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Abstract

Voters’ voting decisions crucially depend on their information. Thus,
it is an important question how much / what kind of information
they should know, as a normative guidance of the optimal extent of
transparency. We consider a simple two-alternative majority voting
environment, and study the optimal information disclosure policy by
a utilitarian social planner. Although full transparency is sometimes

(informally) argued as ideal, we show that full transparency is often
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strictly suboptimal. This is related to the well-known potential mis-
match between what a majority wants and what is socially optimal.
Under certain conditions, in order to alleviate this mismatch, the op-
timal policy discloses just the “anonymized” information about the
value of the alternatives to the voters, placing them effectively behind

a partial “veil of ignorance”.

1 Introduction

Voters’ information is crucially important in determining voting outcomes.
In some cases, the relevant information is easily accessible to voters. In
other cases, acquiring all the relevant information would be prohibitively
costly for individual voters, who instead have to rely on other sources —
government, media — to inform their choices. These two scenarios represent
polar cases, as in practice, for many decisions, both coexist. Consider the
example of a structural reform of the labor market proposing changes in
employment laws that lower the costs of hiring and firing workers. Each
voter, depending on his productivity and switching costs, has some private
information about how much he will be directly and immediately affected
by the reform. But it may be much more difficult for him to figure out
the long-term impact of the reform on his well-being. What will be the
consequences of the reform on job creation in the different sectors, growth,
the bargaining power of trade unions, tax revenues, the incentives for firms to
invest in human capital? The magnitude of these potential changes and how
they will specifically affect each voter is extremely difficult to figure out for
an individual voter. The government is expected to have better information
about this long-term effects.

In order to provide a normative guidance of the optimal extent of trans-
parency in voting, we consider in this paper a simple two-alternative envi-
ronment (“reform” vs. “status quo”) with a simple majority voting rule.

We study optimal information disclosure by a (utilitarian) benevolent social



planner, when the planner controls part of the relevant information about the
consequences of the alternatives, while each voter possesses their own private
information too. Given that the planner is fully benevolent, a natural candi-
date for an optimal disclosure policy may be full disclosure. This is also often
(somewhat informally) argued as ideal as a democratic principle. However,
we show that it is in general suboptimal. This is related to the well-known
fact that the majority choice may not coincide with what is socially optimal:
majority voting only elicits ordinal preferences, while cardinal preferences
are relevant for welfare. To provide some idea, imagine a situation where
full disclosure of the information makes a minority of voters favor the reform
substantially, while it makes the rest slightly worse off. Then, the voting
outcome under a simple majority rule is likely the status quo, even if the
reform may achieve a higher total welfare. By disclosing information more
“partially” (specifically, by hiding “who” would exactly be better off), the
voting outcome might be improved. Under some conditions, we are able to

fully characterize the optimal disclosure policy.

More specifically, we consider the following problem. A group of voters
choose by referendum whether to implement a reform or keep the status quo.
The value of the reform to each voter is assumed to be the sum of two or-
thogonal real-valued components. The first component is each voter’s private
information: prior to the election, each voter receives a private signal about
this first component. These signals are assumed to be i.i.d. across voters;
we will refer to this component as the “idiosyncratic” value of the reform to
each voter. This information is private in that neither the other voters nor
the government have access to it. Going back to the labor market reform
example, this first component could capture short term adjustment costs,
which are individual-specific, and hard to evaluate for the government. By
contrast, the second component is not under the voter’s control in that he has
no way to learn directly about it. Instead, he has to rely on the inquiries of
the government. We assume, as in Kamenica and Gentzkow [2011] or Alonso

and Camara [2016], that the government can design a policy experiment that



publicly reveals information about a payoff relevant state pertaining to the
second component of all voters. For example, this second component could
represent the long-term economic benefits and costs of the reform, which
might be difficult for the voters to assess. In particular, it might be difficult
to assess not only the total average effect of the reform for the economy (is
it good or bad on average) but also its distributional consequences (who are
the (relative) winners and losers). We assume that the objective of the gov-
ernment when designing the policy experiment is to maximize the expected
utilitarian welfare. In that sense, ex ante, the preferences of the govern-
ment are perfectly aligned with those of the electorate as a whole. After
observing the realization of their own private signal and the result of the
policy experiment, voters apply Bayes’ rule. They then vote and the reform
is implemented if and only if it receives the approval of a majority of voters.

As mentioned above, full disclosure will be shown to be strictly subopti-
mal in general. A non-trivial aspect of the problem is that there are many
ways of making the information “partially” disclosed. Indeed, our problem
is a complex information design problem in that the planner’s information is
represented by a multi-dimensional, continuous random vector, and that each
voter has his own orthogonal private taste information. Not much is known
about the general structures of the solution to this class of problems.! We
show that, under certain conditions, the optimal disclosure policy only pro-
vides anonymized information commonly to the voters. That is, if a reform
will make some voters better off and others worse off (or some voters much
better off and others only slightly better off), then the planner should only
disclose the average gain of the reform across the electorate. In a sense, voters
should be kept under a partial “veil of ignorance”. We will show how hiding
information that makes voters “asymmetric” proves useful in mitigating the

ordinality-cardinality mismatch mentioned above. Although partially dis-

!See, for example, Malamud and Schrimpf [2021] and Dworczak and Kolotilin [2023],
for Bayesian persuasion problems with multi-dimensional, continuous payoff states (but
without private taste information); and Kolotilin et al. [2017] for persuasion mechanisms

of a privately informed receiver in one-dimensional linear environments.



closing information does not completely resolve this mismatch between the
majoritarian choice and the socially optimal alternative, we provide some
conditions under which it (optimally) attenuates it.

Among the conditions that imply the optimality of the disclosure of
anonymized information, two are key. The first set of conditions is about
the distribution of the idiosyncratic preferences. The detail is explained
later, but for the moment, let us just note that the conditions, called the
increasing hazard rate and decreasing mean residual life conditions, are sat-
isfied by many popular distributions. The other key condition imposes some
constrains on how big the uncertainty regarding the information controlled
by the social planner can be relative to the size of the idiosyncratic prefer-
ences. This condition is related to the adequacy of the majority voting rule
in this environment given the planner’s information at the time of the vote.
Specifically, if the uncertainty regarding the information controlled by the
social planner is "large” (in a sense we will make precise), then there will be
events where, given her information at the time of the vote and the profiles of
individual votes, the social planner will be willing to overrule the majoritar-
ian decision and not to follow the will of the majority (Remember the social
planner cannot observe the idiosyncratic preferences, but can learn about
them through the individual votes). If this is the case, the disclosure of the
anonymized information can be suboptimal. Intuitively, the optimal infor-
mation disclosure may “try to fix” the inefficiency caused by the inadequate
voting rule by creating some asymmetry of the expected gains of the reform

across voters (the logic is similar to that in Alonso and Camara [2016]).

Related literature

Our work is related to a series of recent papers applying Bayesian persuasion
to voting environments. Extending the framework with a single receiver of
Kamenica and Gentzkow [2011], Alonso and Camara [2016] study a model
where a group of uninformed voters must vote to choose whether to keep the

status quo or implement a proposed reform. Prior to the vote a politician



— who is assumed to be biased in favor of the reform — can influence voters’
choices by strategically designing an experiment that reveals some informa-
tion about voters’ payoffs. Bardhi and Guo [2018] study an environment
where a sender can design an experiment to inform voters about their (pos-
sibly) correlated payoff states. Assuming that the sender prefers the reform
to be implemented whatever the state of the world, they characterize the
sender-optimal policy when the voting rule is the unanimity rule. Compared
to these two papers, a key difference of our model is that we assume that
this politician/social planner is fully benevolent and maximizes the voters’
aggregate welfare. Another key difference is that voters have some private
information about how the reform is going to impact them individually. In
our model, information disclosure therefore affects not only the probability
that the reform is implemented, as in the previous papers, but also what is
learned about the voters’ idiosyncratic preferences (which is valuable to the
benevolent planner).

With multiple receivers, Bayesian persuasion is an appropriate approach
to study optimal public disclosure policy, as assumed in this paper. Given any
public disclosure policy, each voter plays his dominant action, and then our
problem essentially becomes a Bayesian persuasion problem where a sender
controls the informativeness of multi-dimensional continuous random vari-
ables. Rayo and Segal [2010], Malamud and Schrimpf [2021], and Dworczak
and Kolotilin [2023] consider such problems with two or higher-dimensional
random variables, and obtain general properties of the optimal disclosure
policy. The specific structure of our problem enables us to fully characterize
the optimal disclosure policy under certain conditions.?

