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is often suggested that requiringjuries to reach a unanimous verdict reduces the probability of
convicting an innocent defendant while increasing the probabilityof acquitting a guilty defendant. We
construct a model that demonstrateshow strategicvoting byjurors underminesthis basic intuition. We
show that the unanimity rule may lead to a high probabilityof both kinds of errorand that the probability
of convicting an innocent defendant may actually increase with the size of the jury. Finally, we demonstrate
that a wide varietyof voting rules, including simple majorityrule, lead to much lowerprobabilities of both
kinds of error.
It

ccording to Lord Devlin, "Trial by jury is not an
instrument of getting at the truth; it is a process
designed to make it as sure as possible that no
innocent man is convicted" (Klaven and Zeisel 1966,
190). It is commonly thought that requiring juries to
reach a unanimous verdict is exactly the mechanism
that protects innocent defendants and that this protection comes at the cost of an increased probability of
acquitting a guilty defendant. We construct a model
that demonstrates how strategic voting by jurors undermines this basic intuition. The unanimity rule may
lead to a high probability of both errors, and the
probability of convicting an innocent defendant may
actually increase with the size of the jury. We also
demonstrate that the unanimity rule is an exceptionally
bad rule. A wide variety of voting rules, including
simple majority, lead to much lower probabilities of
both errors.
There is a large literature on juries and jury decision
making (e.g., Adler 1994, Klaven and Zeisel 1966,
Levine 1992, and McCart 1964). A central argument
for juries, formalized in the literature on Condorcet's
jury theorem, is that a group will make a better
decision than an individual (Klevorick et al. 1984,
Ladha 1992, Miller 1986, and Young 1988). In Condorcet's jury theorem it is assumed that jurors have
private information about the guilt or innocence of the
defendant. This captures the idea that jurors interpret
evidence differently because of their different life experiences and competencies. Since a jury vote aggregates their private information, juries make fewer
errors than any individual.
Until recently, the literature has assumed that each
juror will behave as if her vote alone determines the
outcome. Several recent articles have demonstrated
that such behavior by jurors is frequently irrational and
that the combination of private information and common interests creates an incentive for jurors to vote
strategically (Austen-Smith and Banks 1996; Feddersen and Pesendorfer 1996, 1997a, 1997b; McLen-

nan 1996; Myerson 1997; Wit 1996).1 There is even
experimental research that finds empirical support for
the strategic voting hypothesis (Ladha, Miller and
Oppenheimer 1996). The incentive to vote strategically
arises because a juror's vote only matters when a vote
is pivotal and because the information possessed by
other jurors is relevant for a juror's decision. For
example, under the unanimity rule, a vote is pivotal
only if all the other jurors have voted to convict. The
fact that all other jurors have voted to convict reveals
additional information about the guilt of the defendant. Such information may overwhelm the juror's
private assessment of the case and cause a juror
otherwise inclined to vote for acquittal to vote for
conviction instead.
In this article we examine the implications of strategic voting by jurors and demonstrate that basic intuitions about the consequences of requiring a unanimous
vote may be dramaticallywrong. We construct a model
of jury decision making that incorporates private information and strategic voting. We show that the requirement of a unanimous verdict may actually result in a
significantly higher probability of convicting an innocent defendant than would, for example, simple majority rule. We conclude with a few brief remarks on the
implications of our results for jury reform.
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and Decision Sciences, J.L. Kellogg Graduate School of Management, Northwestern University, Evanston, IL 60208-2009
(tfed@nwu.edu). Wolfgang Pesendorfer is Professor of Economics,
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1 Jurors have common interests to the extent that all prefer to convict
a guilty defendant and acquit an innocent defendant.
2 Feddersen and Pesendorfer (1997a, 1997b) generalize the simple
two-state model to multiple states. Adding additional states will not
fundamentally alter our results.
3 This assumption can be easily relaxed without significantly changing our results.

A

THE MODEL
There are n jurors,j = 1, ... , n, who must decide the
fate of a defendant. The defendant is either guilty (G)
or innocent (I).2 We assume that G and I occur with
equal probability.3
Jurors are uncertain whether the defendant is guilty
or innocent. We assume that each juror gets a signal g
or i that is correlated with the true state. Specifically,
we assume that
Pr(g G)

