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Abstract

This paper derives a necessary condition for unanimous voting to
converge to the perfect information outcome when voters are only
imperfectly informed about the alternatives. Under some continu-
ity assumptions, the condition is also sufficient for the existence of
a sequence of equilibria that exhibits convergence. The requirement
is equivalent to that found by Milgrom [10] for information aggrega-
tion in single-prize auctions. An example illustrates that convergence
may be reasonably fast for small committees. However, if voters have
common preferences, unanimity is not the optimal voting rule. Una-
nimity rule makes sense only as a way to ensure minority views are
respected. Journal of Economic Literature Classification Numbers:
D72, D82, D44.



1 Introduction

A group of individuals must decide between two alternatives, A or C'. Indi-
viduals might have different preferences over A and C. A possible decision
rule is to select C' if everybody agrees that C is a better alternative than
A, and to select A otherwise. This decision rule makes sense in several real
life situations. C may be an unusually risky alternative, or one carrying
extraordinary moral consequences. An example is a jury decision about the
death penalty in a criminal trial, in countries where this punishment is (still)
possible. Another possibility is that A represents the status quo, so that C'
should be adopted only if it is Pareto improving. Individuals in the group
might be representatives of a larger society, as in a parliamentary committee
or a board of directors. Requiring unanimous consent in the group may be
a way to ensure that the interests of minorities are taken into account if a
significant departure from the status quo is being considered.

The appropriateness of unanimous consent as a decision rule is less clear
if members of the group have common values with respect to some character-
istic of the alternatives and are privately informed about this characteristic.
In the jury example, jurors may have different information about the extent
of the responsibility of the defendant in a criminal act due to differences in
their perspectives and ability to judge the evidence available. In the commit-
tee example, committee members may have private information about the
costs and benefits of departing from the status quo. In both cases, what is in
question is the ability of unanimous voting to aggregate information about
the quality of the alternatives, so that C' is adopted if it is really Pareto
superior to A. From this perspective, two types of mistakes are possible: To
choose A even though everybody would favor C'if all the private information
were common knowledge, and to choose C' if at least some member of the
group would favor A if all the private information were common knowledge.

The literature on information aggregation in elections has shown that,
under different non-unanimous voting rules, increasing the size of a commit-
tee typically leads to the decision of the committee to converge in probability
to what it would have been were the true characteristic of the alternatives
known to voters. This paper investigates whether this result applies in the
case of unanimous voting.



We start our investigation in section 2 by setting up a model with a
countable number of states or values of the unknown characteristic of the
alternatives, with very few restrictions on what the preferences of different
voters might be, and in which voters’ private information takes the form of
a signal generated by a probability measure. This framework is much more
general than those adopted by Feddersen and Pesendorfer [7] and Duggan
and Martinelli [5], who study unanimous voting in the context of two states,
common preferences among voters, and either two possible signals or a con-
tinuum of signals. In our model, voters may disagree about the states in
which it is convenient to choose A; the only assumption is that there is a
group of voters inclined to choose A in every state in which some voters are
inclined to do so. In the jury example, the states may represent different lev-
els of responsibility of the defendant; our assumption on preferences is that
there is a group of lenient jurors such that the set of states in which they
favor acquittal includes every state such that some juror favors acquittal.
Our modeling of information is intended to abstract from irrelevant details
of the signal-generating process.

In section 3, we show that in order to obtain convergence, it must be
possible for a voter to be arbitrarily sure that the characteristic of the al-
ternatives favors voting for A, if it is actually the case that someone would
like to vote for A were the true characteristic known to voters. Note that
the requirement is only that it should be possible for a voter to be arbitrarily
sure; it is not required that a voter is perfectly informed with any positive
probability. This condition is also sufficient for the probability of choosing
C' by mistake to go to zero along every sequence of Nash equilibria. Inter-
estingly, this condition is equivalent to that found by Milgrom [10] to be
necessary and sufficient for convergence of the winning bid to the true value
of an object in a single-prize auction.

In section 4, it is shown that, under some continuity assumptions, in a
two-state model the condition described in the previous paragraph is neces-
sary and sufficient for the existence of a sequence of equilibria along which
the probabilities of both types of mistakes go to zero. This result is robust
in the sense that, if the condition is nearly satisfied, then there is a sequence
of Nash equilibria along which the probabilities of both mistakes get close to
zero. A numerical example in section 5 illustrates that convergence to the



“right” decision may be reasonably fast for small committees. However, if
voters have common preferences, unanimity is not the optimal voting rule.

