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Selective Disclosure of Public Information: Who
Needs to Know?�

Qi Chen Tracy R. Lewis Yun Zhang

August 2010

Abstract

Credibly communicating information for agents to act upon is a challenge for
central planners and managers. This paper studies the optimal disclosure policy
when the relative accuracy (reliability) of the public information cannot be veri�ed
and when agents�actions are either strategic complements or substitutes for each
other. We �nd that while disclosure of public information improves social surplus
when its accuracy is known, access to public information may be restricted to select
agents in order to credibly communicate its reliability. Speci�cally, we show that a
separating equilibrium exists where, when agents�actions are strategic complements
(substitutes), the planner with more (less) accurate public information discloses the
information only to a subset of the agents. The rationale for this pattern of selective
disclosure is best understood as a response to agents�misuse or misinterpretation of
public announcements in di¤erent strategic settings. Further, when agents di¤er in
the accuracy of their private information, we show that it is optimal to selectively
disclose to those with relatively less accurate private information. Our analyses have
implications for how public information is best disseminated when agents�actions
have strategic e¤ects on each other, such as those involving controlling congestion,
beauty contests, macroeconomic stabilizations and promoting uniformity and stan-
dardization in design and adoption.
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1 Introduction

It has long been argued that pubic disclosure is an important instrument in the defense

against coordination failure. Coordination failure arises when a group of agents working

independently outside or within an organization are deciding what action to take to max-

imize their private surplus. The agents employ private independent information of the

state of their environment to choose a best action. Since agents do not fully internalize

the impact of their actions on other agents�surplus, a second best outcome results whereby

agents rely on inaccurate and incomplete private information to choose actions that are

not coordinated with the actions of others. It is typically believed that public disclosure of

unbiased and reliable information on the fundamentals of the environment is an e¤ective

antidote for coordination failure in most environments.1 It is argued that individuals who

base decisions on public and private information can better predict the behaviors of other

agents and thereby increase social surplus.

To what extent does this conclusion apply when individuals are unable to gauge the

accuracy of the public information compared to their private information? For many situa-

tions, it is unrealistic to suppose individuals know how much more reliable public disclosure

is compared to their private information and therefore how they should weigh public and

private information in making decisions. For instance, consider a worker deciding whether

to return to school for retraining or remain at his current job until the recession ends.

Government predictions call for increased unemployment in various sectors. How can the

worker assess the accuracy of these predictions without knowing the data on which they are

based? What are the government�s motives for making such predictions and how should

the worker treat this information when deciding what to do?2 And, as for the government,

1See, for instance, the responses of Hellwig (2005), Svenson (2006) and Angeletos and Pavan (2007), to
Morris and Shin (2002) who argue that public information may exaccerbate coordination failiure in some
circumstances.

2The incentives for the government to persuade individuals and the suspicions of the public about
the motives of the government in releasing information are present in every day news. For example,
a recent report recommending that women younger than 50 should normally not require breast cancer
screening was met with much skepticism and suspicion regarding the motives for the release of these
�ndings. The study cited evidence that the incidence of cancer prior to 50 is not su¢ ciently high nor is
it detected su¢ ciently often to warrant screening. Skeptics cited the real motive for the disclosure was to
divert health care resources to other �elds and treatment areas. Advocates of the �ndings who believed
that health care leaders have oversimpli�ed and oversold the bene�ts of cancer screening were however,
cautiously optimistic that the disclosure would curtail ine¤ective screening, claiming that "the biggest
problem will be women who don�t believe it (the disclosure)."
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how much public information should it release, in view of its accuracy and reliability rela-

tive to agents�private information? Our goal in this paper is to assess the value and role

for public disclosure when the relative accuracy of the information can not be observed.

Our investigation centers on a model due to Angeletos and Pavan (2007), Hellwig (2005)

and Morris and Shin (2002) in which a large group of agents, working for themselves or for

an organization, decide how to direct their personal e¤ort. The agents each receive a piece

of private, conditionally independent and normally distributed information about the state

of the world upon which to act. The aggregate surplus the agents generate is quadratic in

the agents�actions and the state; and it depends on two factors: (i) the individual output

derived from each agent�s action and (ii) the joint output resulting from the interaction

between the agents�di¤erent actions which may complement or substitute for each other.

If the agents work in insolation, each individual selects an action to maximize his own

surplus ignoring the e¤ects of his decision on other agents. As a result, the agents choose

uncoordinated, suboptimal actions based on incomplete private information. On the other

hand, a benevolent social planner who provides public information about the environment,

can increase social surplus by inducing greater coordination between the agents. However,

the way in which the public information is disclosed and the value it has for coordinating

agents� behavior depends on whether agents can observe how much more accurate the

disclosure is relative to their private information. Speci�cally, we �nd that in the setting

of our model:

1. When agents can verify the accuracy of public information relative to their own

private information, full disclosure of the public information to all agents always

increases social welfare.

2. However, if agents can not observe the relative accuracy of the public information,

it is not always true that full disclosure to all agents maximizes social welfare. If

agents�actions are complementary, then it is optimal to selectively disclose to some

but not all agents when public information is relatively accurate. On the other

hand, if agents actions are substitutes, then it is optimal to selectively disclose to

some agents when public information is relatively less accurate.

The rationale for partial disclosure is that the policy maker may only credibly signal

the accuracy of the public information by restricting its access to some agents. The plan-
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ner�s desire to manipulate the agents�attention to public information will, understandably,

cause agents to question the planner�s motives for providing public information. When

agent actions are complements, the planner has an incentive to persuade agents that her

disclosure is more accurate. Agents choose similar actions which increases social welfare, if

they pay greater attention to public information. The planner signals that her disclosure

is more accurate by withholding information from some subset of the agents. To illustrate,

assume the planner is either a high type (with more precise information to disclose) or a

low type (with less precise information to disclose). Given the value of information for

decision making, both types of planners want to provide all agents with more informa-

tion. However, planners of either type would consider withholding information from some

agents, to persuade the remaining agents of the importance of the public disclosure. We

demonstrate in what follows, that the cost of persuasion �which is the foregone social

surplus from rationing �is lower for the high type than for the low type planner. This

leads to a signaling equilibrium where the high type planners ration information to certain

agents to signal the reliability of their disclosure, while the low type planners disclose to all

agents. The irony that public disclosure is rationed precisely when it is most informative,

re�ects the planner�s cost of credibly communicating the reliability of her information.

When agents�e¤orts are substitutes, signaling the reliability of public disclosure works

in the opposite way. When agents�e¤orts are substitutes (e.g., conserving energy) so that

when they act too much alike (e.g., by turning o¤ their air-conditioning all at the same

time), social surplus is diminished. Now the planner wishes to persuade agents that her

information is less accurate to induce them to act more independently. We demonstrate

the cost of persuasion is lower for the low type than for the high type planner. Hence in

equilibrium, information is rationed when it is least accurate and it is widely disseminated

when it is most reliable. Recall, that agents�(excess) focus on public disclosure is welfare

decreasing in this case, so now the irony is that information is most available precisely,

when it is most accurate but least valuable for raising social surplus.

We also analyze which subsets of agents to disclose to when agents di¤er in the accu-

racy of their private information. We �nd that in most cases when the planners ration

public information, they would disclose public information only to agents with less accu-

rate private information. The general intuition is that these agents are the subset that

minimizes the planner�s cost to signal through partial disclosure. Take for example the
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case of strategic complementarity when more coordination in agents�actions is desired.