=

Pr(i I) =p.
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Hence, the parameter p E (.5, 1) is the probability
that a juror receives the "correct" signal (g if the
defendant is guilty, i if the defendant is innocent), and
1 - p is the probability that the juror receives the
"incorrect" signal (i if the defendant is guilty, g if the
defendant is innocent).4
We assume the signal is private information. Since
jurors observe the same facts at the trial and engage in
deliberations prior to taking the final vote, the assumption may seem inappropriate. Yet, there are several
reasons the complete disclosure of private information
through the deliberation process may not occur. For
example, some jurors may have technical knowledge
that is relevant for the decision but that cannot be fully
communicated in the limited amount of time available.
Furthermore, while all jurors agree that they prefer
convicting the guilty and acquitting the innocent, each
may have a different threshold of reasonable doubt.5
Even such minimal preference diversity may create
incentives for jurors not to reveal their private information in deliberations. For example, a juror predisposed to convict may be reluctant to reveal her innocent signal lest another juror with a higher threshold
who received a guilty signal vote to acquit. Since we do
not model the effect of jury deliberations, determining
that effect from a theoretical standpoint is beyond the
scope of this article.
The jury reaches a decision by taking a simultaneous
vote. Each juror must vote either to convict or to
acquit. If the number of votes to convict is larger than
or equal to k, then the defendant is convicted; otherwise, the defendant is acquitted. The number k defines
the voting rule used by the jury. Thus, if k = n, then a
unanimous verdict is required to convict; if k = (n +
1)/2, then a conviction is obtained by a simple majority
vote. There are two possible outcomes of the jury's
vote: either the defendant is convicted (C) or acquitted
(A).
Given the voting rule k, juror j's behavior can be
described by the strategy uj: {g, i} - [0, 1], which maps
the set of signals into a probability of voting to convict.
We assume all jurors have preferences, given by u (A,
I) = u(C, G) = 0, u(C, I) = -q, and u(A, G) =
- (1 - q), where q E (0, 1). Thus, if a guilty
defendant is convicted or an innocent defendant is
acquitted, then each juror's payoff is zero. If an innocent defendant is convicted, then the juror's payoff is
-q; if a guilty defendant is acquitted, then the juror's
payoff is - (1 - q). The parameter q exactly characterizes a juror's threshold of reasonable doubt. A juror
who believes the defendant is guilty with probability
higher than q will prefer the defendant to be convicted.
The larger the value of q, the less concern jurors have
4The assumption that the probability of receiving signal i in state I
is identical to the probability of receiving signal g in state G can be
relaxed without significantly changing our results.
5 Support for the hypothesis of differing thresholds of reasonable
doubt can be found in Klaven and Ziesel (1966, chap. 14). They show
that when the verdict the judge would have chosen differs from the
verdict chosen by the jury, it is more frequently the case that the jury
acquits when the judge would have convicted than the other way
around.
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for acquitting a guilty defendant relative to convicting
an innocent defendant. We assume that jurors employ
the same standard of reasonable doubt, that is, q is
identical for all jurors. This assumption is made for
technical convenience. Below, we indicate how our
results generalize to the case in which jurors' preferences are represented by different values of q. (See
Feddersen and Pesendorfer 1996, 1997a, 1997b and
Coughlan 1997 for examples of strategic voting under
preference diversity.)
Let 3(k, n) denote the posterior probability that the
defendant is guilty, conditional on observing n signals,
k of which are guilty:
Pk(

3(k, n)

=P k(1

) n-k

j

+ (1

-p)n-k

p)kpn-k.

If P (k, n) > q, then, given all the information available
to the jury, the defendant is guilty beyond a reasonable
doubt. Therefore, the optimal outcome from the jurors' point of view is to convict. Similarly, if 3(k, n) <
q, then the optimal outcome for the jurors is to acquit.
We assume that there is a k* with n - k*
1, such
that
P(k* - 1, n) < q < P(k*, n).

This assumption implies, on the one hand, that if the
jurors know they all have received the guilty signal,
then they always want to convict the defendant. On the
other hand, if the jurors believe they all have received
an innocent signal, then they always want to acquit.
As a baseline for comparison we first consider
nonstrategic voting. We say that a juror votes informatively if she votes guilty when she receives a guilty
signal and innocent when she receives an innocent
signal. If jurors vote informatively, then the unanimity
rule (k = n) leads to a lower probability of convicting
an innocent defendant than would any other rule (k <
n). The probability an innocent defendant is convicted
under the unanimity rule given informative voting is
(1 - p)f. It is easy to see that this probability is smaller
than the probability of convicting an innocent defendant under any other rule.6 Under the unanimity rule,
the probability a convicted defendant is guilty is given
by
pn
+

pn

(1

p)

n

This probability converges to one as the size of the jury
grows, that is, n -- oo. Conversely, the probability of
acquitting a guilty defendant is strictly higher under the
unanimity rule than under any other rule.7
As has been shown in the literature cited above,
informative voting does not typically constitute equi6
If the rule requires k of n votes to be guilty, then under informative
voting the probability of convicting an innocent defendant is lj,
k

(j)(1
7

p

J

-

This probability is 1 _ p'3 under the unanimity rule, which is strictly

largerthan >21k=

O

(7n)(1

-

p)'3

-

jpi,

which is the corresponding

probability for the rule that requires k < n guilty votes.
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librium behavior. In the following we analyze Nash
equilibria of the described voting game. This allows us
to compare the performance of the various voting
rules.

bility. Then the probability that a convicted defendant
is innocent is bounded below by
min 1/2

1

1+
THE UNANIMITY RULE
In this section we examine Nash equilibria under the
unanimity rule, that is, k = n.
Consider the case in which k* = n, that is, 13(n- 1,
n) ? q < 3(n, n). In this case informative voting is an
equilibrium under the unanimity rule. To see this,
suppose that all jurors vote to convict if and only if they
receive the signal g. If a juror is pivotal and receives the
signal i, then he knows that n - 1 of n jurors received
the signal g. Therefore, he believes that the defendant
is guilty with probability r(n - 1, n) ? q, that is, not
guilty beyond a reasonable doubt, and hence he (weakly) prefers that the defendant be acquitted. Thus, a
vote to acquit is optimal. Conversely, if the juror
receives the signal g, then he believes that the defendant is guilty with probability 3(n, n) > q, and hence
he prefers that the defendant be convicted.
Now consider the case in which
(n - 1, n) > q.

(1)

This condition says that if a juror could observe all the
signals, and if n - 1 of the n signals are g, then the
juror prefers to convict the defendant. Note that, for
any fixed q, there is an n such that condition 1 is true
for any n > n.8
Suppose that condition 1 is satisfied and a juror
believes that the other jurors are voting informatively.
A rational juror will condition her vote not only on her
private information but also on what she believes
others must know in the event her vote is pivotal.
Under the unanimity rule a vote is pivotal only when all
the other jurors have voted to convict. A juror who
receives an innocent signal and believes that the other
jurors are voting informatively must believe that the
probability the defendant is guilty is exactly P(n - 1,
n). But since 1 (n - 1, n) > q, the juror will ignore her
private signal and vote to convict. Therefore, if (1)
holds, then informative voting cannot be a Nash equilibrium.