Some of these results contrast sharply with those obtained by Feddersen
and Pesendorfer [7]. We leave for the last section a discussion of the relation
of this paper with previous literature on information aggregation in elections
and auctions.

2 The model

There is a countable infinity of voters (i = 1,2,...). A von Neumann-
Morgenstern utility function u;(-, -) describes the preferences of voter i. The
first argument is a point z € Z. The countable set Z represents the pos-
sible circumstances or states. The second argument is the social decision
d € {C, A}. Define

Z.={z€Z:uz,A) —u(z,C) <0 for all i}
and
Z,={z€ Z:ui(z,A) —u(z,C) > 0 for some voter i}.

The sets Z., Z, are non-empty. There is an infinite number of voters such
that w;(z, A) — u;(2,C) > r for every z € Z, and such that w;(z, A) —
u;(z,C) > —q for every z € Z., where r and ¢ are two positive real numbers.
Note that there is no explicit randomness in the selection of the sequence of
voters. If we prefer to think of voters’ preferences as being drawn according
to some probability measure, then the results in the following sections apply
to every realization of the sequence of voters that satisfies the restriction on
preferences described above.

Each voter receives a signal, which is private knowledge. Let S be the set
of possible signals. Define

N=ZxSExSx .

A typical point w € Q is (z,81,82,...), where z € Z and s; is the signal
received by voter ¢ . Let A be a o-field of subsets of S, and let

F=22xAXAX---.



The voters are assumed to share a probability measure P on F. The random
variable Z is defined by Z(z,s,ss,...) = z, and represents the unknown
true circumstances. It is assumed that P{Z = z} > 0 for every z € Z.
Conditional on Z and under P, the signals are independent and identically
distributed random variables. The definitions of o-field, probability measure,
and random variable are those of, say, Billingsley [3].

The social decision d is determined in an election in which the first n
voters participate. After receiving their signals, voters simultaneously cast a
vote in favor of A or in favor of C'. If all n voters vote for C', the social decision
is C; otherwise the social decision is A. That is, unanimity is required in
order to adopt C. In terms of the jury problem, which we use to illustrate
the results, C' represents “conviction” and A represents “acquittal.”

Given n, a strategy for a voter is an A-measurable mapping p,; : S —
{0,1}, where pp;(s;) is the probability that voter i votes in favor of C'. We
consider only pure strategies; mixed strategies are easily incorporated by
including in the signal space a dimension unrelated to Z and used for ran-
domization.

The above formulation defines a Bayesian game for every n. Given a
sequence of Nash equilibria of the election game, indexed by n, we treat d,
as a sequence of random variables. We are interested in finding conditions
under which

nhi%lo Pld,=C|Ze€Z.}=1 and nangO P{d,=C|Z € Z,} = 0.
That is, with probability approaching one, C is adopted whenever every
voter would favor C' if the state of the world were known, and A is adopted
otherwise.

Note that for every n > 2 there exist trivial equilibria in which two or
more voters vote for A irrespective of their signals because each of them
knows that someone else is doing the same, so that A is always adopted. Of
course, convergence to the “right” decision regardless of the state can happen
only along nontrivial equilibria.

It turns out that the problem is similar to that of finding conditions such
that the winning bid converges to the true value of the object at an auction,
a problem studied by Wilson (1977) and Milgrom (1979). The following
condition is similar to that given by Milgrom (1979). We say that P provides
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clear evidence in favor of acquittal if, for every z € Z,,

P{s;€S|ZeZ.}
Sea P{s; € S|Z =z}

e

This condition tells us that for every state such that some voter would like
to acquit, there must exist signals that make the voter arbitrarily sure of
being in that state rather than in an state in which every voter would like to
convict.

3 General results
Theorem 1 If there exists some sequence of Nash equilibria such that

lim P{d,=C|Ze€ Z.} =1 and hmP{d =ClZeZ,}=0

n—oo

then P provides clear evidence in favor of acquittal. Moreover, if P provides
clear evidence in favor of acquittal, every sequence of Nash equilibria satisfies

lim P{d, = C|Z € Z,} =0.