Separation through information rationing hinges on the fact that the high type planner�s

signal is more informative about the state of the nature than the low type�s. By restricting

her disclosure only to agents with less accurate private signals, the high type is able to

reinforce such advantage. This is because the actions of those less informed agents will

be a¤ected by the disclosed signal the most, and will be closer to the true state when the

public signal is of high accuracy. At the same time, if left on their own, agents with more

accurate private information will choose actions that are closer to the true state than their

less informed counterparts. Consequently, by disclosing to a set of less informed agents

(i.e. the inner circle), the high type planner is able to strengthen her ability (relative to

the mimicing low type) to avoid large deviations between actions taken by the agents in

the inner circle and those by the outer circle (i.e. agents from whom the planner withold

information).

Signalling information accuracy through selective disclosure provides some insights

about the di¤erent ways that information is disseminated to the public. For instance,

despite widespread calls for transparency in public disclosure, some news is selectively

leaked to a subset of the public while other information is widely disseminated. Our

analysis suggests that this may be explained by the disclosers�desire to signal the reliability

of the news and how it is interpreted. Our analysis predicts that public disclosure of

information will be managed di¤erently across independent issues depending on whether

more or less similarity in actions is desired. Hence, more accurate public information

disclosure is targeted towards the less informed agents in environments where greater

synchronization of actions is desired. In contrast, when greater variations in response to

underlying fundamentals of the market is desired, it is the less accurate information that

is disclosed to the less informed agents.

Before we move to our model, it is important to place our analysis in the context of the

recent literature on disclosure of public information. Our analysis is most closely related

to the aforementioned papers of Morris and Shin (2002), Hellwig (2005), and Angeletos

and Pavan (2007) on the social value of public information and to the organizational

design literature exempli�ed by Alonso, et al. (2008) and Rantakari (2008) on the value

of centralized communication in organizations. This literature demonstrates the value of

disclosing public information of known precision. The insights gained from these papers
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are complementary to our �ndings. In both cases, public information is shown to reduce

coordination failure. However, when the accuracy of the information is unknown, disclosing

information is more di¢ cult and therefore of less value in coordinating agents actions.

In addition, our analysis shows how agents infer the accuracy of public information by

observing how it is disclosed.

Closely related to this is the growing �nancial literature exempli�ed by Hirshleifer,

et al (2004) and Hirshleifer and Teoh (2003) that study the e¤ects of di¤erent presen-

tations of �nancial information on market prices when investors have limited attention

and processing power. These studies rationalize why practitioners care about the choice

between equivalent forms of disclosure in a market where investors react di¤erently to

equivalent information. Our model o¤ers a complementary explanation for alternative

forms of disclosure by showing that di¤erent degrees of disclosure can signal to partially

informed agents (or investors) how they should interpret public information. Combining

the insights from these di¤erent approaches to analyzing public disclosure may help us un-

derstand why agents apparently under- or over- react to public announcements in di¤erent

settings.

The "libertarian paternalism" literature also examines ways of providing agents with

information to improve their decisions (e.g., Sunstein and Thaler (2003) and Camerer,

et al. (2003)). In that case, however, public information is �ltered to induce agents to

make the "right" decisions, as de�ned by the policy maker. This approach presumes that

agents are unable to process information to act in their own best interest. Here, instead,

we presume that agents can process information correctly, if they know how to weight it

relative to their private information. One virtue of the model proposed here is that it

preserves agents�consumer sovereignty to make their own decisions without coercion or

interference from third parties.

Our plan for the rest of the paper is as follows. Section 2 sets up the model, discusses

the preferences and information sets for the players (agents and central planner). Section

3 solves the model for both the case when the relative accuracy of public disclosure is

known and when it is not unknown. Section 4 extends the model to the case where agents

di¤er in the accuracy of their private information and studies the optimal set of inner circle

agents. It also analyzes how the signalling equilibrium a¤ects the planner�s incentive to

acquire more information in the �rst place. Section 5 concludes. The appendix contains
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proofs of formal results that do not appear in the body of the paper.

2 Model Setup

When is public information bene�cial and how is it best disclosed? To answer these

questions, we propose and analyze the following model that captures the essential features

of public disclosure.

2.1 Decision makers

Consider an economy or organization consisting of a continuum of measure of one of agents

indexed by i uniformly distributed over [0; 1]. For simplicity, we adopt a standard reduced

form speci�cation due to Angeletos and Pavan (2007) of the agents�preferences in which

each agent i is risk neutral with utility,

Uai = Aei �
1

2
e2i : (1)

Agent i�s surplus, Uai , is a function of his action choice (or e¤ort), ei 2 R, and A which
represents the marginal return to action. We de�ne �e �

R 1
0
eidi which measures the mean

action and A as

A � (1� �) v + ��e; (2)

where v is a random state (re�ecting underlying conditions) with a di¤use prior and ��e

measures the impact of other agent�s actions on the individual returns to agent i from his

action.

It is instructive to rewrite agents�objective function as

Uai = [(1� �) v + ��e] ei �
1

2
e2i (3)

= �1
2
(1� �) (ei � v)2| {z }
"Better Action"

� 1
2
� (ei � �e)2| {z }

"Coordination"

+
1

2
��e2 +

1

2
(1� �) v2:

Since an individual agent treats the last two terms in (3) as exogenous, he chooses his action

to balance two objectives. The �rst objective is to minimize deviations of his action from

the state, captured by the "Better Action" term, �1
2
(1� �) (ei � v)2. The second is to

minimize the distance between his own action and the average action which is captured by

the "Coordination" term, �1
2
� (ei � �e)2. The sign of the coe¢ cient, �; indicates whether
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agents� actions are complements or substitutes. Speci�cally, when � > 0, actions are

strategic complements: agents bene�t when their actions are closer to each other; in

contrast, when � < 0, actions are strategic substitutes: agents bene�t when their actions

are further apart.

The random state of nature is unknown prior to each agent�s choice of action. For

simplicity, agents share a common prior that v is uniformly distributed on R: Prior to
choosing ei, agent i receives a private, noisy signal si of v:

si = v + "i;

where "i � N (0; 1=�) and cov ("i; v) = cov ("i; "k) = 0; 8i 6= k. Agents are unable to

observe the precision of their signal, �; which is assumed to be the same for all agents for

the time being. Agents only know their information is relatively inaccurate compared to

the public information that is available (more on this, refer to section 2.2).

The description above could depict a setting where independent agents in the economy

decide on how much to invest to maximize their expected private wealth. Alternatively,

this could represent separate divisions of a �rm that are paid according to the surplus they

independently generate. In either case, the actions of di¤erent agents may be strategic

complements or substitutes for each other depending on the setting.

2.2 Social planner: preferences, information and disclosure pol-
icy

A benevolent social planner exists to help manage the agents�behavior to maximize social

surplus. Social surplus, UP ; is the simple aggregation of individual agents� surplus as

determined by (1) and (2), given by

UP =

Z 1

0

Uidi = A�e�
1

2

Z 1

0

e2i di = (1� �) v�e� (1� 2�)
1

2
�e2 � 1

2

Z 1

0

(ei � �e)2 di:

We assume � < 1=2 to ensure UP is concave in �e and thereby well behaved. Similar to (1),

we can rewrite the social surplus as:

UP = �1
2
(1� �)

Z 1

0

(ei � v)2 di| {z }
"Better Action"

� 1
2
�

Z 1

0

(ei � �e)2 di| {z }
"Coordination"

+
1

2
��e2 +

1

2
(1� �) v2:
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Thus, the social planner, like each agent, cares about taking the right action as well as

achieving coordination. The desired coordination is determined by the sign of � indicating

whether actions are complements or substitutes.