THE PROBABILITYA CONVICTED
DEFENDANT IS INNOCENT
In contrast to the results under informative voting,
strategic voting under the unanimity rule imposes a
lower bound on the probability that a convicted defendant is innocent. Proposition 1 provides this bound for
any Nash equilibrium and shows that the bound is
independent of the size of the jury.
Consider any Nash equilibriumin which
the defendant is convicted with strictlypositive proba-

PROPOSITION1.

To see this, observe that (n_-1, n) = -n-111 -pl(n-L(
Since p > 1/2, it
+ (1 - p/p)flp).
p) + (1 - p)flP)
=1/(1
follows that 1ime>, 1x(n - 1, n) - 1.
8

"I (1 _ p 2J

Q.E.D.

Proof. See Appendix A.

It is straightforward to extend proposition 1 to the
case in which jurors have different thresholds of reasonable doubt. If we let q denote the maximal threshold of reasonable doubt among the jurors, then the
bound given in proposition 1 continues to hold in the
more general case in which each juror has a different
threshold, q1,j = 1, ..., n.
To understand the intuition behind proposition 1, it
is useful to distinguish two cases. First consider the
(trivial) case in which the defendant is always convicted. Then the probability that a convicted defendant
is innocent is simply 1/2, that is, the prior probability
that the defendant is innocent.
Second, consider the case in which the defendant
sometimes is acquitted. In this case at least one juror
votes to acquit with strictly positive probability when he
receives the signal i. A juror will only vote to acquit if
the fact that a vote is pivotal is not overwhelming
evidence of guilt. To put this formally, let pivj denote
the event that juror j's vote is pivotal. Upon observing
signal i, j can only vote to acquit in any Nash equilibrium if
Pr(Gkpivj,

i) '< q.

In other words, the probability the defendant is guilty
conditional on j's vote being pivotal and on her private
signal i must be less than or equal to her threshold of
reasonable doubt q.
Now observe that the only difference between the
event a vote is pivotal and the event the defendant is
convicted is one vote. The most information that one
additional vote can reveal occurs when a pivotal voter
votes informatively. It follows that conditional on a
conviction the defendant must be innocent with probability bounded strictly away from zero and that this
lower bound is independent of the size of the jury. This
outcome represents a stark contrast with the results
under the assumption of informative voting, in which
the fraction of convicted defendants who are innocent
goes to zero as the size of the jury increases.

CONVICTING INNOCENT DEFENDANTS
In this section we explicitly compute an equilibrium
under the unanimity rule. We then demonstrate that in
this equilibrium innocent defendants are convicted
with strictly positive probability even when the jury size
is very large. This contrasts with the result under
informative voting, in which the probability of convicting any defendant goes to zero as the size of the jury

grows.
For the subsequentanalysiswe examinesymmetric
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Nash equilibria, in which all jurors who receive the
same signal take the same (possibly mixed) action. We
therefore drop the subscript identifying particular jurors from our notation and write u(s) to denote the
probability a juror votes to convict upon observing
signal s. A symmetric strategy profile is given by (u(i),
C(g))

Under any voting rule there is a Nash equilibrium in
which all jurors vote the same way independent of their
signal; for example, under the unanimity rule all jurors
may vote to acquit independent of their private signal.
Since no juror can influence the outcome, this is always
an equilibrium.9
In the following we focus on profiles in which jurors
change their vote as a function of their private information with positive probability. We call such profiles
responsive. In order to formalize our definition of
responsive profiles we first define
'YG= u(g)P + (1 -p)W(i)

as the probability that a juror votes to convict if the
defendant is guilty and
a,=

(1

-p

(g) + pU(i)

as the probability that a juror votes to convict if the
defendant is innocent. We say that the profile (o-(g),
u(i)) is responsive if 'YG* 'YP
If condition 1 holds, then informative voting is not an
equilibrium, and any responsive symmetric equilibrium
must be in mixed strategies. More precisely, each juror
must both vote to convict and vote to acquit with
positive probability whenever she receives a signal i,
that is, u(i) > 0. When the juror receives the signal g,
she votes to convict with probability 1, that is, u(g) =
1.10

For a mixed strategy profile to be an equilibrium, a
juror who receives an innocent signal must be indifferent between voting to acquit and voting to convict. This
occurs when, conditional on n - 1 others voting guilty
and the juror receiving signal i, the probability that the
defendant is guilty is exactly equal to q. By Bayes's law
we get the following equilibrium condition for the
unanimity rule:
(1 -p)(YG)n1

(1

-P)(YG)n-1

+ p(,y)n-1

p

(1 -p)

1

Since u(i) is a mixed strategy, it must be that u(i) ?
1. Furthermore, in a responsive equilibrium it must be
the case that u(i) < 1; otherwise, each juror votes to
convict with probability one irrespective of the signal.
Examining equation 3 we see that u(i) < 1 as long as
q > 1 - p. If q ' 1 - p, then there does not exist a
responsive equilibrium. Instead, there is an equilibrium
where u(i) = 1, which implies that the probability of
convicting an innocent defendant is one, and the
probability of acquitting a guilty defendant is zero.1"
To understand why there cannot be a responsive
equilibrium if q < 1 - p, note that in equilibrium a
guilty vote of some other juror can never be information in favor of the innocence of the defendant. If a
juror receives no information from being pivotal, then
he believes that the defendant is guilty with probability
1 - p when he receives the signal i. Hence, conditional
on his vote being pivotal, each juror must believe the
defendant to be guilty with probability at least 1 - p,
and each juror must vote to convict even if he receives
the signal i.
Using equation 3 it is straightforwardto compute the
probability of making each type of error in equilibrium.
When q - 1 - p, the probability that an innocent
defendant is convicted is given by
lj(p, q, n) =
t

