium p (A, p) has the same properties as 7 (A, p) in the model

without naive decision makers, namely, p (A, p) cannot depend on A for small As.

Proposition 4 In any equilibrium, for all p, there exists A\, such that p(\,p) is
constant for all X < X\,. For each p and X < X,, the belief of the rational decision

0For the impact of introducing naive decision makers into cheap talk games, see, for example,
Chen (2006).
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maker n (p, \) is continuous and strictly increasing in \, and satisfies:

dn (A, p) p <p) p

9 p) — 1oy

The model with naive decision makers explains why two-sided messages may be
more persuasive. The expert faces a trade-off: revealing an additional unfavorable
argument decreases his chances of convincing a naive decision maker, but increases
his credibility and probability of success if the decision maker is rational.

In the sections that follow, in order to simplify the present analysis, I will assume
that all decision makers are rational. However, later I discuss the effect of adding

naive decision makers to the model with three types of expert.

3.3 Robustness
3.3.1 Selection of continuous equilibria

Among all equilibria, the set of equilibria with the continuous belief function stands
out. All continuous equilibria are outcome-equivalent, that is, the decision maker
makes identical choices in all continuous equilibria. The same is not true of the set
of discontinuous equilibria.

Proposition 5 establishes another attractive feature of continuous equilibria.

Proposition 5 The ex-ante utility of the decision maker is the highest in continuous

equilibria.

In continuous equilibria, the persuader induces a different belief for each R, while
this is not true in discontinuous equilibria. We can find R; > Ry such that some types
of the decision maker, when facing the persuader, choose Right when R = R; and
Left when R = R, in a continuous equilibrium, but choose the same alternative in
both cases in some discontinuous equilibrium. This suggests that the decision maker
is worse-off in this discontinuous equilibrium if she faces the persuader. She may be
better-off when she faces the honest expert if the ambiguity area is smaller, in which
case the honest expert can signal higher qualities of Right than he could in continuous
equilibria. It turns out that the loss due to worse decision making when facing the
persuader always outweighs the benefit from better decision making when facing the

honest expert. The reason for this is that the affected decision maker has 6 high
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Figure 4: An example of a discontinuous equilibrium.

enough that the probability of facing the honest expert and a state being gz > 0 —
that is, the probability of improving the decision — is relatively low.

In the rest of the paper I focus on continuous equilibria only.!* However, I want
to shed more light on what discontinuous equilibria look like. Figure 4 shows a
representative equilibrium (I derive more features shared by all equilibria in the proof
of Proposition 2). In this equilibrium the belief induced when only few arguments in
favor of Left are revealed is strictly increasing for p € (0, p;) and p € (py,00) and is
constant for p € (py, p,) . The curve represents A, for p € (0, p;) and p € (py, 00) . The
shaded trapezoid represents reports that generate the same belief m, - Additionally,
all reports lying in the rectangle that completes the trapezoid generate either the

same belief as the trapezoid, or are sent only by H.

3.3.2 Utility function

In this model the decision maker cares only about the quality of each alternative; the
total number of arguments does not enter her utility function. This reflects the idea
that the set of all arguments carries perfect information about the state of nature,
and the number of arguments measures only the complexity of the problem. For

example, computers have more features than memory cards, and buying a house

1The previous version of this paper contained a proposition that if we perturb the game by
adding a small fixed cost of concealing information, its unique equilibrium converges to a continuous
equilibrium. Results upon request.
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requires considering more aspects than buying a car. The decision maker is uncertain
about this complexity, but the complexity itself does not affect her preferences. There
is no reason why consumers should require stronger proof when buying a more complex
product.

The qualitative results of this paper still hold if the decision maker’s utility de-
pends on the quality of the chosen alternative, but the expected value of the quality
depends on the total number of arguments as well as their proportion. In equilibrium,
the expected quality given the expert’s report must be constant for some \; other-
wise the expert would use only the reports generating the highest expectation. More
generally, for any utility specification the probability of Right being chosen must be
constant for any small number of unfavorable arguments. Hence, in all these models
the decision maker bases her decision only on the number of favorable arguments,

and the expert must use two-sided messages.

3.3.3 Continuity of arguments

The intuition for Proposition 2 makes it clear that the assumption of the continuity
of arguments is not completely innocuous. If arguments are discrete, revealing one
unfavorable argument proves that the quality of Right is significantly lower than
1, and this may outweigh the benefit from gaining credibility. However, complete
suppression of unfavorable arguments may be a part of an equilibrium only if the
probability of a state with no arguments in favor of Left is relatively high compared
to the probability of the expert being a persuader and having at least one such
argument. If the distribution of arguments is not very skewed toward states with
arguments only in favor of Right, and the probability that the expert is a persuader
is high enough, then the main conclusion of Proposition 2 would hold in a discrete

model.

3.3.4 Benevolent expert

In this model the honest expert reveals all of the arguments. Alternatively, the
honest expert may want to maximize the utility of the decision maker, i.e., he may
be benevolent. One can easily see, however, that any continuous equilibrium of the
original game is still an equilibrium of a game with a benevolent type of expert, and

the benevolent expert behaves like an honest expert. To see this, note that if the
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state of nature lies in the revealing area, the benevolent expert cannot do better than
to report fully, because in this way he induces the correct belief. If the state of nature
lies in the ambiguity area, however, the benevolent expert would like to induce a
higher belief than the one induced in equilibrium, but there is no feasible report that
can achieve this; therefore, full reporting is once again optimal.

When the expert is benevolent, however, there are more equilibria. In particular, it
is no longer true that all reports must be used. As a result, by appropriately choosing
the off-equilibria beliefs, one can support many implausible equilibria. Hence, assum-
ing that the expert is honest is similar to (but not as strong as) using a refinement

which requires off-equilibrium reports to be taken at face value.

4 Two-sided Bias

In this section, I consider a situation in which the expert can be biased toward ei-
ther alternative. The expert can be P,., P, or H with probabilities 7., m;, and 7y,
respectively.

Sometimes the decision maker is uncertain not only about whether the expert is
honest, but also about the potential bias of the persuader. A salesman may give
honest advice, but he may have an interest in selling one particular product, and the
decision maker may not know which product that is. Similarly, a scientist publishing
a comparison of the performance of two drugs may be honest or biased, and the reader
may not know which pharmaceutical company funded the research.