The planner privately observes a public signal, z� of v: that may be of two possible

types, � 2 fh; lg with
z� = v + �� ;

where �� � N(0; 1=�� ) with precision �� and cov (v; �� ) = 0 . Conditional on the true state
of nature, v; the planner�s signal is independent of the agents�signals, i.e., cov ("i; �� ) = 0,

8i.
It is common knowledge that the accuracy of the public signal (z� ) relative to the

private signals si is �
� = ��=� 2 f�l; �hg. The type, � ; indicates the relative precision of

the signal, with 1 < �l < �h so that the h� high type of signal is more accurate than the
l� low type of signal which in turn is more accurate than the agents�private signals. We
assume the ex ante probability that the planner�s signal type is h is q 2 [0; 1]. When q
= 1 or 0; the precision of the public information is common information, as agents know

the type of the signal with certainty. However when q 2 (0; 1) we assume agents can not
observe the type of signal that results, and therefore are uncertain of the relative accuracy

of the public information. This is a noteworthy feature of our model that departs from

standard analyses of public disclosure which assume common knowledge of the public and

private signal accuracies. Here, this assumption is important in enabling us to analyze how

the planner signals the relative accuracy of public information by her disclosure policy.

2.3 Disclosure strategy and disclosure game

The planner serves as a faithful representative for the agents. Whatever public information

she discloses is truthful; she can not transmit false or distorted information. The planner

may only in�uence the action each agent selects and thereby the social surplus that is

generated by the transparency of her public disclosure. The planner discloses to each

agent i a signal, z�i ; given by

z�i = �
�
i z
� + (1� ��i ) ;; ��i 2 f0; 1g :
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The agent observes the information public signal z� when ��i = 1; otherwise he receives

the null signal, ;; that contains no information.
After observing the type of public signal, � ; but prior to observing the realization of

the signal, z� ; the planner selects a disclosure policy D which is observed by all agents.

D is a selection of a subset D � [0; 1] of agents who are publicly informed with ��i = 1:

Let ��� =
R
i2D �

�
i di be the measure of D: We refer to D ([0; 1]nD)as the planner�s "inner

circle" ("outer circle) who are (not) privy to her information. A completely transparent

D is one where ��� = 1 and D = [0; 1], whereas an opaque D is one where the inner circle is

a "proper" subset of the agent population, D � [0; 1] :We assume communication between
agents is not possible so that an agent j =2 D may not observe or infer anything about the

realization of the pubic signal.

Although the planner�s information type can not be directly observed, agents may infer

the relative precision of public information indirectly by observing the planner�s disclosure

policy. Recall that a disclosure policy is a selection of agents D � [0; 1] who are publicly
informed, independent of the content or realization of the information signal. The planner

with a certain type of information may signal the informativeness of her signal z by the

transparency of her disclosure. For instance, a high type planner may wish to persuade

agents that her information is very accurate by restricting the disclosure of the public

signal to a select set of agents. Since all agents are identical in the sense that their private

information precision � is the same, we may without loss of generality, restrict attention

to disclosure policies that specify the size of the inner circle, and not the identity of the

agents in the circle. Speci�cally, we consider disclosure policies,

DP : �! [0; 1]

where DP is a mapping from the set of types � = f��g�=l;h into a number between 0 and
1 that speci�es the fraction ��� 2 [0; 1] of the agents in the economy.
The disclosure of public information is determined by a three stage signaling game. In

the �rst stage of the game, the planner observes her accuracy type � = l; h: In stage two,

the planner selects, a disclosure policy
�
��
�
to maximize her expected surplus. Finally, in

stage 3, the planner discloses the public information according to her already determined

disclosure policy and each agent updates his prior beliefs about the signal accuracy and

chooses an action to maximize his private surplus. In what follows, we characterize the
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Bayesian Perfect Nash equilibrium for this game and describe the role of the disclosure

policy as a signal of the value of public information.

3 Model Solution

3.1 Known accuracy equilibrium

As a benchmark for the analysis to follow, we begin with the case in which the absolute

and relative accuracy of the public information are known with certainty to be � and �,

respectively (hence the reference to the type "�" is omitted). To simplify notation, denote

Ei[�] � E [�j
i] as agent i�s expectation of a random variable conditional on his information
set, 
i. Given a disclosure policy DP and realization of private and public signals, each

agent updates his beliefs about the state of nature and the behavior of other agents from

his information set 
i � fsi; zi j �;Dg : Agent i0s posterior belief about the state v is thus
normally distributed with mean

Ei[v] = (�i
) z + (1� �i
) si;

where 
 = �= (1 + �) : Notice that an agent j who is outside the inner circle with �j = 0

updates his belief based only on his private information.

Agent i chooses ei to maximize Ei [Uai ]. The resulting optimal action is given by,

ei = Ei [A] = (1� �)Ei [v] + �Ei [�e]

where Ei [�e] is agent i0s expectation of the other agents�average action. As expected, ei is

increasing in the expected state and in the expected average action when � > 0 and actions

are strategic complements. Otherwise, the optimal action is decreasing in the expected

average action when � < 0 and actions are strategic substitutes. Given that the equation

for ei is linear in the updated beliefs about v which are normal, it�s reasonable to search

for an equilibrium among the set of e¤ort supply functions that are linear in the private

and public signals. Indeed, following Angeletos and Pavan (2007), one can easily show

there is a unique e¤ort supply equilibrium, and the equilibrium is linear in the private and

public signals.
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Proposition 1 A unique e¤ort supply equilibrium exists:

ei =

8<:
wz + (1� w) si for i 2 D

si for i =2 D

where,

w =
�

�+ 1� ���
=




1� ��� (1� 
)
(4)

and 
 � �

�+ 1
:

The proof is similar to Morris and Shin (2002) and Angeletos and Pavan (2007) and is

therefore omitted (and available from the authors upon request). Note that in equilibrium,

the weight, w; that agents assign to the public signal in choosing e¤ort is increasing in

� and �: The rationale for this is that the public signal is more in�uential to agents the

greater is the complementarity in actions (higher �), or the more accurate it is relative

to private information (higher �). Agents wish to imitate one another more in high com-

plementarity environments. By placing greater weight on the public signal, z; agents are

able to coordinate their actions to achieve greater uniformity. In equilibrium, each agent

expects the other agents to adopt this behavior, so it becomes self-ful�lling.

We are now ready to address the original question that motivated our analysis: when

is public information bene�cial and how is it best disclosed? For a given D with an inner

circle of size �� 2 [0; 1] ; the social surplus in equilibrium is given by:

E
�
UP jv

�
=

v2

2
� M
2

where M � 1

�

"
��
�
1� 2���

�
w2

�
+ �� (1� w)2 + 1� ��

#
;

and w is the weight agents place on the public signal.

The social planner�s goal is to implement an information disclosure policy that min-

imizes the loss, M . Some loss is inevitable because agents do not fully account for the

impact of their private actions on the welfare of other agents. This becomes apparent if

we consider a hypothetical situation where the planner directs agents on how to weight

public versus private information. In this case, she would select the �rst best weight, wFB;
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to satisfy,

wFB = argmin
w

M =
�

�+ 1� 2���
: (5)

Comparing (5) with (4),we have

wFB � w
wFB

=
���

�+ 1� ���
: (6)

Therefore, when � > 0, agents under-weight public information, even though they pay

more attention to the public signal when their actions are strategic complements (i.e., the

weight is higher than the weight they would place when � = 0). The opposite is true when

� < 0; relative to the socially optimal level, agents over-weight public signal when their

actions are strategic substitutes.

It is clear from (6) that more precise public information (i.e. a higher �) moves w

closer to wFB in a relative sense and therefore could improve social welfare. This is further

veri�ed by3

@E
�
UP jv

�
@�

= s

"
2�� (1� w)�

2w��
�
1� 2���

�
�

#
@w

@�
+
��
�
1� 2���

�
w2

�2

= s1� �� + � (1� 2��) > 0 8� < 1=2.

The intuition is that public information always helps agents select actions that match the

underlying state of the world. Further, when agents wish to coordinate actions, either

to complement others�behavior or to avoid interfering with other agents, the ability to

forecast the mean action always improves welfare in our environment.