A critical part of our argument rests on the observation that (i) the in-

2We share with all the aforementioned papers the assumption that information acqui-
sition is costless: our focus is on disclosure only. Another strand of the literature instead
considers settings where agents have to acquire information before making a collective
decision, and that information acquisition is costly. For papers studying the optimal de-
sign of information acquisition, see for example Persico [2004], Caillaud and Tirole [2007],
Gerardi and Yariv [2008], Gershkov and Szentes [2009).



formation disclosure policy affects the voting outcome, and (ii) there can
be conflict between cardinal preferences aggregated by simple majority vot-
ing and ordinal preferences. We are obviously not the first to make these
remarks, and to note that this might create a tension between information
revelation and utility maximization. Fernandez and Rodrik [1991] highlight
the fact that in the presence of individual-specific uncertainty about the con-
sequences of a reform, whether a majority supports the reform or not can
critically depend on what is known about the identity of the winners and
losers. In their setting, full information about the consequences of the re-
form is learned only if (and after) the reform is implemented. If the reform is
implemented and a majority learns that it is actually hurt by it, the reform
can be repelled. By contrast, if a majority is against the reform ex ante, the
reform is not implemented, even if ex post a majority might have turned out
to be in favor. This implies a bias towards the status quo. Our information
structure is different: we consider situations where the relevant information
about the value of the reform can be learned ex ante; our focus is also dif-
ferent in that we look for the optimal information design. Gersbach [1992]
studies a setting where society has to decide whether to implement a project
or not. Prior to voting on the project, society decides by a vote whether
to acquire (full) information about the value of the project. He shows that
a majority will always support public disclosure of information, although it
might be sub-optimal from a social welfare perspective (See also Gersbach
[1995] for similar insights in a setting where the decisions to acquire infor-
mation are decentralized). Jackson and Tan [2012] study a two-alternative
voting environment, where voters have their own, publicly-known biases for
each of the two alternatives, but are imperfectly informed about their re-
spective costs. Before the vote takes place, informed (and biased) experts
can reveal some information about these costs. They provide an example
where welfare would be higher if all information were suppressed (see also
Schnakenberg [2015]). Contrary to this setting, we have no biased experts:

the social planner is assumed to be fully benevolent and we characterize the



welfare-social information policy. Sun et al. [2021] study the case where the
(possibly biased) informed experts can reveal some information about the
voters’ common one-dimensional preference state. It is a common state in
the sense that it affects each voter’s preference in an homogeneous manner,
and in this sense, their information structure is in our anonymized class by
definition. Our paper considers a more general state space and show that
anonymized information is optimal under certain conditions. On the other
hand, Sun et al. [2021] allow for more general objectives, and identify an
appropriate single-crossing condition under which a censorship information
policy is optimal.

A more distant literature has studied information aggregation in Con-
dorcet Jury settings. In the jury metaphor, jurors agree that a guilty de-
fendant should be convicted and an innocent acquitted (although they may
differ in their thresholds of doubt), and each has some private information
about the state of the world.?> Our informational setting is fundamentally
different from that studied in this literature in that we consider a situa-
tion where each voter’s private information is irrelevant to the other voters’
policy-related payoff: his private information does not contain any infor-
mation about whether the reform is good or bad for other voters. In this
sense, our paper also relates to the literature studying optimal voting rules
in a private-value setting with cardinal preferences (See Barbera and Jackson
[2006] or Azrieli and Kim [2014] in the case of two alternatives, and Gershkov

et al. [2017] for any number of alternatives).

3This simple setting has been extended in many ways to explore a number of questions:
information aggregation when decision is reached by strategic voters without (Austen-
Smith and Banks [1996], Feddersen and Pesendorfer [1998]) or with a prior stage of delib-
eration (Austen-Smith and Feddersen [2006], Gerardi and Yariv [2007], when sequential
voting is allowed (Dekel and Piccione [2000]), when information acquisition is costly (Per-
sico [2004], Gershkov and Szentes [2009]), when voters can get additional advice from
potentially biased experts (Jackson and Tan [2012], Schnakenberg [2015]), or when the
decision is delegated to a (better informed) elected politician (Feddersen and Pesendorfer
[1996], Feddersen and Pesendorfer [1997], Feddersen and Pesendorfer [1999]).



2 Model

2.1 Environment

A society with N (N odd, N > 3) voters makes a choice between two alter-
natives: k = 1 (“reform”) and k£ = 0 (“status quo”). Each voter i’s payoff
is normalized to 0 under the status quo, and is u; = 6; + ¢; € R under the
reform. Thus, the utilitarian social welfare is given by:

N

i=1
if policy k is implemented.

0; € [0, 0] for some § > 0, and the information about 6; is controlled by
the social planner, as we explain below.

g; € [—E,¢| for some € > 0 is i’s idiosyncratic payoff term, whose realiza-
tion is 4’s private information (that is, ¢ knows its realization at the time of
voting, while no one else does). Each ¢; is distributed independently from
e_; and 0. Let G denote its cdf with density g. We assume that g has

full-support, is continuously differentiable and symmetric around 0.

2.2 Social Planner and Information Disclosure

The social planner is a benevolent (in the sense of maximizing utilitarian wel-
fare) entity who designs the voters’ information about 6 = (6;)Y.,. Through
this planner’s solution, we can provide a normative benchmark regarding the
socially desirable information structure.

Assume that 6 follows a joint distribution F', which is invariant with
respect to permutations (“(N-)exchangeable”). Note that this allows for a
variety of (especially positive) correlation. A popular case in the literature
is with perfect correlation: P(6; = 6;,Vi,j) = 1, which is our special case.

However, we allow for more general (imperfect) correlation structures.

4The symmetry assumption is just for simplicity. Also, g does not necessarily have a
bounded support, we could have g with full-support on R.
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The planner’s information disclosure policy is denoted as follows:
¢:[-0,0" (=0) — A(X),

for some (rich enough) space X, with the interpretation that, once 6 €
[0, 0]V is realized, then the planner publicly discloses a “signal” z € X
to the voters, where z is drawn from distribution ¢(f) € A(X). To the
extent that the distribution ¢() varies with 6, the signal = provides some
(possibly noisy / imperfect) information about the realized 6.

By the standard argument in Bayesian persuasion, it is without loss of
generality to assume X = ©, and for each x = (z;)Y,, E[f;|z] = ;. That
is, the planner’s signal x directly tells each ¢ what the expected value of 6;
should be, and each i finds (applying Bayesian updating) that, given signal
x, the conditional expected value of 6; is indeed ;.

We provide two instances of disclosure policies that play a key role in this
paper.
Definition 1. (i) ¢ is a full disclosure policy if Plz; = 6;, Vi] = 1.
(i) ¢ is an anonymous disclosure policy if Plx; = x;, Vi,j] = 1. In
N

particular, ¢ fully discloses anonymized 6 if Plx; = #, Vi] = 1.

2.3 Voting

The collective decision is made using a simple majority rule, so that the
reform happens if and only if at least % voters vote for it (recall N is odd).
Given a signal x from the planner, voter 7 votes for the reform if and only if
x; +¢; > 0.

For z € [—E,E], let:

up(z) = Elz+¢elz+¢ > 0],
u_(z) = Elz+¢elz+¢e <0]

denote a voter’s expected payoffs conditional on receiving signal z and his

voting for / against the reform, respectively. It is also useful to introduce

10



the probability of voting for / against the reform if the voter has beliefs z:

pi(2) = Plate>00=1-G(—2) = G(2),
p-(2) = Plz+¢ <0]=G(—2).

We impose a condition on G that implies useful properties for u,, u_, p,

and p_.
Assumption 1. G is log-concave.
Assumption 1 together with the symmetry of g guarantee that

(i) p+ and p_ are log-concave (the "monotone increasing hazard rate”
property for G)

(ii) uy and u_ are strictly increasing (the “monotone decreasing mean-

residual life” property for G)

These last two properties will be extensively used in the sequel. Most
standard distributions satisfy this properties (See Bagnoli and Bergstrom
[2005]).

3 A simple example: Suboptimality of a full

disclosure policy

We first observe that a full disclosure policy can be strictly suboptimal, even

in a very simple example.

Example 1. Assume N = 3 and ¢; ~ U (—£,2). Regarding 6, assume that
0 = (—0,0,0) or one of its permutations, all with equal probability %, with
A < . Note that Zj 0; = 0: the aggregate non-idiosyncratic value of the

reform is zero.
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In the case of a uniform distribution for ¢;, Assumption 1 is satisfied as

( is linear. Furthermore:

z+¢€ z+¢€
wle) = 225 i) = 1
zZ—€ —z+E€

e Consider first a full disclosure policy. The reform is implemented if
and only if at least two voters vote in favor of the reform. Therefore

expected welfare is:

P (=8) 594 (0) 5 py )] * [us(=0) + i (0) + . (B)
P (=0 # P (0) 5 p(B)] + |4 (=0) + w4 (0) + u_(B)
[P (=8) 5 p(0) 54 0)] * {4 (<0) +u(0) + 1w, (B)]
[P (=8) 594 (0) 5 p4 @) * [u(=0) + . (0) + i (B)

1 1/60\2 3. 13 1/6\2 1
:_5‘5(9 )]*?*[g*g(g) )}*55

If all three voters vote in favor of the reform, which happens with
N\ 2

probability % — %(g) , one may check that the expected welfare un-

conditional on the ¢g; is %E. Thus the first term in the sum in the last

line. If two voters exactly vote in favor of the reform, which happens

S\ 2

with probability % + %(g) , expected welfare unconditional of the on
1

2

second term in the sum in the last line.

g; is 5€ (independently of the identity of these two voters). Thus the

e There exists a better disclosure policy. Consider an anonymous disclo-
sure policy with x; = 0 for all 7. If all three voters are in favor of the
reform, which happens with probability %, welfare unconditional of the
on g; is 3uy(0) = 22, If exactly two voters out of three are in favor
of the reform, which happens with probability %, welfare unconditional

of the on ¢; is 2u;(0) + u_(0) = 1&. Therefore, under anonymous

12



disclosure, expected welfare is

1,3 3 1
g 2T g "

which is higher than the expected welfare under full disclosure as soon
as 0 > 0.