The previous section shows that when the expert is either honest or biased to-
ward Right, the decision maker knows that all arguments in favor of Right have been
revealed and uses these arguments to form her beliefs. Unless the expert reveals him-
self to be honest, she completely disregards the arguments that favor Left. When
the expert can be biased in either direction, the decision maker cannot use the same
logic; therefore, we can expect that much less information will be revealed. This is,
however, only partially true. Proposition 6 describes the unique continuous equilib-
rium outcome. The persuader toward Right and the persuader toward Left separate
themselves if they happen to receive many arguments in favor of their preferred al-
ternatives. In these states, the decision maker can use the same skeptical approach
to infer information as in the one-sided case . If the persuaders receive very few

favorable arguments, however, little information is revealed.
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Proposition 6 There is a unique equilibrium belief function that is continuous. Any
continuous equilibrium is characterized by the same parameters R, L and by the func-

tions A, py, such that

i. For all (L, R) such that R > R, P, reveals all arguments that favor Right, and

reveals a subset of arguments that favor Left: X < min{L, \,}.

ii. For all (L, R) such that L > L, P, reveals all arguments that favor Left, and
reveals a subset of arguments that favor Right: p < min{R, p,}.

iii. There exists a double ambiguity area such that when R < R, P, sends reports
from this area only; and when L < L, P, sends reports from this area only. The

belief is constant for all reports in the double ambiguity area.

w. A\, and p, solve the following equations:

\ p
o

=Pr(Hip, A<\, FE R=p,L <A\ 6
p+)\p I"( ’p7 = P) [QR’ Py L > p] ()

+Pr (Pp, A < A,) Eqr|R = p];

* P
U ~~ =Pr(H\ p<p)) ElgrlL = N\, R < p)] (7)
px+ A

+Pr(BA p < py) ElqrlL = A].

Figure 5 represents a continuous equilibrium for symmetric f (L, R) and for m; =
7. In this equilibrium R = L and n (L, R) = %. The striped area represents the
ambiguity area for P,, and the dotted area represents the ambiguity area for P,. The
ambiguity area for P, contains all reports used by P, and H only, while the ambiguity
area for P, contains all reports used by P, and H only. The shaded square represents
the set of reports that are used in equilibrium by all three types of expert, the double
ambiguity area.

As before, each type of persuader biases his reports; reports that consist of many
relatively balanced arguments are therefore sent only by the honest expert. Because
each persuader biases the reports toward his preferred alternative, only H and P.
reveal many arguments in favor of Right, and only H and P, reveal many arguments
in favor of Left. Hence, reports that consist of many arguments in favor of only

one side reveal the potential bias of the expert. After observing many arguments in
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P, ambiguity

P, ambiguity

Figure 5: Two-sided bias.

favor of Right (reports from the P, ambiguity area), the decision maker knows that
she does not face P, and therefore also knows that all arguments in favor of Right
have been revealed to her. Similarly, when she observes many arguments in favor of
Left (reports from the P, ambiguity area), she knows that she does not face P., and
therefore also knows that all arguments in favor of Left have been revealed to her.

When the expert supports his recommendation with just few arguments, the de-
cision maker ignores what the expert says. The intuition behind this finding is as
follows. If many arguments are revealed, the decision maker expects that the expert
has hidden only few arguments. So even if the expert reveals himself to be biased
toward Right, if he reveals many supporting arguments, the decision maker is still
likely to choose Right. On the other hand, if the expert reveals few arguments in
favor of Right, it is more likely that he has concealed a lot of arguments in favor
of Left. Hence, if the expert reveals himself to be biased toward Right, the decision
maker would rather choose Left. This is why the experts have no incentive to separate
themselves when they have few favorable arguments. Therefore, for small p and A
the equilibrium resembles a pure babbling equilibrium.

In the example shown in Figure 5 when the decision maker sees a report from
the double ambiguity area, she chooses the alternative supported by her prior belief.
However, this need not to be true if the case is not symmetric. For example, if m; # 7.,
then n (f/, R) %7 which implies that hearing reports from the double ambiguity area

affects the decision maker’s choice, but she makes the same choice for all such reports.
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Although in the two-sided case I do not analyze formally what happens if it is
possible that the decision maker is naive, it is easy to conjecture the properties of
the equilibria. Clearly, the probability that Right is chosen, p (A, p), must satisfy
the same properties as 7 (A, p) in the above analysis. That is, this probability must
increase in p in the P, ambiguity area, decrease in A in the P, ambiguity area, and be
constant in the double ambiguity area. The presence of naive types, however, would
make the behavior of a rational decision maker interesting in the double ambiguity
area. The higher proportion of arguments in favor of Left she received, the more likely
she would be to choose Right. Loosely speaking, this means that the decision maker

chooses against the advice of the expert if the expert provides very few arguments.

5 Comparative statics

In this section, I analyze how the equilibrium is affected by the parameters of the
model, such as the probabilities of different types of the expert and the prior distrib-

ution of arguments.

5.1 Varying the probability of facing the persuader

This section analyzes how changes in the probability of facing the persuader affect
the agents’ utilities and, more generally, the whole equilibrium. First, I look at what
happens when the fraction of honest experts becomes negligible and what happens
when the expert is honest with probability of almost 1. Second, I analyze how the
probability of facing a particular type of the persuader impacts the bias of his reports
and the probability of persuading the decision maker.

Since there are three types of expert, it is necessary to specify how the remaining
probabilities change when the probability of facing the expert of type ¢ changes.
In Proposition 7, I vary the probability of P, and keep constant the conditional
probability of facing the honest type, given that the expert is not P,. In such a case

the shape of the ambiguity area for P, remains the same.

Proposition 7 In every continuous equilibrium, lim,, 1 Ag = 0, lim,, 1 p;, = 0,

and lim, o Ar = AR, lim, .opy, = pr, where Ar and p; are such that —&— =

- R+AR
E [qr|R] and prer = Elqr|L]. With {~- kept constant, as the probability of facing

P, decreases,
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1. the reports of P, become more extreme;
1. the utility of P, increases;
1t. the utility of P, decreases;
w. the expected utility of the decision maker increases.

Proposition 7 says that as the probability of facing the honest expert increases,
the ambiguity areas for both persuaders disappear, and the equilibrium converges to
a fully revealing equilibrium. On the other hand, as the probability of facing the
honest expert goes down, A\r converges to Az < 0o and p; converges to p; < 0.
This means that the ambiguity areas are always strict subsets of the report space and
the equilibrium never becomes a pure babbling equilibrium. The assumption that
arguments are verifiable prevents equilibria from becoming completely uninformative.

