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STRATEGIC INFORMATION REVELATION WHEN EXPERTS COMPETE TO
INFLUENCE∗

SOURAV BHATTACHARYA† AND ARIJIT MUKHERJEE‡

Abstract. We consider a persuasion game where multiple experts with potentially conflicting self-
interests attempt to persuade a decision-maker, say, a judge. The judge prefers to take an action
that is most appropriate given the state of the world but the experts’preferences over the actions
are independent of the state. The judge has no commitment power and takes her best action given
the experts’ reports. Experts have private types: an informed expert observes the state but an
uninformed expert does not. An expert cannot lie but an informed expert may conceal information
by feigning ignorance. We offer a general characterization of the equilibrium and highlight three
key implications: first, in some cases, recruiting a better expert (i.e., one with higher likelihood of
being informed) can make the judge worse off. Second, if the judge chooses the panel of experts, she
always prefers experts with extreme preferences. Finally, the judge may prefer a panel of experts
with identical (but extreme) rather than opposing preferences.

1. Introduction

Decision-makers often rely on the advice of the experts. However, if the experts are themselves
interested in the decision, they may attempt to influence the decision-maker by withholding or
filtering information. To counteract such manipulation of information, decision-makers often solicit
advice from experts with conflicting preference, the premise being that competition between the
experts facilitates information revelation. For example, a judge may invite experts’testimony from
both the plaintiff and the defendant, a policy maker may listen to advocacy groups representing
different interests, and a voter may listen to policy stands of different candidates.
While several authors have studied the issue of eliciting private information from competing

experts (Milgrom and Roberts, 1986; Shin, 1994, 1998; Gul and Pesendorfer, Emons and Fluet,
2009; Kamenica and Gentzkow, 2011; Gentzkow and Kamenica, 2011), the extant literature has
little to say about the link between the extent of conflict among the experts and the quality of
decision-making. This article attempts to bridge this gap.
We consider an environment where the judge cannot commit to his actions and there is uncer-

tainty over whether or not an expert possesses the relevant information. In this setting, we develop
a simple model of competition for persuasion that allows us to explore certain key questions, such
as: How does the conflict of interest between experts influence the extent of information revela-
tion? Does the quality of decision-making necessarily improve if the competing experts are more
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informed? Should policy advisors be chosen from those with moderate or those with extreme policy
preferences?
We find that these questions have nuanced answers with important implications for the optimal

design of expert panels. First, employing experts that are more likely to be informed may lead to
worse decisions. Second, it is always optimal to use experts with extreme preferences. Moreover,
it may be better for the decision-maker to employ experts who have similar interests rather than
to promote competition by employing experts with opposing views.
We consider a persuasion game (Milgrom and Roberts, 1986; Glazer and Rubinstein, 2001, 2004,

2006) with the following features. The decision-maker, or the “judge,” wants to take an action
matching the underlying “state”, θ, and each agent Ai, or “expert,” privately observes the state
with a certain probability αi. We call αi the “quality” of an expert as it reflects the expert’s
ability to gather the necessary information. Unlike some of the existing models of persuasion where
the judge chooses between just two actions (Shin, 1998; Glazer and Rubinstein, 2001) we assume
a richer, continuous action space. An expert Ai’s preference is described by his ideal action, or,
“agenda,” xi. Irrespective of the underlying state, he prefers that the judge take an action as
close to xi as possible. We assume that the relevant information consists of hard evidence (e.g.,
legal documents) which can be verified. An informed expert has the choice to either report the
state or to feign ignorance and pool with the genuinely uninformed.1,2 So, an informed expert
reveals information only if he finds the state favorable. However, a state that is unfavorable to one
expert may be favorable to another, and thus competition may mitigate the problem of information
manipulation. We assume that the judge cannot commit to an action that would maximize the
likelihood of truth-telling. Moreover, the judge cannot write contracts to “buy information”from
experts. Thus, the experts’incentives are driven only by the judge’s action.
As a concrete example of the environment described above, consider a judge listening to the

expert reports from both the plaintiff and the defendant to decide on the amount of a monetary
damage that the defendant must pay to the plaintiff.3 The plaintiff’s expert prefers a higher damage
payment whereas the defendant’s expert attempts to lower the damage amount. We assume that
both experts have access to the same data or evidence, which is a natural assumption in many
judicial systems where both sides of the litigation get equal access to all “discovery documents”of
the case. However, the experts vary in terms of their abilities to assess the extent of damage by
analyzing the available data. The available data and the experts’analyses are verifiable evidence
and cannot be fabricated. Thus, if an expert fails to analyze the data effectively, his findings are
necessarily uninformative and he cannot produce any assessment of the damage. In contrast, if an
expert can successfully analyze the data he has two options: either to reveal his assessment or to
withhold it, claiming to have failed to analyze the data. A “better”expert is more likely to be able
to analyze the data and reach a definite conclusion about the true extent of the harm caused by
the defendant.
In the above scenario, the experts are extreme and opposed in the sense that while one prefers

the highest possible action (damages), the other prefers as low an action as possible. Our setting

1In many judicial settings, feigning ignorance to suppress unfavorable information is indeed a commonly used
rhetorical tactic, especially when the cost of perjury is steep. Perhaps an extreme example of such a strategy is the
much publicized testimony of former US Attorney General Alberto Gonzales to the Senate Judiciary Committee that
subsequently led to his resignation. Facing charges of politicizing his offi ce through wrongful dismissal of several
US District Attorneys, “Gonzales also repeatedly angered lawmakers by saying that he could not recall key episodes
and details related to the U.S. attorneys’dismissals, testifying nearly 70 times at one hearing alone that he could
not remember specific events.”(“Embattled Gonzales Resigns,”by Dan Eggen and Michael A. Fletcher, Washington
Post, August 28, 2007.)

2A similar strategy set for the experts is also assumed by Shavell (1989) in the model of pre-settlement information
sharing between the plaintiff and the defendant. Also see Dziuda (2010) for a model of persuasion where experts may
strategically pool across types to obfuscate information revelation.

3A similar setting is also considered by Shin (1994).
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extends to situations where experts may prefer a moderate action. For example, suppose that the
government needs to decide on its foreign policy towards a potentially hostile country. The optimal
extent of military intervention depends on a complex array of geopolitical issues on which the
government lacks the necessary information. The government seeks this information from a panel
of defense strategists who may have strong ideological views on the use of armed force– irrespective
of the state, a “hawkish”expert may prefer a stronger military action whereas a “dove”may prefer
a diplomatic solution. But it is plausible that a hawkish expert does acknowledge the role for
diplomacy in conflict resolution and a “dove”also agrees on the need for occasional use of force.
A similar case may arise in the context of policy-making on various socioeconomic issues, such
as entitlement programs, civil and political rights, gun control, etc. While the policymaker may
want to design such policies to maximize the well-being of a particular constituency, an expert may
not care about the affected constituents, per se, and may prefer to align the policy with his own
political ideology/moral views (that need not be extreme).
In this setting, when any expert reveals the true state θ, the judge takes the action that matches

θ. It turns out that the equilibrium of this game is completely characterized by the “default action”
of the judge– the action y∗ (say) that the judge takes when all experts fail to report the state. Note
that an expert’s report matters only in the event when no other expert reveals the state.4 So, he
reports the state if and only if θ is more favorable to him than y∗ (in other words, between the
default action (y∗) and the true state (θ), the latter is closer to his ideal point xi). Therefore,
an (informed) expert’s disclosure strategy is represented by a revelation set, i.e., the states which
he would report truthfully to the judge. In particular, each expert’s revelation set is a set of
“favorable states”close to his ideal action and the judge’s default action y∗ is the best-response to
such disclosure strategies of the experts. This observation leads to a simple characterization of the
equilibrium. Also, the equilibrium is robust to whether the experts report simultaneously or in any
pre-specified sequence.
In order to explore the implications of our model for the design of expert panels, we confine

attention to the case where the state/action space is the unit interval, and there are only two
experts, A0 and A1, say.5 The unit interval allows for an unambiguous ordering of the actions and
helps capture the extent of conflict between the experts and the quality of decision-making. In this
case, the revelation sets of each expert is an interval in the state space with y∗ being a boundary
point.
An interesting finding of our model is that when experts are moderate, a better expert (i.e. an

expert who is informed with a higher probability) does not guarantee better decisions– it can lead
to either better or worse outcomes depending on the underlying parameters. The intuition is as
follows. A small change in an expert’s quality has two effects: a direct effect where the default
action changes, given the experts’revelation sets and a strategic effect where the revelation sets of
the experts change due to the change in the default action. Since the judge chooses y∗ simply as
her best response to the experts’revelation strategy and fails to internalize the impact of her choice
on the revelation sets, such a change might leave her worse off. However, when both experts have
extreme agenda, the impact of the strategic effect on the expected decision quality is negligible and
the perverse comparative static result does not arise.
As we can vary the divergence of preferences among the experts as a parameter of the model,

we can also examine the optimal degree of conflict from the point of view of the judge. If the judge

4Several authors (e.g., Wolinsky, 2002; Gerardi, et al 2009) who study the issue of information extraction from
experts with divergent agends from a mechanism design approach also make use of the idea that experts condition
their report on the event of being pivotal.

5Indeed, one-dimensional debates are of special interest. As argued by Spector (2000), multidimensional debates
have a tendency to be reduced to single-dimensional ones: when preferences of the debaters are similar but beliefs
about the consequences of the various decisions diverge, under certain conditions, public communication either resolves
the disagreement between beliefs or the debate becomes one-dimensional at the limit.
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were to choose the configuration of ideal points in the expert panel in order to maximize her ex-ante
payoff, what would she choose? We make two important points regarding this choice.
First, we show that it is always optimal for the judge to choose extreme (or activist) experts

(i.e., xi ∈ {0, 1}) because such experts have the maximum incentive to reveal information. For any
given default action, the judge can obtain a larger revelation set by “moving”an expert towards
the extreme. This leaves us with the two polar cases– one with extreme and opposed experts
(i.e., x0 = 0 and x1 = 1) and the other with extreme but similar experts (i.e., x0 = x1 = 0 or
x0 = x1 = 1).
A comparison of these two polar cases demonstrates an important trade-off relevant to the design

of expert panels. In the case with opposed experts, the equilibrium revelation sets are [0, y∗] for A0

and [y∗, 1] for A1. The revelation sets “cover”the state space– conditional on both experts having
observed the state, it will always be revealed to the judge. On the other hand, in the case with
x0 = x1 = 0, the revelation set for both experts is [0, y∗]. In this case, if the state is in [0, y∗], it gets
reported if either expert observes the state, but states higher than y∗ never get revealed. Thus,
with similar experts, a high default action offers a strong incentive for information revelation to
both experts simultaneously (both of them end up with a low payoff in case they fail to reveal the
state) even though information is surely lost for a subset of states.
We argue that in the face of this trade-off it may be optimal to use identical but extreme experts.6

For instance, our result suggests that while deciding on foreign policy, it may be beneficial for the
government to employ a panel of antiwar activists and to threaten them with a very hawkish policy
unless the activists can present convincing evidence to the contrary, rather than to have a diverse
panel with hawks and doves together. This finding is in sharp contrast with the existing literature
that by and large supports the use of competing experts.

Related Literature: While we have already mentioned how some of the key assumptions of the
our model bear resemblance with the frameworks used in the extant literature, in what follows, we
relate our work to some of the broad strands of the literature on strategic communications.
In the literature on persuasion games, this article closely relates to Shin (1994), especially for

the case of the completely opposed experts. Shin argues that the “burden of proof”should lie more
with the expert who is better informed ex-ante; i.e., the judge’s default action (y∗) should favor
the expert who has a lower probability of observing the state. However, Shin uses an information
structure where the amount of revelation by the experts is independent of the burden of proof. In
contrast, we explicitly model the the mutual interdependence of experts’and the judge’s strategies
and highlight how the overall informational content of the debate is affected by the information
that each expert has.7

The cheap talk literature has also focussed on the question of information revelation in the
presence of multiple senders of information. Gilligan and Krehbiel (1989) and Austen-Smith (1990,
1993) are some early models analyzing informational properties of “debates” between multiple
experts with divergent interests in a cheap talk setting. Among the more recent contributions,
Krishna and Morgan (2001) explores the value of competition (i.e., experts with conflicting biases)
in improving communication in the unidimensional state/action space. In a related work, Battaglini
(2002) shows that if the state/action space is multidimensional and unbounded, then there is an
equilibrium where the state is always revealed. While the cheap talk literature usually assumes that
the experts always know the state, we are interested in a situation where there is uncertainty about

6We later show that is several commonly studied environments (e.g., uniform distribution and quadratic loss), the
judge’s expected payoff is always maximized when experts have identical but extreme agenda.

7In a recent work, Gentzkow and Kamenica (2011) also explore the role of competition in persuasion games and
find that an increase in competition (weakly) increases the amount of information revelation. However, they consider
a signal structure that is considerably different from ours where the senders can choose the coarseness of the signal
and the senders’reports may be arbitrarily correlated.
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what an expert knows.8 In our model too, when the experts have completely opposed agenda,
information is fully revealed to the judge in the event that both experts know the state. This
result is similar to the full revelation result with opposed biases in Krishna and Morgan (2001).
However, we point out that the uncertainty about the experts’information opens up new channels
of strategic information manipulation that the judge has to contend with. Moreover, competition
may limit the ability of the judge to simultaneously induce all experts to reveal information, and
under certain circumstances, the judge may be better off by employing experts with extreme but
completely identical preferences.
The above finding is in sharp contrast with an influential article by Dewatripont and Tirole (1999)

who argues in favor of using competing experts to address the moral hazard problem involved in
costly information acquisition. In the same vein, Shin (1998) shows that even if the judge is as
well informed as the experts, on an average it is better to employ completely opposed experts
than the judge undertaking his own investigation. Also, in a model where experts engage in costly
information acquisition, Gerardi and Yariv (2010) shows that if experts can report in sequence, the
optimal mechanism involves using opposing experts.
Finally, there is also a line of work where the judge is assumed to be able to commit to a

mechanism to elicit the truth from multiple experts by exploiting the divergence in interests. This
literature includes Wolinsky (2002) and Gerardi et al. (2009) which have been mentioned before.9

While the mechanism design literature emphasizes how the differences in the experts’preferences
may be exploited for eliciting the truth, we show that the judge might optimally want to have
experts with similar preferences, even if she could commit to an optimal default action.

The rest of this article is organized as follows. The next section presents the model. In section 3,
we first provide a general characterization of the equilibrium, and then examine the special case of
unidimensional state/action space in more detail. Section 4 analyzes how the quality of the experts
affects the quality of the decision making and how this linkage is affected by the diversity of the
experts’agenda. Section 5 addresses the question of optimal panel design and some extensions of
the model are considered in section 6. A final section concludes.

2. Model

We consider a persuasion game between n experts, A0, ..., An−1, and a judge. The judge needs
to choose an action y ∈ Y that is most appropriate given the underlying state of the nature θ ∈ Θ.
We assume that Y = Θ, and it is a compact and convex subset of Rk. The payoff of the judge
from taking action y in state θ is uJ (y;θ), where uJ is continuous and twice differentiable in both
its arguments. Moreover, given θ, uJ (y;θ) is strictly concave in y and is maximized at y = θ.
We normalize the maximal payoff uJ (θ;θ) to 0. Effectively then, we assume that the judge wants
her action to be as close to the state as possible and interpret uJ as the loss from taking an action
different from the state. An expert Ai, on the other hand, prefers the judge’s action to be as close
to his ideal action xi ∈ Y as possible, independent of the realized state. The payoff of expert Ai
from action y is given by ui (y; xi) = v (‖y − xi‖) for some strictly decreasing function v. Thus,
the payoff of expert Ai is assumed to be symmetric and single-peaked around xi. We refer to the
parameter xi as the agenda of expert Ai.
The judge cannot observe θ directly but has a (commonly known) prior belief on θ that is given

by the probability distribution function F (θ) (and the associated density function f (θ)) that is
continuous and has full support on Θ. Before choosing her action, the judge receives a report, mi,

8The cheap talk literature also typically assumes that the experts’ ideal actions are state-dependent. A notable
exception is Chakraborty and Harbaugh (2010) who consider experts with state-independent ideal actions.