PROOF Suppose first that

lim P{d,=C|Z € Z.} =1 and hmP{d =C|Ze Z,} =0.

n—oo

From lim,, .., P{d, = C|Z € Z.} =1 and

Pld,=Cl|Z e 2.} = ﬁ 1 — P{pni(s;) =0|Z € Z.})
< exp <—ZP{Pm‘(3i) =0|Z € Zc}) ;

i=1

we have

hmZP{pm si)=01Ze 2} =

n—oo



From lim,, ., P{d, = C|Z € Z,} = 0 and P{Z = z} > 0 for every z € Z,
we get lim, ., P{d,, = C|Z = z} = 0 for every z € Z,. Since

Pld,=C|Z =z} = H 1 — P{pni(s;) = 0|Z = z})

> 1- ZP{pm(si) =0|Z = z},
we have that, for every z € Z,,

llmlanP{pm si))=0Z=z2} > 1.

n—oo

Thus, for every z € Z,,

lim Z?— P{pm( 2) = O|Z € Zc}
n—0o0 Zz 1P{pm( z) O|Z = Z}

Then, for every z € Z, there must exist positive integers j = j(n,z) < n
such that

e

lim P{pni(s;) =0|Z € 2.}
n—co P{pn;(s;) = 0|Z = =}

e

(see, for instance, the Lemma in Milgrom [10]). Let S™* = p,+(0). Thus, for
every z € Z,,

lim P{s; € S"*|Z € Z.}
n—00 P{Sj IS S"’Z|Z = Z}

e

Since the signals are independent and identically distributed,

P{s; € S"*|Z € 2,
T Gl S

= 0.
n—oo P{s; € S™*| 7 = z}

This proves the first part of the theorem. With respect to the second
part, suppose there is a sequence of Nash equilibrium n-tuples (pp1, - - ., Pan)
such that

limsup P{d, =C|Z =2'} > «

n—oo



for some v > 0 for some 2’ € Z,, but P provides clear evidence in favor of
A.
From the assumption of clear evidence, there is some S € A such that

P{s, e S|Z € Z.} raP{Z = 2'} (1)
P{s, € S|Z =2'} qP{Z e Z.}

Let I(n) be the set of individuals such that u;(z, A) — u;(z,C) > r for
every z € Z, and such that u;(z, A) — u;(z,C) > —q for every z € Z., and
who get to vote when the jury size is n. We claim that there is no S satisfying
(1) such that P{pn;(s;) = 0|s; € S} = 1 for every i € I(n) for arbitrarily
large n. Suppose there is such S. Then

ZP{pm-(si) =0|Z =2"} > #I(n) P{s;, € S|Z = 2'}.

=1

Since I(n) grows unboundedly with n, the left side of this inequality goes to
infinity with n. But then, since

P{d,=C|Z =7} = H (1= P{ppi(s;) = 0|Z = 2'})

< exp (— ZP{pm(si) =0|Z = z'}) ,

we obtain lim,, ., P{d, = C|Z = 2’} =0, a contradiction.

We claim now that there is some S satisfying Eq. (1) and some n such
that for some i € I(n), P{pni(s;) = 1|s; € S} = 1. That is, we want to
show that there is some S satisfying Eq. (1) and some n such that in fact
there is at least a voter in I(n) who votes to convict after receiving a signal
in S. If this were not the case, we would have that for every n large enough
for I(n) to be non-empty, every i € I(n), and every S satisfying (1), neither
S p,;(1) nor any (measurable) subset of it would satisfy (1). Thus,

S| U €

i€l(n)



would not satisfy (1) for arbitrarily large n. But then, since S satisfies (1),
it would be the case that

S m ﬂ p;z‘l(o)
)

i€l(n

satisfies (1) for arbitrarily large n, which contradicts the claim that there is
no S satisfying (1) such that P{p,;(s;) = 0|s; € S} = 1 for every i € I(n)
for arbitrarily large n.

Now consider such S, i, and n as described in the previous paragraph.
Define the strategy

pr(s) = {O if s €S,

Pni(s) otherwise.

Let e,; be the expected value of u; if every voter behaves according to the
corresponding Nash equilibrium strategy, and let e}, be the expected value of
u; if voter ¢ adopts the strategy p’. and every other voter behaves according
to the corresponding Nash equilibrium strategy. Then

eri—eni > raP{s; € S|Z =2}YP{Z =2} —qP{s; € S|Z € Z.}P{Z € Z.}

= P{s; € S|Z =2} x (TQP{ZZZ’}—qP{ZeZC}P{Si € SIZEZC}>

P{s, € S|Z = 2"}
> 0.