It is worth noting that even when the expert is a persuader with probability 1,
my = 0, revealing unfavorable information can be a part of an equilibrium. In the
one-sided case when my = 0, it is possible to construct an equilibrium in which the
persuader suppresses the unfavorable information completely, but the decision maker
is still skeptical about all reports with a small number of unfavorable arguments.
In particular, since she may attach the same belief to all such reports, it does not
hurt the persuader to reveal some unfavorable arguments. In a two-sided case the
situation is even more interesting. Even if 7y = 0, there cannot be an equilibrium
with full suppression of unfavorable information. Each persuader would like his type
to be misperceived by the decision maker so that her skepticism works in his favor;
therefore, when the persuaders receive very few favorable arguments, they must pool.
Pooling can happen only if none of the persuaders completely suppress unfavorable
information.

This finding suggests that in a disclosure game, complete suppression of unfa-
vorable information may not be robust to uncertainty about the preferences of the
expert. Shin (1994a) and Shin (1994b) assume that the preferences of the expert are
common knowledge and the state space is discrete, and analyze the equilibrium in
which only the favorable information is revealed. My paper suggests that when the
state space is discrete, this equilibrium survives uncertainty about the expert’s type
only under very specific distributional assumptions. This will not, however, be the

case in general.
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Figure 6: The effect of decreasing ,., while keeping 17:—’;’” constant.

Figure 6 shows how the equilibrium changes as 7, decreases. m; and my >
are two different probabilities of facing P,. The thick curves represent the initial
equilibrium in which 7, = my = m;. Since the conditional probability of facing H
is kept constant, the shape of the ambiguity area for P, remains unchanged as 7,
changes. As m, — 0, the ambiguity area for P, becomes smaller, as represented by
the thinner curve. The shaded region shows the double ambiguity area for m, = ;.

When 7, decreases, the reports of P, become more extreme. The decision maker
becomes less skeptical about the biased reports since they are less likely to come
from the persuader; hence, she attaches a higher belief to them. P, will not send
more arguments in favor of Left, because this would prove that the quality of Right
is lower.

From Figure 6 one can see that when the decision maker faces P,, she chooses Right
more often when 7, is low (for 7, a decision maker with 6 chooses Right whenever
R > Ry°, and for my, whenever R > Rj'). Therefore, the utility of the persuader
toward Right increases. If the expert happens to be P, the decision maker chooses
Right more often, which decreases the utility of the persuader toward Left. However,
the utility of the decision maker increases because she is more likely to face the honest
expert.

Proposition 7 implies that a financial adviser biased toward a stock that is unpop-
ular among other advisers is better at persuading investors to buy that stock, while

a financial adviser biased toward a popular stock is unlikely to successfully promote
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it.

5.2 Varying the familiarity of the problem

In this section, I analyze how the prior distribution of arguments affects the utility of
the decision maker. I focus on the case in which the potential bias of the persuader
is known, i.e., when the expert can be either P, or H.

With the distribution of quality gz held constant, the distribution of the total
number of arguments, N = L + R, reflects the decision maker’s uncertainty about
the choice problem. It describes how the total number of arguments varies from
situation to situation for the same decision problem. For example, in each election
campaign a different number of issues is important, which can be represented in
the model by a relatively dispersed prior belief over N. Other choice problems are
likely to be characterized by roughly the same number of arguments every time the
decision maker faces them, such us choosing an investment option or buying a car;
this is captured by a distribution of N concentrated around the mean. Alternatively,
the prior distribution of N may describe the decision maker’s knowledge about the
problem. An investor with a dispersed distribution of N knows little about the
nature of the problem, while an experienced or educated investor is likely to have a
concentrated distribution of N.

To isolate the effect of changing the distribution of N while keeping the distribu-
tion of the quality of the alternatives unchanged, I reformulate the problem in terms
of (qr,N) = (%7 L+ R) , and assume that ¢r is uniformly distributed and inde-
pendent of N. This implies that the joint density of gz and N is equal to the density
of N. Let G (N;z) be the family of distributions with the following properties:

1. the expected value of N is independent of z, N = [* NdG (N; z) ;

2. for all z and for all N we have G, (N;2) < 0if N < N and G, (N;z) > 0 if
N > N;

3. as z — o0, G (-) becomes degenerate at N.

Assume that N is distributed according to G (IV;z). The second property says

that the higher z, the more centered around the mean the distribution is.
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Proposition 8 For every preference type of the decision maker 6 and every ™ > 0,
if z1 > z3, then the decision maker’s utility is higher for G (N;z1) than for G (N; z3) .

As z — o0, there is full revelation of information.

Proposition 8 says the lower the uncertainty about N, the better-off the decision
maker. When the decision maker knows more about how many arguments are avail-
able to the expert, she can more easily infer his information: when she receives a
report, she can estimate rather precisely how many arguments have been concealed
from her. Given that the dispersion of N can represent the decision maker’s familiar-
ity with the choice problem or general uncertainty about it, this proposition implies

that the decision maker is better-off in familiar situations with constant complexity.

6 Conclusion

This paper proposes a model of communication that captures many economically
relevant situations. In the model messages available to the expert are verifiable,
but the expert cannot prove whether he has disclosed all information. As a result,
unravelling fails.

The decision maker takes balanced reports at face value, but is skeptical about the
unbalanced ones. In such a case, she chooses the alternative favored by the persuader
only if the expert can provide her with sufficiently many favorable arguments. If the
decision maker does not know the bias of the expert, she ignores his recommendation
unless he can reveal sufficiently many arguments. She also does better if she knows
more about the complexity of the problem, and is more likely to be persuaded in
complex situations.

This paper contributes to the research on whether mandatory disclosure improves
the decision maker’s welfare by demonstrating that the answer is positive. Disclosure
is always beneficial and has the greatest value when the decision maker is unfamiliar
with the problem and the complexity of the problem is volatile. However, mandatory
disclosure may be difficult to implement if it is difficult to prove that the expert was
informed in the first place. This model suggests that a policy of educating the decision
maker about which arguments, facts, or characteristics are relevant will improve the
decision maker’s welfare.

To prove the relevance of the results of this paper in accordance with my model,

I should also mention some limitations of it. The model assumes that the decision
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maker is uninformed, but it would clearly be interesting to analyze the case in which
the decision maker has some prior information. Experiments on mass communication
indicate that two-sided arguments are more effective when the audience is initially
opposed to the expert’s position, while one-sided arguments are more successful with

12 Moreover, if the

listeners who are already disposed toward the expert’s position.
audience is later provided with arguments favoring the other position, those who
were previously exposed to two-sided argumentation are less likely to be swayed away
from this position than those initially exposed to one-sided argumentation.'® These
issues could be addressed within my model if we allow the experts to be imperfectly
informed and endow the decision maker with some arguments.