Remark 1. The probability of implementing the reform is the same under
both information disclosure policies (1/2). The key difference is that the
anonymous disclosure policy allows to better detect situations where the id-
iosyncratic components of the utilities are high (when all three voters approve
the reform). Intuitively, the voters’ preferences under anonymous disclosure
are more aligned than under full disclosure, which turns out to be useful in
order to mitigate the mismatch between their ordinal and cardinal prefer-
ences. In the next section, our main result will show that if § < %E, anony-
mous disclosure is actually the optimal information disclosure policy. In this
sense, our approach of anonymizing the information may be interpreted as a

formalization of the classical “veil-of-ignorance” idea.

Remark 2. Note nevertheless that the anonymous disclosure policy cannot
achieve the first best outcome. Indeed, when the aggregate non-idiosyncratic
value of the reform is zero, the first best would require to implement the
reform if ). e; > 0 and not to implement it if ), &; < 0. One may check
that:

P ;@-20 *E ;m;eizo zgg

while the expected welfare under anonymized disclosure policy is 25.5

5The reason why the first best cannot be achieved in this simple example is very
general: whatever the information disclosure policy, in some situations (realization of the
idiosyncratic preferences) there will be a mismatch between what a majority of voters
want, and what is socially optimal. This mismatch, also known as the ”intense minority”
problem, is well-known: A (one-shot) voting mechanism such as the simple majority rule

elicits only ordinal information of the voters’ preferences but not cardinal information.

13



O

In the next section, we provide sufficient conditions under which fully

disclosing anonymized 6 is the optimal information disclosure policy.

4 Welfare-Optimal Information Disclosure

Our main result is shown in two steps. First, under certain conditions, for
any non-anonymous disclosure policy, there is an anonymous policy that
is welfare-improving. Second, under additional conditions, fully disclosing

anonymized 6 is welfare-optimal.

4.1 Expected Welfare

The following expression for the expected welfare given any signal realization

x is useful in the proof of our result.

Lemma 1. Given any disclosure policy and any realized z, the expected

welfare conditional on x is, denoting () = % the threshold for approval

under the simple majority rule:
N
W(z) = Plk = 1]a] # E[Zuﬂx, k= 1]
i=1

=P(M_12 = Q — 2)p+(21)p+(22) * [U+(931) +up(v2) + E[U_19|M_12=Q — 2}]
CP(M_15 = Q — Dp_(w1)p_(a2) * [u,(xl) Fu(w9) +E[U_ 10| M 10 =Q — 1}]
+P(M_12>Q —1) % [551 + 2o+ E[U_12/M_12>Q —1] (1)
where M_,; ; is the total number of votes for the reform among the voters
except ¢ and j and U_; ; is the total surplus excluding ¢ and j’s payoffs. Both

depend on x_;; (which we will omit in the equations whenever there is no
risk of confusion).
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The expression may be interpreted as follows. Note first that the reform
can be implemented only if, among the N — 2 voters other than 1 and 2, at
least () — 2 vote in favor of the reform (otherwise, the threshold of @ = %
approvals can never be reached).

The first term on the right-hand side of (1) deals with events such that
among the N — 2 voters other than 1 and 2, ezactly @) — 2 vote in favor of
the reform (M_;5 = @ — 2). In that case, the reform is implemented if and
only if both voters 1 and 2 vote in favor of the reform, in which case the total
conditional utility in society is uy (z1) + uy(z2) + E[U_12|M_15=Q — 2].

Consider now events such that among the N — 2 voters other than 1 and
2, at least () — 1 voters vote in favor of the reform. In that case, the reform
is always implemented, except if the following two conditions simultaneously
hold: (i) among the N — 2 voters other than 1 and 2, exactly @ — 1 vote in
favor of the reform; (ii) both voters 1 and 2 vote against. The last two terms
on the right-hand side of (1) follow this decomposition.

The last term on the right-hand side of (1) can be interpreted as the
(hypothetical) welfare that would be generated by events such that among
the N — 2 voters other than 1 and 2, at least () — 1 voters vote in favor of the
reform if the reform were implemented whatever the votes of voters 1 and 2.
Under these hypothetical conditions, no information is learnt about £; and
g9 (as the votes of voters 1 and 2 have no impact on the collective decision),
and the total conditional utility in society is z1 +z2+E[U_1 2| M_1 2 > Q —1].

But as noted above, when M_;, > ) — 1, the reform is in fact not
always implemented. To get the actual welfare, one has to substract events
where M_; 3 = (Q — 1 and both voters 1 and 2 vote against the reform. This
corresponds to the second term on the right-hand side of (1). In that case, the
total conditional utility in society is u_(z1)+u—(z2) +E[U_1 2| M_1 2 = Q—1].

In this decomposition, the first term pertains to events such that voters 1
and 2 are jointly pivotal in getting the reform implemented, while the second
term pertains to events such that voters 1 and 2 are jointly pivotal in blocking

the reform.
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4.2 Criterion for Optimality of Anonymous Policy

We first provide sufficient conditions under which, for any non-anonymous
disclosure policy, there is an anonymous policy that is welfare-improving.
Roughly, anonymizing information means that we send a less dispersed
signal. For example, instead of sending a signal x = (1, 9, z3,...,zy) With
1 < x; < 2o for all i # 1,2, imagine that we send (1 + 9,20 — 6, x3,...,2N),

for a small positive 0. The expected welfare changes by:

(5<W1 () — WQ(:C)),

where W;(z) = ag;(f). Thus, if this is positive, anonymizing information
improves the expected welfare.

Based on this simple criterion, we provide sufficient conditions where an
anonymous policy is optimal. Recall that from Lemma 1, total welfare W (x)
can be decomposed according to (1). Regarding the derivatives of W with
respect to 1 and x5, two remarks directly follow from this expression. First,
the third term being linear in xy + x5, its derivatives with respect to x; and
xo are equal, and thus they cancel out in the difference W; — W5, Second,
given the symmetry of g the first and second lines should deliver qualitatively
similar effects (as will be checked in the proof). Thus, in order to provide

the intuition, we focus here on the first line. Denoting:

H(x) = py(20)py (22) * s (21) + g (22) + BIU 15[ M 12 = Q = 2]], (2)

we have:

Hi(z) = p\(z1)ps(22) * [qu(:cl) uy(22) FE[U_19|M_15=Q — 2]}
+py (1) (w2) * o, (21)

60f course, we must do it simultaneously appreciating the Bayes update constraint:
E[0;|x] = x; for all i. This can be done by changing the policy for some other 2’ at the
same time, and is taken care of in the formal proof of Theorem 1. Here, we omit this
complication. Notice that, without the Bayes update constraint, the problem is analogous
to the one where the planner promises some “transfer” from / to each agent, in a balanced-

budget manner.
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and hence,

H(x) — Hy(x)

:p+($1)p+($2)<zigi; - iigz;) * [U+($1) +uy (12) + E[U_12|/M 19 =Q — 2]
+p4 (21)py (22)) * [U;(%) - U’Jr(xg))] (3)

The first line on the right-hand-side can be interpreted as the probability
effect. By increasing x; and decreasing x5 by the same amount, the probabil-
ity that voters 1 and 2 both vote for the reform increases. Indeed, by the log-
concavity of p; (increasing hazard rate of G), p', (z1)p+(22) —p+(21)p/, (w2) >
0. The probability effect is positive if the utility in society conditional on vot-
ers 1 and 2 being pivotal is positive, that is, uy (z1)+uq (xe) +E[U_1 2| M_1 5 =
@ —2] > 0. We now discuss a condition that guarantees that this is the case.

Define

m”* ;= max {m € [0,2] : For all (zy,...,2y) € [-m,m]",
N N
Suiz) b Y u(zm) = o}. (4)
i=1 =M 41

Notice m* > 0, as Yu, (0) + X2 u_(0) = uy(0) > 0.

Condition 1. 6§ < m*.

Condition 1 stipulates that whatever the voters’ signal, the conditional
expected welfare when there is a one-vote margin in favor of the reform is
positive. When it is satisfied, u (z1) +uy(z2) + E[U_12|M_15=0Q —2] >0
for all z, and the probability effect (first line on the right-hand side of (3))

is positive.