(,y,)n

- q)(1
((1-q)(1

(2

1)((1

(

V

11n-1
-p)
-p> 11(n-1)

I

)

qp

and the probability of acquitting a guilty defendant is
1G(P,

q, n) = 1

('YG)n

~~(2p- 1)

= 1 /1

-

(1

)

(1

q)(1

An

P))

I

(2)

Therefore,
9 Even when the unanimity rule is used the profile in which all jurors
vote to acquit regardless of their signal is a symmetric equilibrium.
Ruling out weakly dominated strategies does not eliminate this
equilibrium.
10It is straightforward to verify that there are no mixed strategy
equilibria in which jurors who receive signal g vote with positive
probability to acquit. Support for such a mixed strategy equilibrium
requires that those who receive a guilty signal are indifferent between
convicting and acquitting, given their vote is pivotal. In such a case
those who receive an innocent signal strictly prefer to acquit. But
then the only jurors who vote to convict are those who receive the
guilty signal. Under the unanimity rule, a vote is only pivotal when all
others vote guilty. Thus, such a strategy profile is not a Nash
equilibrium, by the same argument used to show that informative
voting is not an equilibrium.
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Proposition 2 summarizes our findings in this section
and demonstrates that the probability of convicting an
innocent defendant stays bounded away from zero for
all n. Similarly, the probability of acquitting a guilty
defendant also stays bounded away from zero.
condition 1 holds and q > 1 p. The strategy given by equation 3 is the unique
responsive symmetric equilibrium for the unanimity
1 as n -> 0o, and
rule. Moreover, u(i)

PROPOSITION2. Assume

11 Clearly, there also exist equilibria where the defendant is never
convicted. For example, if all jurors vote to acquit independent of
their signal, then we have a Nash equilibrium, since no juror can
influence the outcome.
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The Probability an Innocent Defendant Is Convicted as a Function of Jury Size
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If q ' 1 - p, then there is no responsiveequilibrium.In
this case u(i) = 1 is an equilibrium,and 1I(p, q, n) =
1, 1G(P, q, n) = 0.
Proof. For q > 1 - p we demonstrated in the text
above that the unique responsive voting equilibrium
under the unanimity rule is given by equation 3. In
Appendix A we show that
lim lI(p, q, n)

case of informative voting, in which the probability of
conviction converges to zero as n -> 0, independent of
whether the defendant is guilty or innocent. Thus, a
second implication of strategic voting is that the probability of a guilty verdict may be much larger than
under informative voting.
To provide an intuition for proposition 2, first observe that equation 3 implies v(i) -> 1 as n - oo. As
a consequence, YG (the probability that a juror votes to
convict if the defendant is guilty) and Yi (the probability that a juror votes to convict if the defendant is
innocent) both converge to one. This is not enough to
show that the probability of convicting an innocent
defendant, (y)f)n, stays bounded away from zero. In
Appendix A we demonstrate that for large n, Yi can be
approximated by

n-o

==lim
(
(2

-

(2

1)(
()

-

q)1 ~P))11(n )n

p

-(1

p)

-

\

)

qp

-q)

n---V(
(o

(1-p

1+ n - 1 2p -1 lnf),

) )11(n

- 1)

q)(1p
qpp

q)P

)

The proof that lim O 1G(P, q, n) = 1 - ((1 is analogous.
q)(1 - p)lqp)(1-P)F(2P-1)
If q ? 1 - p, then the argument given in the text
shows that there is no responsive equilibrium. Q.E.D.
Proposition 2 also implies that the probability of a
guilty defendant being convicted (1 - IG) is bounded
away from zero for all n. This is again in contrast to the

where f = (1 - q)(1

converges to fP/(2P-1),

-

p)/qp,

and hence (y)f)n

which is the bound given in

proposition 2.12
The convergence to the bounds given in proposition
2 is fast, and hence the limit formula allows us to
approximate the probabilities of each kind of error
even for small juries. Figure 1 illustrates the convergence of 1I(p, q, n) for the valuesp = 0.7, q = 0.5.
The figure is startling for several reasons. First, the
limit probability of convicting an innocent defendant is
quite large-22%. Second, when there are only 12
jurors the probability of convicting an innocent is 21%.
12

Recall that ex

= limn?,(1

+

x/n)n.
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FIGURE2. The Probability a Guilty Defendant Is Acquitted as a Function of Jury Size
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There is a difference of only 1% between the probability of convicting an innocent defendant with a jury size
of n ?-12 and the limit probability. Third, the probability of convicting an innocent defendant increases
with the size of the jury.
Figure 2 shows the probability of acquitting a guilty
defendant for the valuesp = 0.7, q = 0.5. The limit
probability of acquitting a guilty defendant is 47%.
Once again, the limit probability is a very good estimate of the actual probability of this type of mistake,
even for small juries. Note that the probability of
acquitting a guilty defendant actually decreaseswith the
size of the jury.
Figure 3 shows the limit errors 1I(p, q) = limn,,
1I(p, q, n) and 1G(P, q) = limn,1G(P, q, n) for the
value p = 0.7 as a function of q. The figure demonstrates that for large juries the probability of convicting
an innocent decreases in q, while the probability of
acquitting a guilty defendant increases in q. Thus, the
unanimity rule does a poor job of protecting innocent
defendants from unreasonable juries. Yet, if the jury is
responsible (e.g., q = .9), the innocent defendant is
protected at the cost of a high probability of acquitting
the guilty. In the next section we show that the unanimity rule is a uniquely bad voting rule in terms of the
probabilities of both kinds of error it induces.
Using the equilibrium strategies calculated in this
section, we may also compute the probability that a
convicted defendant is innocent and compare it to the
bound given in proposition 1. A straightforward calculation demonstrates that
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-q >

lim Pr(GIC)=
n-->oo

1 +q

-1>
2p
1

2p -l'

where the right-hand side of the above inequality is the
bound given in proposition 1.