The model presented in this paper provides a good starting point for analyzing
communication in more elaborate settings. Because of the argument structure, the
differences in information that players have is easily defined, which makes this model
especially well-suited for analyzing two-sided communication. Moreover, since dis-
closing arguments requires time, the model has some natural timing structure built

in, which means that it can be applied to dynamic communication.

A Appendix

Proof of Proposition 1

Assume that babbling equilibrium exists. Then all reports must generate the
RL_;L] = 7 for all (), p). Pick a small
Ao and consider a set X (py) = {(X,p) : A € (0, X9) and p € (py,00)}. All reports in

this set have very high proportion of arguments in favor of Right, and as p, — oo,

same belief, equal to the prior: n(\,p) = E [

E [RL_;L| (L,R) € X (py)] — 1. Hence, it cannot be the case that this reports always
reflect the true state of nature. To generate n(\,p) = 7 for all (A, p) € X (p,)
there must exist a set of states Y (p,) in which quality of Right is low, such that
the persuader P, sends reports from X (p,) when (L, R) € Y (p,). Below, I show
that for a sufficiently high p,, it is impossible to find a set of states Y (p,) in which
reports from X (p,) are feasible such that if P, sends reports from X (p,) whenever

(L,R) € Y (p,) the belief that the decision maker forms is at least 7. This is simply

12See Hovland, Lumsdaine, and Sheffield (1949).
13See Lumsdaine and Janis (1953).
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because as p, increases, states with low quality of Right in which X (p,) is feasible
become relatively less likely than states in X (p,), which implies that upon seeing
a report from X (p,) the decision maker beliefs that it came from the honest expert
with probability close to 1.

Take a set Y (py) = {(L, R):R>py, L > 1777711%} This set contains all states,
and only these states, in which the quality of Right is lower than 7. If we are unable
to generate a belief equal to or below 7 for such Y (p,) , then we are unable to do this
for any other set.

The expected quality of Right given that the report is in X is

R

E[RL;L ()\,p)eX} _ Pr(H\()\,p)eX)E[m (L,R)EX}

+Pr (P (A p) € X)E [RRL (L,R) e 1

Let ff(-) denote the marginal p.d.f. of R. We have

. S [ i £¥ (LIR) 7 (R) dLdR . Sy [ S5 (LIR) f7 (R) LR
pomee [ [0 FL(LIR) fR(R)dLdR po-oe 2 [ 2 (LIR) f7 (R) dLdR
. [, £ (Llp0) L™ (00
po=o0 [0 L (L|pg) dLFE (py)

1—F* (_,—771/)0’/)0)

= lim =0
A T (Rolpo)

?

where =" = denotes that 1'Hospital rule was applied and the last equality comes from
dFL(L|R)

2= >0, we have lim,, 0 F* (Ag|pg) > 0, while

the regularity conditions 2. Since

lim,, o0 F'* (—p0|p0) =1.
Therefore, we have

lim Pr(H| (A p) € X)
P00
(1—m) [ [ f* (L|R) f* (R) dLdR
= llIIl :17

P (1— ) [ [ f2(L|R) fR (R)dLdR + 7 [ [ap, f* (LIR) f7 (R) dLdR
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. T S JZag iz /" (LIR) [7 (R) dLdR B
T e (1— ) ) [ FE(LIR) fR (R)dLdR + 7 [° [4p, f© (L|R) f7 (R)dLdR

hence

R
lm F|——
POEI}XD |:R + L

which completes the proof. m

(A,p)GX] =1>7,

Proof of Proposition 2

Let 0; (L, R) denote the set of all reports that lie in the support of the strategy
of an expert of type 4, that is, o; (L, R) = {(A,p) : mi (A, p) | (L, R)) > 0}. Recall
that 7 (X, p) = E [Z5] (A, p)] and Z (X, p) = ((L,R) : L > X and R > p) is a set of
all states in which a report (A, p) is feasible.

Step 1 The presence of the honest expert, H, assures that there are no off-
equilibrium beliefs: whenever (A, p) & O'Pr (L, R) for all (L, R) (that is, whenever
(A, p) is never sent by F,) then 1 (A, p) = 4.

Step 2 1 (0,p) < 1 for all p.

By step 1, n (A, p) < 1 for all A > 0. Assume there exist p such that 7 (0, p) = 1.
Then for all (L, R) € Z (0, p), P, is able to generate a belief equal to 1, which would
violate Bayes’ rule.

Step 3 For all p, there exists [, > 0 such that n (X, p) =7 (0, p) for all A < [,.

Assume not. This means that for some p and for all € > 0, we can find )y <
e such that 7 (X, p) # n(0,p). Assume first that 1 (Mg, p) < 1n(0,p). By Step 2

1 (Ao, p) < n(0,p) < 1. But then P, always prefers to send (0, p) instead of (Ao, p),

which implies that (Ao, p) is sent only by H. Step 1 implies that 7 (p, A\g) = /\in
But 7 (p, o) = 2= +p becomes arbitrarily close to 1 as ¢ — 0. This contradicts the
assumption that 7 (Ao, p) < n(0,p) < 1.

Assume then that for all ¢ > 0 we can find Ay < ¢ such that 7 (Ao, p) > 7(0,p).
Then P, may send (0, p) only if L = 0 because for any L > 0 he would find Ay < L

and send (A, p) instead. But then 7 (0, p) = 1, which contradicts Step 2.

Define 77 =1 (0, p) .
Step 4 7}, is weakly increasing in p.

Assume that there exist p, > p; such that ;<77 . Then P, never sends (0, py) ,
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which by Step 1 implies that 7, =1, which contradicts Step 2.

Step 1 and Step 3 imply that in equilibrium P, does not always completely suppress
unfavorable information; otherwise 1 (A, p) would be a strictly decreasing function of
A

Step 5 7, cannot be constant

The argument is similar to the proof of Proposition 2. The argument would
not hold if A\, — 0 as p — oo. But this cannot be the case, because then either
n (A, +€,0) >mn;orn(\,+¢,p) <nj for an arbitrarily small € > 0. The former can-
not be the case because then the persuader would never send (0, A) . The latter cannot

be the case because then the persuader would not send (A, + ¢, p) , and therefore the

decision maker would take this report at face value, that is n(\, +¢,p) = ﬁ.
But n (A, +¢,p) = ﬁ — 1>mn; as \, — 0, which is a contradiction.