The second line of (3) can be interpreted as the information effect. By
changing the disclosure policy, one changes what is learnt about the idiosyn-

cratic component of the preferences of the voters when they both vote in favor
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of the reform. In case of a uniform distribution, w. is linear and hence this
effect does not exist. In the general case, although u/_ itself is always positive
(Assumption 1), by the potential non-linearity of u,, this information effect

may be positive or negative.

The discussion suggests that anonymity is more likely be optimal with
stronger monotonicity in hazard rate and larger conditional postive gain from
the reform (and in this sense, the probability effect is positive and more
significant), and with more regulated non-linearity (so that the potentially
negative information effect is less significant).

Proposition 1 provides a formalization of this intuition. For z € [—£,Z],
let

az) = u(z) +2u(2) (5)

( 9(2) >’
G(z)

The function «f(.) captures information about the curvature of u; and the

monotonicity of hazard rate. Define

m := max {m € [0,g] : For all z € [—-m,m],

a(z) + N2_3 * Uy (—m) + N2_ ! xu_(—m) > O}

(6)

Notice that when (z3,...,zx5) € [=m, m]N 72 (Q—2)uy (—m)+(N-Q)u_(—m)
can be interpreted as the largest externality that voters 1 and 2 can impose
on the rest of the electorate when they are jointly pivotal in getting the
reform implemented.

We show in Appendix A that Assumption 1 guarantees that m > 0.

Proposition 1. Assume Assumption 1. If § < 7, then for all x € [0, 0]V
T, < Ty = Wl(ﬂf) > WQ(Z’)

We prove Proposition 1 in Appendix A.
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4.3 Full disclosure of anonymized information

With additional conditions, full disclosure of anonymized 6 is optimal. The
additional conditions, though having different expressions, are qualitatively
similar to the previous conditions for Proposition 1.

Let W*(z) = W(z,...,z) for z € [~0,0] denote the expected welfare
under any anonymous disclosure policy, when z is announced as the average
value of . We identify sufficient conditions guaranteeing that W* is convex,
and hence full disclosure of anonymized 6 is optimal.

Observe that:

O*W*(z
T() = ZVVZ'J(Z,...,Z)
(2%]
= Wi(z,...,2)+ (N = D)Wi(z,...,2).

Recall the three terms in the decomposition of W (z) (See (1)). The third
line is linear in x; + 9, and hence its second (own or cross) derivative is zero.
The first and second lines are again qualitatively similar to each other, so we
focus on H(x) (see (2)). That is, defining

H*(z) = H(Z, .., z),
we seek some conditions under which
O?H*(2)

—an = Hule2)+ (N = DHyp(z...2) >0,

where Hyy, Hio are the own and cross second derivatives of H.

As seen above, the first derivative of H with respect to x; is:
Hi(z) = py(21)p4(22) <U+($1) Fup(w2) + EU_1M_12=Q — 2])
+p4 (21)p (w2)uy (21).
Therefore:
Hio(x) = ply(21)p)(22) <U+($1) +up(22) +E[U-12|M_12=Q — 2])
+p4 (x1)Py (22)ly (21) + Py (21) P (22)0)y (22) > 0.
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and
Hy(z) = pl(z)ps(x2) <U+($1) +uy(2e) + E[U_12|M_15=0Q — 2])
+2p (21)p+ (22)U (21) + Py (1) P (w2) Uy (21).

It follows that

O?H*(2)
THE - N0 + (p W) — ()l
+2Np. (2)p (2)u (2) + P ()L (2)
where N1 N1
w(z) = 5 * uy(2) + xu_(2) (7)
is the conditional expected welfare when all voters have z and there is a one
/ ’
vote margin in favor of the reform. Noticing that v/ = —<%> Uy — z—iuﬁr
and rearranging terms, we have:
P H*(2) 2
a2 = Pi(E) ()
where
(2)\ G(2)\’
= N 2N —1 — -
B(2) w(e) + N =15 ) = (o) (w0~ ui(2)
Define
m := max {m € [0,g] : for any z € [-m,m], B(z) > 0}. (8)

As w(0) = u4(0) > 0, Assumption 1 implies that when z is close enough to
0, B(z) is strictly positive, and therefore m > 0.

Proposition 2. Assume Assumption 1. If § < /1, then W* is convex.

Proof. The proof directly follows from the discussion above and from the

definition of m. A similar logic applies to the second line of W*(x). ]
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Propositions 1 and 2 provide the key steps towards our main result, stated
in Theorem 1:

Theorem 1. Assume Assumption 1. If § < min{r, m}, then it is an optimal

disclosure policy to fully disclose the anonymized information.

The proof of Theorem 1 is provided in Appendix B. To provide an illustra-
tion of our main result in the case of some familiar distributions, consider the
case where the idiosyncratic component of the utility is distributed according

to a uniform or a normal distribution.

Claim 1. (i) Assume ¢; ~ U (—£,€). Assumption 1 is satisfied and:

. 3N-1 _E(A _)
TENN Tt

As discussed in Section 4.2, in the case of a uniform distribution, there
is no information effect, and the probability effect is positive as soon

as Condition 1 is satisfied. This explains why m* = m in that case.
(ii) Assume ¢; ~ N (0,0). Assumption 1 is satisfied, and when N = 3:

m =0 *0.5606 < m* =0 *x0.7678
m = o x 1.05427

In the case of a normal distribution, the information effect is negative

as u, is convexe. This explains why 7/ < m* in that case.
The proof of Claim 1 is provided in Appendix C.

Remark 3. Theorem 1 provides an upper bound for @ given the distribution
of each ¢; fixed. An alternative interpretation of this result is to take 6 as

given, and imagine that g is in a scale-family of another “baseline” density
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for a scale parameter ¢ > 0. In particular, if this baseline distribution is
chosen to be standardized, o is the standard deviation of g. In Appendix
D, we provide an equivalent statement of Theorem 1 that concerns a lower
bound of &, the scale parameter for the distribution of each ¢;, given @ fixed

(See Corollary 1 in Appendix D).

5 Discussion

In this section, we first illustrate the critical role of Assumption 1, and of
having € small enough. We then briefly discuss the cases of a priori asym-
metric voters and of non-separable idiosycratic noises. Last, we touch upon
the question of whether the social planner could improve welfare by using

more complex information disclosure mechanisms.

5.1 The critical role of Assumption 1

Theorem 1 states that if Assumption 1 is satisfied, then it is an optimal dis-
closure policy to fully disclose the anonymized information if 6 is smaller than
a threshold (which depends on g and on the number of voters). In this sec-
tion, we provide an example showing that if u is strictly decreasing on some
interval [—k, k] in the support of ¢ (and thus violates Assumption 1), then
we can exhibit a family of distributions for 6, {Fg}ée(oﬁ)v such that the full
disclosure information policy strictly dominates the anonymyzed disclosure

policy for all 6.

Example 2. Assume N = 3 and, as in Example 1, § = (—0,0, 6) or one of its
permutations, all with equal probability %. For the time being, we make no
specific assumptions on g (other than assuming that g is symmetric around
0 and that its support includes [0, 0]).

Using the decomposition of expected welfare provided in Lemma 1, the
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expected welfare under full disclosure can be written as:

while the expected welfare under anonymous disclosure is:

W(0,0,0) =p_(0) * p2 (0) * <2u+0) + u_(0)>
—p(0) # P2 (0)  (2u-(0) + u (0))
+2+(0) * ((0) + (0) +u,.(0))

Therefore full disclosure is better than anonymous disclosure iff
P (=0)p+ (@) * (us(=0) + ws (@) +u_(0)) > p(0) % (2 (0) +u_(0)) (9)

We recognize on the left-hand side H(—6,6,0 ) and on the right-hand
side H(0,0,0). Using the property that 2 < +(2)u = p.(z), one may
check that

O [H220)] = a2 # (w(0) — s (2)

FPL P (=2) % (ua(=2) — ua(0)

At this point, we can explain the importance of Assumption 1. Suppose
that Assumption 1 is violated so that we have a reverse monotonicity around
zero. Specifically, assume that there exists x > 0 such that u, is strictly
decreasing on [—k, x| in the support of g. Then if § < &, for 0 < z < 6,
uy(2) < uyp(0) < uyp(—2). In that case, the expression above is strictly
positive, and inequality (9) holds. That is, the anonymous disclosure policy
is strictly worse than full disclosure.

As mentioned when introducing Assumption 1 earlier in the text, most

standard distributions do satisfy Assumption 1. It is neverthemess possible
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to exhibit some " pathological” distributions such that u is locally decreasing
around 0. For example, consider the following truncated Cauchy distribution:
For z € [100, 100],

1

9(2) = —51m L2 g
~100 1442

One may check that u is strictly decreasing on [—3, 1].

5.2 The importance of an upper bound on §

Theorem 1 states that under Assumption 1, full disclosure of the anonymized
information is optimal provided that 6 is not too large. Below, we provide an

example illustrating the importance of this upper bound on @ for the result.