9A related set of papers relaxes the extent of verifiability of messages and examines the conditions for revelation
of truth given the diversity of the experts’preferences (see, e.g., Lipman and Seppi, 1995; Bull and Watson, 2004;
Deneckere and Severinov, 2008; Ben-Porath and Lipman, 2009; and Kartik and Tercieux, 2010).
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from each of the n experts who may or may not have observed the realized value of θ. Expert Ai’s
type, ti, can either be “informed”(ti = 1) or “uninformed”(ti = 0), where Pr (ti = 1) = αi ∈ [0, 1).
An informed expert observes the state whereas an uninformed expert does not. Since αi represents
expert Ai’s prior likelihood of being informed, we can interpret αi as a measure of the “quality”
of the expert. We assume that any report about the state is verifiable. So, upon observing the
state θ, an informed expert is left with the choice of whether to disclose the state (i.e., mi = θ) or
conceal it (i.e., mi = ∅, say)10. Also, the reporting is assumed to be costless to the expert and it
affects his payoff only through its impact on the judge’s action.
The (pure) strategy of an informed expert Ai is mi (θ) ∈ {θ, ∅} for all θ ∈ Θ and that of

an uninformed expert is mi = ∅ (by assumption).11 Denote a profile of reports from all experts
{m0,m1, ...,mn−1} by m. For any state θ, denote by m−i (θ) the profile of reports of all experts
except Ai. Finally, let y = y (m) be the action taken by the judge upon receiving the report profile
m.
We use perfect Bayesian Nash equilibrium (PBE) as the solution concept. Let µ (θ | m) be the

posterior belief of the judge upon receiving the experts’reports m. A strategy profile 〈m∗, y∗ (m)〉
along with a belief µ∗ constitutes a PBE of this game if the following holds:
(i) For all i, if Ai is informed, then for all θ ∈ Θ, mi (θ) = θ if and only if,

Eui
(
y∗(θ,m∗−i (θ) ); xi

)
≥ Eui

(
y∗(∅,m∗−i (θ) ); xi

)
where the expectation is taken over the types of all other experts. And if Ai is uninformed, mi = ∅.
(ii) The judge’s action

y∗ (m) = arg max
y∈Θ

∫
Θ
uJ (y;θ) dµ∗ (θ | m)

for all m.
(iii) The posterior belief of the judge µ∗ (θ | m) is obtained by using Bayes rule given the prior

belief F (θ) and the strategy profile of the experts,m∗. Also, if an expert takes an out-of-equilibrium
action that reveals the state θ, the off-equilibrium belief is only allowed to put weight on θ.
We conclude this section with the following two remarks on our modeling specifications: First,

note that our definition of the PBE imposes an off-the-equilibrium path belief restriction that
is not a part of the canonical definition. In the canonical definition, the agents’action sets are
independent of their types– an assumption that is violated in our setting. Hence, we need to
impose the aforementioned restriction in order to be consistent with our modeling specification.
Second, while we have assumed that the experts’preferences are independent of the state, this

assumption is not essential for our results. We maintain this assumption as it considerably improves
the analytical tractability of our model, and in section 6.2 we discuss the robustness of our findings
in a scenario where the experts directly care about the state. It is, however, important to note
that state-independent preference for the experts is a common assumption in the persuasion game
literature (see, e.g., Milgrom, 1981; Fishman and Hagerty, 1990; Shin, 1994, 1998; Glazer and
Rubinstein, 2001, 2004, 2006).12 Finally, as discussed in the introduction, one may also argue that

10Our model is robust to a more general specification of the expert’s action space where one can report any subset
of the state space as long as it contains the true state; (e.g., Milgrom and Roberts, 1986; Shin, 1994). See section 3
and Appendix B for details.

11Our focus on the pure strategy equilibria is without loss of generality. This is due to the fact that uJ is concave
and F is atom-less.

12This is in sharp contrast with the cheap-talk literature where usually the experts’preferences are assumed to be
state-dependent (Crawford and Sobel, 1982). Indeed, this assumption is critical in the cheap-talk literature– when
the message is non-verifiable, informative communication is diffi cult to sustain unless the sender and the receiver’s
preferences are partially aligned (i.e, the state affects the payoffs of both the players). But when the message is
verifiable– as commonly assumed in the persuasion game literature– the verifiability of the message considerably
restricts the sender’s ability to garble information. Thus, there is scope for informative communication even when
the players’preferences are not aligned.
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this assumption is realistic in many persuasion game contexts, such as litigation, expert panels
on public policy, etc., where the experts need not care about the “truth”per se, and attempt to
manipulate the decision-maker’s action towards their own interests.

3. Equilibrium characterization

As we have mentioned in the introduction, an equilibrium in this game is completely characterized
by the “default”action of the judge, i.e., the action that the judge would take if all experts fail to
reveal the state. In what follows, we first present a general characterization of the equilibrium for
an arbitrary state space. We then focus on a special case of unidimensional state space that is of
particular relevance for our subsequent analysis.

3.1. General characterization. In order to characterize the equilibrium, first consider the judge’s
strategy. The best-response of the judge upon receiving the report profile (m) is:

y∗(m) =

{
θ if mi (θ) = θ for some i
y otherwise

(1)

where y = arg max
y′∈Θ

∫
uJ
(
y′;θ

)
dµ (θ | m = ∅)

In other words, if at least one expert reveals the state, the judge trivially takes the action that
exactly matches the state. But when all experts fail to reveal the state, then the judge takes a
“default”action y that maximizes her expected payoff taking into account the experts’reporting
strategies.
An informed expert Ai’s strategy is characterized by her “revelation set” Θi, i.e., the set of

states over which she reports truthfully. Suppose Ai observes that the state is θ. If he (or any
other expert) reveals the state, an action θ will be induced. In contrast, if he conceals the state
and no other expert reports, the judge takes the default action (y). Thus, Ai decides to report or
not conditioning on the event that he is pivotal in determining whether the judge will take the
action θ or y. Now, given any state θ, Ai reveals θ if and only if ui (θ; xi) ≥ ui (y; xi). As ui is
single peaked and symmetric around xi, ui (θ; xi) ≥ ui (y; xi) if and only if ‖θ − xi‖ ≤ ‖y − xi‖.
Therefore, Ai reveals the state if and only if Ai’s agenda (xi) is closer to the observed state (θ) than
the agenda is to the judge’s default action (y). Hence, given the default action y, the “revelation
set”for expert Ai is Θi = {θ ∈ Θ | ‖θ − xi‖ ≤ ‖y − xi‖}.
The above discussion is summarized in the following proposition that characterizes the equilib-

rium of the game.

Proposition 1. There always exists a PBE of this game. Moreover, in any PBE of this game an
informed expert’s strategy is:

m∗i (θ) =

{
θ if θ ∈ Θ∗i = {θ ∈ Θ | ‖θ − xi‖ ≤ ‖y∗ − xi‖}
∅ otherwise

and the judge’s strategy is:

y∗(m) =

{
θ if mi (θ) = θ for some i
y∗ otherwise

,

where

y∗ = arg max
y′∈Θ

∫
uJ
(
y′;θ

)
dF (θ | m = ∅) .
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In this context, several issues are worth noting. First, the above characterization result tells us
that in equilibrium, an (informed) expert Ai’s revelation set Θ∗i is a sphere in Rk centered around
the expert’s agenda xi. Also, in equilibrium, all revelation sets must share a common boundary
point y∗, which is the equilibrium default action of the judge.
Second, the equilibrium characterization does not change even if the experts send their messages

sequentially. If the experts are asked to speak in some pre-specified order, or some subset (possibly
all) of them may be asked to speak simultaneously, the sequence of reports does not make a
difference as each expert’s decision is conditioned on the event that he is pivotal. It is also easy
to see that the outcome will be the same even if some experts knew the reports of some of the
other experts before they spoke. The fact that all informed experts have the same information is
important for this feature of our model.13 This finding is similar in spirit with Dekel and Piccione
(2000) who show, in the context of a voting game, that the symmetric equilibria of the simultaneous
voting game are also equilibria in any sequential voting structure.
Finally, such an equilibrium characterization continues to hold if one consider a more general

strategy space for the experts a la Milgrom and Roberts (1986) where an informed expert reports a
subset of states, say Si, that contains the true state (see, e.g., Milgrom and Roberts, 1986). Under
the expanded strategy space, the above equilibrium is supported by an off-the-equilibrium belief
that is similar in spirit with the “skeptical posture”discussed by Milgrom and Roberts (1986)– if
no expert reports the state and some expert Ai deviates and reports a strict subset Si of the state
space, then the judge believes that the true state is the one in Si that is least favorable to Ai.14

3.2. Unidimensional state space. Given the general characterization of the equilibrium, we
now focus our attention to the canonical setting of two experts and unidimensional state space,
Θ = [0, 1]. Such a state space has the feature that the preference ordering over the states for
one expert may be the complete opposite of the ordering for his rival expert. As we are primarily
interested in exploring the link between the extent of conflict between the experts and the quality of
decision making, the case of unidimensional state space is particularly relevant and we will confine
our attention to such an environment in the rest of this article.
The specificity of this setting also allows us to analyze the equilibrium characteristics in further

details. In particular, we can highlight how the nature of the debate is influenced by the diversity of
the experts’agenda. To this effect, we first present a corollary to Proposition 1 that characterizes
the equilibrium in this environment.

Corollary 1. Suppose that θ ∈ [0, 1] and n = 2. In equilibrium Ai (i = 0, 1) reveals the truth if
and only if θ ∈ Θ∗i = [0, 1] ∩ [xi − |y∗ − xi| , xi + |y∗ − xi|] where y∗ is given by the equation

(2)
∫

∂

∂y
uJ (y∗; θ) dF (θ | m0 = m1 = ∅;m0(θ),m1(θ)) = 0.

Moreover, y∗ always lies in (0, 1).

Corollary 1 indicates that the experts’equilibrium revelation sets, Θ∗i , are intervals in R that
share the judge’s default action y∗ as a common boundary point. Using this simple characterizations
we can now explore the link between the diversity of agenda and the nature of the persuasion.
To begin with, consider the case where the experts have “extreme”agenda; i.e., xi is either 0 or

1. Note that this setting includes both the canonical model of completely opposed experts where

13Ottaviani and Sorensen (2001) show that in presence of reputational concerns, the sequencing of experts does
matter. In our case, the experts are concerned not with their reputation but only with the final action, and in this
setting, the sequence is immaterial.

14See Appendix B for a complete analysis of this case.
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x0 = 0 and x1 = 1, and the case of the “extreme but identical”experts where xi = 0 or 1 for all
i = 0, 1.

Proposition 2. When the experts have extreme agenda, there exists a unique equilibrium of the
game characterized as follows: (i) If x0 = 0 and x1 = 1, then Θ∗0 = [0, y∗01] and Θ∗1 = [y∗01, 1], (ii)
if x0 = x1 = 0, then Θ∗0 = Θ∗1 = [0, y∗00], and (iii) if x0 = x1 = 1, then Θ∗0 = Θ∗1 = [y∗11, 1], where
y∗01, y

∗
00, and y

∗
11, all lying in (0, 1), are the default action of the judge in the respective cases (as

derived from equation (2)).

The key features of this equilibrium are intuitive. First, consider the case of completely opposed
experts (x0 = 0 and x1 = 1). In equilibrium, the state space is partitioned into two revelation sets,
each set containing states deemed favorable by one expert but unfavorable by the other. In this
sense, we say that the equilibrium reflects “conflict”between the experts. States less than y∗01 are
revealed by A0 and concealed by A1 and the opposite holds for the states greater than y∗01.

15 Also
note that if both experts are informed, then the true state is necessarily revealed in equilibrium.
In contrast, when the experts’agenda are identical (i.e., xi = 0 or 1 for all i = 0, 1), so are their

revelation sets. As in the case of conflict, the state space is partitioned into two subsets. The judge
never learns the state if it is outside the experts’revelation set but if the state lies in the revelation
set, the judge learns it if at least one of the two experts are informed. In this case, we say that
the equilibrium reflects “congruence”between the experts– both experts agree on the set of states
that they prefer to reveal.
Now, consider a more general environment where the experts may be moderate in the sense that

0 < x0 ≤ x1 < 1. It turns out that while the equilibrium is unique with extreme experts, with
moderate experts, the game may have multiple equilibria. As we let the expert agenda vary, much
like the extreme expert case we can have two classes of equilibria: one with conflict where the
revelation sets are disjoint (but always adjacent) and another with (partial) congruence where one
expert’s revelation set is a weak subset of the other’s. However, with the same primitives, some
equilibria may exhibit conflict and some may exhibit partial congruence. The following example
illustrates this point.

Example 1. Assume that θ is distributed uniformly on [0, 1] and uJ (y; θ) = − (y − θ)2. Let
x0 = 0.45, x1 = 0.65 and suppose that both experts are of the same quality, where α0 = α1 = 0.5.
In this case, there are three equilibria and both conflict and (partial) congruence in revelation sets
can emerge in equilibrium. In the conflict equilibrium, y∗ = 0.4667, Θ∗0 = [0.4333, 0.4667] and
Θ∗1 = [0.4667, 0.8333]. There are two other partially congruent equilibria (in both cases, y∗ <
x0 < x1): (i) y∗ = 0.2403, Θ∗1 = [0.2403, 0.4597], and Θ∗2 = [0.2403, 0.9797]; (ii) y∗ = 0.1826,
Θ∗1 = [0.1826, 0.5174], and Θ∗2 = [0.1826, 1].

The above example also highlights the fact that the degree of opposition between the experts’
agenda need not indicate whether the experts’interests in equilibrium are in conflict or in (partial)
congruence. For the same underlying parameters there can be multiple equilibria depending on the
coordination between the players.
At this stage, we introduce an important distinction between equilibria which will prove to be

useful in the next section when discussing the comparative static properties. Consider a small
change in xi, the agenda of expert Ai. If the equilibrium revelation sets are already [0, y∗] or [y∗, 1]

15This observation is in contrast with the so-called “unraveling” argument (see Milgrom 1981; Milgrom and
Roberts, 1986) that suggests that non-disclosure of information is never useful in equilibrium as they signal an
unfavorable state for the sender with certainty. But in our framework, such messages are useful as the judge cannot
tell whether the expert is indeed informed or not (a similar argument is also presented in Shin, 1998).
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(as always the case with extreme experts), such a change in expert agenda will not change the
equilibrium outcome. On the other hand, if the experts are moderate, it may be the case that
even a small change in expert agenda may alter equilibrium outcomes, depending on the particular
equilibrium being played. For example, while every equilibrium in Example 1 is sensitive to a
change in x0, the outcome of the partially congruent equilibrium with y∗ = 0.1826 is not sensitive
to a small change in x1. The following definition distinguishes equilibria that are sensitive to local
changes in expert agenda from those that are not.

Definition 1. Consider an equilibrium of the persuasion game where the judge’s default action is
y∗. The equilibrium is said to be “locally insensitive” to the experts’agenda if for each expert Ai,
either xi < y∗/2 or xi > (1 + y∗) /2, i = 0, 1.

It is easy to see that if both experts have extreme agenda, the unique equilibrium is locally
insensitive to experts’agenda. This feature leads to special comparative static properties that hold
true when the agenda are extreme, but are not guaranteed when they are moderate.

4. Diversity of agenda and the value of information

We now focus on relationship between the quality of experts (as measured by αi, the ex-ante
likelihood of the expert being informed) and the quality of decision-making (as measured by the ex-
ante equilibrium payoff of the judge). The model suggests that the effect of expert quality depends
crucially on the whether the experts have extreme or moderate agenda.
Consider how a marginal change in α0, (i.e., the quality of A0) will affect the equilibrium payoff

of the judge. First, it will lead to a positive direct effect: given A0’s revelation set Θ∗0, an increase
in A0’s likelihood of observing the true state eliminates the judge’s loss when the state is in Θ∗0.
But there is also a strategic effect: a change in α0 will lead the equilibrium default action to shift
and this will lead both experts to adjust their revelation sets accordingly. Each expert will reveal
some states not being revealed earlier and conceal some states that were disclosed before, and the
aggregate impact on the judge’s payoff cannot be signed a priori. Thus the sign of the strategic
effect is ambiguous and if this effect is strong and negative, we may end up with a situation where
an improvement in expert quality makes the judge worse off ex-ante.
However, note that if the particular equilibrium is locally insensitive (i.e. the revelation sets are

either [0, y∗] or [y∗, 1]), then a small change in y∗ will change the revelation sets only close to y∗.
Given our assumption that u′J(y∗, θ) = 0 at θ = y∗, a change in the revelation strategy over states
very close to y∗ has no first order effect. Therefore, if the equilibrium is locally insensitive to expert
agenda, the strategic effect vanishes and an increase in expert quality is guaranteed to improve the
judge’s payoff.
Now, recall that if both experts have extreme agenda, the unique equilibrium is locally insensitive.