NONUNANIMOUSRULES
We now analyze the probability of making the wrong
decision under nonunanimous voting rules.13Suppose
k = an for some axwith 0 < ax< 1, and assume that an
is an integer. Thus, a defendant will be convicted if and
only if at least an a-fraction of the jury votes to convict.
For a fixed ax, consider a sequence of symmetric
responsive equilibria corresponding to an increasing
jury size. In the following proposition we show that as
n -> 0 the probability of making either of the two
kinds of error converges to zero.
Fix any oawith 0 < oa < 1. (1) There is
a n' such that for n > n' there is a symmetric
responsive equilibrium. (2) For any sequence of symmetric responsive equilibria the probability of convicting an innocent defendant and the probability of
acquitting a guilty defendant both converge to zero.

PROPOSITION3.

Proof. See Appendix B.

Q.E.D.

13 See Appendix B for a computation of the (unique) symmetric
responsive equilibrium for general k.
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FIGURE 3.

Limit Error Probabilities as a Function of the Threshold of Reasonable

Doubt

1.2 -

\

z71q)
/~~~~~~~~~~~~~~G(p

0.82.0

06-

0.4-

0.2-

I1(p=.7,q)
0
M

C

(0

Oodd

0

N

1

.

.

00

-)

(0

. .

'

?

(0

o

OW

o

(N

)

CC

0L

O

dddddd

O

Oo

O

(

0)

O

ddd

Threshold of Reasonable Doubt (q)
Proposition 3 shows that for any (x E (0, 1) the
probability of convicting an innocent defendant and
the probability of acquitting a guilty defendant both
converge to zero as the jury grows large.14 This is in
sharp contrast to the results of propositions 1 and 2,
which showed that both types of mistakes stay bounded
away from zero for the unanimity rule.
To provide an intuition for proposition 3, recall that
YG is the probability a juror votes to convict if the
defendant is guilty and yI is the corresponding probability if the defendant is innocent. As we noted above,
in any responsive profile it must be the case that 1 >
YG > yi > 0. Suppose the actual fraction of guilty
votes is a. Then probability that the defendant is guilty
is given by
(YG)an(l (YG) a(l

-

YG)(1a)n

YG)

a)n

+ (,y)an(l

-

y )(l-a)n

It follows that if
(,YI)a(l

-

('YG)a(l -

y&)la

YG)

1-

1

then for large n the defendant is either guilty with
probability close to one (if the above fraction is less
than one) or innocent with probability close to one (if
the above fraction is greater than one).
For any responsive profile there is a unique a *, such
that
14 Proposition 3 holds in much more general environments. Feddersen and Pesendorfer (1997a) prove the analogous result for an
environment that includes preference diversity and a much broader
range of information environments. Myerson (n.d.) proves a similar
result for the case of simple majority rule.

(,yI)a*(1
(Y G)a*(1

-

y)l-a*
G)Ia*

-

and YG > a* > yI.15 If the actual fraction of guilty
votes is a < a *, then for large n the defendant is
innocent with probability close to one; if a > a *, then
the defendant is guilty with probability close to one.
In any responsive equilibrium it must be the case
that the event a vote is pivotal, that is, an a fraction
votes to convict, is not overwhelming evidence of either
guilt or innocence.16 This in turn implies that the a*
implied by a responsive equilibrium must be arbitrarily
close to Oxif n is sufficiently large.
Now recall that a responsive equilibrium may take
two possible forms. One is that jurors vote to acquit
when they observe signal i and randomize when they
observe signalg (i.e., v(i) = 0 and 0 ? v(g) ? 1). The
other is that jurors vote to convict when they observe
signal g and randomize when they observe signal i (i.e.,
0 ? v(i) c 1 and v(g) = 1). Figure 4 depicts yI, YG,
and a * as a function of the strategy profile forp = 0.7.
It is convenient to represent the strategy by the variable
x E [0, 2]. Forx ? 1 the strategy is v(i) = 0, v(g) x; forx -1 the strategy is v(g) = 1, v(i) = x - 1.
Figure 4 allows us to find the unique symmetric
responsive equilibrium for large juries as a function of
the voting rule at. Suppose, for example, that at is as
indicated in the figure. Since a * in a large jury is close
to a, it must be that the equilibrium strategy profile is
15

It is easy to see that

(-y)a*(1

-

y,)l-a

/(YG)a*(1

-

'YG)1-a

=

- In'YG + ln(1 1 impliesa* = (ln(1 - 'YG) - ln(1 - y1))/(lny,
YG) - ln(1 -y)).
16 Formally, it must be the case in any responsive equilibrium that
Pr(Gpiv, g) > q > Pr(Gtpiv, i).
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FIGURE 4.

Limit Equilibrium Strategies as a Function of the Voting Rule
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close to x (which corresponds to o-(g) = 1 and o-(i)
x - 1). Figure 4 also illustrates why large juries rarely
make mistakes when 0 < a < 1. Observe that for large
n the equilibrium pair (YG' yI) is very close to (YG,
'fI), and G > a > -I. Furthermore, as the size of the
jury grows the actual vote share converges in probability to the expected vote share. Therefore, when the
defendant is guilty, the actual fraction of guilty votes
will be close to G with probability close to one, and
the defendant will be convicted. Conversely, when the
defendant is innocent, the actual fraction of guilty
votes will be close to -I, with probability close to one,
and the defendant will be acquitted. By contrast,
consider the unanimity rule (a = 1). In order for a * to
be close to one it is necessary that both YG and yI be
close to one, and therefore the above argument fails.
Propositions 1, 2, and 3 imply that the unanimity rule
is uniquely bad for large juries. A second conclusion
that can be drawn from proposition 3 is that under
nonunanimous rules the size of a jury is more important in determining the probability of making a mistake
in the verdict than is the voting rule. Therefore, if the
probability an innocent defendant is convicted is considered to be too large under a nonunanimous rule,
then the remedy is not to change the rule but to
increase the size of the jury.
In the next section we provide an example which
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suggests that convergence is fast, and hence our convergence results are indeed relevant for relatively small
juries.
EXAMPLE
We consider a 12-person jury, n = 12. We set the
parameter for reasonable doubt at q = 0.9, that is,
jurors need to believe that the defendant is guilty with
probability 0.9 in order to convict. We assume that p =
0.8, that is, the probability of receiving a guilty signal if
the defendant is guilty is 0.8.17
The probability of convicting an innocent defendant,
11(k), is given by
1I(k) =