Step 6 n, > pf/\p

Assume % > 1. Then for all € > 0, we can find Ay € (),, A, + €) such that

1 (Ao, p) # 1. Assume first that 7 (Xo,p) < 75 Then only H sends (Mg, p), and
therefore, 1 (Ao, p) = 5 > )
then (A, p) is more attractive to P, than any report of a form (A < \,, p). Therefore,
P, will send (A, p) only if (L, R) is such that R+L

a contradiction. Assume now that 7 (Ao, p) > 7. But

> 1, which contradicts

- p+)\
1Ny ) = 15
Step 7 Let p = max {p L, = 77} Then A\, is such that ’3 =1).
By Step 6 we have < 7). Assume then < 7. To generate a behef 7 for a

report (A, p) it must be that there exists (Ll,Rl) € Z (Ap, p) such that +L >0
and op, (L1, R1) = (\y, p). But that implies that R, > p, and by definition of p
we know np > 1), therefore, P, would prefer to send (0, R;) to sending ()\;,p). A

contradiction. m

Proof of Proposition 3
I characterize all equilibria in which the belief function 7 (), p) is continuous in A

and p. First, continuity requires that n;, = therefore, there exists a unique A, for

Py + ;
a given 7);. This, together with continuity, implies that there is no A > A, such that
n(A, p) > n;, which implies that only H sends reports of a form (A > A,, p). Steps 1-4

from the proof of Proposition 2 together with n} = imply that all equilibria have

Aptp +p
a shape like the one in Figure 4. The solid curve represents A, for each p. Given that
n, = the equilibrium depicted above is characterized by a strictly increasing

m, but for p € (p1,ps). Now, I show that n,, < 1, hence this equilibrium is not
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continuous. Therefore in a continuous equilibrium 77 must be strictly increasing.
First, we can find € such that 7} is strictly increasing in p forall p' € (p,,p, +¢)

and p’ € (py — €, py) . If we could not, the equilibrium would not be continuous. For

R = p' the persuader reveals R and sends some A < A,; therefore, the belief function

for these p's is defined by
Wy = Pr(H|ph A< Ay)E[qr|R = pt, L <\,]
+Pr (P|pr, A < \,) E [qr|R = pr].

I;Z”' p'. 1 n(p,A) is continuous then lim. o7 . = lim. o7 _..

where \, =

Let g (p) be 1, that satisfied the above equation for each p. This equation can be

rewritten as:

V=9 (r (o 220r = p) () )+ (5)

g(p)
1—-g(p)

S0 pfL (LR = -
—(1—7r)/0 P E)+|L Plar, —r o 2o fH (LR = p)dL = 0.

Clearly, g (p,) = lim.on, . = 1, and g (p;) = lim.on, _. = 1}, . I now show
that dil—(pp) > 0, which implies that g (p5) > g (p;), which in turn means that n; > 77 ,
which is a contradiction.

dolp) _ _ 5y

By the implicit function theorem 4 T v and
g

Y 1-
0 = F* <Tgp|R—p> (1—m)+7>0,

-
o [FLRER=p) [T LIFLR=p)
o S 7T)/o (p+ L) 7T/o (p+ L)
oy [TPeFEEIR=p) (% pFE(LIR=p)
1w [ P [ R P,

where the expression above was obtained by applying first integration by parts to the
formula for Y, taking the derivative and applying integration by parts again. Using
the regularity condition (2) we get Cfl—y < 0, which in turn implies that dzl—(p) > 0.

p p

When 77 is strictly increasing, P, sends always p = R. Given this, I sometimes
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use 7y instead of 77.
It remains to show that for each R, 1}, described by equation (3) exists and is

unique. Equation (3) can be rewritten as:

*

1*"IR

TSGR P (LIR) AL + (L =) f ' FR fE(LIR) dL
7+ (1— ) FL (%Rm)

(9)

p =
The left hand side (LHS) goes from 0 to 1. The right hand side (RH S) is continuous,
and we have RHS (n}, = 0) — ) > 0 and RHS (9}, = 1) = 7jz < 1, where 7j; =
fooo % Y (L|R) dL; therefore, the solution to equation (9) exists.

The LHS is strictly increasing. If we differentiate the RH S with respect to 1y,

we obtain

1_ *
aris  Q-m i (SERIR)
* - * 2 %)\2
an (71. 4 (1 _ 7T) FL (1*:7RR|R>> (773)
R
i 1 TR (LIR)
- 1 rpL (2R - A,

(Mg —Ngr) + (1 —7) | 0k < T R|R) /0 R+l

Evaluating it at 7}, that satisfies equation (9) we obtain
1_ *
apms (=) £ (HARIR) =0

: : ("
dny, <7r 4 (1—7)FL (%Rm))
R
This implies that the solution to equation (9) is unique. m

Proof of Proposition 4

This proof follows exactly the proof of Proposition 2 with p (A, p) replacing n (X, p) .
The existence of H assures that there are no off-equilibrium beliefs: whenever (A, p) &
op, (L, R) for some (L, R) then 1 (A, p) = 54-; and therefore p (A, p) = 5. First, we
by the same logic as in proof of Proposition 2 we have p (), p) < 1 for all reports.

Now we are ready to show that for all p, there exists A\, > 0 such that p (X, p) =
p(0,p) for all A < X,. Assume not. Then for each p and for all ¢ > 0, we can find

Ao < € such that p (XA, p) # p(0,p). Assume first that p (Ao, p) < p(0,p) < 1. Then
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P, always prefers to send (0, p) instead of (Ag, p), which implies that (Ao, p) is sent
only by H. Then p(p, \g) = #jrp. But p(p, \o) = ﬁ;p > Hp becomes arbitrarily
close to 1 as ¢ — 0. This contradicts the assumption that p (Ao, p) < p(0,p) < 1.

Assume now that for all ¢ > 0 we can find Ay < € such that p (X, p) > p(0,p).
Then P, may send (0, p) only if L = 0 because for any L > 0 he would find such
Ao < L and send (Ao, p) instead. But then p (0, p) = 1, which is a contradiction.