So, our discussion above implies that with extreme agenda, an increase in the quality of either expert
is always beneficial for the judge but when at least one expert is moderate, higher quality of expert
does not necessarily mean large ex-ante payoff for the judge. The following proposition and its
corollary formalize this point.

Proposition 3. Consider a persuasion game with 0 ≤ x0 ≤ x1 ≤ 1. The judge’s ex-ante equilib-
rium payoff, Eθ [uJ (y∗; θ) | m∗], is increasing in an expert’s quality αi if the equilibrium is locally
insensitive to the expert agenda. Otherwise, the sign of ∂

∂αi
Eθ [uJ (y∗; θ) | m∗] is ambiguous. More-

over, there exist parameters for which the judge’s ex-ante equilibrium payoff decreases in an expert’s
quality.



STRATEGIC INFORMATION REVELATION 11

Corollary 2. When the experts have extreme agenda (i.e. xi ∈ {0, 1} for i = 0, 1), the judge’s
ex-ante equilibrium payoff is increasing in an expert’s quality; i.e., ∂

∂αi
Eθ [uJ (y∗; θ) | m∗] > 0.

To see the intuition behind the proposition, consider a conflict equilibrium.16 Suppose that the
judge’s default action is y∗ ∈ (x0, x1) and the revelation sets are Θ∗0 = [l0, y

∗] and Θ∗1 = [y∗, h1] ,
where l0 = max {2x0 − y∗, 0} and h1 = min {2x1 − y∗, 1}. Suppose that α0 increases. Using
equation (2), one obtains:

(3)
∂
∂α0
E [uJ (y∗; θ) | m∗] =

[
α0uJ (y∗; l0) f (l0) ∂l0

∂α0
− α1uJ (y∗;h1) f (h1) ∂h1∂α0

]
−
∫ y∗
l0
uJ (y∗; θ) dF.

The term −
∫ y∗
l0
uJ (y∗; θ) dF > 0 is the direct effect, and the expression in square brackets is the

strategic effect. In general, the strategic effect cannot be signed. However, if the equilibrium is
locally insensitive, i.e. if l0 = 0 and h1 = 1, then the strategic effect reduces to zero, and the overall
effect is equal to the positive direct effect.
In the environment of example 1, we show that an increase in expert quality may indeed make

the judge worse off.17

Example 2. Consider the conflict equilibrium presented earlier in Example 1 where y∗ = 0.4667,
Θ∗0 = [0.4333, 0.4667] and Θ∗1 = [0.4667, 0.8333] . The associated payoff to the judge is −0.07622.
Now suppose that the quality of A0 improves from α0 = 0.5 to α0 = 0.75. The unique conflict
equilibrium is y∗ = 0.4669, Θ∗0 = [0.4331, 0.4669] and Θ∗1 = [0.4669, 0.8331] . And the corresponding
payoff of the judge reduces to −0.07624.

The following remarks are in order. First, note that an increase in αi can be reinterpreted as
the arrival of an additional expert who shares the same agenda with expert Ai. One interpretation
of Proposition 3 is that when experts are extreme, bringing additional experts always benefits the
judge but the marginal value of an additional expert may be negative when at least one expert has
moderate agenda.
Another important observation in the context of Proposition 3 is that in the extreme expert case,

an increase in the quality of an expert induces the default action to move away from the expert’s
agenda and expand the expert’s revelation set (see the proof of Proposition 3). This implies that
when the experts are opposed, an improvement in an expert’s quality leads the default action to be
more favorable to the other expert.18 This result is similar in spirit with the findings in Shin (1994)
who argues that the burden of proof should lie with the more informed expert, i.e., the default
action favors the less informed expert. It is also reminiscent of Che and Kartik (2009) who derive
a similar result in a single expert model.
Finally, it is worth mentioning that if the judge could commit to a default action, then she could

internalize the experts’response to changes in her own action. One can argue that in this case,
an increase in expert quality would always make the judge better off.19 Therefore, we can attribute

16A similar argument applies for the case of partially congruent equilibrium.
17While Example 2 presents the “perverse” comparative static for a conflict equilibrium, see section 7 for an

example where the comparative static arises for an equilibrium with congruence.
18Formally, if x0 = 0 and x1 = 1, then ∂y∗/∂α0 > 0 and ∂y∗/∂α1 < 0. We skip the proof as its derivation is

trivial.
19When the judge commits to y∗, routine application of the envelope theorem implies that the strategic effect in

equation (3) is zero.
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the “perverse”comparative static result in proposition 3 to the lack of commitment power of the
judge.
Also recall that if the experts have extreme agenda, then, too, the strategic effect is of second

order. Because of this fact, when the agenda are extreme, the outcome (and hence the payoff to
the respective players) is the same irrespective of whether the judge can commit to a default action
or not. Since this fact proves to be very useful for the studying the issue of optimal panel design
in the next section, we summarize it below as a formal proposition.

Proposition 4. If both experts have extreme agenda (i.e., xi ∈ {0, 1} for i = 0, 1) then the judge’s
ability to commit to a default action does not affect the equilibrium outcome: the equilibrium default
action and the associated expected payoff of the judge remains the same as in the case where she
does not have such commitment power.

5. Optimal panel design

As discussed in the introduction, in many real-world environments the decision maker has discre-
tion over the selection of the members in the expert panel. What type of panel is most conducive
to information revelation? That is, if the judge can select (or “commission”) two experts from a
continuum of experts with their ideal points distributed over state space [0, 1], what should she
choose to maximize her ex-ante payoff?
Our first result is that, when forming the optimal panel, without loss of generality the judge can

restrict attention to the panels with extreme experts. This result crucially depends on the insight
yielded by Proposition 4.

Proposition 5. If the judge could select the agenda profile {x0, x1} of the experts (given the other
parameters) then irrespective of whether the judge can commit to a default action or not, one of
the following agenda profiles is always optimal: {0, 1}, {0, 0} and {1, 1}.

The proof proceeds by showing that in the class of conflict equilibria (x0 < y∗ < x1), the highest
payoff is obtained in the case with extreme and opposed experts (x0 = 0 and x1 = 1); among the
class of (partially) congruent equilibria with x0 ≤ x1 < y∗, the highest payoff is obtained in the case
with extreme and identical experts (x0 = x1 = 0); and among the (partially) congruent equilibria
with y∗ < x0 ≤ x1, the highest payoff is obtained in the case with extreme and identical experts
(x0 = x1 = 0). We demonstrate the intuition for the case with conflict equilibria.
Consider a conflict equilibrium with agenda profile {x0, x1} and default action y∗. It is straight-

forward to note that if the judge could commit to a default action, replacing the agenda profile
{x0, x1} by {0, 1} would make her better off.20 But according to Proposition 4, when the agenda
profile is {0, 1}, commitment power has no value to the judge– without any commitment power
she earns the same payoff that she would get if she could commit to her default action. Thus, even
when the judge has no commitment power, her payoff increases when she chooses the agenda profile
{0, 1} over {x0, x1}.
Now, observe that Proposition 5 indicates a possibility that completely opposed experts may

be dominated by identical but extreme experts. When the experts stand at opposite extremes, an
expansion of A0’s revelation set (i.e., Θ∗0 = [0, y∗]) necessarily dampens A1’s incentives for disclosure
(i.e., Θ∗1 = [y∗, 1] shrinks). Such a countervailing effect disappears when both experts stand at the
same extreme, say at 0. In this case, a default action suffi ciently away from 0 gives both experts
strong incentives to reveal the state (if they are indeed informed) but the judge is guaranteed to

20The argument is as follows: even when the judge can commit to her action, the default action y∗ remains a
feasible choice, and under this choice, the revelation sets (weakly) expand from [max{2x0 − y∗, 0}, y∗] to [0, y∗] for
A0 and from [y∗,min{2x1 − y∗, 1}] to [y∗, 1] for A1.
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lose information if the state is in [y∗, 1]. In contrast, with opposed experts, all states are necessarily
revealed when both experts are informed.
Thus, the judge faces the following trade-off: a panel with identical (extreme) experts increases

the likelihood of learning the states in [0, y∗] but information is necessarily lost if the state is in
[y∗, 1]. The judge would prefer identical experts if the gain from additional information on low
states (i.e., when θ ≤ y∗) outweigh the loss from the absence of information on high states (i.e.,
when θ > y∗). Which one of these two effects dominates depends on the judge’s loss function and
the underlying distribution of the states. But interestingly, as the following proposition suggests,
panel with identical and extreme experts is indeed optimal in some of the most commonly studied
environments in the strategic communication literature.

Proposition 6. Suppose that θ is uniformly distributed over [0, 1] and the judge’s payoff is uJ(y, θ) =
−(y − θ)2. Then for all values of α0 and α1, it is optimal to form a panel with identical extreme
experts.

We conclude this section with the following remarks. First, the optimality of choosing identical
experts runs contrary to the received wisdom that experts with opposing agenda facilitate informa-
tion revelation as their competing interests mitigate each other’s attempt to conceal unfavorable
information.21 A similar intuition is also suggested in the mechanism design literature (Wolinsky,
2002; Gerardi, et al., 2009) that emphasizes how the differences in the experts’preferences may be
exploited to for elicit the truth.
Second, our finding is also in contrast with the some of the existing models of persuasion games

such as Dewatripont and Tirole (1999) that argue for the optimality of advocacy. Dewatripont and
Tirole consider a different information structure where each expert can only look for an evidence
that is favorable to his agenda and an expert needs to (privately) exert effort to find the evidence.
Consequently, the judge faces a moral hazard problem that can be resolved through the competition
between the opposing expert. The moral hazard problem is absent in our environment as the
observation on the state is assumed to be costless for an informed expert.22

Finally, an alternative interpretation of this finding is that a single expert with extreme pref-
erences (i.e., an “activist”, say), if suffi ciently able, may be better for the judge than any panel
with two experts. Thus, our finding offers a novel justification for decisions making based on the
information provided by a single expert, rather than through competitive advocacy.

6. Discussion

In this section, we further elaborate on the issue equilibrium characterization by considering
specific functional forms. We also highlight a few extensions of our model to explore the robustness
of our key findings in environments where the expert may care for the true state of the world.

21This argument is also common in public debates. For example, in April 2012, the Governor of Florida set up
a panel of experts to review the controversial “Stand Your Ground” law on the use of fire arms in self-defense. The
Governor was criticized for supposedly forming an “unbalanced panel” as several panelists were known to support
gun rights and the existing version of the law (see, “Stand Your Ground task force to hold public hearings,” by
Toluse Olorunnipa, Miami Herald, May 1, 2012). Our finding suggests that this argument may be misguided as an
“unbalanced”panel may indeed lead to a better decision making.

22Note that by the virtue of the continuity of the payoff functions, even if we assume that information acquisition
is costly for the experts, it would still be the case that the judge has higher payoff from congruent experts as compared
to competing experts as long as the cost of information acquisition is suffi ciently small.
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6.1. Equilibrium characterization with parametric restrictions. Our discussion so far sug-
gests that the nature of the set of equilibria is highly dependent on the particular set of parameters
under consideration. But for a given set of parameters would all equilibria exhibit similar com-
parative static properties? Also, can the equilibria be Pareto ranked? To address these issues
we characterize the complete set of equilibria in the canonical environment where the judge’s loss
function is quadratic and the prior distribution of the state is uniform. Moreover, we focus on the
case where the experts have identical agenda: x0 = x1 = x ∈ (0, 1).23 We show that the answer to
both of the above questions is negative.
Note that without loss of generality, we can restrict attention to the case where x ≤ 1/2. Propo-

sition 7 describes the set of equilibria and their comparative statics properties. In the proposition,
we use the following notation for the sake of brevity: let α = 1− (1−α0)(1−α1). Denote by P the
set of parameters (x, α) where α ≥ 3/4 and x ∈ [1/2 − 1/8α, y∗00/2]. And as before, y∗00 denotes
the equilibrium default action when x0 = x1 = 0.

Proposition 7. Suppose that uJ (y; θ) = − (y − θ)2 and F is uniform. Moreover, consider the case
where x1 = x2 = x (≤ 1/2). The set of equilibria of the persuasion game is as follows.

(i) If x ∈ [y∗00/2, 1/2] then there exists a unique equilibrium of the game where y∗ = x + t− and
both experts’revelation set is [x− t−, y∗] where t− = 1

4α(1−
√

1− 8α (1/2− x)).

(ii) If x ∈ [0, y∗00/2), then there always exists an equilibrium where y∗ = y∗00 and both experts’
revelation set is [0, y∗00]. Moreover, this equilibrium is also unique when (x, α) 6∈ P. If (x, α) ∈ P,
then there exists another equilibrium where y∗ = x+t+ and both experts’revelation set is [x−t+, y∗]
where t+ = 1

4α(1 +
√

1− 8α (1/2− x)).

(iii) Finally, in the equilibrium where y∗ = x+t+, the judge’s ex-ante payoff (i.e., E [uJ (y∗; θ) | m∗])
decreases in the experts’ quality αi. In all other equilibria, E [uJ (y∗; θ) | m∗] is increasing in αi
(i = 0, 1).

Proposition 7 implies that for the same set of parameters, the comparative statics properties of
different equilibria might be different. Consider the two equilibria for any (x, α) ∈ P and recall that
one is locally insensitive (with revelation sets [0, y∗00]) while the other is not (with revelation sets
[x− t+, y∗]). We know from Proposition 3 that in the locally insensitive equilibrium an increase in
expert quality always increases the judge’s ex-ante payoff. However, Proposition 7 indicates that
in the locally sensitive equilibrium the judge’s payoff decreases in the quality of either expert.
It is also instructive to note that the equilibria cannot be Pareto ranked. For any (x, α) ∈ P,

the judge and the experts have exactly opposite (and strict) preference over the two equilibria:
both experts prefer the equilibrium with a smaller revelation set– which, in this case, is the locally
sensitive one– whereas the judge gets a larger payoff in the locally insensitive equilibrium.
Finally, as an increase in α can be conceived as the judge recruiting another expert who has

the same agenda (x), the proposition above lays out a scenario arising in a canonical environment
where the judge may be better off with fewer experts; the suffi cient condition being (x, α) ∈ P and
the equilibrium chosen is the one preferred by experts.

23Even though this case trivially rules out the existence of conflict equilibria, it allows for both types of the
revelation sets– ones that are locally insensitive and ones that are not. Thus we can still explore the variation in the
comparative statics properties across equilibria.
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6.2. Experts with state-dependent preferences. So far, we have assumed that the experts
do not directly care about the underlying state, and irrespective of the state, an expert’s payoff
increases as the judge’s action becomes closer to the expert’s agenda. But one may argue that in
some settings, an expert’s agenda may be correlated with the underlying state of the world or the
expert may directly care about the quality of decision-making (e.g., the expert’s reputation may
be damaged if his report leads to an egregiously “wrong”decision by the judge). One can easily
extend our model by directly incorporating the state in the expert’s payoff. Suppose that Θ = [0, 1]
and the payoff of expert Ai is

ui (y, θ;xi) = −
[
β (xi − y)2 + (1− β) (y − θ)2

]
,

where β ∈ (1/2, 1]. That is, Ai’s payoff is a convex combination of the proximity of the decision
to his agenda (i.e., xi − y) and the error in decision-making (i.e., y − θ). However, the expert is
assumed to care more about a former than the latter (i.e., β > 1/2). Under the preference specified
above, the most preferred action for the expert is given by x̃i(θ) = βxi+(1−β)θ, and for any given
default action of the judge, y∗, the revelation set is given as:

Θ∗i =

{
[max{0, xi + (xi − y∗) / (2β − 1)}, y∗] if y∗ > xi
[y∗, min{1, xi + (xi − y∗) / (2β − 1)}] if y∗ ≤ xi

.

Observe that the qualitative nature of the revelation sets is the same as in the case of our previous
model: for any given y∗, an expert Ai’s revelation set is locally insensitive only if his agenda xi is
suffi ciently extreme. Hence, all our results remain qualitatively unchanged in this altered setting.

6.3. Paying for information revelation. A potentially alternative method to induce the expert
to reveal the state is to offer monetary payments for the information. We argue that the salient
themes of our analysis continue to hold even if we allow for such a payment. Suppose that Θ = [0, 1]
and the decision maker offers a price p to an expert if he reveals the state. For a given payment p
and a default action y∗ the revelation set of expert Ai becomes Θ∗i = {θ | |xi − θ| − p ≤ |xi − y∗|},
or,

(4) Θ∗i =

{
[max{0, 2xi − y∗ − p}, y∗ + p] if y∗ > xi
[y∗ − p, min{1, 2xi − y∗ + p}] if y∗ ≤ xi

.