But this is a contradiction to the assumption that p,; is an equilibrium
strategy. m

The statement of Theorem 1 leaves open the possibility that clear evi-
dence is satisfied but some sequence of equilibria violates lim,, ., P{d, =
C|Z € Z.} = 1; trivial equilibria in which the defendant is always acquit-
ted illustrate this possibility. An open question is whether there exists an
example satisfying the clear evidence condition but with some sequence of
nontrivial equilibria violating lim,, .., P{d, = C|Z € Z.} = 1.
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4 Continuous signals

In this section we consider a version of the general model with some additional
assumptions. First, we assume that there are only two states, z. € Z. and
Zq € Z,.

Second, the set of possible signals is assumed to be (S, S) C (—o0, 00).
A is taken to be the o-field of Borel subsets of (S,5). Let

F(x|z) = P{s € (8,z]|Z = 2}

for z = z,, z.. These distribution functions are assumed to be absolutely con-
tinuous with respect to Lebesgue measure, with continuous densities f(s|z,),
f(s|z.) such that f(s|z,), f(s|z.) > 0 for s € (S,S). The likelihood ratio,
f(s|ze)/ f(s]za), is strictly increasing on (S, S). The clear evidence condition
in the context of this section specializes to

f(slz)

m
s1S f(s|za)

Third, we assume that each voter belongs to one of a finite number of
types, k = 0,1,..., K. If i is a type-0 voter, u;(A,z) — u;(C,z) < 0 for
2 = %, z4. That is, type-0 voters prefer to convict regardless of the state. If
1 is a type-k voter, for k=1,..., K,

wi(A, z.) — u(C, z.) = —qx and w;(A, z,) — u;(C, 24) = 1

for some g, > 0. There is an infinite number of voters of each type, except
possibly type 0. We have

Theorem 2 In the model with two states, continuous signals, and finite
number of types, there is a sequence of Nash equilibria such that

lim P{d,=C|Z=2}=1 and lim P{d,=C|Z =2,} =0
if and only if P provides clear evidence in favor of acquittal. O

PROOF Necessity follows from Theorem 1. Also, from Theorem 1,

lim P{d, =C|Z = z,} =0
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along any sequence of Nash equilibria. It remains to be shown that if
lim, s f(s|2.)/f(s]za) = O there exists in fact a sequence of Nash equilib-
ria such that along that sequence

lim P{d,=C|Z = z.} = 1.

We will use throughout the proof the fact that, under assumptions of this
section, if lim, g f(s|2.)/f(s|z.) = 0,

(i) f(s|ze)/f(s|z4) is continuous and

0 < F(s|2.)/F(s]za) < f(5]ze)/ f(5]z4) for s € (S, S),

(i) (1 — F(s]z.))/(1 — F(s|z,)) is continuous and strictly increasing on

s € (8,9), with

L= Flslz) >1fors€(S,S) and lim L= Fls|z)

— — =1
1— F(s]z,) slS 1 — F(s]|z,) ’

(#9) For any a > 0,

(1 - F(S\Zc)>a f(slz)
1= F(s[z) ) f(s]za)

is continuous and strictly increasing on (S, ?), converges to zero as s
converges to S from above, and, for a fixed s € (S, S), grows unbound-
edly with a.

It is simpler to start by considering the case K = 1. Let n; be the number
of type-1 voters among the first n voters. Define s} as the unique solution
(if it exists) to

1= F(slz)\" " f(s]z)  mP{Z =z}
(Cres) fon) = mrreay ©)

Since there is an infinite number of type-1 voters, n; goes to infinity with
n. From this and (7) it follows that for n large enough the above equation
has in fact a unique solution. Note that s} is strictly decreasing in n; and
lim, . s7 = S.
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Now take n large enough so that s} exists, and consider the following
strategies: for every type-0 voter, pni(s) = 1 for every s € (S,S5), and for
every type-1 voter,

0 ifse(9,s)],
1 otherwise.