E

(,yj(k))jf1wIkl

ni

j =k

where
7y(k) = (1 - p)a g)(k) + pa(i)(k)

is the probability that any juror votes for conviction if
the defendant is innocent.
It follows that a jury of one would never convict, since 1(1, 1)
.8 <,.9 = q.

17

=
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TABLE 1. An Example of Error Probabilities
and Equilibrium Strategies in a 12-Person
Jury When k ? 7
Voting
Rulek

I/
IG

C(I)

7
.004
.019
0

8
.0011
.0660
.0230

9
.0025
.1350
.1430

10
.0045
.2450
.2770

11
.0066
.4200
.4230

12
.0069
.6540
.5750

Note: We assume that p = .8 and q = .9. Note that 1, is the probability
an innocent defendant is convicted and IG is the probability a guilty
defendant is acquitted. The full equilibrium profile is v(g) = 1 and oil) as
specified in the table.

Similarly, the probability of acquitting a guilty defen-

dant, lG(k), is given by
(k=

(

1-E

Y)(YG(

l-G(k)

]j=k

where
YG(k)

=pa(g)(k)

+ (1 - p)U(i)(k).

Table 1 gives the probability of making mistakes as a
function of the rule k when k - 7. At k = 7,
informative voting is the equilibrium. Thus, every juror
who receives a signal g votes to convict, and every
juror who receives a signal i votes to acquit. For all k >
7, the jurors who receive the signal i mix between
voting to convict and voting to acquit, while those who
receive signal g always vote to convict. As the table
shows, the unanimity rule has the highest probability of
convicting an innocent defendant when k - 7. In
addition, all rules with k - 7 have the property that
they lead to a lower probability of acquitting a guilty
defendant than the unanimity rule.
Table 2 shows the probability of making an error
when k < 7. For k ' 6 the equilibrium strategies are
such that a juror who receives the signal i always votes
to acquit, while a juror who receives the signal g mixes
between voting to convict and voting to acquit. For k =
1 the defendant is never convicted, that is, 1G = 1. To
see why this is the case, suppose that no juror ever
votes to convict. In this case, each juror is always
pivotal, since one guilty vote is enough for a conviction.
But this implies that the only information the juror has
conditional on his vote being pivotal is his own signal.
Conditional on having received signal g, the juror
believes that the defendant is guilty with probability

TABLE 2. Error Probabilities and Equilibrium
Strategies in a 12-Person Jury When k < 7
Voting
1
4
Rule
2
3
6
5
0
.027
.0159
.034
.019
.010
1,
1 - .780
.410
.210
.095
.036
IG
0
.091
.512
.704
.879
.306
u(g)
Note: The fullequilibriumprofileis (X4i)
= 0 and (X~g)
as specified in the
table.

0.8. Since the reasonable doubt threshold is 0.9, each
juror votes to acquit.
The probability of convicting an innocent defendant
reaches a maximum at k = 3, while the probability of
acquitting a guilty defendant is monotonically decreasing for k ? 6, and the probability of convicting an
innocent defendant is zero at k = 1.18

CONCLUSION
We demonstrated that strategic behavior dramatically
alters our intuitions about the consequences of jury
voting rules. When jurors vote strategically, the unanimity rule results in a strictly positive probability both
of acquitting the guilty and convicting the innocent,
even for very large juries. Increasing the size of the jury
does not help and actually may increase the probability
of convicting an innocent defendant. Finally, in large
juries the unanimity rule is inferior to a variety of other
rules.
It is appropriate to conclude with a note of caution.
Jury reform is not an abstract proposition. A group
called Citizens for a Safer California proposed the
Public Safety Protection Act of 1996. It would eliminate the unanimous verdict in all but capital murder
cases and replace it with a rule requiring only 10 of 12
jurors to convict.19 Our results lend some support to
such an initiative. Yet, retaining the unanimity rule in
capital cases is exactly the wrong thing to do. Presumably, the motive for retaining it is to protect against the
terrible consequences of convicting an innocent. Our
results suggest that it would be better to combine a
supermajority rule with a larger jury for cases in which
it is desirable to reduce the probability of convicting an
innocent.
More important, our results depend on the assumptions of private information and strategic voting. As
noted above, there is some experimental evidence that
strategic voting will occur in the presence of private
information and common values (Ladha, Miller, and
Oppenheimer 1996). There is also some empirical
support for the assumption that deliberations fail to
eliminate private information, and hence jurors have
private information at the final voting stage. Selvin and
Picus (1987, 24) conducted interviews with jurors after
the verdict and found significant differences in their
information about the facts of the trial. The degree to
which strategic voting and private information characterize actual juries is ultimately an empirical question
and beyond the scope of this article.
The final caveat is that criminal trials in the United
States have at least three possible outcomes: convic18 In this case, conditional on a vote being pivotal, a juror knows that
all other jurors must have voted to acquit. In equilibrium this can
never be information in favor of the guilt of the defendant. If the
juror receives a guilty signal, he therefore believes the defendant to
be guilty with probability at most p. Since p < q, the juror votes to
acquit.
19The group claims that a "broad coalition of crime victims, law
enforcement and concerned citizens" support the proposed legislation. It also claims that an independent poll shows 71% of Californians support 10:2 jury verdicts. This information was downloaded
from the Internet at http://taren.ns.net/cdaa.htm, October 1996.
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tion, acquittal, or mistrial. A unanimous vote is required for either conviction or acquittal. The effect of
strategic voting and private information in this setting
has been examined by Coughlan (1997). He shows that
requiring juries to reach a unanimous verdict minimizes the probability of both types of error when a
hung jury always results in a retrial. As we showed
above, however, the probability of errors can be made
arbitrarilysmall when a single jury verdict is decisive by
using a nonunanimous rule and increasing the size of
the jury. Hence, if retrying the defendant is very costly,
unanimity remains an inferior rule.
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it follows from 4 and some algebra that
qp2
1-