The fact that p (A, p) is constant for small A implies that the rational decision
maker’s belief must be continuous in A for A < \,. Differentiating p (A, p) (equation

5) with respect to A we get

dn(N\p) P p
g p) — _1—ug(p+k)(p+A)2’

which implies that the belief of the rational decision maker is strictly increasing in A
for A<, =

Proof of Proposition 5

This proof shows that for any fixed R, all types of the decision maker are at
least as well-off in expectation in the continuous equilibria as in any discontinuous
one. Let 0} = n (0, R) in any continuous equilibrium and let 1§, = 1 (0, R) in some
discontinuous equilibrium. Recall that Ag is the highest A such that n (A, R) = n}
for all A < Ag, and let A% be the highest A such that 7 ()\ R) = 3 for all A< Mg

From the proof of Propositions 2 and 3 we know that = 1y and

R+>\C R+/\ < -
Clearly, for a given R and keeplng Ny fixed, the decision maker is weakly better-off

when = nf than when =5— < 1%, as in both cases she makes the same decision

R

R+Ag R+>\
when facing P,, but in the latter case she may make worse decisions when facing H.
Hence I assume that z5— +>\ = Nk, and show that even in this best scenario for the
discontinuous equilibria the decision maker still prefers the continuous ones.

First, recall that 7} is defined as = that solves the following equation:

_mE lqr|R] + (1 — 7) Pr(qr > =) E [qrlqr > x, R]
7+ (1 —7)Pr(qgr > z|R)

At the end of the proof of Proposition 3 I have shown that RHS < LHS for x < njf
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and RHS > LHS for x > njf; in other words

7E [qr|R] + (1 — 7) Pr(qr > =) E[qr|qr > =, R] { > xif x < nif (10)

7w+ (1 —7)Pr(¢r > z|R) <zifx > ny

For each R, we have three cases: 1. 0, < 0%, 2. N > 0 or 3. N =Nk-

Case 1: n; < 0. A decision maker with 0 > nj or with 0 < nj makes the same
decision in both equilibria. For a given R a decision maker with 6 € (0%, n55) chooses
Left in the discontinuous equilibrium for all L, but Right in the continuous equilibria
when the expert is a persuader for all L, or when the expert is honest and L > 6.
The expected quality gr conditional on the events in which she chooses Right in the

continuous equilibrium is

7E [qr|R) + (1 — ) P (qr > 0) E [qrlqr > 0, R)
7+ (1—7)P(qn > 0|R) ’

which by equation 10 is greater than 6, hence Right is the better choice. This means
that the decision maker is better off in the continuous equilibrium for this R.

Case 2: 0, > 1} . A decision maker with 6 < 7% or with 0 > 1} makes the same
decision in both equilibria. For a given R a decision maker with 6 € (77;6, 77;) chooses
Right in the discontinuous equilibrium for all L, but Left in the continuous equilibria
when the expert is a persuader for all L, or when the expert is honest and L > 6.
The expected quality qr conditional on the events in which she chooses Left in the

continuous equilibrium is

mF [qR|R] + (1 — 7T> P(qR > 9) E [qR|qR > (9, R]
7+ (1—7)P(qr > 0|R) ’

which by equation 10 is smaller than 6, hence Left is the better choice. This means
the decision maker is again better off in the continuous equilibrium for this R.
Case 3: n;, = 0. It is immediate that the decision maker is indifferent between

the equilibria. m

Proof of Proposition 6

Step 1 If for some (A, p) there exists no (L, R) such that (A, p) € op, (L, R) or
(A p) € op, (L, R) then 71 (\, p) = 13-

This follows directly from the presence of H type. This finding will be used
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extensively in the proof.
Step 2 7 (0, p) < 1 for all p and n (X, 0) > 0 for all \.
The proof of the first part is identical to Step 2 of the proof of Proposition 2. By
a similar argument we get 7 (A, 0) > 0.
Step 3 i) For all p, there exists A, > 0 such that n (X, p) =7 (0, p) for all A < A,.
ii) For all A, there exists p, > 0 such that 1 (A, p) = 7 (A,0) for all p < p,
Assume that part (i) does not hold, which means that there exists \g > 0 such
that 1 (), p) is strictly increasing or decreasing in A for A < Ag. If 5 (), p) is decreasing
in A then P, always prefers to send (0, p) instead of any (), p) with A < A\g and P,
prefers to send as high A as possible for A € (0, \g) . Take (e, p) with € < A\g. P, may
send (e,p) only if L = ¢ and R > p, therefore it must be that 7 (e, p) > pﬁ. But
n(e,p) > pﬁ —c_0 1 >n(0,p), which contradicts the continuity assumption.
Assume now that (), p) is strictly increasing in A for A < A\g. Then P, never sends
(¢,p) for small € : he would prefer to send (0, p) instead. P. may send (g, p) only
if L =\, and R > p. But then 7 (s, p) > p—ig
assumption of continuity of 7 (A, p). A similar argument holds for part ii).
Define 15 = 7 (0, p) and 0} =7 (A, 0).
Step 4 i) P, sends only reports of the form (A, p) : A < A,
ii) P, sends only reports of the form (A, p) : p < p,.

—._0 1, which again contradicts the

Assume that P, sends (Ao, py) , where A\g > A, . This means that 1 (Ao, py) > 17, .
This in turn means that for some X € (A, Ao) , the belief function 7 (), py) is strictly

increasing in A but 7 (X, p,) < 1,,- But these reports would be sent by H only, which

Po
A+pg

analogous proof holds for part (ii).

means that 1 (\, p,) = . This contradicts that 7 (A, p,) was increasing in A. An

By the same arguments we have 1y > n (A, p) for all A > X, and 3} < n (], p) for
all p > p,.

Step 5 Previous steps imply that there exist p > 0 and A > 0 such that n, =
ny = n* for all p < p and for all A < A. If we take the highest such p and A, then
P, never sends reports (0, p > p) and P, never sends reports ()\ > A\, O) . By the same
argument as in the proof of Proposition 3 we have that 77 is strictly increasing in p

for p > p, and 7% is strictly decreasing in A for A > A. Moreover, by continuity of

1 (A, p) for p > p we have 1} = ﬁ% and for A > X\ we have n} = pfjr/\. The definition
of 7% is the same as in equation (3), 73 is defined analogously and they are unique by

the same argument as in Proposition 3 .
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. . . D p — _P
Step 6 There are three possible situations, n* > =5, 7" < Sy or n* = e
Fi

Below I describe the shape of the equilibrium if n* < p_fX' r the remaining cases

sl

the discussion is analogous.
If n* <3 , then for all (), p) that lie in the shaded area in the figure below, and

only for these reports (or when m =n*), we have n (X, p) = n*.