The arrival of more accurate public information is usually accompanied by increased

demand for transparency. A more transparent policy informs a greater number of agents

who then harness their knowledge to make better decisions �or so it would seem. But is

transparency welfare increasing in all settings? Conditions for full disclosure to be optimal

are readily derived and are recorded in the following:

Proposition 2 Social welfare is maximized at full disclosure DP with �� = 1 provided that

� � � (�)where � (�) < 0 and �0 (�) < 0.

When � > 0, a higher �� unambiguously increases social welfare for any �. Increasing

disclosure provides more agents with valuable public information to better match their

3The notation, s=; signi�es that two expressions have the same sign, positive or negative.
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action to the underlying state. Further, it reduces the ine¢ ciency embedded in agents�

equilibrium weight, as

@
�
wFB�w
wFB

�
@��

= �
�+ 1�

�+ 1� ���
�2 > 0 i¤ � > 0: (7)

Since agents under-weight public information when � > 0, (7) implies that a more transpar-

ent disclosure policy (i.e. a larger ��) reduces ine¢ cient weighting, thus improving welfare.

However, in contrast, when � < 0, agents over-weight public information. Condition (7)

then implies that larger �� magni�es the weighting ine¢ ciency more, the more negative � is.

Hence, full disclosure is desirable only as long as the degree of strategic substitution is not

too large. Proposition 2 further indicates that �0 (�) < 0 which implies that full disclosure

is warranted when the relative precision of public information is su¢ ciently high. In this

case, the bene�t of access to better information for personal decision making exceeds the

cost of creating greater congestion between di¤erent agents.

In summary, Proposition 2 suggests that widespread public disclosure is more attractive

the more accurate public information is known to be. In the sections to follow, we enquire

if this is also true in settings where the accuracy of public information is not observed by

the public.

3.2 Equilibrium with unknown accuracy: signaling through dis-
closure

Having access to more accurate information is bene�cial, at least for individual agents.

And, as the previous section illustrates, this conclusion even extends to social situations

where individuals� decision may impact positively or negatively on each other. But is

access to public information still individually and socially bene�cial, when the accuracy

of the information itself is not observed by all? The rest of our paper focuses on this

question.

3.2.1 Agents�reaction to the disclosure of public information

Once the public information has been disclosed, agents update their beliefs about the

planner�s type. As a convention, we useb to denote any variable computed using agents�
perception of the planner�s type. Let bq ���� 2 [0; 1] be the agent�s posterior probability
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assessment that the planner is of type h after observing her disclosure policy: Upon ob-

serving �� and their private and public signals (si; z�i ) ; agents i selects his action ei given

his information set 
i =
�
si; z

�
i ;
��
	
to maximize his expected utility given by,

max
ei

bq ����Ei �Aei � 1
2
e2i j�h

�
+
�
1� bq �����Ei �Aei � 1

2
e2i j�l

�
:

A unique solution to this maximization problem is summarized in the following lemma:

LEMMA 1: A unique action supply equilibrium exists:

ei =

8<: ŵ
�
q̂
�
��
��
z� +

�
1� ŵ

�bq ������ si for i 2 D

si for i =2 D
;

where

ŵ
�
q̂
�
��
��
� 
̂

1� ��� (1� 
̂)
;

and 
̂ � q̂
�
��
� �h
�h + 1

+
�
1� q̂

�
��
�� �l
�l + 1

.

PROOF: The proof mirrors the analyses in Morris and Shin (2002) and Angeletos and

Pavan (2007) and is therefore omitted.

Note that ŵ
�bq ����� is similar to the weight obtained in the case of known accuracy

except that 
 � �
�+1

in equation (4) is replaced by a weighted average of �h
�h+1

and �l
�l+1

.

In equilibrium, agent i0s e¤ort is a weighted sum of his public and private signal. Agents

who don�t receive a public signal select e¤ort based only on their private information.

Otherwise, agents weight their private and public information according to their updated

beliefs about the relative accuracy of the public disclosure based on the planner�s disclosure

policy, ��:

3.2.2 Planner�s incentive to misrepresent accuracy

Although each type of the planners wishes to maximize the expected social surplus, plan-

ners with di¤ering relative precision derive di¤erent surplus from the same disclosure policy.

We use EUP
�
�; bq ���� ; ��jv� to denote a planner�s expected social surplus (conditional on v)

when her accuracy type is � and the agents perceive she is of the high type with probability
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q̂
�
��
�
based on her disclosure policy ��. Speci�cally,

EUP
�
�; bq ���� ; ��jv� � v2

2
�
M
�
�; q̂

�
��
�
; ��
�

2

where M
�
�; q̂

�
��
�
; ��
�
=

1

�

"
��
�
1� 2���

�
ŵ
�bq �����2

�
+ ��(1� ŵ

�bq �����)2 + 1� ��#

It�s clear from inspection that the social surplus depends on the agent�s perception, q̂
�
��
�
,

of the precision of the public information, given ��. The planner may try to persuade agents

of the precision of the public information by the disclosure policy she selects. Therefore,

to predict the planner�s choice of disclosure policy, it is useful to know what the planner

would like the agents to believe about the accuracy of the public disclosure.

LEMMA 2: When � > 0, the high type does not bene�t from misrepresenting her

true accuracy, while the low type strcitly bene�ts from misrepresenting her true accuracy

provided �l
�h
� 1�2���

1���� : When � < 0, the low type does not bene�t from misrepresenting her

true accuracy, while the high type strictly bene�ts from misrespresenting her true accuracy

provided �l
�h
� 1����

1�2��� :

Planners are often parental in their disclosure of information and advice, hoping to

guide the agents they oversee to make the best decision for their own collective good.

Our planner is no exception in this regard. When the agent�s individual actions are

strategic complements, the planner wishes the agents to better coordinate their actions

to maximize the aggregate surplus. If the agents believe that the planner�s information is

highly accurate, they would pay more attention to the public signal when choosing actions.

This results in a higher correlation of independent actions leading to greater social surplus.

In contrast, when agents�actions are strategic substitutes, the planner wishes to persuade

the agents that her disclosure is of relatively low accuracy. The rationale here is that

agents are induced to di¤erentiate their action choices if they believe the public signal is

less accurate, and they pay less attention to it in selecting actions. As a result, there is

less correlation in individual action choices which leads to greater social surplus.
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3.2.3 Planner�s preferences for signaling through disclosure

Agents�perception of the relative accuracy of the public disclosure is informed by observing

the disclosure policy that the planner selects. This process enables the planners of di¤erent

types to signal the accuracy of their information through disclosure policy and thereby

direct the agents to act in a certain way. For instance, if agents perceive that only low

type planners follow an opaque disclosure policy by rationing public information, they

will pay less attention to the public disclosure believing that it is relatively inaccurate.

However, in order for the agents to predict the disclosure policies that di¤erent types of

planners employ, it is most useful to determine which types of planners bene�t the most

from signaling their true types. This raises the issue of how a particular type of planner

wishes to signal her type via her disclosure policy so that agents can best utilize the public

information that the planner discloses and leads to the following lemma.