Example 3. Assume N =3 ; ¢; ~ U(—F,%) for some 2 > 0; 6 = (0,6, —%5)
or any of its permutations with equal probability % (’'good’ states of the
world), and 6 = (-6, —0, %9) or any of its permutations with equal probabil-

ity + ("bad’ states of the world), where § = 2.2

From Claim 1, in the uniform case, min{r, m} =/ = m* = 1-&. There-
fore in this example, 6 = %E > min{m,m} = m* = %E. In particular, Con-
dition 1 is not satisfied. The expected welfare when voters gets (z1, za, x3)
and k voters exactly vote in favor of the reform is %ZZ x; + %(Qk — N)E. In
the good states of the world (>, z; = 32/2), the majority rule is "too restric-
tive’, as the expected welfare when one voter exactly approves the reform is
positive (32/4—2/2 = £/4) and still the reform is rejected. Symmetrically, in
the bad states of the world, the majority rule is 'too lenient’, as the expected

welfare when two voters exactly approve the reform is negative.

Under the anonymous disclosure policy, x; = %Z ;05 for all 4, that is
x; = €/2 in good states and —&/2 in bad states. Therefore expected welfare
is sW(g/2,2/2,8/2) + sW(—£/2,—€/2,—£/2), while under full disclosure,
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expected welfare is: %W(?, 0, —%5) + %W(—@, —0, %5), where 0 = 1%?. One

may check that the difference between the two is
% [0.421875 — 0.315875]  (92/4)
% 0421875 — 0.619875] * (52/4))
+% [0.015625 — 0.001625] * (32/4)

1
+5 0140625 — 0.062625) + (~2/4)

=(0.726563 — 0.735562)g < 0

The first line pertains to situations where the state of world is good and
the reform is unanimously approved. In that case, the conditional exepected
welfare is 92/4, the probability of approval is 0.421875 under anonymous dis-
closure and 0.315875 under full disclosure. Similarly, the second line pertains
to situations where the state of world is good and there is a one-vote mar-
gin in favor of the reform. The third and fourth lines pertain to situations
where the state of the world is bad, and there is respectively unanimity and
a one-vote margin in favor of the reform.

In this example, welfare is strictly higher with full disclosure. The intu-
ition is the following. Condition 1 is violated and the simple majority voting
does not select the welfare-maximizing policy in any occasion. In particular,
it is "too lenient” in the bad states, as when exactly two voters are in favor
of the reform, welfare (conditional on the profile of votes) is negative (—2/4),
and yet the reform is approved. Note that under both disclosure policies,
the probability of approving the reform is the same (1/2). Compared to
full disclosure, the anomymized policy increases the probability that voters
unanimously approve the reform (which is good), but also increases the prob-
ability of a one-vote victory when the state of the world is bad (which is bad).
Under the assumptions made on the parameters, the latter effect dominates,

and full disclosure outperforms anonymous disclosure. O
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5.3 A priori heterogeneous voters

So far, we have considered an environment in which voters are a priori sym-
metric: F' is N-exchangeable and all voters have the same g. Studying in
full generality the case of heterogeneous voters is beyond the scope of this
paper. Still, we provide in this section an example showing that some of the
results might remain valid, although for different reasons.

With symmetric voters, as discussed in section 4.2, a key observation is
that, whenever % is decreasing in x, moving two voters closer one to the
other in terms of beliefs increases the probability that they jointly approve
the reform, which, together with Condition 1 (§ < m*), guarantees that the
probability effect is positive.

This is no longer the case if voters have different distributions of idiosyn-
cratic shocks. Intuition suggests that to increase the probability of joint
approval the planner would like to ”compensate” the voter with a priori bad
idiosyncratic shocks by giving him better news about 6. If Bayesian plausi-
bility prevents this, no disclosure might still be optimal.

We provide a simple example illustrating this point.

Example 4. Assume two groups of voter. One group (¢t = p) is a priori in
favor of the reform: the idiosyncratic shock ¢; is uniformly distributed on
la, — €, a, + €|, with a, > 0. The other group (¢ = n) is a priori against the
reform: the idiosyncratic shock ¢; is uniformly distributed on [a,, — €, a,, + €,
with a, < 0. The identity of voters within each group are known to the
Planner, with N; voters in group ¢ (N, + N,, = N).

We keep the assumption that in expectation, the sum of the idiosyncratic
shocks in the electorate is zero, that is, >, Nia; = 0.

As for 0, we assume that there are two equiprobable states of the world:
one state of the world is good news for group-p voters, while the other is
good news for group-n voters. Specifically, in the former state, voters in
group p get ¢; = b, > 0 while voters in group n get 6; = —b, < 0. In the

latter state, voters in group p get 6; = —b, < 0 while voters in group n get

26



0; = b, > 0.We assume that N,b, = N,b,. These assumptions imply that for
each voter, absent any additional information, E[f;] = 0, and that in both
states of the world, >.6; = 0.

Last, we assume that for both groups: |a;| + b; < € This assumption
implies that whatever his beliefs about 6;, voter ¢ might still vote for or
against the reform depending on the realization of his idiosyncratic shock.”

If beliefs are x such that ) . x; = 0, one may check that the expected wel-
fare if exactly k voters vote in favor of the reform is (k — %)E, independently
of the identity of these k voters. Therefore, the simple majority rule always
selects the alternative (reform or status quo) with the highest conditional

welfare.

As an example, consider the case N = 3; N, = 1; N,, = 2. We show that
in that case, no disclosure is the optimal disclosure policy.

We follow the proof in Kamenica and Gentzkow (2011). If the belief that
the state is (by, —b,, —by) is p (good news for group p), one may check that

the expected welfare is:
1 1 2 (3
v =(5+m) (3+m) ()
1 — 1 —+ i +2 1 + 1 + 1 — * 1—
5 Yp 9 Yn 9 Up 9 Yn 5 Yn 26

ap+(2p—1)by an+(1—2p)by
2€ 2€

of V(u) corresponds to events where all three voters unanimously vote in

+

where y, = and y, = . The first line in the expression
favor of the reform, the second line to events where two voters exactly are in
favor.

Rearranging terms and using the property that y, + 2y, = 0, one gets:

vi=(3-2) (3.

Therefore Z—Z(u) = 3b,yn ; %(u) = —% < 0, which shows that V' is strictly

concave in p: no disclosure is uniquely optimal.

"Indeed, it implies that [—bs, b;] C [a; — €, a; + € for t = p, n.
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Notice that Z—Z(u) =0iff y, =y, = 0, that is, p = 1 — %Z—: When
a, = a, = 0 (all voters are identical regarding the distribution of their

idiosyncratic shock), V() is maximized when p = 1/2 (no disclosure). If
a, > 0, maximizing V' (x) would require to give voter with group n better
news (than p = 1/2). Intuitively, the planner would like to ”compensate”
a voter with bad a priori idiosyncratic shocks by giving him better news
about his 6;. Bayesian plausibility prevents this. In this example, the payoff

function is concave, and the planner cannot improve on no disclosure. O

In Example 4, > .6; = 0 in both states of the world. Therefore, in
that case, anomymized disclosure simply coincides with no disclosure. In
Appendix E; we propose a generalization of Example 4, where besides uncer-
tainty about the distributional consequences of the reform, there is also some
uncertainty about a common shock affecting all voters in the same way: the
total value of the reform (that is, the part controlled by the social planner
>, 0;) can be positive or negative. We show that in that case, disclosure of
the anonymized information is still the optimal policy. These examples show
that anomymous disclosure might still be optimal with a priori heterogeneous
voters. The logic is nevertheless somewhat different. With asymmetric vot-
ers, the planner would like to ”compensate” the voters with a priori bad
idiosyncratic shocks by giving them better news about . If Bayesian plau-

sibility prevents this, anonymous disclosure might still be optimal.

5.4 Non-separable idiosyncratic noise

In the main model, each voter ¢’s idiosyncratic type enters additively sepa-
rably to his payoff function. This implies that the marginal increase in 6;
and that in 0; are treated equally in the welfare. Thus, disclosing only the
(non-weighted) average is a natural way of anonymizing the information.
This assumption would be satisfied, for example, if 6; refers to i’s gain in
the monetary term and all the voters have quasilinear payoffs in the monetary

term. Even if they do not have quasilinear payoffs, our result holds as long
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as 0; and ¢; are separable: for example, let v(0;) + ¢; be i’s payoff under the
reform, where v is a concave function (risk aversion / non-quasilinearity).
Then, we can redefine 0, = v(0;) as the state, and apply the previous analysis.
In this case, each i would be informed of the average of v(6;).

Without additive separability, the analysis would be more complicated.
Let w(6;,e;) be i’s payoff under the reform (and 0 be the status-quo pay-
off). In this case, what would be the analogue of the anonymized infor-
mation? For example, imagine a two-voter situation (i = 1,2) with 6 €
{(0,0),(1,—1),(=1,1)}. If u is sufficiently concave in 6; (“risk aversion”
for the reform), then the social planner would be more willing to imple-

ment the reform with § = (0,0), while much less so otherwise. In that
2 0i

case, revealing (only) x = , which is equivalent to no disclosure, may
not be the right idea, and it can be better to reveal “whether § = (0,0)
or 0 € {(1,-1),(—=1,1)}”. On the other hand, it may still be a good idea
not to separate (1, —1) and (—1, 1), in order to mitigate the ordinal-cardinal
mismatch. As suggested in this example, the right analogue may be to reveal
the histogram of 6 (i.e., “how many would enjoy 6; = z, y, etc.”, without
revealing “who would enjoy those z, y, etc.).