=
S

=

To see this notice that by Step 3 n(\,p) = n* for all (A\,p) : A < X and p < p.
Take report (A, p;) :

plilh > n* like in the figure above. By Step 4, (A1, p;) < 1"
Assume that 7 (A1, p;) < n*; then only P, may send (A1, p;), which by Step 4 implies
that 7 (A1, p;) = m3,, and by Step 5 7} is strictly decreasing in A, which in turn
implies that ()\1 p1) € op (L, R) only if L = A; and R > p,. But this implies that

n (A, py) > m +/\ > n*, which is a contradiction.

Step 6 allows us to summarize the shape of any equilibrium. If n* < _+—/\, then the

equilibrium looks like in the figure below.

Figure A

The grey area represents all reports that generate the same belief n*. The solid curves

represent the areas in which only P, and H (along the vertical axis) or only P, and
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H (along the horizontal axis) send reports.

In what follows below I use R instead of p and L instead of A. In the proof of
Proposition 3 I have shown that 77 (and therefore also 73}) exists and is unique and
strictly increasing for p > R (n} is strictly decreasing for A > L). I will show now
that R and L and n* are unique. Let all reports (), p) that generate n* and either
p < Ror A\ <L be called the double ambiguity area (DAA).

First, by continuity of 7 (), p), R and L must be such that Npee = N andny,  —
n* as € — 0. This means that R and L must satisfy equations (6) and (7), which can

be rewritten as

I L VA L VAR
_ T + TH F()\R’R) )

1—- m

g T "™ (RID) AR 4 o [ G (RIL) dR (12)
T T FR (pr|L)

These equations uniquely determine R and L as a function of n*. For all reports

1— 7w

in DAA to generate the same belief 77*, this belief must satisfy

R
* — P(P|DAA)E |—"_|DAA, P,
7 = PIPANE | ipAa |+

R

P(P|DAA)E [R .

R
DAA, P, P(H|DAA)E |——|DAAH| .
DAA | + P (HIDAA) B | 2 1DAA, 1]

Recall Figure A; the equation above can be rewritten as follows (where f is used
instead of f(L, R) to shorten the formula):

;o o [T R gpfdLdR 4+ [ folfL grfdLdR )
- = = *) Es
w5 [T fALAR + my f) [y fALAR + < f, T fo " fdLdR+ fol ” fo dedR>

5] m 777 =
TH ( S L Jo ™ qrfdLdR+ [ [ qude3>

- - e
wr [ 0T fALAR + o [ [y fALAR + 1y ( fn L fo " fdLdR + fol ” fo dedR)

The LH S is continuous, strictly increasing and LHS € [0,1]. The RHS is contin-
uous, and as n* — 0, equations (11) and (12) imply that R — 0 and L — 1; therefore
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1-L R
R fdLdR

[t fdLdr
R T I-R_R_fdLdR
R — 1 and L — 0; therefore, RHS — Jo Jg s g}LdeR

n* that solves equation (13). To show the uniqueness we can take the derivative of

the RHS — Jo o > 0. Similarly, as n* — 1, by equations (11) and (12)

< 1. Therefore, there exists

the RHS of equation (13) with respect to n* and evaluate it at the point at which

n* = RHS(n*). We have 4215 — aRH S 4 ORHS dlt | ORHS dL o)) yging equation (11)

dn* OR dn* oL dn*>
and equation (12) we can show that for n* = RHS(n*) we have 8?55 =0, az;gs =0,

and 8RHS = 0. Every time n* = RHS(n*), the derivative dljlfs = 0; therefore, there

is at most one solution. m

Proof of Proposition 7
Equation (9) characterizes n5. It does not depend on 7;; therefore, we can take
the limit of equation (9) keeping 7, constant. We get lim,, 05 =F [RL;L\R] and

lim,, 0n; — 1. The definition of Ag, implies that lim,, o Ag = 0; that

R = R+>\ )
is, the reports of the persuader become more extreme, and that lim,, 1 A = AR =

%R The analogous holds for P,.

If we keep 7724 constant, the shape of the ambiguity area for F; remains un-

changed, which can be seen if we investigate the analog of equation (9) for P,. Keep-
ing 171—5’” constant implies that 7wy increases as 7, decreases; therefore, equation (9)
implies that the ambiguity area of P, shrinks. That means that lim,, _oAg — 0,
which means that the reports of P. become more extreme. Now, I will show that n*
increases as m, goes down.

n* is determined by equation (13), where R and L are determined by equations
(11) and (12). If we take the derivative of the RHS of (13) with respect to 7, and

evaluate at n*, we get

dRHS . 1 R o/ p
« — szgn— _ * deR
dm, " (1—7@)/0 /0 (R—l—L TI)f *

*

*( R FROOR dR
, U ) fdL ') fdL
+<7T/0 <R+L ”)f J”TH/O (R+L ”)f )dm
1 B R
= — ") fdLdR < 0
(1—7Tr)/0/0 (R+L ”)f =

where the last equality comes from using equation (11). Recall that n* is the point of
intersection of the LHS (n) and the RHS (n) of equation (13) for the initial 7, like
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in the picture below.

LHS

RHS

h'h e h

The fact that d?g 5 < 0 implies that as 7, decreases the function RHS (n) shifts up,
which implies that the new 7, > n*.

This implies that when 7, goes down, P, is better-off, and P, is worse-off. As 7,
decreases, n* and 7}, for each R increase, which implies that for each R the persuader
toward Right can induce a higher belief. Since the shape of the ambiguity area for
P, is not affected for big L, P, can induce the same belief. However, the belief in the
double ambiguity area is higher, and it is achieved for lower L,., < L which means
that for L < L, P, induces higher beliefs than before.

Showing that the utility of the decision maker increases requires some tedious
algebra, which I omit here, but the result is intuitive, since it is more likely that the

decision maker faces the honest expert. m

Proof of Proposition 8
Step 1 For a given gg, the expected utility of the decision maker with parameter
0 is

Rg

foqu<9:U(qR):(1—W)/OOO(Q—qR)g(N;z)dN—i—W/OqR (0 —qr) g (N;z)dN

o [ a0 N = (120 0w 20— 6 (252),

9R
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R,
o (o'e)
dR

foran > 0:U(an) = [ ™ (6 ar)g(Ni2)aN + [ (an—6)g (Vi) =

0 Rg
dR

= 2(9—qR)G(%;z) + (qr —0).

Hence
ElU] - /09((1—2w><e—qR>+zw<e—qR>G(%;z»dqR

+/91 (2 (0 —qr)G (%;z) + (qr —9)) dqr.