Pnils) = {

We claim that (pp1,...,Puwm) is a Nash equilibrium profile. To verify this,
note that for every vector of strategies followed by other voters, it is a best
response for each type-0 voter to adopt the proposed strategy. Suppose that
every other voter behaves according to the proposed strategies; then, it is a
best response for a type-1 voter to adopt the proposed strategy if

@1 P{piv|Z = 2} f(s|ze) P{Z = 2.} < mP{piv|Z = 2.} f(s|za) P{Z = 24}
for every s € (S, s7], and

G P{piv|Z = z.} f(s|ze)P{Z = 2.} > rP{piv|Z = 2.} f(s|za) P{Z = 2,}

for every s € (s7,S5). These two equations compare the expected payoff
of voting for conviction with the expected payoff of voting for acquittal,
conditional on receiving the signal s and on being pivotal. In these two
equations, the term P{piv|Z = z} represents the probability that a single
type-1 voter is pivotal, conditional on the strategies followed by the other
voters and the state of the world. Under the proposed strategies,

Ppiv|Z = z:} = (1= F(s{|2))" ", P{piv|Z = z.} = (1 = F(s{]za))™ .

But then the desired inequalities follow from the definition of s} and (ii).

Finally, we claim that lim,,_,., P{d, = C|Z = z.} = 1 along the sequence
of Nash equilibrium n-tuples (pu1, . - ., Pun ). To verify this, from the definition
of s we obtain that, for large enough n,

oo (SRREEE =) (e (1))

Replacing in
P{d,=C|Z =z} = (1= F(s}|z.))™

13



and taking logs,

log P{d, =C|Z = z.} = (3)
log(1 — F(s}]2.))
rif(st1za) P{Z = za}\ (;  log(1— F(s}]za)\ "
+l%(mﬂﬂMW&E4J><l1%@—“%%D>'

Recall that s | S as n — oo. Thus, the first term in the RHS converges to

zero. The second term can be rewritten as
(A=) (15
(1~ Tt rey) (s <ﬂ$%0)

The numerator of this expression converges to one (because f(s7|z4)/f(s}]2c)
diverges to infinity); the denominator can be shown to diverge to —oo by

using

lim log(1 — F(s7|z4))/F (s7]za) = lim log(1 — F(s}|z.))/F(s}|z.) = —1

n—oo

(by L’Hépital’s rule),
F(s7]2a)/F(s7]2c) > f(s7|2a)/ [ (sT]2c)
(from (7)), and

lim (31 |Za)/f(81 ‘ZC) _
n—o0 log( ( |Za>/f( |ZC>>

(because f(sV|z4)/f(sT|z.) diverges to infinity). Thus, (1 — F'(s}|2.))™ con-
verges to 1. This yields the desired result for the case K = 1.
We turn now to the case K > 1. Let n; be the number of type-k voters

among the first n voters. Define a cutoff strategy to be any strategy of the

puils) = {0 ifse(g,m],

1 otherwise

form
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for some 2 € [S,S]. With a slight abuse of notation, we denote a cutoff
strategy by its cutoff x.

Using an analogue of Eq. (2), define s} for k£ = 1,..., K as the unique
solution (if it exists) to

(1 - F(s]zc))”’“l flslz) _ meP{Z =z}
1 — F(s|z,) f(s]zq) awP{Z = 2.}

By convention, let sj = S. For the rest of the proof, suppose that n is large

enough so that n; > 0 and s} exists for all £ > 1. Now, for a given vector
" = (xy,---,x) of cutoff strategies, with z} € [S, s}, let y" be given by
yo = S and y} for kK > 1 be given by the unique solution (if it exists) to

(L= PO\ fsle)  nP{Z = )
L(””(l—ﬂs\za)) 57~ aPlZ =)

with

]_ - F(ZEn/|Z ) !
L(z") = S ol R A .
= 1 (- rr)
K=1,.,K
K #k
Note that, from (i), L(xz™) > 1. Thus, from (iiz), if s} exists, y} exists and,
moreover, y; € [9, sp]. Define the function

G" : Xp=o,. k]S, 51| = Xp=o,. k[, s}

with G™(z2") = y". By Brouwer’s fixed point theorem, there exists some
vector ™ such that G™(2™*) = ™. The probability that a type-k voter is
pivotal, conditional in the state being z, if everyone else is behaving according
to the strategy vector ™, is

(1= Fapl)= [ @-Fpl)m.
K=1,.,K
K £k

Following the steps of the case K = 1, it is simple to prove that 2™ is in fact
a Nash equilibrium profile.