LEMMA 3: Consider any two disclosure policies ~�1; ~�2 with 0 < ~�2 < ~�1 � 1:
When � > 0; in any equilibrium where planner l weakly prefers ~�2 to ~�1; planner h

strictly prefers ~�2 to ~�1:

When � < 0; in any equilibrium where planner h weakly prefers ~�2 to ~�1; planner l

strictly prefers ~�2 to ~�1:

PROOF: Di¤erentiating the planner�s expected surplus, we compute

d

d�

"�
dbq
d�

�����
dEUP [�;bq;��jv]=0

#
=

d

d�

0@� @EUP [�;bq;��jv]
@�

@EUP [�;bq;��jv]
@bq

1A
= s

d

d�

(
�
�� � (1� bw)2 + �4�� � 1� bw2
2
��
2�� � 1

� bw + �(1� ŵ)�
)

= s �
�
1� (1� bw)2� ��2�� � 1� bw + �(1� bw)�

+(1� bw) ��� � (1� bw)2 + �4�� � 1� bw2�
= s1� 2�� bw > 0: (8)

Suppose � > 0: Pick two points,
�
~�1; q̂

�
~�1

��
;
�
~�2; q̂

�
~�1

��
with ~�1 > ~�2 such that

EUP
h
�l; q̂

�
~�2

�
; ~�2jv

i
� EUP

h
�l; q̂

�
~�1

�
; ~�1jv

i
= 0
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Or, equivalently,Z ~�1

~�2

 
EUP

�

�
�l
�
+ EUPbq ��l� �dbq

d�

�����
dEUP [�l;bq;��jv]=0

!
d� = 0;

where EUP��
�
�l
�
� @EUP [�l;bq;~�jv]

@�
, and EUPbq ��l� � @EUP [�l;bq;~�jv]

@bq . Note (8) implies that

Z ~�1

~�2

 
EUP

�

�
�h
�
+ EUPbq ��h� �dbq

d�

�����
dEUP [�l;bq;��jv]=0

!
d� > 0;

Then,

EUP
h
�h; bq �~�2� ; ~�2jvi� EUP h�h; bq �~�1� ; ~�1jvi

=

Z ~�1

~�2

"
EUP

�

�
�h
�
+ EUPbq ��h� �dbq

d�

�����
dEUP [�l;bq;��jv]=0

#
d�

> 0:

This completes our proof for the � > 0 case. A similar argument establishes the ordering

of preferences for the � < 0 case. �
The implications of Lemma 3 for the complements case of � > 0 (that is, more co-

ordination in actions is valued) are illustrated in Figure 1. The planners h and l have

indi¤erence curves denoting the combinations of
�
q̂
�
��
�
; ��
�
that yield constant surplus,

which are shown respectively as Ih and I l in Figure 1. The Ih curve intersects the I l curve

from below, indicating that h is more willing than l to reduce the size of the inner circle

agents, ��; on the margin to gain a higher perception of accuracy, q̂. The preferred-to-set

for type h consists of the shaded area above the Ih curve. This implies whenever l weakly

prefers allocation B to A, h strictly prefers B to A: In particular, h is more eager to

reduce �� to signal her accuracy than l as h incurs less costs from reducing disclosure than

l does. Intuitively, because h�s signal is more accurate about the state of nature, she is

more con�dent that the actions taken by the inner circle agents who utilize the disclosed

public signal would not be too far apart from the actions taken by the outer circle agents

who only employ their private information that is also informative about the state. In

other words, h is able to obtain a greater degree of coordination between the inner circle

and outer circle for the same degree of information rationing. To see this, take an inner

circle agent i and an outer circle agent j. The expected distance between these two agents�
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actions is given by E [ŵz + (1� ŵ) si � sj]2 = ŵ2

�
+ (1�ŵ)2

�
+ 1

�
. This distance is larger for

the low type planner than for the high type planner, as

E
�
[ŵz + (1� ŵ) si � sj]2 j� = �h

�
E
�
[ŵz + (1� ŵ) si � sj]2 j� = �l

� = ŵ2

�h
+ (1�ŵ)2

�
+ 1

�

ŵ2

�l
+ (1�ŵ)2

�
+ 1

�

< 1: (9)

This means that information rationing creates more coordination (between the two circles)

for the high type planner than for the mimicing low type planner, which provides an

advantage for the high type to separate by rationing information.

The relative incentives for h and l to disclose are reversed in the strategic substitutes

case (i.e. more dispersion in actions is valued), as depicted in Figure 2. Here the indif-

ference curves Ih and I l slope up with Ih intersecting I l from below. The preferred-to-set

for l lies in the shaded area below the I l curve. In this instance, it�s clear that if h weakly

prefers an allocation B to A; then l strictly prefers B to A: This indicates that it is the l

type who is more willing to restrict disclosure to persuade agents that her information is

inaccurate. The intuition again can be gleaned from (9) which shows that for the the low

type planner the actions between the two circles are more dispersed than for the mimicing

high type, providing an advantage for the low type to separate by rationing information.

The aforementioned prefence ordering properties implied by Lemma 3 are all that we

require to characterize "reasonable equilibria" for our signaling game. By "reasonable

equilibria", we mean those that are supported by the Cho and Kreps�Intuitive Criterion

that is stated below.

Cho and Kreps�Intuitive Criterion Consider a type j 2 fh; lg who makes an out of
equilibrium selection of ~� and her type is correctly perceived. Then if no other type

j0 2 fh; lg is better o¤ mimicing type j; the perception of the agents is "credible".

The Intuitive Criterion requires that out of equilibrium disclosures are supported by "rea-

sonable beliefs" about the type of planner who would have found it pro�table to deviate

from the expected equilibrium play.

First, one can easily establish that the condition in Proposition 2 guarantees that
@EUP [�;bq;��jv]

@��
> 0, 8�. That is, increased disclosure of public information (i.e. a higher ��)

is bene�cial for all types of planner, holding agents�perception bq constant. Now, Let�s
consider the strategic complements case depicted in Figure 1. Lemma 3 implies there is
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a Pareto dominant separating equilibrium with corresponding strategies and beliefs repre-

sented by A =
�
��
l
= 1; q̂

�
��
l
�
= 0
�
and B =

�
��
h
= ��

B
; q̂
�
��
B
�
= 1
�
: In this equilibrium,

l selects full disclosure, ��l = 1; and h chooses partial disclosure, ��h = ��
B
< 1 in or-

der to signal her type. This separating equilibrium leaves l indi¤erent between A and B

and it therefore minimizes h0s signaling cost. By the ordering property of Lemma 3, we

know this is the only separating equilibrium that satis�es the Intuitive Criterion. To see

why, suppose there is another separating equilibrium in which l selects A and h selects

C =
�
��
h
= �C ; q̂

�
��
C
�
= 1
�
as depicted in Figure 1 . This equilibrium must be supported

by the belief that any disclosure ��h > ��C is not made by an h type for sure, otherwise h

would deviate. However, if h were to select another disclosure such as ��h = ��
B and her

type were correctly perceived, there would be no incentive for l to mimic type h; since l

could not strictly bene�t by doing so. Hence, the belief that the deviating type cannot

be h for sure violates the Intuitive Criterion, thus eliminating the proposed separating

equilibrium.

The same argument establishes that there are no pooling or semi-pooling equilrium

that satis�es the Intuitive Criterion. To illustrate, suppose there is a pooling equilibrium,

denoted by D in Figure 1. This equilibrium is supported by the belief that any disclosure
�� > ��

D cannot be made by a h type for sure, otherwise h would deviate: However, if h were

to select ��h = ��B and her type were correctly perceived, there would be no incentive for l

to mimic h; since she could not strictly bene�t by doing so. Hence again, the belief that

the deviating type can not be h for sure, violates the Intuitive Criterion, thus eliminating

the proposed pooling equilibrium.

This completes our construction of the unique separating equilibrium for the � > 0

case. A similar argument can be used to construct the unique separating equilibrium

corresponding to the � < 0 case. Hence we have established Proposition 3 below.