Note that for a given y∗, the revelation set expands with p. This observation is quite intuitive as the
payment increases the expert’s incentive for information revelation. However, the default action y∗

now lies in the interior of the set. This feature implies that even if the experts have extreme agenda,
an increase in an expert’s quality may decrease the judge’s ex-ante payoff; i.e., Corollary 2 need not
hold, as this argument relies on the fact that the expert’s revelation set is locally insensitive and
y∗ is at its boundary. However, as the experts’payment p becomes arbitrarily small, the outcome
converges to the outcome without payments. Therefore, the qualitative features of the equilibrium
in our initial model continues to hold even if a suffi ciently small yet positive payment is offered for
information revelation.

7. Conclusion

Reliance on the experts’advice is a common practice in a variety of decision-making processes.
The decision-maker herself may lack the expertise to find or analyze the relevant information
needed for effective decision-making and may rely on the experts’opinion to reach a conclusion.
But experts can be biased. They may have their personal agenda and manipulate the information
they provide to the decision-maker so as to induce her to take an action that better serves their own
self-interests rather than facilitating effi cient decision-making. However, in many such environments
there are also constraints on an expert’s ability to manipulate his report. Once revealed, often the
expert’s report can be verified, and concerns for reputation or threat of penalty for fabrication of
evidence (or both) may act as a deterrent for information manipulation. Moreover, the presence of
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competing experts with potentially opposed self-interests may undo each others’attempt to conceal
unfavorable information.
We consider such a “persuasion game”where two experts with potentially conflicting agenda

attempt to persuade a decision-maker, or a “judge”, to take a favorable action and ask the following
question: how does the extent of conflict between the experts affect the quality of decision-making
(as reflected by the payoff of the judge)? We focus on two different measures of conflict: (i) how
diverse the agenda of the two experts are and (ii) the quality of the opposing experts as reflected
by the prior likelihood of an expert being informed.
We highlight three key results. First, we argue that employing experts of better quality need

not result in better decision making. When the experts’have moderate agenda, an increase in an
expert’s quality can reduce the judge’s payoff ex ante. This finding runs contrary to the intuitive
argument that having better quality experts should always lead to better decision-making. Second,
if the judge could choose the two experts based on their own agenda, it is always optimal to engage
experts whose agenda are either completely opposed or completely align but extreme. And third,
it may be optimal to employ two experts with the same extreme agenda rather than two experts
with completely opposed agenda. This finding, again, runs contrary to the common intuition that
conflicting experts always reveal more information.
Note that our findings are based on two key assumptions: (i) both experts, if informed, observe

the same information about the state, and (ii) conditional on being the “informed” type, the
information acquisition by an expert is automatic– that is, the expert does not have to incur any
cost or exert any effort to observe the state. The latter assumption rules out any moral hazard issue
in the persuasion game. While the key economic effects that we highlight in this article continue
to hold even if we relax these assumptions, to what extent our key findings are robust to these
assumptions remains an interesting area for future research.

Appendix

Appendix A. This appendix contains the proofs omitted in the text. As most of our proofs rely
on nature of the equation (2), it is instructive to further expand this equation as:

(A1)

∫ l0
0
u′J (y∗; θ) dF (θ) +

∫ 1

h1
u′J (y∗; θ) dF (θ) + (1− α0)

∫ l1
l0
u′J (y∗; θ) dF (θ) +

(1− α1)
∫ h1
h0
u′J (y∗; θ) dF (θ) + (1− α0) (1− α1)

∫ h0
l1
u′J (y∗; θ) dF (θ) = 0,

where li and hi are the lower and upper bounds of the revelation interval for expert Ai. That
is, l0 = max {0, x0 − |y∗ − x0|} , l1 = max {0, x1 − |y∗ − x1|} , h0 = min {x0 + |y∗ − x0| , 1} , and
h1 = min {x1 + |y∗ − x1| , 1} . We now present the proofs below.

Proof of Proposition 1. That the proposed strategies constitutes an equilibrium is already ar-
gued in section 3. So only need to prove existence of the equilibrium. Consider some y ∈ Θ,
which is the judge’s action consequent of receiving an all-null report. Each expert’s best response
(strategy) is only a function of y, given by mi(·, y) : Θ → Θ ∪ {∅}. For every Ai, the function is
unique and well-defined, given by the above proposition. Call the experts’best response profile of
strategies m(y) = {mi(·, y), i = 0, 1, ..., n− 1}. Note again that y∗, the best response of the judge,
is simply a function of m(y), and not of the actual profile of reports. That it is well-defined and
unique follows from concavity of uJ in y. We write y∗ as G(m(y)). Therefore, we have a function
G : Θ→ Θ, i.e. from the space of y to itself. Notice that Θ is compact and convex. Also, mi(·, y)
is continuous in y for all i. Since f is a continuous pdf, by the theorem of maximum, G(m(y)) is
continuous in the distribution induced by m(y), and since the induced distribution is continuous in
y, G(m(y)) is continuous in y. Thus, by Brouwer’s fixed point theorem, there exists a fixed point
for the function G. It is easy to see that the fixed point y∗ is a Nash equilibrium of the game.
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Proof of Corollary 1. The revelation sets Θ∗i follows directly from its characterization as given
in Proposition 1. Also, equation (2) is simply the first-order condition associated with the max-
imization problem given in Proposition 1 that y∗ is a solution to. The first-order condition is
both necessary and suffi cient to characterize y∗ since the assumption that u′′ < 0 implies that
the second-order condition is always satisfied. Thus, it only remains to show that in equilibrium,
y∗ ∈ (0, 1).
Suppose that the revelation sets of the two experts are Θ0 and Θ1 respectively. Now, the judge’s

payoff from any default action y is

UJ(y) := Pr (θ ∈ Θ\Θ0 ∪Θ1)
∫

Θ\Θ0∪Θ1
uJ(y, θ)f(θ|θ ∈ Θ\Θ0 ∪Θ1)dθ

+(1− α0) Pr (θ ∈ Θ0\Θ1)
∫

Θ0\Θ1
uJ(y, θ)f(θ|θ ∈ Θ0\Θ1)dθ

+(1− α1) Pr (θ ∈ Θ1\Θ0)
∫

Θ1\Θ0
uJ(y, θ)f(θ|θ ∈ Θ1\Θ0)dθ

+(1− α0)(1− α1) Pr (θ ∈ Θ0 ∩Θ1)
∫

Θ0∩Θ1
uJ(y, θ)f(θ|θ ∈ Θ0 ∩Θ1)dθ

=
∫

Θ\Θ0∪Θ1
uJ(y, θ)f(θ)dθ + (1− α0)

∫
Θ0\Θ1

uJ(y, θ)f(θ)dθ

+(1− α1)
∫

Θ1\Θ0
uJ(y, θ)f(θ)dθ + (1− α0)(1− α1)

∫
Θ0∩Θ1

uJ(y, θ)f(θ)dθ.

(Here we use the fact that for any set E ⊂ Θ, f (θ|E) = f (θ) /Pr (E) .) Taking derivative with
respect to y and setting y = 0, we have

U ′J(0) =
∫

Θ\Θ0∪Θ1
u′J(0, θ)f(θ)dθ + (1− α0)

∫
Θ0\Θ1

u′J(0, θ)f(θ)dθ

+(1− α1)
∫

Θ1\Θ0
u′J(0, θ)f(θ)dθ + (1− α0)(1− α1)

∫
Θ0∩Θ1

u′J(0, θ)f(θ)dθ.

Due to strict single peakedness, u′J(0, 0) = 0 and u′J(0, θ) < 0 for θ > 0. Since f(θ) is assumed to
have full support, f (θ) ≥ k, for some finite k > 0. So, we can write

U ′J(0) =
∫

Θ\Θ0∪Θ1∪{0} u
′
J(0, θ)f(θ)dθ + (1− α0)

∫
Θ0\Θ1∪{0} u

′
J(0, θ)f(θ)dθ

+(1− α1)
∫

Θ1\Θ0∪{0} u
′
J(0, θ)f(θ)dθ + (1− α0)(1− α1)

∫
Θ0∩Θ1∪{0} u

′
J(0, θ)f(θ)dθ.

Now, αi ∈ [0, 1) implies (1− α0)(1− α1) ∈ (0, 1]. Also, (1− α0)(1− α1) ≤ max{1− α0, 1− α1}.
Therefore,

U ′J(0) < (1− α0)(1− α1)
[∫

Θ\Θ0∪Θ1∪{0} u
′
J(0, θ)f(θ)dθ +

∫
Θ0\Θ1∪{0} u

′
J(0, θ)f(θ)dθ

+
∫

Θ1\Θ0∪{0} u
′
J(0, θ)f(θ)dθ +

∫
Θ0∩Θ1∪{0} u

′
J(0, θ)f(θ)dθ

]
≤ (1− α0)(1− α1)k

[∫
Θ\Θ0∪Θ1∪{0} u

′
J(0, θ)dθ +

∫
Θ0\Θ1∪{0} u

′
J(0, θ)dθ

+
∫

Θ1\Θ0∪{0} u
′
J(0, θ)dθ +

∫
Θ0∩Θ1∪{0} u

′
J(0, θ)dθ

]
≤ (1− α0)(1− α1)k

∫
Θ\{0} u

′
J(0, θ)dθ < 0.

Similarly, we can show that U ′J(1) is strictly greater than a positive number. Therefore, the best
response of the judge is always an interior action.

Proof of Proposition 2. The proof follows directly from the proof of proposition 1 and corollary
1 by plugging n = 2, θ ∈ [0, 1] and the respective values of x0 and x1. It is instructive to write
down the equations solving for the default action for the three cases separately.
(i) If x0 = 0 and x1 = 1, then Θ∗0 = [0, y∗] and Θ∗1 = [y∗, 1]; the default action y∗ = y∗01 solves:

(5) (1− α0)

∫ y∗

0
u′J (y∗; θ) dF (θ) + (1− α1)

∫ 1

y∗
u′J (y∗; θ) dF (θ) = 0.

(ii) If x0 = x1 = 0, then Θ∗0 = Θ∗1 = [0, y∗]; the default action y∗ = y∗00 solves:

(6) (1− α0)(1− α1)

∫ y∗

0
u′J(y∗, θ)dF (θ) +

∫ 1

y∗
u′J(y∗, θ)dF (θ) = 0.
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(iii) Finally, if x0 = x1 = 1, then Θ∗0 = Θ∗1 = [y∗, 1]; the default action y∗ = y∗11 solves:

(7)
∫ y∗

0
u′J(y∗, θ)dF (θ) + (1− α0)(1− α1)

∫ 1

y∗
u′J(y∗, θ)dF (θ) = 0.

The only additional claim that needs to be proved is that the equilibrium is unique. We present
the proof for the case of opposed experts (x0 = 0 and x1 = 1). To see this, denote:

Z (y) := (1− α0)

∫ y

0
u′J (y; θ) dF (θ) + (1− α1)

∫ 1

y
u′J (y; θ) dF (θ) .

Note that Z is continuous, Z (0) = (1− α1)
∫ 1

0 u
′
J (0; θ) dF (θ) > 0, Z (1) = (1− α0)

∫ 1
0 u
′
J (1; θ) dF (θ)

< 0, and

Z ′ (y) = (1− α0)

∫ y

0
u′′J (y; θ) dF (θ) + (1− α1)

∫ 1

y
u′′J (y; θ) dF (θ) < 0.

So, by Mean Value Theorem, there exists a value of y ∈ (0, 1) such that Z (y) = 0. Moreover, this
value must be unique since Z ′ (y) < 0. This observation completes the proof. The cases for similar
experts are analogous.

Proof of Proposition 3 and Corollary 2. We first prove the proposition and its corollary for conflict
equilibria and then the same for (partially) congruent equilibria.
Step 1. Consider a conflict equilibrium, i.e., x0 < y∗ < x1. The revelation set for A0 is [l0, y

∗] where
l0 = max{2x0 − y∗, 0}. Similarly, the revelation set for A1 is [y∗, h1] where h1 = min{2x1 − y∗, 1}.
Now, we have

E [uJ (y∗; θ) | m∗] =∫ l0
0 uJ (y∗; θ) dF + (1− α0)

∫ y∗
l0
uJ (y∗; θ) dF + (1− α1)

∫ h1
y∗ uJ (y∗; θ) dF +

∫ 1
h1
uJ (y∗; θ) dF.

Taking derivative with respect to α0, we obtain

d
dα0
E [uJ (y∗; θ) | m∗] = −

∫ y∗
l0
uJ (y∗; θ) dF+[∫ l0

0 u′J (y∗; θ) dF + (1− α0)
∫ y∗
l0
u′J (y∗; θ) dF + (1− α1)

∫ h1
y∗ u

′
J (y∗; θ) dF +

∫ 1
h1
u′J (y∗; θ) dF

]
dy∗

dα0

+uJ (y∗; l0) f(l0) dl0dα0
+ (1− α0)

[
uJ (y∗; y∗) f(y∗) dy

∗

dα0
− uJ (y∗; l0) f(l0) dl0dα0

]
+ (1− α1)

[
uJ (y∗;h1) f(h1) dh1dα0

− uJ (y∗; y∗) f(y∗) dy
∗

dα0

]
− uJ (y∗;h1) f(h1) dh1dα0

.

Using the first-order condition and the fact that uJ (x;x) = 0, we have

d

dα0
E [uJ (y∗; θ) | m∗] =

[
α0uJ (y∗; l0) f(l0)

dl0
dα0
− α1uJ (y∗;h1) f(h1)

dh1

dα0

]
−
∫ y∗

l0

uJ (y∗; θ) dF.

Step 2. If a conflict equilibrium is locally insensitive, i.e. if x0 < y∗/2 and x1 > (1 + y∗) /2, then
l0 = 0 and h1 = 1. In that case, dl0

dα0
= dh1

dα0
= 0. Therefore,

d

dα0
E [uJ (y∗; θ) | m∗] = −

∫ y∗

0
uJ (y∗; θ) dF > 0.

This proves Proposition 3 for the case of conflict equilibrium. If x0 = 0 and x1 = 1, the equilibrium
is unique by Proposition 1, and since y∗ ∈ (0, 1), we must have x0 < y∗/2 and x1 > (1 + y∗) /2.
Thus, the unique equilibrium is locally insensitive, and we must have d

dα0
E [uJ (y∗; θ) | m∗] =

−
∫ y∗

0 uJ (y∗; θ) dF > 0. This proves Corollary 2 for the case of x0 = 0 and x1 = 1.
Step 3. Next, consider a (partially) congruent equilibrium. We consider only the case where
x0 ≤ x1 ≤ y∗. (The other case, where y∗ ≤ x0 is similar.) The revelation set for Ai is [l0, y

∗] where



STRATEGIC INFORMATION REVELATION 19

li = max{2xi − y∗, 0}, i = 1, 2. Moreover, since x0 ≤ x1, we must have l0 ≤ l1. Now, we have
E [uJ (y∗; θ) | m∗] =∫ l0

0 uJ (y∗; θ) dF + (1− α0)
∫ l1
l0
uJ (y∗; θ) dF + (1− α1) (1− α0)

∫ y∗
l1
uJ (y∗; θ) dF +

∫ 1
y∗ uJ (y∗; θ) dF.

Taking derivative with respect to α0, we obtain:
d
dα0
E [uJ (y∗; θ) | m∗] = −

∫ l1
l0
uJ (y∗; θ) dF − (1− α1)

∫ y∗
l1
uJ (y∗; θ) dF+[∫ l0

0 u′J (y∗; θ) dF + (1− α0)
∫ l1
l0
u′J (y∗; θ) dF+

(1− α1) (1− α0)
∫ y∗
l1
u′J (y∗; θ) dF +

∫ 1
y∗ u

′
J (y∗; θ) dF

]
dy∗

dα0

+uJ (y∗; l0) f(l0) dl0dα0
+ (1− α0)

[
uJ (y∗; l1) f(l1) dl1dα0

− uJ (y∗; l0) f(l0) dl0dα0

]
+ (1− α1) (1− α0)

[
uJ (y∗; y∗) f(y∗) dy

∗

dα0
− uJ (y∗; l1) f(l1) dl1dα0

]
− uJ (y∗; y∗) f(h1) dy

∗

dα0
.