15



Finally, note that along the sequence {z"*}

P{d,=C|Z=z} = [] (1—F(ap|z)™
k=1,... K

>[I (-F(splze)™,
k=1,...K

where the last inequality follows from z}* < s}'. Following the steps of the
case K = 1, we have that (1 — F'(s}|z.))™ converges to one as n — oo for
k=1,...,K. It follows that P{d, = C|Z = z.} also converges to one.  m

The following result is a robustness check on Theorem 2. It tells us that
if the clear evidence condition holds approximately, then there is a sequence
of Nash equilibria that nearly converges to the perfect information outcome.
Suppose without loss of generality that r;/q; > maxgsq ri/qe (if K > 1) and
denote

i P{Z =2} o f(slz)
P @ P{Z =2} and e =lin F(slza)”

We have:

Theorem 3 In the model with two states, continuous signals, and finite
number of types, if 0 < € < p, then there is a sequence of Nash equilibria
such that

lim P{d, = C|Z = 2.} = (¢/p)0~,
lim P{d, = C|Z = z,} = (¢/p)/~9. ;

PrOOF Consider the vector of cutoff strategies given by s} for £ =1 and S
for every other k for n large enough. Here s} is defined as in the proof of
Theorem 2. Under the proposed strategies,

Pldy = C|Z = 2} = (1— F(s}]z))™,
Pldy = C|Z = 2} = (1= F(s}]z0))"™.

The limits in the statement of this Theorem are obtained from Eq. (3) in
the proof of Theorem 2, and an analogue for the state Z = z,.
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We claim that the proposed strategies constitute a Nash equilibrium for
n large enough. From the proof of Theorem 2, each type-1 voter is playing a
best response to the other voters’ strategies. With respect to voters of type
k > 1, they are playing a best response if

qP{piv|Z = 2.} f(s|2e) P{Z = z.} > 1P{piv|Z = 2.} f(s]za) P{Z = 2.}
for every s € S. Rearranging this expression,

Tk P{piv|Z = 2.} [(s|z) P{Z =z}

@~ P{piv|Z = z.}  [(s]za) P{Z =z}
Under the proposed strategies, for every voter of type k& > 1,

P{pi|Z = z.} (1= F(s}|z.)\"
Pl{piv|Z = z,}  \1—F(s}|z))

Using
i (LY e

n—oo \ 1 — F(s7]z.) €

the definitions of p and €, and r1/q1 > 71 /qx for k > 1, we obtain the desired
conclusion. n

Of the additional assumptions imposed in this section, continuity is gen-
erally necessary for existence of nontrivial equilibria. Extending Theorems 2
and 3 to an infinite number of types or more than two states requires adding
more structure to the preferences and information system of voters in order
to ensure that best responses can still be written as cutoff strategies.

5 Examples

5.1 The Gamma Model

In the continuous model of last section, let f(s|z.) be a gamma density with
parameters \., 7. > 0; that is

1
F<TC)

Aes™re M 5 € (0, 00).

f(slze) =

17



Similarly, let f(s|z,) be a gamma density with parameters \,,7, > 0. The
increasing likelihood ratio assumption implies that 7. > 7,, A. < Ay, with at
least one of the two inequalities holding strictly. It is easy to verify that the
clear evidence condition holds except in the case 7. = 7,.

5.2 The Beta Model

In the continuous model of last section, let f(s|z.) be a beta density with
parameters ., 3. > 0; that is

['(a. + 5.) g1
INCRINGS

Similarly, let f(s|z,) be a beta density with parameters ay, 3, > 0. The

f(s|ze) = (1—s)"1 se€(0,1).

increasing likelihood ratio assumption implies that a. > a4, 6. < (., with at
least one of the two inequalities holding strictly. The clear evidence condition
holds except in the case a. = ay.

5.3 A Numerical Exercise

Consider the beta model with parameters o, = §, = 4 and (. = a, = 1.
There is a type of voters who prefer to convict regardless of the state (type
0), and a type of voters who prefer to acquit in state z, and to convict in
state z. (type 1). Both states are equally likely ex ante, and ri/q; = 1, so
that type-1 voters experience equal disutility from both mistakes, acquitting
in state z. or convicting in state z,. There are 12 voters, of which n; are of
type 1 and 12 — ny are of type 0.