Proposition 3 (i) Suppose � > 0: There is a unique signaling equilibrium satisfying the

Intuitive Criterion where the high type selects ��h < 1 and the low type selects ��l = 1:

(ii) Suppose � < 0: There is a unique signaling equilibrium satisfying the Intuitive

Criterion where the low type selects ��l < 1 and the high type selects ��h = 1.
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4 Extension and Implication

4.1 Heterogeneous agents

We now relax one of the assumptions in the basic setup and assume that the precision

of the agents�private signal varies. Speci�cally, we index agent i�s private precision with

� (i) = exp (�0 + ci), where �0 > 0, c � 0, and i 2 [0; 1]. Consistent with the setup for
homogenous agents, we assume that while agents do not know �0, they know parameter c

and their own index i and understand that they face a planner with two possible levels of

precision: �h � exp
�
�0 + b

h
�
and �l � exp

�
�0 + b

l
�
, with bh > bl > 1, and Pr(� = �h) =

q and Pr(� = �l) = 1 � q. While the agents do not observe the absolute levels of �h or
�l, they know bh, bl and the ratio of �h=�l = exp

�
bh � bl

�
. The social planner privately

observes �. The parameter c, index i and the agents�relative precision �i � exp (b� ci)
(for both �) are public information, implying that the principal privately knows � (i).

As with the homogeneous agent case, we assume that �i > 1, 8i. The following lemma
characterizes the agents�unique equilibrium action supply in the case of heterogeneous

agents.

Lemma 4: A unique e¤ort supply equilibrium exists:

ei =

8<:
si for i =2 D;

ei = ŵiz + (1� ŵi) si for i 2 D;

where,

ŵi = 1� 1� ���
1� �L̂

L̂i;

with L̂i � q̂
�
��
� 1

�h;i + 1
+
�
1� q̂

�
��
�� 1

�l;i + 1
; L̂ �

Z
D

L̂idi:

When agents di¤er in their private precision, their weights on the public signal are not

only a function of the measure of the inner circle (��) but also the composition of the inner

circle, as captured by the L̂ term.

Clearly, when c is zero, we are back to the homogeneous case. Given that the planner

and the agents�expected utilities and their corresponding derivatives are continuous in
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c, the results established in the previous section carry through to the heterogeneous case

provided c is small, among them is the result that information rationing continues to be the

only equilibrium that survives the Cho and Krep�s Intuitive Criterion. Thus, the remaining

question is the choice of optimal inner circle agents to achieve a credible separation among

di¤erent types of planner. The following Proposition establishes this result.

Proposition 4 (1) When � < 0, the optimal separating arrangement is characterized by

Dh = [0; 1] and the unique Dl =
�
0; ��
�
� [0; 1] such that the high type is indi¤erent between

mimicing and truth telling.

(2) When � > 0, there exists a � and � such that when � � � and �h
�(1)

� �, and when

�h=�l is not too large, the optimal separating arrangement is characterized by Dl = [0; 1]

and the unique Dh =
�
0; ��
�
� [0; 1] such that the low type is indi¤erent between mimicing

and truth telling.

Proposition 4 sheds light on the characteristics of the inner circle and shows that the

optimal inner circle is those agents with less precise private information. The intuition is

closely linked to the fact that with heterogeneous agents (9) becomes

E
�
[ŵiz + (1� ŵi) si � sj]2 j� = �h

�
E
�
[ŵiz + (1� ŵi) si � sj]2 j� = �l

� = ŵ2i
�h
+ (1�ŵi)2

�(i)
+ 1

�(j)

ŵ2i
�l
+ (1�ŵi)2

�(i)
+ 1

�(j)

< 1 (10)

and is clearly increasing in � (j). This implies when � < 0 (that is, the planner prefers

more dispersion in agent actions), the low type can magnify her advantage in separation if

the inner (outer) circle consists of agents with less (more) precise private information. The

intuition is the following. Two forces are at play when a planner rations information. On

the one hand, roughly speaking, an inncer circle that consists of agents with less (more)

accurate private information attaches larger (smaller) weights to public disclosure. As a

result, if the high type planner mimics the low type, actions by a less privately informed

inner circle are in�uenced to a greater extent by the disclosed signal than actions by a more

privately informed inner circle. And by de�nition, the high type planner expects her signal

to be closer to the state of nature than the low type planner. On the other hand, when the

outer circle contains more (less) privately informed agents, actions in the outer circle are

closer to (further away from) the state of nature. With these two forces reinforcing each

other, the mimicing high type planner expects less dispersion (compared to the low type)
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between the inner circle actions and outer circle ones when the inner circle consists of less

privated informed agents. Since divergence in actions between the two circles is preferred

when � < 0, the low type planner�s advantage in information rationing is strengthened

and separation is better achieved.

The intuition for the case of � > 0 is similar but works in the opposite direction. Here,

the planner values more coordination. Therefore, conditioning on information rationing

(which hurts coordination to begin with), it is the high type planner who has the advantage

in making the two groups (inner and outer) of agents�actions closer, as expression (10)

shows. Further, this advantage is magni�ed when the inner circle consists of agents with

less precise private information, for reasons similar to what is discussed above. Since con-

vergence in actions between the two circles is preferred when � > 0, the high type planner�s

advantage in information rationing is strengthened and separation is better achieved.

The additional conditions needed for the case of � > 0 are due to the fact that after

all, high quality public signal is withheld from some agents and the planner does care

about "Better Action" to begin with. Thus, information rationing is optimal only when

the concern for coordination is reasonably large (i.e., � relatively large). In the case of

� < 0, the planner also cares about "Better Action" but it is the low quality information

that is being withheld, so the concern is not as overwhelming.

4.2 Incentive for ex-ante investment to acquire information

Having established the use of disclosure policy as a separation device, we now turn to

the issue of a planner�s ex-ante incentives for information acquisition. For simplicty, let�s

return to our basic setup of homogenous agents. Suppose now that before knowing her

own type, the planner could incur a cost of g(q) to receive high quality information with

probability q, where g0 > 0, g00 > 0, lim
q!1
g0 =1, and lim

q!0
g0 = 0. The following proposition

compares the planner�s information acquisition incentives under separation when type is

unknown to agents with when type is public knowledge.

Proposition 5 Compared to a situation where the social planner�s type is publicly known:

when � > 0, the planner under-invests to acquire information; when � < 0, the social

planner over-invests to acquire information.
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We start with when �0s are publicly known (hence �� = 1). Recall EUp
�
�; bq; ��jv� is

the planner�s expected utility when her true type is �; the disclosure set is ��, and agents

perceive her as the high type with probability q̂. The planner chooses q to maximize the

expected value of the objective function:

max
q

qEUp [�h; 1; 1jv] + (1� q)EUp [�l; 0; 1jv]� g (q)

The �rst best level of qFB is given by

g0
�
qFB

�
= EUp [�h; 1; 1jv]� EUp [�l; 0; 1jv] :

When �0s are unknown, the social planner�s expected utility depends on which type

rations information in equilibrium. With strategic complementarity (i.e., � > 0), it�s the

high type that rations the information. Thus, the social planner chooses q to maximize:

max
q

qEUp
�
�h; 1; �� < 1jv

�
+ (1� q)EUp [�l; 0; 1jv]� g (q) :

The optimal q�>0 is given by

g0
�
q�>0

�
= EUp

�
�h; 1; �� < 1jv

�
� EUp [�l; 0; 1jv] :

Because, EUp [�h; 1; 1jv] > EUp
�
�h; 1; �� < 1jv

�
, it is easy to see that q�>0 < qFB, that is,

the planner under-invests in acquiring information. This is because in order to separate

from the low type, the high type will end up restricting some agents�access to her infor-

mation, reducing the value of acquiring the information to begin with. As a result, the

planner invests less than the �rst best level.

When � < 0, it is the low type that rations information. The planner�s optimal ex-ante

investment in q is given by:

g0
�
q�<0

�
= EUp [�h; 1; 1jv]� EUp

�
�l; 0; �� < 1jv

�
:

Since EUp [�l; 0; 1jv] > EUp
�
�l; 0; �� < 1jv

�
, we have q�<0 > qFB, i.e., the planner over-

invests in acquiring information.