Again, by using the first-order condition and the fact that uJ (x;x) = 0, we have

d

dα0
E [uJ (y∗; θ) | m∗] = −

∫ l1

l0

uJ (y∗; θ) dF − (1− α1)

∫ y∗

l1

uJ (y∗; θ) dF

+α0uJ (y∗; l0) f(l0)
dl0
dα0

+ α1 (1− α0)uJ (y∗; l1) f(l1)
dl1
dα0

.

Step 4. If such a conflict equilibrium is locally insensitive, i.e., if x1 < y∗/2, then l0 = l1 = 0. In
that case, dl0

dα0
= dl1

dα0
= 0. Therefore, for locally insensitive congruent equilibria, we have:

d

dα0
E [uJ (y∗; θ) | m∗] = −

∫ l1

l0

uJ (y∗; θ) dF − (1− α1)

∫ y∗

l1

uJ (y∗; θ) dF

= − (1− α1)

∫ y∗

0
uJ (y∗; θ) dF > 0.

This proves Proposition 3 for the case of congruent equilibrium. If x0 = x1 = 0, the equilibrium is
unique by Proposition 1, and since y∗ ∈ (0, 1), the unique equilibrium is locally insensitive implying
that d

dα0
E [uJ (y∗; θ) | m∗] > 0. This proves Corollary 2 for the case of identical extreme experts.

Proof of Proposition 4. If x0 = 0 and x1 = 1, then by definition, y∗ ∈ [x0, x1]. So, Θ0 =
{θ | θ ≤ y∗} = [0, y∗] and Θ1 = {θ | θ ≥ y∗} = [y∗, 1]. Hence, Θ0\Θ1 = Θ0, Θ1\Θ0 = Θ1, Θ0∩Θ1 =
y∗, and (Θ1 ∪Θ0)c = ∅. So, (A1) boils down to:

(1− α0)

∫ y∗

0
u′J (y∗; θ) dF (θ) + (1− α1)

∫ 1

y∗
u′J (y∗; θ) dF (θ) = 0.

Suppose the judge commits to a default action ŷ. So ŷ must solve:

max
y

(1− α0)

∫ y

0
uJ (y; θ) dF (θ) + (1− α1)

∫ 1

y
uJ (y; θ) dF (θ) .

The first-order condition is:

(1− α0)
[
uJ (ŷ; ŷ)− uJ (ŷ; 0) .0 +

∫ ŷ
0 u
′
J (ŷ; θ) dF (θ)

]
+ (1− α0)

[
uJ (ŷ; 1) .0− uJ (ŷ; ŷ) +

∫ 1
ŷ u
′
J (ŷ; θ) dF (θ)

]
= 0,

or

(1− α0)

∫ ŷ

0
u′J (ŷ; θ) dF (θ) + (1− α1)

∫ 1

ŷ
u′J (ŷ; θ) dF (θ) = 0.

But this is the same condition as in equation (5). Hence the judge’s choice of the default action
(under commitment power) coincides with her default action in the original game. Hence, the
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payoffs are also identical in the two case. In other words, commitment power has no value to
the judge in this case. We can similarly prove the cases for extreme and identical experts, i.e.
x0 = x1 = 0 and x0 = x1 = 1.

Proof of Proposition 5. Fix F, α0, α1. Now, consider any (x0, x1), and suppose the expected
utility in equilibrium of the judge is u∗J(x0, x1). We show that

max
{x0,x1}∈[0,1]2

u∗J(x0, x1) ≤ max{u∗J(0, 0), u∗J(1, 1), u∗J(0, 1)}.

By Proposition 4, u∗J(0, 0), u∗J(1, 1) and u∗J(0, 1) are the same under commitment or in absence of
commitment. To prove the above inequality, we proceed along the following steps.
Step 1: We argue that for any equilibrium with x0 ≤ y∗ ≤ x1, u∗J(x0, x1) ≤ u∗J(0, 1). Suppose
x0 ≤ y∗ ≤ x1. Now, the revelation sets of the two experts are [l0, y

∗] and [y∗, u2] respectively, where
l0 ∈ [0, y∗] and u2 ∈ [y∗, 1]. Now,

u∗J(x0, x1) =
∫ l0

0 uJ(y∗, θ)dF + (1− α0)
∫ y∗
l0
uJ(y∗, θ)dF + (1− α1)

∫ h1
y∗ uJ(y∗, θ)dF

+
∫ 1
h1
uJ(y∗, θ)dF.

We have already noted in the proof of Proposition 4, u∗J(0, 1) = max
y

(1− α0)
∫ y

0 uJ(y, θ)dF + (1−

α1)
∫ 1
y uJ(y, θ)dF . Therefore,

u∗J(0, 1) ≥ (1− α0)
∫ y∗

0 uJ(y∗, θ)dF + (1− α1)
∫ 1
y∗ uJ(y∗, θ)dF

= (1− α0)
[∫ l0

0 uJ(y∗, θ)dF +
∫ y∗
l0
uJ(y∗, θ)dF

]
+ (1− α1)

[∫ h1
y∗ uJ(y∗, θ)dF +

∫ 1
h1
uJ(y∗, θ)dF

]
≥
∫ l0

0 uJ(y∗, θ)dF + (1− α0)
∫ y∗
l0
uJ(y∗, θ)dF + (1− α1)

∫ h1
y∗ uJ(y∗, θ)dF +

∫ 1
h1
uJ(y∗, θ)dF

= u∗J(x0, x1),

where the last inequality follows from the fact that the utilities are all non-positive, and (1−αi) ∈
(0, 1] for i = 1, 2.
Step 2: Next, we argue that for any equilibrium with x0 ≤ x1 < y∗, u∗J(x0, x1) ≤ u∗J(0, 0)
(and similarly, for any equilibrium with x1 > x0 > y∗, we have u∗J(x0, x1) ≤ u∗J(1, 1)). Suppose
x0 ≤ x1 < y∗. Now, the revelation sets of the two experts are [l0, y

∗] and [l1, y
∗] respectively, where

l0 ∈ [0, y∗] and l1 ∈ [l0, y
∗]. Now,

u∗J(x0, x1) =
∫ l0

0 uJ(y∗, θ)dF + (1− α0)
∫ l1
l0
uJ(y∗, θ)dF + (1− α1)(1− α0)

∫ y∗
l1
uJ(y∗, θ)dF

+
∫ 1
y∗ uJ(y∗, θ)dF.

We have already noted in the proof of Proposition 4 that u∗J(0, 0) = max
y

(1 − α0)(1 − α1)×∫ y
0 uJ(y, θ)dF +

∫ 1
y uJ(y, θ)dF. Therefore,

u∗J(0, 0) ≥ (1− α0)(1− α1)
∫ y∗

0 uJ(y∗, θ)dF +
∫ 1
y∗ uJ(y∗, θ)dF

= (1− α0)(1− α1)
[∫ l0

0 uJ(y∗, θ)dF +
∫ l1
l0
uJ(y∗, θ)dF +

∫ y∗
l1
uJ(y∗, θ)dF

]
+
∫ 1
y∗ uJ(y∗, θ)dF

≥
∫ l0

0 uJ(y∗, θ)dF + (1− α0)
∫ l1
l0
uJ(y∗, θ)dF + (1− α0)(1− α1)

∫ y∗
l1
uJ(y∗, θ)dF +

∫ 1
y∗ uJ(y∗, θ)dF

= u∗J(x0, x1),

where the last inequality follows from the fact that the utilities are all non-positive, and (1−αi) ∈
(0, 1] for i = 1, 2.
By the same logic, we can show that if y∗ < x0 ≤ x1, then u∗J(1, 1) ≥ u∗J(x0, x1). Therefore, we

obtain that
max
xi∈[0,1]

u∗J(x0, x1) ≤ max{u∗J(0, 0), u∗J(1, 1), u∗J(0, 1)}.

Lastly, note that whenever experts are suffi ciently opposed, there is an equilibrium where the
outcome is the same as that of the profile {0, 1} independent of whether commitment is allowed
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or not. Similarly, for suffi ciently similar but extreme experts, we have an equilibrium where the
outcome is the same as that of completely identical but extreme experts. Hence the proof.

Proof of Proposition 6. When the experts are opposed, by equation (5), the judge’s default
action is y∗ =

√
1− α1/(

√
1− α0 +

√
1− α1). The associated payoff is:

u01
J := Eθ [uJ (y∗; θ) | x0 = 0, x1 = 1] = − (1− α0) (1− α1) /3(

√
1− α0 +

√
1− α1)2,

Similarly, if x0 = x1 = 0, by equation (6) , judge’s default action y∗ = 1/(
√

(1− α0) (1− α1) + 1),
and the judge’s payoff is:

u00
J := Eθ [uJ (y∗; θ) | x0 = x1 = 0] = − (1− α0) (1− α1) /3(

√
(1− α0) (1− α1) + 1)2.

It is routine the check that the judge’s payoff is the same as u00
J even if x0 = x1 = 1. Now, since

for any α0 and α1,
√

1− α0 +
√

1− α1 <
√

(1− α0) (1− α1) + 1, we have u00
J > u01

J .

Proof of Proposition 7. Suppose that in an equilibrium, the revelation set of the experts is
[a, b] with 0 ≤ a ≤ b ≤ 1, and the best response of the judge is y∗ (trivially, both experts have
identical revelation sets). Using Corollary 1, one obtains that in any equilibrium, y∗ must satisfy
the following condition:

(A2) y∗ =
E (θ)− αE(θ|θ ∈ [a, b]) Pr(θ ∈ [a, b])

1− αPr(θ ∈ [a, b])
=

1− α
(
b2 − a2

)
2− 2α (b− a)

.

Now, in any equilibrium of this game (i) either a = y∗ and b = min{1, 2x− y∗} or (ii) b = y∗ and
a = max{0, 2x−y∗}. Thus, in order to obtain the complete characterization of the set of equilibria,
we need to check under what conditions (if any), each of the above types of equilibrium is consistent
with equation (A2).
Case 1: a = 0, b = y∗ This equilibrium exists whenever x ≤ y∗/2. Equation (A2) would imply
αy2 − 2y + 1 = 0. The only solution to this equation that is less than 1 is:

y∗00 =
1

1 +
√

1− α
.

Therefore, whenever x ≤ 1/2(1 +
√

1− α), there is an equilibrium where the judge’s decision is
1/(1 +

√
1− α).

Case 2: a = y∗, b = 1. This does not apply here, since we have x ≤ 1/2.
Case 3: a = y∗ < b = 2x−y∗. Equation (A2) would imply y+2α(x−y)2 = 1/2. Let y = x−u. Then,
we can rewrite this as a quadratic in u: 2αu2 − u+ (x− 1/2) = 0. Notice that since 0 < y < x, we
must have the solution u∗ ∈ (0, x). The only positive solution to the above equation is:

u+ =
1

4α
(1 +

√
1 + 8α (1/2− x)).

The constraint u+ < x implies
√

1 + 8α (1/2− x) < 4αx − 1, which requires 4αx − 1 > 1, i.e.
x > 1

2α >
1
2 , which is a contradiction. Therefore, there cannot be any equilibrium in case 3.

Case 4. a = 2x − y ≤ b = y. Equation (A2) would imply y − 2α(y − x)2 = 1/2. Let y − x = t.
Then, we can rewrite this as the following quadratic in t : 2αt2− t+ (1/2− x) = 0 which gives two
solutions t+ and t−, where

t+ =
1

4α
(1 +

√
1− 8α (1/2− x)) and t− =

1

4α
(1−

√
1− 8α (1/2− x)).

For feasibility, we need y ≥ 0, i.e. t ≤ x and 2x−y ≤ 1, i.e. t ≤ 1−x. Since x ≤ 1
2 , t ≤ x⇒ t ≤ 1−x.

We also need t ≥ 0. First, for t to be real, we need x ≥ 1
2 −

1
8α . Notice that as long as this condition

is true we have 0 ≤
√

1− 8α (1/2− x) ≤ 1, and thus both t+ and t− are weakly positive.
Case 4.1. We first look into the root t+. We need t+ ≤ x, i.e.,√

1− 8α (1/2− x) ≤ 4αx− 1,
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for which, a necessary condition is x ≥ 1
4α . If that holds, we have:

1− 8α (1/2− x) ≤ (4αx− 1)2 ⇔ 4αx2 − 4x+ 1 ≥ 0.

Thus, we must have either x ≤ 1
2α(1−

√
1− α) or x ≥ 1

2α(1 +
√

1− α). Since 1
2α(1 +

√
1− α) > 1

2 ,

we need x ≤ 1
2α(1−

√
1− α) = 1/2(1+

√
1− α). Therefore, if x ∈ (max{1/2−1/8α, 1/4α}, 1/2(1+√

1− α)), then there is an equilibrium with y∗ = x+ t+, and the revelation set is [x− t+, x+ t+].
When is the above a valid interval? First, we notice that max{1/2− 1/8α, 1/4α} = 1/2− 1/8α,

if α ≥ 3
4 , and max {1/2− 1/8α, 1/4α} = 1/4α when α ≤ 3/4. Also, if α < 3/4, 1/4α > 1/2(1 +√

1− α). Therefore, there can be no equilibrium with root t+ for α < 3/4. For α = 3/4, the
interval reduces to a point x = 1/3. On the other hand, On the other hand, for all α, we have
max {1/2− 1/8α, 1/4α} = 1/2 − 1/8α < 1/2(1 +

√
1− α). This tells us that when α ≥ 3/4,

if x ∈ (1/2 − 1/8α, 1/2(1 +
√

1− α)), then there is an equilibrium with y∗ = x + t+, and the
revelation set is [x− t+, x+ t+].
Case 4.2. Now, we look into the root t−. We need t− ≤ x, i.e.,

1

4α
(1−

√
1− 8α (1/2− x)) ≤ x⇔ 4αx2 − 4x+ 1 ≤ 0.

Since x ≤ 1
2 , the above condition is satisfied iff. x ∈

[
1/2(1 +

√
1− α), 1/2

]
. Moreover, notice that

1/2− 1/8α < 1/2(1 +
√

1− α) for all α. Therefore, when x ∈
[
1/2(1 +

√
1− α), 1/2

]
, we also have

x ≥ 1/2−1/8α. Therefore, whenever x ∈
[
1/2(1 +

√
1− α), 1/2

]
, then there is an equilibrium with

y∗ = x+ t−, and the revelation set is [x− t−, x+ t−].
To sum up, the equilibrium in case 4 exists when x ∈

[
1/2(1 +

√
1− α), 1/2

]
or when x ∈

(1/2 − 1/8α, 1/2(1 +
√

1− α)). The second interval is a valid one if and only if α > 3/4 and is a
point if α = 3/4.

Appendix B. In this appendix, we elaborate on the claim that our equilibrium characterization
continues to hold if one considers a more general strategy space for the experts à la Milgrom and
Roberts (1986): Suppose that the experts are allowed to make (correct) statements of the following
form: “the true state lies in the set Si ⊆ Θ”, i.e., the strategy space of an informed expert is the
collection of all correspondences mi : Θ � Θ such that for all θ, θ ∈Mi := mi (θ). SupposeMi be
the set all such strategies. On the contrary, let Ri be the set of reporting strategies, i.e., the set
of strategies available to each expert in our baseline game considered in the previous proposition.
Trivially, any strategy in Ri is also available to expert Ai when the strategy space is expanded
toMi. The following proposition shows that for any equilibrium in the model with the restricted
strategy space Ri (i.e., the game we have considered in our model), there exists an equilibrium in
the one with the expanded strategy space Mi where the behaviors of the experts and the judge
are exactly the same, i.e., (i) the judge takes the same default action y∗ and (ii) the equilibrium
behavior for each informed expert Ai is characterized by the same revelation set Θi such that he
reports the state exactly if θ ∈ Θi and reports the whole state space if θ /∈ Θi. To formalize this
result, we first need to present a few definitions.
Suppose M = {M0,M1, ...Mn−1} is the profile of messages sent to the judge in the game with

the expanded message space. The judge infers that θ ∈ S(M) = ∩kMk. The state is revealed if
S(M) is a singleton. If, on the other hand, S(M) is a strict subset of Θ, the judge knows for sure
that at least one expert knows the state. We assume that the judge then takes a skeptical posture
in the sense of Milgrom and Roberts (1986), adapted to the case of multiple experts.

Definition 2. For any message profile M, let S(M) = ∩kMk ⊂ Θ and I = {i : Mi ⊂ Θ} be the set
of experts who report a strict subset of the state space. Then the judge is said to assume a skeptical
posture if for a message profile M, her belief µ (θ | M) is defined as follows: there exists some i ∈ I
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such that

µ (θ | M) =

{
1 if θ = θ̂i∈ arg minθ∈S(M) ui (θ; xi)
0 otherwise

.