Step 2 Ry is such that the decision maker is indifferent between Right and Left;
dEClLU] = agiU] + afég]% = 8%—5]]. Hence, we can look only at the direct
effect of changing z.

We have

OE[U 0 R ! R
U] :/ 27 (0 — qr) G, (—H;z) dqR+/ 2(0—qr)G. (—e;z) dqgr.
0z 0 4R 0 qr

I will prove in Step3 that N > %. Using this, the second expression is positive since

therefore,

for gr € (0,1) we have (0 — gr) < 0 and % < % < N. The first expression can be

0 Ry
21 (0 — qr) G- | —; 2 ) dgr =
0 qr
R,
v Ry o Ry
= 21 (0 —qr) G, | —; 2 | dqr + 21 (0 —qr) G. | —; 2 | dyg,
0 4r B qr

N

rewritten

where the fist expression is positive and the second is negative.
The fact that the mean of V is unaffected by changes in 2z implies that fooo G.(N;z) =
0, which in turn implies that there exists a set (a,b) with a > N such that

Rg

9 il v
/ (—Gz (@;2» dqr = / G. (ﬁ; 2) dqg.
Ry qr % qr

N
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Clearly % < %, hence to complete the proof we need to show that

£ Ry o Ry
27 (0 —qr) G, | —; 2 | dqr > 21 (0 —qr) | -G, | —; 2 ) | dgg.
%o 4r i dr

But

Ry

Rg
e R R e R
/ 21 (0 — qr) G, (—o;z) dqr > 27 <0——9> / G, (—e;z) dqr >
By 4r 4y Ll 4r

Ry

Ry E2 Rg. _ Ry o Rg.
>27T(9—W)/Rg G, (q—R,z)dqR—2<¢9— N>/’ff (—GZ<qR,z))dqR>
)
Ry
> /Re 2(0 — qr) <—GZ (q—R,z>) dqgr.

N

Step 3 N > %
Given the assumptions, the conditional p.d.f. of N given R is g (N|R;z) =

g(IN32)

m. The number of arguments in favor of Right for which the decision maker
RN iZ

with parameter ¢ is indifferent between the alternatives, Ry, is defined by 6 = np ,

and by the definition of n%, , one obtains

1 R .
0 =z (] OO0y
= > iy
¢ N f;g%g(N;z)dN
RyE [$|N > Rg;z]
E[%|N>R9;Z]

Ry
> 2
N

1
> RyFE [N“V > Ry: 2

Full revelation of information in the case of z = oo is a straightforward result. =

References

[1] Anderson, Thomas W. and Linda L. Golden (1984), "Bank Promotion Strategy,"
Journal of Advertising Research, 24, 53-65.

[2] Battaglini, Marco (2002), "Multiple Referrals and Multidimensional Cheap
Talk," Econometrica, 70, 1379-1401.

41



3]

[11]

[12]

[13]

[14]

Chen, Ying (2007), “Perturbed Communication Games with Honest Senders and

Naive Receivers,” Working Paper.
)

Crawford, Vincent P. and Joel Sobel (1982), "Strategic Information Transmis-
sion," Econometrica, 50, 1431-1451.

Crowley, Ayn E. and Wayne D. Hoyer (1994), "An Integrative Framework for
Understanding T'wo-sided Persuasion," Journal of Consumer Research, 20, 561-
574.

Dye, Ronald A. (1985), "Disclosure of Nonproprietary Information," Journal of
Accounting Research, 23, 123-145.

Fishman, Michael and Kathleen Hagerty (2003), "Mandatory versus Voluntary
Disclosure in Markets with Informed and Uninformed Customers," Journal of

Law, Economics, and Organization, 19, 45-63.

Glazer, Jacob and Ariel Rubinstein (2001), "Debates and Decisions: On a Ra-

tionale of Argumentation Rules," Games and Economic Behavior, 36, 158-173.

Glazer, Jacob and Ariel Rubinstein (2004), "On Optimal Rules of Persuasion,"
FEconometrica, 72, 1715-1736.

Grossman, Sanford J. (1981) "The Informational Role of Warranties and Private
Disclosure about Product Quality," Journal of Law and Economics, 24, 561-483.

Grubb, Michael D. (2007), "Developing a Reputation for Reticence,” Working
Paper.

Hovland, Carl I., Arthur A. Lumsdaine, and Frederick D. Sheffield, Experiments

on Mass Communication, Princeton University Press, 1949, 201-227.

Jovanovic, Boyan (1982), "Truthful Disclosure of Information," The Bell Journal
of Economics, 13, 36-44.

Krishna, Vijay and John Morgan (2001), "A Model of Expertise," The Quarterly
Journal of Economics, 116, 747-775.

42



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[24]

[25]

Lumsdaine, Arthur A. and Irving L. Janis (1953), "Resistance to ” Counterpro-
paganda’ Produced by One-sided and Two-sided ”Propaganda’ Presentations,"
The Public Opinion Quarterly, 17, 311-318.

Matthews, Steven A. and Andrew Postlewaite (1985), "The Economics of Quality
Testing and Disclosure," The RAND Journal of Economics, 16, 328-340.

Milgrom, Paul R. (1981), "Good News and Bad News: Representation Theorems
and Applications," The Bell Journal of Economics, 12, 380-391.

Milgrom, Paul R. and John Roberts (1986), "Relying on the Information of
Interested Parties," The RAND Journal of Economics, 17, 18-32.

Pechmann, Cornelia (1992), "Predicting When Two-Sided Ads Will Be More
Effective Than One-Sided Ads: The Role of Correlational and Correspondent
Inferences," Journal of Marketing Research, 29, 441-453.

Shin, Hyun Song (1994a), "The Burden of Proof in a Game of Persuasion,"
Journal of Economic Theory, 64, 253-264.

Shin, Hyun Song (1994b), "News Management and the Value of Firms," The
RAND Journal of Economics, 25, 58-71.

Shin, Hyun Song (2003), "Disclosures and Asset Returns," FEconometrica, 71,
105-133.

Smith, Robert E. and Shelby D. Hunt (1978), "Attributional Processes and Ef-

fects in Promotional Situations," Journal of Consumer Research, 5, 149-158.

Viscusi, Kip W. (1978), "A Note on ”"Lemons’ Markets with Quality Certifica-
tion," The Bell Journal of Economics, 9, 277-279.

Wolinsky, Asher (2003), "Information Transmission When the Sender’s Prefer-

ences are Uncertain," Games and FEconomic Behavior, 42, 319-326.

43