Table I below shows the probability of a mistaken decision conditional on
the two states for different values of n; and different voting rules. A rule is
now described by the number m of votes it requires to convict; unanimity
is characterized by m = 12. The first and second term in each box are
the probabilities of acquitting in state z. and of convicting in state z, in
percentage terms, while the third term (in parenthesis) is the cutoff strategy
followed by type-1 voters in equilibrium. Type-0 voters vote to convict all
the time.
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Table I: Probabilities of mistakes under different voting rules (%)
and equilibrium cutoff strategies

ni

10

11

12

12 11 10 9 8 7 6
6.2500

6.2500

(.50000)

32506 | 2.8935

2.8935 | 3.2506

(.35779) | (.64221)

2.0628 | 1.1230 | 1.6842

1.6842 | 1.1230 | 2.0628

(.28846) | (.50000) | (.71154)

1.4442 | 0.5643 | 0.5232 | 1.1039

1.1039 | 0.5232 | 0.5643 | 1.4442

(.24546) | (.42069) | (.57931) | (.75454)

1.0745 | 0.3236 | 0.2218 | 0.2832 | 0.7788

0.7788 | 0.2832 | 0.2218 | 0.3236 | 1.0745

(.21554) | (.36791) | (.50000) | (.63209) | (.78446)

0.8336 | 0.2018 | 0.1100 | 0.1041 | 0.1685 | 0.5781
0.5781 | 0.1685 | 0.1041 | 0.1100 | 0.2018 | 0.8336
(.19323) | (.32946) | (.44490) | (.55510) | (.67054) | (.80677)

0.6669 | 0.1335 | 0.0603 | 0.0458 | 0.0546 | 0.1071 | 0.4454
0.4454 | 0.1071 | 0.0546 | 0.0458 | 0.0602 | 0.1335 | 0.6669
(.17581) | (.29982) | (.40356) | (.50000) | (.59644) | (.70018) | (.82419)
0.5464 | 0.0924 | 0.0354 | 0.0226 | 0.0216 | 0.0309 | 0.0716
0.3530 | 0.0716 | 0.0309 | 0.0216 | 0.0226 | 0.0354 | 0.0924
(.16176) | (.27609) | (.37098) | (.45777) | (.54223) | (.62902) | (.72391)
0.4562 | 0.0662 | 0.0220 | 0.0120 | 0.0097 | 0.0111 | 0.0186
0.2863 | 0.0498 | 0.0186 | 0.0111 | 0.0097 | 0.0120 | 0.0220
(.15012) | (.25653) | (.34444) | (.42396) | (.50000) | (.57604) | (.65556)
0.3868 | 0.0488 | 0.0142 | 0.0068 | 0.0048 | 0.0046 | 0.0061
0.2365 | 0.0357 | 0.0117 | 0.0061 | 0.0046 | 0.0048 | 0.0068
(.14030) | (.24007) | (.32225) | (.39604) | (.46576) | (.53424) | (.60396)
0.3321 | 0.0368 | 0.0095 | 0.0041 | 0.0025 | 0.0021 | 0.0023
0.1985 | 0.0263 | 0.0076 | 0.0035 | 0.0023 | 0.0021 | 0.0025
(.13187) | (.22598) | (.30336) | (.37247) | (.43720) | (.50000) | (.56280)
0.2884 | 0.0284 | 0.0066 | 0.0025 | 0.0014 | 0.0010 | 0.0010
0.1687 | 0.0198 | 0.0051 | 0.0021 | 0.0013 | 0.0010 | 0.0010
(.12455) | (.21374) | (.28702) | (.35220) | (.41287) | (.47120) | (.52880)
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The first column of table I corresponds to unanimity rule. Consistent
with the theoretical development in the previous section, the equilibrium
cutoff for type-1 voters converges to S = 0 under unanimity. We can see
that, as the number of type-1 voters increases, the probability of a mistaken
decision declines noticeably.

To compute probabilities for rules other than unanimity, we derive a
symmetric cutoff equilibrium strategy from an expression similar to Eq. (2).
For m > 12 — ny:

n,m 12—m n,m ni+m—13 n,m
e ()

F(s7"|za) 1= F(sy™]2) F(s7|7a)

The probabilities of conviction are then given by

ni

PrClel= D (Zl)u—F(s?%)j<F<s’;’m|z>"1—f.

j=12—m

For m < 12 —ny, the probability of conviction is 1 regardless of the state and
the equilibrium strategy for type-1 voters is indeterminate since they never
get to be pivotal.