The precise conditions under which such a histogram-revealing policy is
optimal would look different from those in the previous sections, but they
would be based on the similar intuition about the probability effect and
information effect. For example, imagine two voters again, and consider

unanimity as a voting mechanism. The expected social welfare is given by:

Py (@)% (@) (ul (q) + ui(q)),

where ¢ € A(O) is the posterior for 6 given the disclosed information by the
planner; p’, (q) is the probability that ¢ votes for the reform:

(@) =1 - G(eilq)),
where €;(q) is the threshold type given ¢:
Eg,~q[u(b;,€i(q))] = 0;
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and u, (¢) is i’s expected payoff conditional on his voting for the reform:

1

E ~g | U 91',81' dG
Pi(q) /si>ai<q) sc-altlfo <)

Note that, if the planner only discloses the histogram of #, then we have

e1(q) = ea(q), and hence pl(q) = pi(g) and uli(q) = ui(g). As in the

previous sections, equalizing the voters’ threshold values of ¢ is the key effect
of anonymization. We thus conjecture that, under appropriate conditions, a
similar logic based on probability effects and information effects would imply

the conditions under which disclosing the histogram is optimal.

5.5 More complex mechanisms

So far, we have considered simple mechanisms (”experiments”) which pub-
licly disclose information independent of the voters’ idiosyncratic preferences.
Could the social planner do better by using more complex mechanisms? For
example, can the social planner do better by using a mechanism that first
elicits some information about the voters’ idiosyncratic preferences, and then
tailors information disclosure to voters’ report? We provide in Appendix F
a simple example showing that this can indeed be the case. Finding the
optimal information design in this broader class of mechanisms for general
distribution of # and ¢; is beyond the scope of this paper. Similarly, we only
consider here public disclosure of information ; it remains an open question to
know if the planner could improve welfare by privately disclosing information
to voters.

Although the class of mechanism we consider in this paper is admittedly
limited, we believe it is an important benchmark case when looking for some
normative guidance about the optimal extent of transparency in a democ-
racy. Besides, this class of mechanism has some desirable properties in terms
of implementation. In Yamashita and Van der Straeten [2022], we consider a
general information design problem with multiple agents, where each agent

has initial private information, orthogonal to the principal’s information.
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We ask which distribution jointly over the state and action profile is imple-
mentable in an ex post dominant-strategqy equilibrium, i.e., an equilibrium
such that each agent, given the signal from the principal and his own private
information, finds an optimal action regardless of the other agents’ informa-
tion and play. We show that any ex post dominant-strategy implementable
outcome is implementable by a mechanism where the principal only provides

a public signal about her information.

6 Conclusion

In this paper, we show that, under certain conditions, fully disclosing the
anonymized information is optimal in terms of utilitarian expected welfare.
Two key conditions are identified: the first imposes the monotonicity of each
voter’s expected payoff conditional on voting for or against the reform; the
second imposes some constrains on how big the uncertainty regarding the
information controlled by the social planner can be compared to the size of

the idiosyncratic preferences.
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APPENDIX

A Proof of Proposition 1

The proof proceeds in three steps. First, we show that if Assumption 1 holds,
then m defined in (6) is positive. Second, we show that if Assumption 1 holds
and 6 < 7, then for all z € [—0,0]Y: 21 < 29 = Hy(z) > Hy(z). Third,
we show that if Assumption 1 holds and § < 7, then for all z € [0, 0]V:
r1 < x9 = Wi(z) > Wh(x).

Step 1. Assume Assumption 1 holds. Let us show that m > 0.
By definition (see (6)):

m := max {m € [0,g] : For all z € [-m,m],

a(z) + N; 3u+(—m) + N2_ 1u,(—m) > O}

To show that i > 0, it is suficient to show that a(0)+22u, (0)+ 22 u_(0) >
0, that is, a(0) > u4(0).
We now show that for all z € [—€,], a(z) > u;(z). Notice that

(P4 (2)ur(2))" = p1(2),

Therfeore, we have

and

<g(2) )' o ui(z) Wi () - (2)  uli(2)
G(2))  us(2) u? (2) up(z)

where the last inequality follows from the observation that, under Assump-
tion 1, u/, (2)(1 — v/, (2)) > 0. Therefore,

LGS

<g<z> )
G(2)
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and for all z € [-2,2], a(z) > ui(z).

Step 2. Assume that Assumption 1 holds. We show that if § < 7, then
for all x € [—0,0)N: v < vy = Hy(z) > Hy(x).
The difference Hi(x) — Ho(x) is given by Equation (3). Noticing that

pluy +piu’. = py, we have
Hi(x) — Ha(w) =y (e1)ps (e2) (s (02) + BU 10| M 12 = Q = 2])
— pi(z1)p), (22)) <U+(SB1) +E[U_12/M_12=Q — 2])

Therefore, Hy(x) — Ha(x) > 0 whenever z; < xq if

G(z)
et (u+(z) FE[U_ 10| M 10 =Q— 2])

is increasing in z whatever E[U_; 2|M_; 5 = @ — 2], that is (as Assumption 1
holds), for all z € [0, 6],

(M)/Jr <G(z))' <N—3u+(_§) L N- 1u_<_§>) -0

9(2) 9(2)

or equivalently,

i (2) + (g(z) ) (202 () + 22w (0 + () <0 (10)

G(2) 2 5
Indeed,
(25 - (38 (255)
s () (5 ()

where the last line follows from the observation that %UJF +ul, = 1.
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It follows from the definition of 772 that, if # < 1 then for all z € [0, 0]
and all E[U_;3|M_12 = @ — 2|, Condition (10) is satisfied. Therefore, if
T < To, H1 > HQ.

Step 3. To conclude the proof of Proposition 1, denote
K(z) = —p_(21)p—(22) (U—(xl) +u(v2) +E[U 19|M 10 =0Q -1, (x5, ..., 5(7N)])

Because of the symmetry of g, p_(2) = pi(—2) and u_(2) = —usp(—2).

Therefore for all z,
K(x)

= (21)p (22) (s (—1) + 1 (—72) + BV 10 Mo1z = Q = 2, (=25, ., )] )

~H(~a)

and K (z) — Ko(z) = —Hy(—x) + Hay(—x).

Take some x such that xy < x5. Then —x; > —x5 and the property of H
that was established in Step 2 of the proof implies that H;(—z) < Ha(—x).
Which completes the proof of the proposition.

B Proof of Theorem 1

Assume Assumption 1, and 6 < min{r, m}.
We prove Theorem 1 in a number of steps.

First, we consider an auxiliary environment where all the voters know

Zil 0s
N

closing no additional information is optimal in this hypothetical environment

: ZA;1 Tq Z]\;1 0; .
(Lemma 2, see below). Hence, for any x with == = === we have:

- (Z]]Vv @-) > W)

where W (x) denotes the expected total welfare if the voters are informed of

x and W*(z) = W(z, ..., 2).

(but not individual ;). Applying Proposition 1, we show that dis-
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Applying Proposition 2, W*(m) is convex for m € [—0, 0].
For z € [0, 0], let

W(a) o= W (Zi=20),

Then, W(z) > W (z) for all z € [0, 8]V, and moreover, it is convex. Indeed,
for all z, 2" € [-0,0]", A € [0,1):

WA+ (1 — A\a')) = W*(Eil(m + (1~ A)x;))>

N N N
=WWQZ%%E+41_M§Lﬂ%)
SAW%Z%%E>+G_AWW<Za@a

= AW (z) + (1 — A2 )W(2))

where the inequality on the third line follows from the convexity of W*.

The planner’s problem is
max /x W (z)dg,
which is not larger than
max /x W (x)dE.
Note that:

m?LWMM:AW@M,

because W is convex. However, W(G) is precisely the total welfare for each 6
under the policy of fully disclosing the anonymized information. Therefore,

it must be an optimal disclosure policy.
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Statement and proof of Lemma 2

21]'\[:1 0s
N

(but not individual ;). Applying Proposition 1, we show that disclosing no

Consider an auxiliary environment where all the voters know m =

additional information is optimal.

Lemma 2. Assume Assumption 1. Consider an auxiliary environment where

all the voters know m = # (but not individual 6;). If < 7, then it is

optimal to disclose no additional information.

Proof. Fix any m € [—0,0]. Let O™ = {9|# =m}. Let £™ € A(O™) be
any disclosure policy (more formally, its equivalent, as discussed in Section
2). Letting W (x) denote the expected total welfare if the voters are informed

of x = (z;)~,, our problem is:

r%%X/IW(x)cKm.