Pr(GIC) '~

2p

q + 2qp'

-

which gives the result
Pr(I|C) = 1 - Pr(GIC)

2qp

2pp2_q

-

Q.E.D.

Proof of Proposition 2
We now show that

APPENDIX A

There are two types of equilibriain which the defendantis
convictedwithpositiveprobability.The firsttypeoccurswhen
1 - p > q and all jurorsvote to convictindependentof their
private signal. In this case for any jurorj it follows that
Pr(G pivj, i) = 1 - p 2 q. The defendant is always
convicted,and the probabilitythat a convicteddefendantis
innocentis equal to 1/2.
The secondtype of equilibriumoccurswhen there is some
jurorwho votes to acquitwithpositiveprobability.Supposej
upon receivingsignals votes to acquitwith positiveprobability,that is, uj(s) < 1. Also note that since the defendant
is convictedwith strictlypositive probability,it follows that
each juror is pivotalwith strictlypositive probability.Since
oj(s) < 1, it follows that

1~~~~~~~~

lim
n--oo

Proof of Proposition 1
Let o- = {J(ufi), oj(g) }J= be a Nash equilibriumprofile.

(
/1-q(

P

2p

1 p

-

1

2p - 1

qp
(1

q)(1 -p)

-

\n

p

lnl(

)

qp
Let
h

((1
2P
2p - 1

=

q)(

-p)v

(1 p)

l/(n-1)

2p -l

qp

Suppose oo> limn >0:h n>

O, then limn,,:

h-n=

1/limn

(1 - q)(1 -p)
qp
We use the following facts:

q 2 Pr(Gfpivj, s)
Pr(pivjlG) Pr(slG)(1/2)
Pr(pivjlG) Pr(sjG)(1/2) + Pr(pivjI) Pr(slI)(1/2)

lim (1 + -)

= ez,

n

n--oo

Pr(pivjlG)

1

+ Pr(pivJ1l) Pr(sjG)
Pr(pivjlG)
?
Pr(piv~jlG)
-PrsIG

(5)

C (0, 1),

and, given

Pr~~pivPr~sG)

+-Int-1n

-1
n -

Zf-ln-~l

n

(6)

lnf.

From 6 we know

Pr(pivjlG)+ Pr(pivJI) Pr(sI)
2p

Pr(Gfpivj)Pr(sjG)
Pr(Gfpivj) Pr(sjG) + (1 - Pr(Gfpivj)) Pr(s I)

1

+n

1

f)

2p -1

Some simple algebra shows that

Thus,
Pr(Gpivj)<
Pr( |i~j
C(

qp

1 - q) (1 - p) + qp

2p-

4

1

+ (1

-

p)uj(g). Since the defendant is convicted with

strictlypositiveprobability,it followsthat uj(g) > 0 or oj(i)
> 0; therefore,both yGj > 0 and yj > 0. Hence we may
write
Pr(G C)

Pr(Gtpivj)yGj
Pr(Glpivj),yG ? (1 Pr(Gfpivj)),y11

Since
YG]
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Thus,
lim

P

(h)n-

lim

K1

-1

2p-

1

In

and from 5 we get
+
Wem Inn
1 +n1

-p

-P

n - 1 2p - 1 lnf.

lim (

yIi

)-1

-( 2p

n-ilnf)

?

1

Recall that C denotes the event that the defendant is
convicted,and let yGj = po-j(g) + (1 - p)uj(i) and y. =
p(j(i)

>,.

hn. Now let

P lnf)
_1
-

=

((1

q)(1
q -p))

-p/(2p-1)
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Inf

Q.E.D.

P/(P )

(((1- q)(l-p)
qp

APPENDIX B
First, we compute the equilibrium for a general k. Denote the
probability that a juror votes to convict in state I as
'Y = (1 - p)o(g) + pJ(i)

To see why this is the unique responsive voting equilibrium, observe that the left-hand side of 7 is strictly decreasing
in u(i). Together with 9 this implies that whenever r(i) > 0
(and o-(g) = 1) every juror has a strict incentive to vote to
acquit. Similarly, the left-hand side of 8 is strictly decreasing
in r(g). This together with 10 implies that whenever r(g) <
1 (and o(i) = 0) every juror has a strict incentive to vote to
convict.
If either 9 or 10 does not hold, then there are two cases to
consider.

Case 1

and the probability that a juror votes to convict in state G as

Suppose

+ (1 -p)O(i).