Considering that type-0 voters always vote to convict, for type-1 voters
the optimal rule is the one that requires (n;+1)/2 votes from type-1 voters to
convict if ny is odd and either ny /2 or (ny+2)/2 votes from type-1 voters if ny
is even. That is, simple majority among type-1 voters is the optimal voting
rule. In fact, it also minimizes the probability of convicting an innocent
(provided we define simple majority as requiring (n1+2)/2 votes from type-1
voters to convict if n; is even). The equilibrium cutoff for type-1 voters under
the optimal rule is 1/2 if n; is odd and approximately 1/2 if n; is even. The
reason is that, in this example, f(s|z.) = f(1 — s|z,) for s € (S, S) = (0, 1),
and type-1 voters are equally concerned about both mistakes.

Note that convergence to the perfect information outcome is much faster
under the optimal voting rule than under unanimity. However, for n; small
enough, every rule characterized by a fixed m other than unanimity leads to
conviction regardless of the state.
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6 Related Literature and Discussion

Unanimous voting has received some attention after a provocative piece by
Feddersen and Pesendorfer [7]. In a setting in which a group of jurors with
common preferences have two available signals, indicating that culpability or
innocence of a defendant is more likely, they show that requiring unanimity
to convict the defendant performs worse than other voting rules and fails
to exhibit convergence to the complete information outcome. The example
produced by Feddersen and Pesendorfer does not satisfy the clear evidence
condition described in this paper. In fact, the condition cannot be satisfied
if there is only a finite number of (imperfect) signals available to voters. We
take this as an indication that a finite number of signals is an inappropriate
assumption. The numerical example in section 5 illustrates that convergence
may be relatively fast under unanimous voting. But it also illustrates the
point that majority rule dominates unanimity if voters have common pref-
erences and show equal concern for both types of mistakes. Unanimity rule
makes sense in the example only as a way to make sure that the viewpoint
of a minority is respected.

The model in section 4 extends the work of Duggan and Martinelli [5]
to the case of heterogeneous preferences. Meirowitz [9] offers another model
with continuous signals and common preferences. Common preferences does
not seem to be the right assumption to discuss unanimity rule: unanimity
rule is unlikely to be the optimal voting rule in the sense of maximizing the
expected utility of a group of like-minded voters. Li, Rosen, and Suen [§]
consider a model with continuous signals and heterogenous preferences, but
they restrict their attention to a two-member committee.

Of some relevance for the current paper, Li et al. show that conflicts of
interests among the members of the committee preclude the use of reports
defined on an arbitrarily fine partition of the information available. This
provides a foundation for the use of voting rules, which require of each voter
only a report on a two-partition of the set of possible signals. On a related
matter, with a small committee, it makes sense to ask whether the results
are sensitive to introducing a round of debate before voting. Earlier work by
Austen-Smith [1] shows that debate can have effects on information aggre-
gation by a committee only if the distribution of preferences with respect to
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outcomes is narrow.

Other recent research on the jury problem includes the work of Chwe [4]
on non-anonymous decision rules that maximize the utility of a type of voter
in the majority, and the work of Persico [12] on information acquisition by
voters.

More generally, this paper is related to the literature on information ag-
gregation in elections; some references are Young [15], Austen-Smith and
Banks [2], and Feddersen and Pesendorfer [6]. Feddersen and Pesendorfer
[6], in particular, provide convergence results for (non-unanimous) voting
rules. They impose a bound on how good a signal might be in distinguishing
between different circumstances, and show that convergence to the perfect
information outcome is obtained along a sequence of equilibria, even though
only a vanishing fraction of voters vote according to their private informa-
tion (their setup includes a continuum of types). In contrast, the current
paper shows that unboundedness is a necessary condition for convergence to
the perfect information outcome under unanimity rule. With an unbounded
likelihood ratio, every voter (other than those of type 0) votes according to
their private information even as n grows large. With a bounded likelihood
ratio, only approximate convergence can hold, and for large enough n only
the more lenient voters vote to acquit or to convict according to the signal
they receive.

Last, but most importantly, this paper is related to the literature on infor-
mation aggregation in auctions: Wilson [14], Milgrom [11], Pesendorfer and
Swinkels [13], and in particular Milgrom [10]. The model described in section
2 is a recasting of that of Milgrom [10] in the context of unanimous voting;
the proof of necessity in section 3 (but not that of sufficiency) follows his
proof closely. While a requirement equivalent to clear evidence is necessary
and sufficient for convergence to the true value in the case of a single-prize
auction, in the case of unanimous voting it is only sufficient for convergence
conditional on the “right” decision being A. Voting imposes upon voters
a coordination problem, and unanimous voting puts all the burden of the
coordination problem on the decision to select C'.
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