On a casual glimpse, this result seems counter-intuitive in that while ex post after the

type is set, the high type planner would like the agents to believe that she is of the lower

type, ex ante the planner actually over-invests to become the high type. This is because
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it is the low type that is forced to partially disclose despite the fact that full disclosure is

the �rst best. Compared to the earlier case where the incentive to under-invest is due to

the dampened reward of becoming a high type, the incentive to over-invest in this case is

due to the heightened punishment for ending up as a low type.

4.3 Ex ante restrictions on informed princinpal: designing the
constitution

The need to deny some agents�access to public information in an separating equilibrium

may provide a justi�cation for a commitment to requiring that all information be disclosed

to all agents. Again, for simplicity, let�s return to our basic model of homogeneous agents.

Suppose before the planner is privately informed of her precision, the agents are able to

collectively decide on a constitution that governs the planner�s subsequent disclosure be-

havior. For tractability, let�s focus on two "simple" constitutions: one precludes selectively

disclosure by the planner (and hence leads to a pooling equilibrium), the other allows (and

thus leads to a separating equilibrium).4 The key question we are interested in here is

which of the two constitutions would generate a higher ex ante social surplus.

One the one hand, in the best separating equilibrium that we have been studying so

far, the agents are able to perfectly infer the planner�s type/precision by looking at her

disclosure behavior. But this comes at a cost, as in order to credibly convey her precision,

one type of the planners needs to withhold her disclosure from a subset of agents. On the

other hand, in a pooling equilibrium with full disclosure, though all agents get to observe

the planner�s signal, they are not able to perfectly infer the planner�s precision and thus

can only attach a less e¢ cient "average" weight.

Given that an analytical solution for the expected social surplus under separation is

di¢ cult to obtain, we therefore resort to numerical examples to illustrate our observations.

Let�s start with the strategic complementarity case (i.e. � > 0). The �rst issue is how well

separation performs relative to pooling as the probability of the high precision planner q

varies. Set � = 0:15, �l = 3, and �h = 2. Straightforward algebra show that separation

dominates pooling in terms of ex ante surplus if and only if q � 0:99052. This is not

surprising. Intuitively, when q is su¢ ciently high, the pooling weight would be quite close

4We only consider the best separating equilibrium where one type of the planner fully discloses while
the other rations information; and the best pooling equilibrium where disclosure is made available to every
agent.
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to the separating weight for the high type (that is, the incremental bene�t under separation

is low), while the expected probability of information rationing under separation is high

(that is, the incremental cost of separation is substantial).

Our second result is on the e¤ect of di¤erences between �h and �l. Figure 3 plots indif-

ference curves (along which pooling and separation generate the same expected surplus)

under three sets of parameter combinations in the q-� space. Starting with the combi-

nation �h = 3 and �l = 2, the area enclosed by the solid line is those �-q values under

which separation dominates pooling. Now, if we decrease the absolute di¤erence between

�h and �l by holding �l constant but decreasing �h to 2.8, the indi¤erence curve moves

to the dashed line. Clearly, now the area in which separation dominates pooling shrinks.

The same can also be observed when we increase the relative di¤erence between �h and

�l (i.e.
�h��l
�l
) while holding their absolute di¤erence constant. The dotted line denotes

the indi¤erence curve with �h = 4 and �l = 3. Again, the area in which separation domi-

nates pooling shrinks. Intuitively, when the di¤erence between the two ��s becomes bigger,

achieving separation necessitates withholding disclosure from a larger set of agents, hence

making separation less appealing compared to pooling.

The case of strategic substitute (� < 0) is similar and illustrated in Figure 4. Our

results in this section imply that forcing the government to be transparent, i.e. to make

disclosures to every member of the society, can be counterproductive, as doing so could

deprive a communication channel through which precisions of such disclosures can be

conveyed.

5 Conclusion

We model a setting where a social planner who seeks to coordinate actions taken by a

continuum of agents is privately informed of an information signal as well as its precision

and strategically discloses her signal to the agents. Since coordination is better achieved by

inducing agents to overweight or underweight the planner�s disclosure, a planner may have

incentives to misrepresent her signal precision. To create separation, we show that, when

agents�actions are strategic complements (substitutes), the high (low) precision planner

optimally restricts disclosure to a subset of the agents, i.e. rationing information by making

high (low) quality information only available to a selected inner circle. Furthermore,

when agents are heterogeneous in terms of the precision of their own private signals, the
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optimal separation between di¤erent types of planners can be achieved when the inner

circle consists of those with more inaccurate private signals and thus are most in�uenced

by the principal�s information.
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6 Appendix

Proof of Proposition 2:

Express the social welfare function as

E
�
UP jv

�
=
v2

2
+
1

2

"
�� � 1
�

�
�� bw2
�
�
�� (1� bw)2

�

#
+
���
2 bw2
�

:

Further @ bw
@��
= ��̂

(1+�̂���)
2 =

� bw
1+�̂��� . We usebto denote the agent�s perception. Hence
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(
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2
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=
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9>>>=>>>;
Easy to verify that 2 bw �1 + �̂�+(1� bw)�� bw > 0, so the above is positive for sure when
� > 0.

When � < 0, the �rst term is strictly positive while the second term is monotonically

increasing in � but equals to zero when � = 0. Thus as long as � is not too negative,
@E[UP jv]

@�
> 0. More precise bound can be obtained by further simplifying the terms in the

curly brackets as

� = s
� (2� bw)� bw
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where the last inequality follows because bw �2� 1+�

2(1+�̂)

�
is bounded above by 2. Thus, as

long as

� > �1
2

(� (2� bw)� bw)
2

we are set. A su¢ cient condition is

� > �2�� (1 + �)
4

= ��� 1
4
:

When � is known, replace �̂ with � before di¤erentiating E
�
UP jv

�
with respect to ��,

we obtain
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d��

=s w
2 + 2w��

dw

d��
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2���

�+ 1� ���
=s 1 + �+ ��� > 0

for all � > �1� �. �

Proof of Lemma 2:

First, observe
dEUP

dq̂
=s [� (1� ŵ)� (1� 2��) ŵ]

d bw
dbq ;

where ŵ
�
q̂
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��
��
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̂

1����(1�
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�
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�
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�h+1

+
�
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�
��
��

�l
�l+1

. Since d bw
dbq > 0, dEUPdq̂

> 0

if and only if � (1� ŵ)� (1� 2��) ŵ > 0: Also note that 8q̂ 2 (0; 1),

�h

�h + 1� ��
> ŵ >

�l

�l + 1� ��
1� ��

�l + 1� ��
> 1� ŵ > 1� ��

�h + 1� ��
:

Then for � > 0; we have:

�j (1� ŵ)�
�
1� 2��

�
ŵ >

�j
�
1� ��

�
�h + 1� ��

�
�h
�
1� 2��

�
�h + 1� ��

) dEUP

dq̂
> 0 for j = h

) dEUP

dq̂
> 0 for j = l as long as

�l
�h
� 1� 2��
1� ��

:
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For � < 0, we can establish by a similar argument:

�j (1� ŵ)�
�
1� 2��

�
ŵ <

�j
�
1� ��

�
�l + 1� ��

�
�l
�
1� 2��

�
�l + 1� ��

) dEUP

dq̂
< 0 for j = l

) dEUP

dq̂
< 0 for j = h, as long as

�l
�h
� 1� 2��
1� ��

:

Q.E.D. �

Proof of Proposition 4:

As before, symbols withbare calculated using the agents�perceptions. Clearly, when c
is zero, we are back to the homogeneous case. Given that the planner and agent�s expected

utilities and their corresponding derivatives is continuous in c, information rationing con-

tinues to be the only equilibrium that survives the Cho and Krep�s Intuitive Criterion when

c is small enough. Accordingly, we focus on the separating equilibrium where bq �� = 1� = 0
(1) for the case of � > 0 (� < 0).