If no additional information is disclosed, its induced expected total welfare

is:
W(m,...,m).

Thus, it suffices to show:
Wi(m,...,m)> /W(:v)dfm

Fix any policy {™ with Pr(z; # z;, 3i,j) > 0. Fix A € (0,1), and define

an alternative disclosure policy, ém, by:
EM(A) = &"({a'3x € A2’ = (1= Nz + A(m, ..., m)}),

for each (measurable) A C [—0,0]. £™ is less convex than €™ in the sense of
the convex stochastic ordering, and hence, is feasible. Equivalently, €™ can be
described as a probability distribution such that, first, x is drawn according to

€™, and then the actual value realized is given by 2’ = (1—=X)z+A(m, ..., m).
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This alternative description is useful in that the expected total welfare given

&M is given by:
/W((l — Nz + A(m,...,m))d¢™,

and to show that ém is an improvement over {™, it suffices to show that
W((1—=XNz+A(m,...,m)) >W(x)

whenever z; # x; for some i, j.®
Hence, from here on, we fix an arbitrary « such that x # (m,...,m). For

small A\, we have

W({(1—=XNz+ AXm,...,m)) —W(x) ~ )\Zfil(m — ;) Wi(z),

where W;(z) = 2% (z) for all i = 1,..., N. Given that m = %Z;Vﬂ xj,

Y olm—z)Wile) = 303 (e — w)Wile)

Thus, it suffices to show that W;(x) — W;(x) > 0 if z; > x;, for any given i, j

and z. This is precisely the Condition obtained in Proposition 1. O

C Proof of Claim 1

C.1 Uniform distribution

Assume ¢; ~ U (—¢,2).

8More precisely, for each n € N, let
1
Xp ={z|W((1 = XNzx+ A(m,...,m)) = W(z) > E}’
and let Xoo = J,cy Xn- Then §™(Xo) > 0 by assumption, which implies {™(X,,) > 0

for some n by continuity of a measure with respect to countable set operations.
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G is linear, which implies that Assumption 1 is satisfied.

In the uniform case:

Determination of m*. The definition of m* is given in (4). When As-

sumption 1 holds, u, and u_ are increasing, therefore
m* = max {m € [0,2] : w(—m) > O}.
E.

where w is defined in (7). As w(z) = Y2 we have m* =

2|~

Determination of m. The definition of m is given in (6). In the uniform

case, u” = 0, therefore a(z) = 2u(z), which is increasing in z, therefore

N-3 ( )+N—1
u —m
2 + 2

m = max {m €10,g]: 2ui(—m)+ xu_(—m) > 0},

which is precisely the definition of m*.

Determination of m. The definition of m is given in (8). In the uniform
G(2)

case, 5

= 2+ = 2uy(z), therefore

N(N+1)z+ (3N - 1)z

B() = (N = Dw(z) + 2Nuy (=) = . ,

. .. . . ~  3N—-1 = . ~ 1= =
which is increasing in z, therefore m = NNTDE Notice m € <N6, 8).

C.2 Normal distribution

Assume ¢; ~ N (0, 0).
The density ¢ is logconcave, which implies the log-concavity of G (see

Bagnoli and Bergstrom [2005]). Therefore Assumption 1 is satisfied.

We first consider the case o = 1.
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Determination of m*. When Assumption 1 holds, u, and u_ are increas-
ing, therefore m* is the unique solution of the equation w(—m) = 0. One
may check numerically that, for N = 3, m* ~ 0.767847.

Determination of . When g; ~ N (0,1) :

ui(z) = z+g<(zz))
i) = 1+ (53) =1- EHue)
) = ~(E2Yu) - S
Therefore
RES

One may check that a(z) is increasing in z on R, therefore m is the unique
positive solution (if it exists) of a(—m)+u_(—m) = 0. One finds numerically
that m ~ 0.5606.

Determination of m. Recall

5) = Nute)+ N - (T a0 - (5 (w6) - wato)

!/
Using the fact that (%) = %qu, we have:

us (2)(w(z) = uy(2))

uy(2) — 2z

B(z) = Nu(z)+ (N - 1) —uy(2)) -

uy(z) — =z

One may check numerically that for N = 3, m = 1.05427.

Consider now the general case ¢ > 0. We show in the Appendix D
that the critical thresholds m*, m and m are proportional to the standard

deviation of the density, which concludes the proof of Claim 1. n
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D An alternative interpretation of Theorem
1

Theorem 1 provides an upper bound for # given the distribution of each &,
fixed. An alternative interpretation of this result is to take # as given, and
imagine that ¢ is in a scale-family of another “baseline” density ~:
g(ei, o) = l’Y <§>
o \o

for a scale parameter ¢ > 0. In particular, if this baseline distribution is
chosen to be standardized, o is the standard deviation of g. Corollary 1
states an equivalent statement of Theorem 1, which concerns a lower bound
of o, the scale parameter for the distribution of each &; (given 6 fixed). To
make this statement precise, assume that v has full-support on [—e,¢e|, for
some € > 6. In that case, ¢ has full-support on [—o€,o¢€], and we assume
that o > £.

Denote p* , f1 and fi the solution of equations (4), (6) and (8), respectively,
when the density is v, and let

6=—;0=

= | <l
’;z.l |

Then the following holds:

Corollary 1. Assume 7 satisfies Assumption 1. If ¢ > max{d,5}, then it

is an optimal disclosure policy to fully disclose the anonymized information.

Proof. When m* | m and m are the solution of equations (4), (6) and (8),

respectively, when the density is ¢(., o), we prove that:

m*  mm
. - A~ T = =0,
@ pop

which will show the result as a direct application of Theorem 1. Denote by

I' the cumulative of the baseline density =, and let

[ty (t)dt
V+(Z) =z 4+ W
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Notice:

u(2) = v (g)
0 =24 ()
a0 =1(3)

which implies

G(z)\' _ (T(z/o)\
<g(z)> N <'y(z/0)>
z)\ 1 z/o)\/
(&5) =5+ (m)
The result follows from the definition of m*, 7 and m in (4), (6) and (8).
O]

E An example with heterogeneous voters

In Example 4, . 6; = 0 in both states of the world. Therefore, in that
case, anomymized disclosure coincides with no disclosure. We now propose
an extension of Example 4, where, besides some uncertainty about the dis-
tributional consequences of the reform, there is some uncertainty about a
common shock affecting all voters in the same way: the total value of the
reform (that is, the part controlled by the social planner, > . 6;) can be pos-
itive or negative. We show that in that case, disclosure of the anonymized
information is optimal.

Specifically, we make the following assumptions:

Example 5. As for the ¢;: we keep the same assumptions as in Example 4.
We still assume that N = 3; N, = 1; N,, = 2. As for 0, we assume that there

are four possible states of the world:

0 = Cl(c,c,c) + D(by, —bn, —by)
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where b, b, have been defined in Example 4, ¢ is a non-negative real number,
and C and D are two independent binary variables. Variable C, which refers
to the common shock, takes the value 1 with probability A\g = % (good news
for the whole economy) and value —1 with the remaining probability, while D,
which refers to the distributional shock, takes the value 1 with probability
to = 35 (good news for group-p voters) and value —1 with the remaining
probability.

Last, we assume that for ¢t = p, n:
|CLt| + bt +c<e€

Notice that if ¢ = 0 (no aggregate shock), the setting is exactly that of
Example 4.

If the belief that C' = 1 (good news about the common shock) is A, and
the belief that D = 1 (good news for group-p voters) is u, one may check
that the expected welfare if exactly k& voters vote in favor of the reform is

N N
5 (2A =1+ (k- 5)@

independently of the identity of these k voters. Note that these quantities are
independent of i (as in Example 4), but depend on A. The simple majority
rule selects the alternative (reform or status quo) with the highest conditional
expected welfare on any occasion iff for all A € [0,1], 2(2A — 1)c+ 3¢ > 0
and %(2)\ —1)c— %E < 0, that is, 3¢ < €. We assume in the sequel that this
condition holds.

Expected welfare when beliefs are (A, u) is:

V(A )
B O O Y e
(%_) <%+zn>2+2 (%+) (
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where z, = = (a, + (20 — 1)b, + (2X — 1)¢) and z,, = 5= (@, + (1 — 2p)b,, + (2X — 1)c).

2%
The first line in the expression of V(A u) corresponds to events where all
three voters unanimously vote in favor of the reform, and the second line to

events where two voters exactly are in favor.
We show that:
1. For any A, V is strictly concave in u ;
2. For any p, V is strictly convex in A ;

which implies that full disclosure on C and no disclosure on D is uniquely

optimal.