Proposition 8. Suppose that the strategy profile 〈y∗ (m) ,m∗i (θ)〉 as defined in Proposition 1 con-
stitutes a PBE of the game where the strategy space for each expert Ai is Ri. Then 〈y∗ (m) ,m∗i (θ)〉
also constitutes a PBE of the game where the strategy space available to each expert is expanded to
Mi where the judge assumes a skeptical posture off the equilibrium path.

Proof. The proof is given in the following two steps:
Step 1: First, note that given the strategies specified in Proposition 1, the specified beliefs are
trivially consistent on the equilibrium path. If at least one expert reports the true θ, say θ∗, µ∗ = 1
for θ = θ∗ and 0 otherwise.
Step 2: Next we need to show that the proposed strategies are mutual best-responses given the
belief µ∗. Consider the strategy of an expert Ai. Given the strategies of the judge and all rival
experts, expert Ai’s action affects his payoff only if all other experts fail to reveal the state (i.e.,
Aj = Θ for all j 6= i). But if Aj = Θ and Ai reports a set Si ⊂ Θ such that θ∗ ∈ Si, then given the
belief of the judge, her action is θ̂ = arg minθ∈Si ui (θ,xi). So, ui(θ̂,xi) ≤ ui (θ∗,xi) . Hence, it is
never a (strictly) best-response for Ai to report Si ⊂ Θ. Thus, without loss of generality, the game
boils down to the persuasion game with restricted strategy space for the experts where mi ∈ {θ,∅}.
Now, the proof follows directly from Proposition 1.

Note that under the strategy profile 〈y∗ (m) ,m∗i (θ)〉 , S(M) is either θ (fully informative report
profile) or Θ (fully uninformative report profile) and any partially informative report profile may
arise only off the equilibrium path. The PBE given in Proposition 1 is supported by the following
off-equilibrium belief of the judge: if she observes only one expert, say Ai, reporting a set Mi that
contains multiple states but not the entire state space, she believes that the state is actually the
one in S(M) which is worst from the point of view of the expert Ai. Under such a belief, conditional
on being pivotal (when all other experts send uninformative reports), partial obfuscation through
reporting a subset of the state space is always weakly worse than reporting the state itself. Thus,
Proposition 8 shows that there is limited loss of generality in considering a restricted strategy space,
and we maintain this simpler formulation as it considerably improves the analytical tractability of
our model.
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OPTIMAL DIVERSITY IN EXPERT PANELS�

SOURAV BHATTACHARYAy, MARIA GOLTSMAN? AND ARIJIT MUKHERJEEz

Abstract. Consider a decision-maker who has to choose an action in [0,1]. She seeks advice from
a set of experts who may be informed of the correct decision (or "state"). But the experts may
conceal information in order to manipulate the decision-maker�s action. In a companion paper,
Bhattacharya and Mukherjee (2013) characterize the equilibrium of such a persuasion game. They
also present an example where, contrary to the received wisdom, a panel of experts with identical
yet extreme preferences (i.e., a "homogeneous" panel where either all prefer the action to be 0, or all
prefer it to be 1) may be more conducive to information revelation compared to a "diverse" panel
where one expert prefers the action to be 0 and the other prefers it to be 1. In the current paper,
we explore the tradeo¤ between a homogeneous and a diverse panel. We show that under mild
conditions, the homogeneous panel is optimal when the experts observe the state independently of
each other. But if the observability of the state is highly correlated across experts, then diverse panel
becomes optimal. Thus, our results suggest that the diversity of preferences must be considered in
conjunction with the diversity of information sources and it is never optimal to have diversity in
both dimensions.

Preliminary and Incomplete: Please do not Cite or Quote

1. Introduction

Decision-makers often seek recommendations from experts with better information about what
the correct decision should be. If the experts are disinterested in the decision, their advice can be
taken at face value. However, as is most often the case, the experts themselves have preferences
over what the action should be, and strategically manipulate their advice in order to in�uence the
decision in their favour. This feature leads to the question that we are interested in studying in
this paper - what pro�le of expert preferences is best for decision-making? This question often
comes up in the applied literature on design of expert committees: what is the optimal degree of
diversity in an expert panel? Should a committee be composed of experts with similar or opposed
preferences?
Our main message is that in order to �nd the optimal diversity in expert panels, it is important

to distinguish between two kinds of diversity: diversity in preferences or interests and diversity in
information sources or backgrounds. We �nd that optimal committees should be diverse in exactly
one of these two dimensions: if experts draw their information from similar sources, then a panel
that is maximally diverse in terms of preferences is optimal; and on the other hand, if experts draw
their information from di¤erent sources, then the optimal panel should be composed of experts that
are exactly identical in preferences.
To capture these two kinds of diversity formally, we use the model developed in Bhattacharya

and Mukherjee (2013), henceforth BM. In this model, the nature of information that experts have is
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objective in the following sense: the correct decision is captured by a �state�, and an expert either
learns the state or does not. Whether an expert observes the state or not is private information.
Experts may either report the state to the judge or claim to be uninformed. Each expert Ai is
described by two parameters - �i 2 [0; 1); the probability of him being informed of the state, and xi;
his preferred action which does not depend on the state. Moreover, there is a parameter � � 0 that
describes the correlation between the events that experts are informed. We restrict our analysis to
two experts and later show that all our results extend to any number of experts in the panel.
In order to bring to sharp relief the diversity of preferences, we restrict the set of states (and

therefore, decisions) to the unit interval [0; 1]. A preference pro�le with x0 = 0 and x1 = 1 would
describe a setting of maximal diversity - one expert prefers lower to higher actions and the other has
the exact opposite preference. On the other hand, if we have x0 = x1; we have minimal diversity.
Also, an expert with xi 2 f0; 1g is said to be an extreme expert as his preference over actions is
strictly monotonic as against a moderate expert xi 2 (0; 1) who has an interior ideal action.
In order to see why the correlation parameter � captures informational diversity, it might help

to think of an expert using her available sources of information to analyze what the correct state is.
Di¤erent experts vary in their ability to reach the correct conclusion given his sources. Therefore,
if experts have similar information sources, the likelihood of both experts learning the state would
be positively correlated. On the other hand, if the information sources are diverse, it may not be
a bad approximation to assume that the event that one expert observes the state is independent
of the event that another expert is informed. Therefore, we use correlation in likelihood of the
experts being informed as a proxy for similarity of information sources. Such correlation may also
be thought of as an index of similarities of forensic/analytic methodologies used or of similarities
in backgrounds.
To analyze the optimal diversity, we keep the informational environment (�0; �1, � and the dis-

tribution over states F ) �xed and examine which preference pro�le (x0; x1) maximizes the decision-
maker�s payo¤. Our main result is that under mild assumptions, there is some �� > 0 such that
for � < ��; a similar extreme panel (x0 = x1 = 0 or x0 = x1 = 1) is optimal whereas for � > ��;
the opposed panel (x0 = 0 and x1 = 1) is optimal for the decision-maker. This includes the two
extreme cases. When � = 0; expert information is independent of each other, and for any pro�le
of abilities (�0; �1) ; a similar extreme panel is the optimal choice for the judge. On the other
hand, when � = 1; both experts have the same information and the opposed panel is optimal for
all ability pro�les (�0; �1). In this sense, in our setting, the optimal panel has only one kind of
diversity among experts: either that of interests or that of information.

We organize the paper in several sections. Section 1 presents the model. Section 2 presents the
characterization of the equilibrium. Much of these two sections reorganizes and extends the model
and results in BM in order to suit the analysis in the current paper. Section 3 presents the main
result. Section 4 is devoted to the proof of the main result and to the discussion of the underlying
intuition. In section 5, we discuss the role of the assumptions through illustrative examples. A �nal
section concludes. The proofs of all the Lemmas and propositions are relegated to the appendix.

2. Model

Our model closely follows the persuasion game model developed in BM. However, we adopt slight
modi�cations in order to allow for correlation in the observability of the state.
Consider a decision maker (DM) who must take an action y 2 Y = [0; 1] based on the underlying

state � 2 � = [0; 1]. The DM prefers to choose an action that minimizes her �loss� v(jy � �j)
where v(�) is assumed to be strictly increasing, twice di¤erentiable, and strictly convex. Also, let
v(0) = v0(0) = 0: The DM, however, is unaware of the true state but it is commonly known that the
state is distributed according to a prior density function F (�). Let f be the associated probability
density function and we assume f to be atomless. Even though the DM is unaware if the true state,
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she can solicit information from a panel of two experts A0 and A1 who are potentially informed
about �.
Each expert Ai (i = 0; 1) has a private type � i 2 f0; 1g. If � i = 1, the expert is �informed�

about the true state but completely �uninformed�if � i = 0. To �x ideas, one may assume that all
types of experts receive a private signal about the underlying state. An informed expert�s signal is
perfectly informative but an uninformed expert�s signal is pure noise. Let p�0�1 = Pr (�0; �1).
Also, the experts are �self-interested.�Each expert Ai has a state-independent ideal action, or

�agenda,� xi 2 [0; 1] such that his utility ui(�) is strictly decreasing in jy � xij, i.e., the distance
between his agenda and the DM�s action. Thus, irrespective of the true state, an expert always
prefers the DM to take an action that aligns with his own agenda. The agendas are assumed to be
public and, without loss of generality, let x0 � x1.
It is useful to de�ne the distribution over types in terms of the its marginals �is and a measure

of correlation between types given as

� := p11p00 � p10p01:
In particular, we have

p11 = �0�1 + �; p01 = (1� �0)�1 � �;
p10 = �0(1� �1)� �; p00 = (1� �0)(1� �1) + �:

In what follows, we will use �0, �1, and � (instead of p�0�1) as the primitives of the model.

Assumption 1. 0 � � < � = min f�0(1� �1); (1� �0)�1g.

That � � 0 is a natural assumption in the context of multi-expert decision-making environment.
Notice that the case where � = 0 can be conceived as a setting where the experts� signals are
independent. The assumption that � < min f�0(1� �1); (1� �0)�1g implies that the correlation
is never perfect� i.e., we always have p01 > 0 and p10 > 0: Coupled with � � 0; this implies that
an informed expert remains uncertain about the other expert�s type.
Each expert Ai sends a message mi to the DM before she chooses her action. Even if the types

are private, messages are veri�able. So an uninformed expert must admit that he is uninformed,
i.e., report mi = ;, but an informed expert has the option of either revealing the true state or
feign ignorance and pool with the genuinely uninformed type; i.e., the message set for an informed
expert is mi 2 f�; ;g. Given a pro�le of messages m = hm0;m1i ; the decision-maker takes an
action y(m) 2 [0; 1].
We use perfect Bayesian Equilibrium as the solution concept. As f is nonatomic, without loss

of generality, we restrict attention to pure strategies.
Our main objective in this paper is to analyze the optimal composition of the expert panel.

Given the information structure of the game, i.e., given �is and �, if the decision-maker can select
(or �commission�) two experts from a continuum of experts with their agendas distributed over
state space [0; 1], what should she choose to maximize her ex-ante payo¤? In order to analyze
this, some more notation is helpful. Given the agendas of the experts fx0; x1g and the information
structure f�0; �1; �g; we denote the equilibrium payo¤ (expected loss) of the DM by Vx0x1(�0; �1; �):
Formally, our goal is to �nd the vector (x0; x1) 2 [0; 1]2 that maximizes this payo¤, i.e., minimizes
Vx0x1(�0; �1; �); �xing �0; �1 and �: A few speci�c pro�les of expert agendas are of special interest
to us.
We say that experts have extreme agenda when xi 2 f0; 1g for both i = 0; 1: An expert with

an extreme agenda has monotonic preferences over actions - if xi = 0; the expert Ai prefers lower
to higher actions and if xi = 1; he prefers higher to lower actions. When x0 = 0 and x1 = 1; (i.e.
experts have opposed preferences) we say that we have a �completely diverse panel�. On the other
hand, when both experts have the same extreme agenda, i.e. x0 = x1 = 0 or x0 = x1 = 1; we
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say that we have a �completely homogeneous extreme panel�. Sometimes we will simply refer to
a completely diverse panel simply a diverse panel and to a completely homogeneous extreme panel
as simply a homogeneous panel.

3. Equilibrium characterization

This section presents a brief discussion of the equilibrium characterization. As BM also discuss
this issue in considerable details (even though they analyze the special case where the experts�
types are independent of each other (i.e., � = 0)), for the sake of brevity, we only highlight the key
features of the set of equilibria that play a critical role in our subsequent analysis.
Note that in equilibrium, the DM chooses y(m) = � if at least one expert reveals the state. (i.e.,

if mi = � for any i 2 f0; 1g). Thus, we can de�ne the DM�s equilibrium strategy simply by her
choice of �default action,�y�� the action she takes when all experts fail to reveal the state. Now,
clearly, an uninformed expert must report mi = ;. Also, an informed expert Ai�s choice of message
matters only when the other expert does not report, i.e., m�i = ;: Conditioning on this event, Ai
induces an action y = � by disclosing the state, but obtains the default action y = y� if he chooses
not to disclose. Clearly, given some y�; he reports if and only if y� is closer to his ideal point xi
than is �. Therefore, the best response for Ai to a default action y� is to reveal the state if and
only if � 2 �i(y�) = f� 2 � : jy� � xij � j�� xijg We denote �i as the �revelation set�of Ai. The
equilibrium y� is the optimal default action, taking into account the experts�strategies. Since the
strategies themselves depend on the default action, the optimal y� is solved as a �xed point of the
model. The following proposition from BM characterizes the equilibrium strategies in this setting.

Proposition 1 (BM, Corollary 1). There always exists an (pure strategy) equilibrium of this game.
In any equilibrium, an informed expert Ai (i = 0; 1) reveals the truth (i.e., mi = �) if and only
if � 2 ��i = [0; 1] \ [xi � jy� � xij ; xi + jy� � xij] where the equilibrium default action y� 2 (0; 1)
solves

(1)
Z 1

0

@

@y
v (jy� � �j) dF (� j m0 = m1 = ;; ��0;��1) = 0:

The decision maker chooses y = � if at least one expert reports mi = � and chooses y = y� otherwise.

The above proposition indicates that all equilibria of the game share a common feature: the
revelation sets are intervals in [0; 1] and share a common boundary point y�. If x0 < y� < x1
then the revelation sets of the two experts are disjoint intervals. Therefore, for any state �, even if
both experts are informed, at most one expert would reveal the state in equilibrium. In contrast,
if x0 � x1 < y� or y� < x0 � x1, the revelation sets are nested. In this case, there are states
that both experts would reveal in equilibrium if they are informed. BM denotes the former class
of equilibria as �con�ict�and the latter as �partial congruence.�1

As we shall shortly see, extreme panels, i.e., panels with xi 2 f0; 1g are of special interest.
Proposition 1 suggests that the contrast between con�ict and congruence is stark with extreme
panels. If the experts are extreme and opposed, i.e., when x0 = 0 and x1 = 1, then we have
a con�ict equilibrium where the two revelation sets partition the state space: �0 = [0; y�01] and
�1 = [y

�
01; 1]. The expert A0 reveals states to the left of y

�
01 and conceals those to the right of y

�
01

while A1 does just the opposite. Thus, if both experts are informed, in equilibrium, the state is
surely revealed. In contrast, when the experts have extreme but identical agendas, the equilibrium
exhibit complete congruence where the revelation sets become identical. If x0 = x1 = 0; we have
��0 = �

�
1 = [0; y

�
00]: Therefore, if the state is less than y

�
00; it is revealed if either expert observes the

1In a �con�ict� equilibrium, the revelation incentives of the two experts are completely misaligned whereas in a
�partially congruent�equilibrium, they are completely aligned for a subset of states.
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state. On the other hand, if the state is higher than y�00, it is never revealed to the decision-maker.
A qualitatively similar case arises when x0 = x1 = 1 where we have ��0 = �

�
1 = [y

�
11; 1]:

For general values of x0 and x1, the analysis of the game may be complicated due to two reasons:
the �xed point nature of the equilibrium and the existence of multiple equilibria. However, two
insights in BM considerably simplify the analysis of the optimal panel design.
First, as proposition 5 in BM says, for the purpose of panel design, it is enough to restrict our

attention to the case of extreme experts. In particular, for any �1; �2 and �, Vx0x1(�1; �2; �) is
maximized at one of the three extreme panels. A heuristic argument behind this �nding is that
replacing a moderate expert by an expert with extreme agenda expands his equilibrium revelation
set. As the likelihood of information revelation increases, the DM becomes weakly better o¤.2

While the proof of the proposition in BM is written only for the case with independent experts,
i.e. � = 0; the proof easily extends to the case with correlation:Second, according to proposition
4 in BM, when experts are extreme, the equilibrium default action coincides with the action that
the DM would have taken if she could commit to her action. This allows us to analyze the DM�s
problem of choosing the default action in the relevant cases as a simple loss minimization problem
rather than a �xed point problem. It also ensures uniqueness of equilibrium in the cases we need
to consider.