The principal�s expected utility EUp (conditional on v):

EUp = �1
2

"Z
D

 bw2i
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ND
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D

bwidi�2 � 1
2

Z
D

� bw2i + �i (1� bwi)2� di� 12
Z
ND

�idi

#
: (11)

When � < 0:

Let�s consider the case � < 0. Suppose the proposition is not true. Then there must

exist a mass of informed agents with positive measure [x; y] with y > x > 0, and a con-

tinuous mass of uninformed agents just immediately below x. Now, let�s slightly decrease

x and y such that EUP [�h; �l; D] (i.e. the principal�s expected utility when her true

type is �h; agents perceive her as type �l; and the set of inner circle is D) is constant.

Mathematically, holding EUP [�h; �l; D] constant implicitly de�nes x as a function of y:

dx

dy
= �

@EUP [�h;�l;D]
@y

@EUP [�h;�l;D]
@x

:

The sign of dx
dy
must be positive due to the fact that information rationing is costly under
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the parameter value considered in this paper. The net e¤ect on the low type principal�s

payo¤ is
dEUP

dy
=
@EUP [�l; �l; D]

@x| {z }
<0

dx

dy
+
@EUP [�l; �l; D]

@y| {z }
>0

:

We would like to establish dEUP

dy
< 0. Equivalently,

dEUP

dy
=
@EUP [�l; �l; D]

@x

dx

dy
+
@EUP [�l; �l; D]

@y
< 0

, dx

dy
> �

@EUP [�l;�l;D]
@y

@EUP [�l;�l;D]
@x

At the end of this proof we derive the expression for @EU
P [�;b�;D]
@y

in general. Applying those

expressions, the above inequality is equivalent to

,
bwy
2�h

h
�h
�(y)

+ A (yj�h; �̂ = �l)
i

bwx
2�h

h
�h
�(x)

+ A (xj�h; �̂ = �l)
i > bwy
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h
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�(y)

+ A (yj�l; �̂ = �l)
i

bwx
2�l

h
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�(x)

+ A (yj�l; �̂ = �l)
i

, �h + � (y)A (xj�h; �̂ = �l)
�l + � (y)A (xj�l; �̂ = �l)

>
�h + � (x)A (yj�h; �̂ = �l)
�l + � (x)A (yj�l; �̂ = �l)

The second equivalency is obtained by plugging in the expression for dx
dy
.

By Lemma A1 proved at the end of the appendix, the last inequality is true if

�l
� (y)

+ A (yj�l; �̂ = �l) +
B (yj�̂ = �l)bkL̂2y < 0:

Note that
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Clearly, �̂ = 1 when � = 0. Also,
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The last inequality is obtained because
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When � > 0:

Let�s consider the case � > 0. Suppose not. There must exist a mass of informed agents
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with positive measure [x; y] with y > x > 0, and a continuous mass of uninformed agents

just immediately below x. Now, let�s slightly decrease x and y such that EUP [�l; �h; D]

(i.e. the principal�s expected utility when her true type is �l; agents perceive her as type

�h; and the set of inner circle is D) is constant. Mathematically, holding EUP [�l; �h; D]

constant implicitly de�nes x as a function of y:

dx

dy
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> 0 (by partial disclosure hurts result):
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By Lemma A1 (proved at the end of the appendix), the last inequality is true if
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� = 1=2 and �l !1, L̂i ! 0 and ŵi ! 1. Hence,
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Derive the expression for @EUP
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this into the (*) part above, we have
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Z
D

h
2 bwi � �1� k̂� L̂ii di� �1� k̂�

=
2�
R
D
bwidi

1� �L̂
+
2�
�
� � L̂

�
1� �L̂

�
�
1� k̂

�

=
2
�
1� k̂

�
1� �L̂

+
�
1� k̂

�
; as �

�Z
D

bwidi� = �
�
� � L̂

�
1� �L̂

= 1� k̂

=
�
1� k̂

�� 2

1� �bL + 1
�

(13)

= s1� k̂ =s �:

Note that in fact A (yj�; �̂ = �) is independent of y, strictly increases in � and equals 0
when � = 0.

Lemma A1: De�ne

R (yj�1; �2) =
�1 + � (y)A (yj�1; �̂ = �2)
�2 + � (y)A (yj�2; �̂ = �2)

;

where �1; �2 > 0 and A (yj�1; �̂ = �2) and A (yj�2; �̂ = �2) are de�ned in (12) and (13)
above. Then,

sign

�
@R (yj�1; �2)

@y

�
= sign

�
1� �1

�2

�
if

�2
� (y)

+ A (yj�2; �̂ = �2) +
B (yj�̂ = �2)bkL̂2y > 0 ; and

sign

�
@R (yj�1; �2)

@y

�
= sign

�
�1
�2
� 1
�
if

�2
� (y)

+ A (yj�2; �̂ = �2) +
B (yj�̂ = �2)bkL̂2y < 0:

Proof of Lemma A1:

@R (yj�1; �2)
@y

= s [�2 + � (y)A (yj�2; �̂ = �2)]
�
A (yj�1; �̂ = �2)

@� (y)

@y
+ � (y)

@A (yj�1; �̂ = �2)
@y

�
� [�1 + � (y)A (yj�1; �̂ = �2)]A (yj�2; �̂ = �2)

@� (y)

@y

= �2A (yj�1; �̂ = �2)
@� (y)

@y
+ A (yj�2; �̂ = �2)A (yj�1; �̂ = �2) � (y)

@� (y)

@y

+(�2 + � (y)A (yj�2; �̂ = �2)) � (y)
@A (yj�1; �̂ = �2)

@y

��1A (yj�2; �̂ = �2)
@� (y)

@y
� A (yj�2; �̂ = �2)A (yj�1; �̂ = �2) � (y)

@� (y)

@y
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Then factoring out �2, the above has the same sign as

= sA (yj�1; �̂ = �2)
@� (y)

@y
� �1
�2
A (yj�2; �̂ = �2)

@� (y)

@y

+ [�2 + � (y)A (yj�2; �̂ = �2)]
� (y)

�2

@A (yj�1; �̂ = �2)
@y

.

Substituting in A (yj�1; �̂ = �2) = B (yj�̂ = �2) + �1
�2
C (yj�̂ = �2), A (yj�2; �̂ = �2) =

B (yj�̂ = �2) + C (yj�̂ = �2) and

@A (yj�1; �̂ = �2)
@y

= �@ bwy
@y

+ k̂
�1
�2

@
�
1� L̂y

�
@y

= �k̂
@
�
1� L̂y

�
@y

+ k̂
�1
�2

@
�
1� L̂y

�
@y

=
�2

� (y)2
bkL̂2y @� (y)@y

�
1� �1

�2

�
, with

@
�
1� L̂y

�
@y

= � �2

� (y)2
L̂2y
@� (y)

@y

and because @�(y)
@y

> 0, we have

@R (yj�1; �2)
@y

= sB (yj�̂ = �2)
�
1� �1

�2

�
+

�
�1
�2
� �1
�2

�
C (yj�̂ = �2)

+

�
�2
� (y)

+ A (yj�2; �̂ = �2)
�bkL̂2y �1� �1�2

�
= bkL̂2y

"
�2
� (y)

+ A (yj�2; �̂ = �2) +
B (yj�̂ = �2)bkL̂2y

#�
1� �1

�2

�

The lemma is proved by noting that k̂L2y > 0 and
@�(y)
@y

> 0. Q.E.D. �
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