Proof: Rearranging terms in V', one may check that

1 1 3
V(A p) = (5 + é(zp +2z,) — 2zpzi) * 5(2)\ —1)c

3 _
+ (Z + (2p + 220) + 2252, + zi) % %
e We first show that V' is strictly concave in p. Using the property that
2p + 22, = 3(%:)6 and %i: + 28;: = 0, we have:

%V()\, W) = {3(2/\ — e (zpzn — 22) + ; (zn — zp)} o

82 1 1_ azp 2
a_IuQV()\Mu) =3 [(2)\ —1)ec (2zn — §Zp) — 1_16] (%)

It follows that V is strictly concave in p iff
2(4z, —2p) 2A—1)c—€< 0
which is equivallent to
((2)\ — 1)0)2 _ap+ (2u—1)b, § (2A —1)c _ 1
€ € € 3
One may check that this inequality is satisfied for all (A, ) € [0, 1)* iff

a, +b,+c< g—i Conditions a, + b, + ¢ < € and 3¢ < € together imply
that this inequality holds.
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e We now show that V' is strictly convex in A. Straightforward compu-

tation shows that:

0 3 3 0z
=(>—-222—-14 (22X = 1)ex ==
a)\V()\,u) (2 zi zpzn> * 2( A—1)ex 0
5 0z,
+ (3 + i(zp +2z,) — 6zpzT2L) * € * o8
and
2
WV(/\M)

2
= (—(2p +22,)° + 3(1 — 2} — 222, * 4€ <8 )

:((3zn—?)(2)\2—;1)0)2+3—2( ))*46*(82")
)

The condition ¢ < 3€ implies that 3 — (3(2>\ e
that V is strictly convex in .

> 0, which shows

F An example with more complex mecha-

nisms

Our focus in this paper is on simple information disclosure policies, with
no prior communication between the planner and the voters (that is, before
the planner discloses information). In this section, we exhibit an example
showing that the social planner could do better by using a mechanism that
first elicits some information about the voters’ idiosyncratic preferences, and

then tailors information disclosure to voters’ reports.

Example 6. Let’s consider the setting of Example 1: Assume N = 3 voters;
g ~ U(=8,8) ; 0§ = (—0,0,0) or one of its permutation with probability
. Additionally, assume that # > N@. Theorem 1 states that within the

(=
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class of mechanism studied in the paper, the optimal disclosure policy is no
disclosure at all.
We show in this section that the social planner can stricty improve welfare

by using the following mechanism:

e Stage 1: The planner asks voters to report the sign of their ;. Denote

s; = 1 if voter ¢ reports a positive sign, s; = 0 otherwise.

e Stage 2: The planner publicly discloses the number of voters who re-
ported a positive sign and the number of voters who reported a negative
sign, as wellas ), . 0; (when {3 : $; = 0} isnot empty), and ), . _, 0;
(when {7 : §; = 1} is not empty) .

e Stage 3: Vote under the majority rule. The reform is implemented iff

at least two voters are in favor.

With no prior elicitation: Theorem 1 states that the optimal disclosure
policy is no disclosure at all. The reform is implemented if and only if at

least two voters have a positive ¢;.

With prior elicitation as described in the mechanism above: Assume for

now that voters report truthfully at the first stage.

e If 5, > 0 for all 7: no additional information is disclosed, and the reform

is implemented.

o Ife; > 0,69 > 0,65 < 0 (or one of its permutation): If 5 < 0, the news
disclosed by the planner ”goes in the same direction” as what is learnt
from the idiosyncratic shocks, and the reform is always implemented.
If0; =6 (in which case voter 3 learns that 03 = # while voters 1 and 2
share the same expectation about their 6; equal to —0/2), the reform
is rejected with a positive probability. Specifically, it is rejected if and

only if one of the three following situations arises:
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(i) all three voters unanimously vote against the reform, in which case
the expected welfare of the reform (conditional on the information avail-

able at the time of the vote and on the vote profile) is

0 0 i 3
m<0,§> +m<0,§> +m<—5,—9> =-5< 0
where for 21, 29 € [-E,E], 21 < 22
m(z1, z9) == ]E[ei\si € [zl,zg]}

or (ii) Voters 1 and 2 vote against the reform and voter 3 votes in favor,

in which case the expected welfare of the reform is:

0 0 -
02) - n(o.3) o -50) =0
m< 5 +m 5 +m
or (iii) Voters 1 and 2 split their votes and voter 3 votes against, in

which case the expected welfare of the reform is:

m(??) —|—m<0, g) +m< —F, —5) =0

Compared to the scenario with no disclosure, the additional information
revealed by the planner is strictly welfare improving. In particular, it
allows to reject the reform in situations such as case (i) where a priori
positive voters (voters 1 and 2 in the example) have only mildly positive
shocks, while voter 3 is badly hurt by the reform (very negative e3),
so that the total expected value of the reform negative. In that case,
voters unanimously reject the reform (which would have been approved

should no additional information had been disclosed).

If &1 > 0,69 < 0,63 < 0 for all 7: the reform is not implemented
except if #; = —0 and a majority vote in favor. By symmetry with the
case €1 > 0,69 > 0,e3 < 0, the value of the reform if implemented is

non-negative.
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o If ¢; < 0 for all i: the reform is never implemented (same as with

anomymous disclosure)

So far, we have shown that if all voters truthfully report the sign of their
i, the mechanism allows to strictly improve welfare compared to the no
disclosure policy. Last, let us show that the situation where all voters report
truthfully is indeed an equilibrium. Consider voter 1 when all the other two
voters report truthfully. Wlog, assume that ¢; > 0. One may check that
the difference between his expected utility if he reports m; = 1 (reports

truthfully) and his expected utility if he reports m; = 0 is:

—p :91 = 0] x i[g n (%5 _ 52) 10<€1<g] «[0+ 1] (11)
+]P>:01 :9} *}1[5— 54—2} %[0+ e
e (5 D) (2 - D

To understand the intuition behind the expression above, consider for exam-
ple the case where §; = 0 (which corresponds to the first line in the expression

above):

e If &5 > 0,235 > 0: whatever his report, no additional information is
disclosed, voters 2 and 3 vote in favor, and the reform is implemented

no matter what 1 votes.

o If &9 < 0,e3 < 0: whatever his report, no additional information is dis-
closed, voters 2 and 3 vote against, and the reform is not implemented

no matter what 1 votes.

e If 5 and e3 have different signs: voter 1’s report impacts what he learns

and what the other two voters learn and votes.

— Consider first the case where €5 and 3 have different signs, and
for i = 2,3, 6; and ¢; have the same sign (which happens with
probability 1/4). Then no matter what 1 reports, the posterior of
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voters 2 and 3 will have the same sign as their ¢;, so that they will
vote in opposite directions and voter 1 is pivotal. In that case, if
he reports truthfully, he will share his beliefs with the voter having
the positive ;, and therefore he will vote in favor of the reform (as
by assumption £; > 0), which will be implemented. If he does not
report truthfully, he will share his beliefs with the voter having
the negative g;, and therefore his posterior will be —g and he will

vote in favor of the reform iff ; > g.

Consider now the case where where €5 and 3 have different signs,
for i = 2,3, 0; and ¢; have opposite signs (which happens with
probability 1/4). For example, consider the case 0y < 0 < 5. If
voter 1 report truthfully, he will share his beliefs with voter 2,
:
he will share his beliefs with voter 3, and the posterior beliefs are

and the posterior beliefs are ( — —g,§>, while if voter 1 lies,

<§, -0, g) In the former case, the reform is implemented with

probability
] _
]P)[€2 > 5,53 > —0‘83 <0< 52]
0 - 0 -
+<]P[€2 < 5,53 > —9’53 <0< 62] —|—]P)[€2 > 5,53 < —0‘83 <0< 82]> * 1:—: N
1>3
while in the latter, it is implemented with probability
- 0
]P)[€2 > 9,53 — 5‘63 <0< 82}
- 0 - 0
+IP’[52 <B,e3 > —5‘53 <0< 52] +IP’[52 >0, e3 < —5‘53 <0< 52}
The difference between the former and the latter probability is
0 o1 16 7
=209 (5 (- Da-9)- 1,41
[( )0~ U=05 + 5 F(1-3)=0)]«[L
=2

—g—l—[—l—l—?—@]*ngg
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Collecting terms, conditional on 8; = 0, the difference in the probability of
the reform being implemented if voter 1 reports truthfully and if he lies is
Tl 5 (C1e T T L ] = e [ (5-7) 1)
which one can recognize on the first line of Expression (11). The algebra is
similar when 6, = 6 and §; = —0 (leading to the second and third line of
(11), respectively).

Using Expression (11), one can now check that truthfully reporting the

sign of €; is a best response if other voters are truthful. Indeed:

e If &, > 0, Expression (11) gives

e ) -] el e [ ] e
—%* [25—%} *[81]+1—12* [g} + 0]

which is strictly positve

o If g < g1 < 0, the difference is equal to

—2 = =2

1—12* [g]*[el]jté* [5_—%_1*[5—}—51]%—1—12*[—g+%]*[—5+61]
e e [0

which is strictly positve

e [f0<e < g, the difference is equal to
1 ) 1 0’ 1 30"
o [2«9—9] *[61]—1—ﬁ* [Q—Z] *[0+€1]+E* [0—7] * [—60 + 1]
—2
1 — =2 1 0 —
_E* [49—29]*[51]—{—5* [5} * 0]

which is strictly positve
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