3.1. Characterization - extreme panel. Here, we analyze the choice of optimal default action
of the judge facing an extreme panel assuming that she can commit to such an action. Of course,
as the previous paragraph says, she can choose the same default and achieve the same expected
even without commitment.
De�ne for any default action y 2 [0; 1]

L (y) =

Z y

0
v(jy � �j)dF (�) and R (y) =

Z 1

y
v(jy � �j)dF (�):

Note that if the DM chooses an action y, L (y) =F (y) denotes her expected loss if the state is known
to be on the left of y and R (y) = (1� F (y)) denotes the same if the state is known to be on the
right of y. We have L(0) = L0(0) = 0; and, for all y 2 (0; 1]; we have L0(y) > 0 and L00(y) > 0.
Similarly, R(1) = R0(1) = 0; and for all y 2 [0; 1);we have R0(y) < 0 and R00(y) > 0: Now, for any
numbers l 2 (0; 1) and r 2 (0; 1); consider the following function

(2) V (yjl; r) = lL(y) + rR(y)

This is the payo¤ of the DM from committing to a default action y if she knows that states to the
left of y will not be reported with probability l and those to the right of y will not be reported
with probability r: For a completely diverse panel where A0 reports only the states to the left of y
and A1 reports only those to the right, we have l = 1� �0 and r = 1� �1: For a left-homogeneous
panel (i.e. x0 = x1 = 0) where both experts report only if the state is less than y and neither
reports if the state is larger than y; we have l = p00 = (1� �0) (1� �1) + � and r = 1: Similarly,
for a right-homogeneous panel (i.e. x0 = x1 = 1); we have l = 1 and r = (1� �0) (1� �1) + �.
Clearly, the optimal default action y�x0x1 is chosen by maximizing V (yjl; r) for the relevant values

of l and r in each case, and it is given by

(3)
�R0

�
y�x0x1

�
L0
�
y�x0x1

� =
l

r
:

2Of course, a complete proof must account for the fact that the DM�s default action will also change with the
expert�s agenda and this may create a countervailing e¤ect. But, it can be shown that this e¤ect only reinforces the
information revelation e¤ect; see BM for details.
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Since L0(y) > 0 and R0(y) < 0; the judge always faces a trade-o¤ between cost of errors to the
left of the default and to the right of the default. condition (3) implies that the optimal default is
chosen by equating the ratio of likelihood of errors with the ratio of cost of errors. Convexity of both
L(y) and R(y) ensures uniqueness of y�x0x1 : Moreover, since

l
r is the lowest for the left-homogeneous

panel and highest for the right-homogeneous panel, we also have that 0 < y�11 < y
�
01 < y

�
00 < 1: In

other words, a left-homogeneous panel, induces a default action to the right of the default induced
by the diverse panel, and a right-homogeneous panel induces a default action to the left. As we
will discuss in the next section, this observation plays an important role in developing the intuition
for our main result.

4. Homogeneous or diverse panels?

We now delve into the question of optimal panel design given the information structure �0; �1
and �. We already know that the choice boils down to one between the completely diverse panel
and the completely homogeneous extreme panel. To evaluate the tradeo¤ involved, we �rst list out
the expressions for the expected payo¤ of the DM from the extreme panels. Recall that we denote
by Vx0x1(�0; �1; �) the payo¤ from the panel fx0; x1g: From the discussion in the previous section,
we can write

V00(�0; �1; �) = [(1� �0) (1� �1) + �]L (y�00) +R (y�00)(4)

V11(�0; �1; �) = L (y�11) + [(1� �0) (1� �1) + �]R (y�11)(5)

V01(�0; �1; �) = (1� �0)L (y�01) + (1� �1)R (y�01)(6)

The optimal panel is the one that leads to the lowest value of expected loss among the above three.
In this section, we �rst discuss the tradeo¤ involved between the homogeneous and the diverse

panels. Then we state the formal result. The proof of the result, presented in a separate section,
clari�es the economic forces at work.
To understand the tradeo¤ involved, �x �0; �1; � and consider the comparison between a left-

homogeneous panel with the diverse panel. From section 3, we know that y�00 > y�01. So, for the
states that are to the left of the default action, an error is less likely under the homogeneous panel
than under the diverse panel (as (1� �0) (1� �1) + � < 1� �0 whenever � < �). But conditional
on an error being made, the loss L (y) is higher under the homogeneous panel than under the
diverse panel (as y�00 > y�01). In contrast, for the states to the right of the default action, panel
f0; 0g always leads to an error, but such a loss (i.e., R (y)) is not very large as the default action
is already tilted to the right. Thus, the panel f0; 0g balances a low likelihood of �errors from left
of y��(i.e., probability (1� �0) (1� �1) + �) but a large associated loss L (y�00) with a very high
likelihood of �errors from right of y�� (i.e., probability 1) but a low associated loss R (y�00). On
the other hand, the diverse panel spreads the losses and likelihoods of error more evenly over the
�left-�and �right of y��states. When does the former yield a smaller loss compared to the latter?
BM shows an example where the latter e¤ect is dominated by the former and a homogeneous

panel emerges as the optimal design in case of � = 0. Their example exploits the fact that y�01 < y
�
00

(see Proposition 1), and a higher default action has two distinct bene�ts: �rst, it makes both experts
(if informed) reveal a larger set of states. Second, it also reduces the loss that occurs when the
state is too high to be revealed. If these bene�ts outweigh the loss of information on su¢ ciently
extreme states, homogeneity dominates diversity. The novel part of our article is to highlight when
and why this might be the case and how this trade-o¤ is a¤ected in the presence of correlation
between the experts�types. Our key �nding is as follows.

Proposition 2. Suppose that (i) v00 (z) =v0 (z) is (weakly) decreasing for all z 2 (0; 1] and (ii) the
probability distribution over states f is log-concave. Then, for every �0 and �1 there exists a cut-o¤
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�� (�0; �1) 2 (0; �) such that the completely diverse panel is strictly optimal only if � > �� and a
homogeneous panel is strictly optimal if � < ��.

The above �nding indicates that the desirability of diversity of agendas is closely intertwined
with the correlation in the experts�types, i.e., the likelihood of their �informedness.� If types are
highly correlated, the completely diverse panel is more likely to be optimal. If the correlation
in types stems from the (lack of) diversity in the information sources that are accessible to each
of the experts, our �nding suggests that there is a tension between the diversity of agendas and
the diversity of information sources for each expert� it is never optimal to have diversity in both
aspects. If the experts�information sources are su¢ ciently distinct, the correlation is type is likely
to be small, and hence, homogeneous panel is more likely to be the optimal design.
Our result also provides a set of su¢ cient conditions under which a homogeneous panel may

emerge as the optimal design if the experts�types are not highly correlated. The condition that
v00=v0 is decreasing implies that the loss function v does not increase too rapidly with the magnitude
of the decision error jy � �j. By de�nition, any utility function of the DM that exhibits decreasing
(or constant) absolute risk aversion satis�es this condition. Also, log-concavity of f ensures that F
does not exhibit sharp increase at any point on its domain. Indeed, most of the prior distribution
of states that are commonly assumed, e.g., normal or uniform, have this property. Thus, one may
argue that these conditions are met in several environments that are routinely assumed in the
models of persuasion game.
In light of the above remark, our �nding stands in stark contrast with the extant literature

on panel design that calls for diverse panel in order to exploit the con�icting self-interests of
the panel members. Indeed, such models assume strong correlation between the experts�types�
either explicitly as an exogenous restriction or implicitly through their speci�cations of information
acquisition process � and we show that this assumption plays a critical role in their �ndings. This
observation also speaks to the literature on cheap talk with multiple senders (e.g., Battaglini 2002;
Krishna and Morgan 2001) which has argued in favor of employing competing experts under the
assumption that both experts know the state. The key contribution of this article is to parse out
the e¤ects of the diversity of agendas and the diversity in �types�on the optimal panel design� a
distinction that is often con�ated in the extant literature.

5. Proof of Proposition 2

In this section, we provide the proof of proposition 2 in several steps, along with the intuition.
First, we consider the case of independent types (i.e., � = 0) and then discuss the role of correlation.

5.1. Independent types. The following Lemma characterizes a condition under which for all �0
and �1; a homogeneous panel is strictly optimal. The condition is also almost necessary in the
sense that when the distribution of states is symmetric, a violation of the condition implies the
existence of some f�0; �1g for which the diverse panel is optimal.

Lemma 1. Suppose � = 0: For a given loss function v and the distribution F; de�ne the function
G(y) = L(y)R(y): If G(y) has no interior local minimum, then one of the two homogeneous panels
is strictly better than the diverse panel for all �0 and �1. Moreover, if F is symmetric around 1=2
and G(y) does have an interior minimum, then there exist values of �0 and �1 for which the diverse
panel is strictly better than either of the two homogeneous panels.

A key fact driving the above Lemma is that because of independence in expert types, the product
of l (likelihood of error to the left of y�) and r (likelihood of error to the right of y�)remains constant.
In other words, if we convert an diverse panel to a left-homogeneous panel by changing x1 from 1
to 0; the proportional decrease in l is equal to the proportional increase in r: To see the intuition
behind the lemma, suppose, starting from a diverse panel we marginally l = 1��0, and increase r =
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1��1 by the same proportion. How would such a change a¤ect the DM�s payo¤? By the envelope
theorem the resulting change in y�01 has only a second-order e¤ect. Thus, the above perturbation
reduces the expected loss of the DM if and only if:

(1� �0)L (y�01) > (1� �1)R (y�01),
L0 (y�01)

L (y�01)
< �R

0 (y�01)

R (y�01)
.

where the equivalence follows from equation (3). In other words, if the proportional increase in
the loss from the left (i.e., L (y�01)) is less than the proportional decrease in the loss from the
right (i.e., R (y�01)), then the above perturbation always increases the DM�s payo¤. Similarly, if
L0 (y�01) =L (y

�
01) > � (R0 (y�01) =R (y�01)), then DM can lower her loss by decreasing 1 � �0 and

increasing 1� �1 proportionately.
Therefore, the choice of the optimal panel depends on the rate of proportional increase in the

�errors from the left of y�,�L(y�), vis-a-vis the rate of proportional decrease in the �errors from the
right of y�,�R (y�). And a diverse panel is optimal only if the following is true in the neighborhood
of y�01: if y < y

�
01, proportional change in L(y) is smaller than that of R(y) but larger if y > y

�
01.

Lemma 1 formally states this observation.
Now, under what set of conditions is it the case that the function G has no interior local mini-

mum? The following lemma provides a set of su¢ cient conditions.

Lemma 2. Suppose that v00 (z) =v0 (z) is (weakly) decreasing for all z 2 (0; 1] and (ii) the density
f of the distribution is log-concave. Then it must be the case that L0 (y) =L (y) is decreasing and
�R0 (y) =R(y) is increasing in y.

According to this Lemma, if v00 (z) =v0 (z) is (weakly) decreasing f is log-concave, then G(y) has
no interior minimum. Therefore, in the case where � = 0; one of the two homogeneous panels
emerges as strictly optimal for all �0 and �1:

5.2. Correlated types. Now, consider the case where the experts�types are correlated (i.e., � >
0). Given �0 and �1; the correlation is a measure of how much additional value the less informed
expert has over the more informed one. Given �0 > �1; at the upper bound of correlation �;
whenever expert A1 is informed, expert A0 is also informed. Thus, expert A1 does not add any
informational value over expert A0 when � = �:
In case of the opposed panel, since the two experts are supposed to report over two disjoint sets

of states, their correlation in observability does not a¤ect the ex-ante payo¤ of the decision-maker.
On the other hand, the main bene�t of the similar panels arises from the fact that any state in
the common revelation set is reported if either expert observes the state. Given their individual
likelihoods of observation �0 and �1; as the correlation increases, it becomes less likely that one
expert has observed the state when the other has not. Therefore, the bene�t from each of the two
homogeneous panels is decreasing in the correlation in observability. So, if the correlation becomes
su¢ ciently high (given �0 and �1), then the decision-maker is better o¤ employing an opposed
panel and letting one expert be a check on the other. The following Lemma formalizes this idea.

Lemma 3. Fix �1 and �2: There exists some cut-o¤ value �� 2 [0; �) such that if � > ��; the
opposed panel is strictly better that both the similar panels. If �� > 0; one of the two similar but
extreme panels is strictly better than the opposed panel for all � < ��:

The proof of the Lemma follows from envelope theorem and inspection of equations (4), (5) and
(6). Lemma 1 and Lemma 2 together establish that one of the two homogeneous panels is strictly
optimal at � = 0; and therefore, by continuity, we must have �� > 0: This proves the full statement
of proposition 2. Notice that the only role of the assumptions made in Lemma 2 on curvatures of
v and F is to ensure strict optimality of the homogeneous panel for � = 0:
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6. Role of assumptions

In this section, we present a few examples in order to illustrate the tradeo¤ between the diverse
and the homogeneous panels. These examples highlight the role played by the curvature assump-
tions on the loss function v and distribution F made in Lemma 2. The examples show that while
these conditions are su¢ cient, they are not strictly necessary for the optimality of the homogeneous
panel. To examine the link between these assumptions and the main result, let us revisit the main
intuition behind Lemma 1, which is the critical condition for the optimality of the homogeneous
panel.
The choice between a homogeneous panel and a diverse panel can be thought of as the choice

between an extreme and a moderate default action. Suppose for a diverse panel, the default action
is y�01: By choosing a left-homogeneous (left-homogeneous) panel, the default is shifted to the right
(left) of y�01: Now, for the left homogeneous panel to be worse than the diverse panel, it must be
the case that (at least in a small neighborhood of y�01) the proportional increase in L(y) due to
an increase in y should be smaller than the proportional decrease in R(y): Similarly, for the right-
homogeneous panel to be worse than the diverse panel, the proportional decrease in L(y) should
be smaller than the proportional increase in R(y) due to a decrease in y from y�01: Now, if v and
F are such that as L(y) (or R(y)) becomes larger in magnitude, the proportional increase becomes
smaller, both of the above conditions can never be simultaneously satis�ed.
In other words, the conditions on v and F are important in so far as they ensure logconcavity of

L(y) and R(y): To see why the above two assumptions ensure the logconcavity of L(y); notice that
L(y) is simply the integral of v(y� �) with weights f (�): The assumption of logconcavity of v0(z),
in conjunction with other assumptions on v; implies that v(z) itself is logconcave.3 In other words,
we assume that as the error z = jy� �j increases, the proportional change in the loss v(z) is falling.
Similarly, we assume that as F increases, the proportional change in F is decreasing. These two
together ensure that the integral L(y) also follows the same pattern.
Therefore, if v or F are such that they induce a sudden proportional increase in L(y) or R(y)

at some y; the optimality of the homogeneous panel may be broken. In particular, if there is a
large concentration of states in the interior of the state space, or if the loss from error suddenly
increases beyond some level, the diverse panel may be optimal. The examples below explore a few
such cases. In the �rst two examples, we relax the logconcavity of F while in the third one, we
relax the assumption that v00=v0 is decreasing. In all these examples, we treat the expert types as
independent.

Example 1. Assume that the loss function is v(jy � �j) = (y � �)2: Suppose that the state � can
take value x1 with probability p 2 (0; 1) and x2 with probability 1 � p: Then, for all �1 and �2; a
homogeneous panel is strictly optimal.

This example shows that the logconcavity of F is not strictly necessary for our main result
(proposition 2) to go through. Notice that we must always have the default action y� lying strictly
between the two mass points x1 and x2: At any y 2 (x1; x2); we have L(y) = p(y � x1)2 and
R(y) = (1� p)(x2� y)2. As y increases, the proportional change in L(y) is simply the proportional
change in (x2�y)2; which is strictly decreasing. Similarly, the proportional change in R(y) is strictly
increasing. Therefore, G(y) = L(y)R(y) is strictly single-peaked and, by Lemma 1, a homogeneous
panel is strictly optimal.
The next example shows how a failure of log-concavity may lead to the diverse panel to be strictly

optimal.