YG = p(g)

- P)

(pA)(1

When 1 > r(i), we must have
1
1?

p~y~k1(

(1

~)n-k

-

-

(YG)kl1(1

p)

(7)

?q,

1
)n

q,

(8)

1+I

q(1

q)p

-

(YI)k-1(l

q(1 - P)

-p)

(1

q)

-1)

-q,

(1

) k)

q) (

(

+po )

h- 1
p(h + 1) - 1

where
q)

h = ((1
-p)n-k(9

( 1 _p)

)1(nk)

Clearly, since o-(g) is the unique solution of 8 in this case,
there is a unique responsive voting equilibrium in this case.

_p)n-k

_p)(p)k-l(1

P)

-po*

- p) n-k

(1 -p)pk-l(l

p(p)k-1(1

1-~fn-k

This yields

1

1?+

-

k

p

(
+

(T))n-kn

Vl-P1

q

_p)n-k

(1 _p)(p)k-1(l
-p)kjlpn-k

-p)T)fn-kn

-p(

K

(1

which implies o-(i) = 0.
Thus, in any responsive equilibrium we must have either
r(i) = 0 and o-(g) > 0 or o-(i) < 1 and o-(g) = 1. If

p(l

(1

(1P)U)n-k

J

\P

(2p - 1)

p2q(2p

) 2-

P

1

pk(

(-q)

2

-

(p C) kn- (l1 -p

Therefore, we get

YG)

p2

1
(t

YG)n-k

YG)n-k

-p)(j)kn1(J

-

Since p > 1/2 we can rewrite 7 as

1 ?1+).2~p

-

y )n-k

1(1 -

(YG)k
((1

y )n4

-

(YG)k1(1

2

-

(,Y)k-l(l

q)p

-

-

(Y

=q

YGP

-

with equality holding if 1 > (r(g) > 0.
Second, we show that 1 > r(g) > 0 implies r(i) = 0 (an
identical exercise shows that 1 > o-(i) > 0 implies o(g) =
1). Suppose 1 > (r(g) > 0; 8 then implies
(1

)k- 1
G(~)k1(1

q,

o

( 1 - p) (,yJ) k-1l(1lEI

which we can rewrite as
(1 -

p(Y G)k-1(1

^<q.
p) n-

)n4

Y

p)(y)k-1(l

-

+ pl(l

Then o-(i) = 0 is the equilibrium, and the equilibrium
condition for r(g) is defined by 8 with equality holding. This
yields

with equality holding if 1 > o-(i) > 0. Similarly, when o-(g)
> 0 it must be true that
(1

n1

- p)kp

(1

and

Case 2
- p) n-k

(p)k(l

(1 -p)kpn-k

Suppose
-

+ pk(l

p)nk

(1 -p)(pi-1(1

1
1

? (1 -p)(p)k-(l
-

p (p)k-1

(1

-p)n
_

p)

q

(10)

n-

then the unique responsive voting equilibrium is or(i) = 0
and rI(g) = 1. (Recall that a voting equilibrium is a
symmetric Nash equilibrium.)

p(l

- p)k

lp n-

+

_p) n4

(1 - p)pk-l(l

- p) nq

-

In this case r(g) = 1, and the equilibrium condition is given
by:
(1 ~p)(ygG)k l(1
P(y1)k1l(l

-

yI)flQ

-

YdG)

? (1
-p)(^yG)k(1

-IG
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with equality holding whenever r(i) E (0, 1).
A straightforward calculation shows that for an interior
solution in this case

March1998

YG =P + (1

(P)

p(l +f) - 1
p - f(l

(

P
P

- A)'

(

YI

YG>

( (1 -q)

((

l)

P))k

P)

Note that for 0 < ax< 1 this implies that

where
f=:

-

-

E,

for some e > 0 which depends on cx.
Next we show that

1/(k1)

Again, since o-(i) is the unique solution of 7 in this case, there
is a unique responsive voting equilibrium in this case.
Whenever r(i) as defined by the previous two equations is
less than zero, then r(i) = 0; whenever r(i) as defined by
the previous two equations is larger than 1, then o(i) = 1.

Proof of Proposition 2
For sufficiently large n there exists a responsive voting
equilibrium. To see this we first compute the limit equiliboco for the case in which k/n = oz. In case 2 we
rium as n
have

MYI<

l

CX< 'YG.

To see why this is sufficient to prove proposition 3, note that
by the law of large numbers the actual share of guilty votes
converges to the expected share of guilty votes in each state.
Hence, the share of guilty votes if the defendant is innocent
converges to y, < ax in probability, and the defendant is
acquitted with probability close to one for large n. Similarly,
if the defendant is guilty, the share of guilty votes converges
to YG > CX in probability, and hence the defendant is
convicted with probability close to one for large n.
Suppose 11 is violated, and YG > Yi 2 aX. From the
equilibrium conditions we know that for all n
1

p(l +f) - 1
1 ?

- I)

p - f(l

(where
((1

_

q)

(1

P))n -anl+)1 /(an-l1)

p(

P -)la/a

and therefore we have

o~i) p(l ?/f)

AAl
p-(1

-

P

1l

-p)
-I)

(1

)

)

g9n

-

(1 -p)

(12)

(1-ng)

denotes the equilibrium probability of a guilty

vote in state s with n jurors). Note that x'(1

- x)(1'-

is a

single peaked function for xe [0, 1] with a maximum atx =
- Y1)(')/('YG)O(1
OL. If YG > y, > oX, then (ay)'(1
YG)(1-) > 1, and hence

('YG) (l -

P)(lx)/)-

/1_~tp\(l
P

p

P)(g9ni) 1(1 - gni)(1c-o)n-q
p~gn)otn'(1 _gng)(1-a)fl
P(ng)

where
=

(1

-

YGY1

3

The left-hand side of 12 must converge to zero as n --> o, and
hence inequality 12 cannot hold. An analogous argument can
Q.E.D.
be made if ac ' YG > YPI

It is easily checked that 1 > o-(i) - 0 for 1 > ac - 1/2 with
o-(i) --
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