Example 2. Assume that the loss function is v(jy � �j) = (y � �)2: Suppose that the state � can
take value 0 or 1 with probability p 2 (0; 12) each and value

1
2 with probability 1� 2p: Also assume

that �1 = �2 = � 2 (0; 1): Now, there exists some p 2 (0; 12) such that if p < p; the diverse panel
3See Bagnoli and Bergstrom (1989), Lemma 1
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is strictly better than the homogeneous panel for small enough �. On the other hand, if p > p; the
homogeneous panel is strictly optimal for all �:

In this example, notice that the default action for the diverse panel is always at y�01 =
1
2 : The

smaller the value of p; the larger is the concentration of probability mass at y�01: The chief di¤erence
with example 1 is that in this case, the failure of log-concavity happens at a state close to y�01: To
see intuitively why the homogeneous panel may not be optimal, note that with a left-homogeneous
panel, the optimal default action is y�00 >

1
2 and with a right-homogeneous panel, it is y

�
11 <

1
2 .

With a large concentration of mass at 1
2 ;there is always a strict bene�t for the DM in choosing

a panel that will deliver a default closer to the mass point, i.e. exactly at 1
2 : This minimizes the

possible error when neither expert reports the state.
To see the same intuition from a more �technical�viewpoint, consider a default action y < 1

2 :

We have L(y) = p(y � 0)2 and R(y) = p(1 � y)2 + (1 � 2p)(12 � y)
2: For small values of p; the

rate of change of R(y) is dominated by the second term in the expression rather than the �rst.
Close enough to 1

2 ; the rate of change of (
1
2 � y)

2 is very high. Therefore, for small values of p;
the proportional change in R(y) is very high when y < 1

2 and su¢ ciently close. Hence, in the
left-neighborhood of 12 , the proportional change in L(y) is slower than that of R(y): For exactly the
same reason, in the right-neighborhood of 12 , the proportional change in R(y) is slower than that
of L(y): Hence, G(y) = L(y)R(y) has a local minimum at y = 1

2 : By Lemma 1, a diverse panel is
strictly optimal.
The next example illustrates the role of the assumption on the curvature of the loss function.

It shows that, for the homogeneous panel to be optimal, the rate of increase of v cannot suddenly
jump very fast.

Example 3. Assume that �1 = �2 = �; and the state is distributed uniformly over [0; 1]: Suppose
that the loss function v(z); where z = jy � �j; is given by

v(z) =

�
z2 if z � 1

2

z2 +
�
z � 1

2

��
if z > 1

2

for some � > 2: For every �; there exists some � such that, for � > �; the diverse panel is optimal.

In this example, if � is large, the loss starts increasing at a faster rate if the size of the error
jy� �j is greater than 1

2 : Since �1 = �2; the diverse panel leads to a loss of at most
1
2 : On the other

hand, since the homogeneous panel may lead to an error larger than 1
2 ; it may be suboptimal if the

rate of increase of the loss function for z > 1
2 is su¢ ciently high. To see how this relates to Lemma

1, �rst consider some y in the left-neighborhood of 12 : While L(y) is an integral over values of v(z)
where z < 1

2 ; R(y) is an integral over values that include z >
1
2 : Therefore, for large enough �; L(y)

changes slower than R(y): On the other hand, in the right-neighborhood, R(y) changes slower than
L(y); leading to a minimum of G(y) at 12 : It can be veri�ed that for � >

5
2 ;

v00(z)
v0(z) is decreasing for

z < 1
2 and increasing for z >

1
2 :

7. Conclusion

In this paper, we have used a persuasion model of interested experts and a decision-maker to
study the issue of the design of optimal panels. We assume that the information that experts have
is objective, and while it is not possible to verify whether experts indeed possess the information or
not, the experts cannot misrepresent the information. Our main result is that if the likelihood that
the experts are informed is highly correlated, then the optimal panel is one where the experts have
opposed interests. On the other hand, if such correlation is low, the optimal panel is one where the
experts are extreme (i.e. prefer the highest or lowest action possible) but have identical preferences.
We take this result to imply that in presence of a large diversity in sources of information available
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to di¤erent experts, there should be no diversity in the expert preferences; and when there is low
diversity in sources of information, there should be a large diversity in expert preferences in the
optimal panel. The optimality of the homogeneous panel when experts have independent sources
of information stands in stark contrast to much of the literature in economic theory that exploits
di¤erences in expert preferences in order to extract information.
Our results are robust to several alternate speci�cations of the model. While we develop the

results only with two experts, our results straightforwardly extend to any �nite number of experts.
While we have assumed that experts are allowed only to report their information or pretend to be
uninformed, to some extent, the results hold up to a setting where the experts can obfuscate by
reporting any subset of the state space as long as it includes the true state. In particular, it can
be shown that whenever the experts have extreme preferences (i.e. prefer either the highest or the
lowest action possible), in equilibrium, there will be no obfuscation and the reports will be either
fully informative of the state or fully uninformative. Thus,.the comparison between homogeneous
and diverse panels as discussed in this paper goes through under exactly the same conditions.
However, in this situation, we have not been able to rule out the existence of partially informative
equilibria with non-extreme expert panels that may be better than extreme expert panels for the
judge. Nevertheless, we are unaware of the existence of such a case.
In order to concentrate on the basic tradeo¤ between the two panel forms, we have abstracted

from the considerations of costly information acquisition. Once we allow for the fact that experts
may have to spend costly e¤ort in acquiring information, some of our results may change. Such
considerations uncovers an added bene�t of the diverse panel vis-a-vis the homogeneous panel -
while the experts in a homogeneous panel su¤er from free riding concerns, there is no free riding
in a diverse panel since the experts report over a disjoint set of states. However, once we account
for these concerns, we may have multiple equilibria even with extreme panels. Non-extreme panels
may no longer be suboptimal. The outcomes in a model with information acquisition are very
sensitive to the properties of the utility functions of the experts (e.g. risk aversion) which have
played virtually no role in the current paper.

Appendix

Proof of Lemma 1. Su¢ ciency
Consider the expression V (yjl; r) as de�ned in (2) and set l = (1��0)(1��1)

t and r = t: Denote the

minimizer of V
�
yj (1��0)(1��1)t ; t

�
simply as y(t); and write the value function simply as V (t): Now,

with t = 1; we have the expression for the left-similar panel, with t = 1��1 we have the expression
for the opposed panel and with t = (1 � �0)(1 � �1); we have the expression for the right-similar
panel. Remember that when � = 0; we drop the correlation argument from the expressions for
expected loss. Hence

(7) V (t) =

8<: V00(�0; �1) if t = 1
V01(�0; �1) if t = 1� �1
V11(�0; �1) if t = (1� �0)(1� �1)

The optimal action, as a function of t; is obtained from equation (3), as

R0(y(t))

L0(y(t))
= �(1� �0)(1� �1)

t2

Notice that y(t) is decreasing in t: Moreover, y(t) 2 (0; 1); hence L0(y(t)) > 0 and R0(y(t)) < 0:
Also, L(y(t)) > 0 and R(y(t)) > 0:
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We are interested in how V (t) changes as a function of t: By envelope theorem, we have from
equation (2),

V 0(t) = �(1� �0)(1� �1)
t2

L(y(t)) +R(y(t))

=
R0(y(t))

L0(y(t))
L(y(t)) +R(y(t))

Therefore, V 0(t) > 0 if and only if

L0(y(t))

L(y(t))
+
R0(y(t))

R(y(t))
> 0, d logL(y(t))R(y(t)) > 0

In other words, V (t) increases (decreases) at y(t) if G(y) = L(y)R(y) is increasing (decreasing) at
y(t):
Now, suppose G(y) does not have an interior minimum. Notice that (1��0)(1��1) < 1��1 < 1

and consider the range t 2 [(1��0)(1��1); 1]: As t decreases in the range [(1��0)(1��1); 1] and y
increases from y(1) till y((1��0)(1��1));we can have one of three cases (i) there is some y0 such that
G(y) increases in y 2 [y(1); y0] and decreases in y 2 [y0; y((1��0)(1��1))]; (ii)G(y) is monotonically
increasing and (iii) G(y) is monotonically decreasing in the range [y(1); y((1 � �0)(1 � �1))]. In
case (ii), V 0(t) > 0 throughout the range and therefore V ((1 � �0)(1 � �1)) < V (1 � �1) < V (1);
implying V11(�0; �1) < V01(�0; �1): Similarly, in case (iii), we have V00(�0; �1) < V01(�0; �1): If we
have case (i) and y(1 � �1) � y0; then V 0(t) > 0 in the range t 2 [(1 � �0)(1 � �1); 1 � �1]; and
again we have V11(�0; �1) < V01(�0; �1): By similar logic, if we have case (i) and y(1 � �1) > y0;
then V00(�0; �1) < V01(�0; �1): Hence, in every case, we have

minfV11(�0; �1); V00(�0; �1)g < V01(�0; �1):
Necessity
Now, suppose F is symmetric about 12 :We show that if G(y) has an interior local minimum, then

indeed we can �nd some �0 and �1 such that the opposed panel is better than both the similar
extreme panels. Suppose the local minimum of G(y) occurs at ymin:
De�ne the unique solution to �R0(y)

L0(y) = s as y(s), and observe that y(s) is strictly decreasing

in s: Suppose that, at y = ymin;
�R0(y)
L0(y) = s0: Therefore, ymin = y(s0): Consider the case where

s0 � 1: Now, for some x < 1 but close enough to 1; choose �0 = 1 � xs0 and �1 = 1 � x: Since
s0 � 1 and 0 < x < 1; both �0 and �1 are valid probabilities. Clearly, 1��01��1 = s0: Therefore, for
a diverse panel with such and �0 and �1; we have y�01 = y(s0) = ymin: For the left homogeneous
panel, we have y�00 = y(x

2s0): By making x close enough to 1; we can make y(x2s0) close enough to
y(s0) = ymin: Since G(y) has a local minimum at ymin; for x su¢ ciently close to 1; G(y) is strictly
decreasing in the range (y(x2x0); y(x0)); implying that V00(�0; �1) > V01(�0; �1): Finally, since F is
symmetric, we must have V11(�0; �1) = V00(�0; �1); and we are done showing the strict optimality
of the diverse panel for (�0; �1) in the case that s0 � 1: For the case s0 > 1; choose �0 = 1� 1

x and
�1 = 1� 1

xs0
for some x > 1 but close enough to 1 and follow the same logic.

Proof of Lemma 2 . Let `(y) :=
R y
0 v

0(y��)dFR y
0 v(y��)dF

for y 2 (0; 1] and r(y) :=
R 1
y v

0(��y)dFR 1
y v(��y)dF

for y 2 [0; 1).
Consider `(y) �rst:

`0(y) =
d

dy

�R y
0 v

0(y � �)dFR y
0 v(y � �)dF

�
=

R y
0 v

00(y � �)dF
R y
0 v(y � �)dF �

�R y
0 v

0(y � �)dF
�2�R y

0 v(y � �)dF
�2

=

R y
0 v

00(y � �)dF
R y
0 v

0(y � �)F (�)f(�) dF �
R y
0 v

0(y � �)dF
R y
0 v

00(y � �)F (�)f(�) dF�R y
0 v(y � �)dF

�2
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The numerator isZ y

0
v00(y � �)dF

Z y

0
v0(y � �)F (�)

f(�)
dF �

Z y

0
v0(y � �)dF

Z y

0
v00(y � �)F (�)

f(�)
dF

=

Z y

0
v00(y � �)dF

Z y

0
v00(y � �) v

0(y � �)
v00(y � �)

F (�)

f(�)
dF

�
Z y

0
v00(y � �) v

0(y � �)
v00(y � �)dF

Z y

0
v00(y � �)F (�)

f(�)
dF

Dividing this by
�R y
0 v

00(y � �)dF
�2, which is positive, results inZ y

0

v0(y � �)
v00(y � �)

F (�)

f(�)

v00(y � �)R y
0 v

00(y � �0)dF (�0)
dF (�)(8)

�
Z y

0

v0(y � �)
v00(y � �)

v00(y � �)R y
0 v

00(y � �0)dF (�0)
dF (�)

Z y

0

F (�)

f(�)

v00(y � �)R y
0 v

00(y � �0)dF (�0)
dF (�)

For x 2 [0; 1], let H(x) =
R x
0

v00(jy��j)R 1
0 v

00(jy��0j)dF (�0)
dF (�). The fact that v00 > 0 everywhere except 0

implies thatH(x) is a cdf of a probability distribution on [0; 1] with density h(x) = v00(jy�xj)f(x)R 1
0 v

00(jy��0j)dF (�0)
.

Expression (8) can be rewritten as

1

H(y)

Z y

0

v0(y � �)
v00(y � �)

F (�)

f(�)
dH(�)� 1

H(y)

Z y

0

v0(y � �)
v00(y � �)dH(�)

1

H(y)

Z y

0

F (�)

f(�)
dH(�)

= EH

�
v0(y � �)
v00(y � �)

F (�)

f(�)
j� � y

�
� EH

�
v0(y � �)
v00(y � �) j� � y

�
EH

�
F (�)

f(�)
j� � y

�
< 0;

because v0(y��)
v00(y��) is positive and decreasing in �, and

F (�)
f(�) is increasing in � (since f is log-concave).

Therefore `0(y) < 0.
Consider now r(y):

r0(y) =
d

dy

 R 1
y v

0(� � y)dFR 1
y v(� � y)dF

!
=
�
R 1
y v

00(� � y)dF
R 1
y v(� � y)dF +

�R 1
y v

0(� � y)dF
�2

�R 1
y v(� � y)dF

�2
=
�
R 1
y v

00(� � y)dF
R 1
y v

0(� � y)1�F (�)f(�) dF +
R 1
y v

0(� � y)dF
R 1
y v

00(� � y)1�F (�)f(�) dF�R 1
y v(� � y)dF

�2
Similarly to the calculations above, r0(y) has the same sign as

�
Z 1

y

v0(� � y)
v00(� � y)

1� F (�)
f(�)

v00(� � y)R 1
y v

00(�0 � y)dF (�0)
dF (�)

+

Z 1

y

v0(� � y)
v00(� � y)

v00(� � y)R 1
y v

00(�0 � y)dF (�0)
dF (�)

Z 1

y

1� F (�)
f(�)

v00(� � y)R 1
y v

00(�0 � y)dF (�0)
dF (�)

= �EH
�
v0(� � y)
v00(� � y)

1� F (�)
f(�)

j� � y
�
+ EH

�
v0(� � y)
v00(� � y) j� � y

�
EH

�
1� F (�)
f(�)

j� � y
�
> 0;

because v0(��y)
v00(��y) is positive and increasing in �, and

1�F (�)
f(�) is decreasing in � (since f is log-concave).

Therefore r0(y) > 0.

Proof of Lemma 3. Fix f�0; �1g and suppose, WLOG, that �0 � �1. We �rst show that V01(�0; �1; �) <
V00(�0; �1; �) at � < �� �; for small enough �: At � = � = (1� �0)�1; the game is unde�ned, but
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since V00(�0; �1; �) is continuous in �; consider the limit value of V00(�0; �1; �) as � ! �: At the
limit, we have (1� �0)(1� �1) + � = (1� �0):

V00(�0; �1; �) = (1� �0)L(y�00) +R(y�00)
= V (y�00j1� �0; 1) > V (y�00j1� �0; 1� �1)
> V (y�01j1� �0; 1� �1) = V00(�0; �1; �)

where the �rst inequality follows from the fact that y�00 2 (0; 1) and the second inequality follows
from the fact that y�01 is the unique minimizer of V (yj1 � �0; 1 � �1) and that y�01 6= y�00: Notice,
from inspecting expressions (4) and (6) that V01(�0; �1; �) is independent of � while V00(�0; �1; �)
is continuous and strictly decreasing in �: Therefore, there must exist some ��00 < � such that
(i) V00(�0; �1; �) > V01(�0; �1; �) for � > ��00; and (ii) V00(�0; �1; �) < V01(�0; �1; �) for � < ��00
whenever ��00 > 0: Similarly, compare V01(�0; �1; �) with V11(�0; �1; �) and obtain some ��11 < �
such that (i) V11(�0; �1; �) > V01(�0; �1; �) for � > ��11; and (ii) V11(�0; �1; �) < V01(�0; �1; �) for
� < ��11 whenever �

�
11 > 0: Taking �

� = minf��00; ��11g; we are done.
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