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Abstract

It is often suggested that requiring juries to reach a unanimous
verdict reduces the probability of convicting an innocent defendant
while increasing the probability of acquitting a guilty defendant. We
construct a model that demonstrates how strategic voting by jurers
undermines this basic intuition. We show that unanimity rle may
lead to high probabilities of both kinds of errors and that the proba-
bility of convicting an innocent may actually increase with the size of
the jury. Finally, we demonstrate that a wide variety of voting rules,
inchuding simple majority rule, lead to much lower probabilities of both
kinds of errors.

1 Introduction and Literature Review

It is often susgeested that requiring juries to reach a unanimous verdict re-
duces the probability of convicting an mnocent defendant while increasing
the probability of acquitting a guilty defendant. We construct a model that
demonstrates how strategic voting by jurors undermines this basic intuition.
We show that unanimity rule may lead to high probabilities of both kinds
ol errors and that the probability of convicting an innocent may actually in-
crease with the size of the jury. Finally, we demonstrate that a wide variety of
voting rules, including simple majority rule, lead to much lower probabilitics
of both kinds of errors.

"We thank Roger Myerson for providing the argument given in Appendix A.



There is a large literature on juries and jury decision making.! Oue of the
central arguments for uries is that a gronp will make a better decision than an
individnal.” This is the central avenment developed in the hiterature on Con-
doreet’s jury theorem.” The jury theorem literature formalizes jury decision
making by assuming that jurors possess both public and private information
e.e.. about the guill or innocence of the delendant. The public information
comes from the fact that all jurors observe the same evidence presented at
the trial. The formalization that jurors have private information captures
the fact that jurors interpret evidence differently by virtue of different life
experiences and competencies. While jurors possess private imformation. ail
are assumed to prefor to acquit innocent defendants and conviet guilty ones,
Since no juror knows with certainty if the defendant 1s guilty or innocent. jury
o avereeate both the public and private information.

decisions made by voting age
Thus. juries reach a better result than any individual.

Until recently. the iterature on voting by juries has assumed that jurors
will vote to conviel or acgnit without taking into account how the other jurors
are voling.  We call such behavior sincere voting.  Several recent papers
have challenged this assnmption and demonstrated that the nse of voting
rules creates an ineentive for jurors to vote strategicallv.! The incentive to
vote strategieally 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 nnanimity rule a vote is pivotal only
when all the other jurors have voted to conviet, The fact that all the other
Jurors have voted to convicet reveals additional relevant information about the
cuilt of the defendant: 1t reveals. at least in part, the other jurors’ private
information. Such information mav overwhelm the juror’s private assessmet
of the case and cause a Juror otherwise inclined to vote for acquittal to vote
[or convietion instead.

In this paper we examine the implications of strategle voting by jurors
and demonstrate that basic intuitions abont the consequences of different jury
decision rules derived from the assumption that jurors will vote sincerely may

FSee for example: Klaven and Zeisel (19667 MeCart {1965): Levine {1992); and Adler
1391,

“See. for example. Klaven and Zeisel (1966, page 81 7it is argued that 12 heads are
inevitably better than one”

5ee Klevorick o, al. (19317, Ladha (19925, Miller (19360, and Young { 1%933,19%1),

TSee Austen-Smith and Banks {1996): Foddersen and Pesendorfer (19914, 1996a, 159611
Myerson (19%1); Wit {1996): and Mclennan (1996].



he dramatically wrong. Below we constrict a model of jury decision making
which incorporates private information and strategic voting. We show that
the requirement of a unanimous verdict to conviet may actually resnlt in
a significantly higher probability of convicting an innocent defendant than,
e.u., simple majority rule. We conclnde the paper with few brief remarks on
the implications of our results {or jury reform.

2 Model

We assume there are no jurors who decide the fate of a defendant using a
voting rule. In order to make things simple we assume there are two states
of the world: the defendant is either enilty or innocent.® We denote the
state of the world i which the defendant 1s euilty by (7 and innocent by £,
We assume that cach state ocenrs with equal probability.” A voting rule is
deseribed by a threshold k such that the defendant will be convieted 1 and
only if the nmmber of jurors that vote to conviet is greater than or equal
to k. Thus il ¥ = n a unanimous verdict Is required to convict. whercas. 1f
k= LZH then a conviction is obtained by a simple majority vote. 'There are
two possible onteomes of the jury’s vote: either the defendant is convieted.
denoted ¢ or he s acquitted. denoted A

Jiurors do not know for sure if the defendant 1s guilty or innocent. We
assume that each juror gets a signal g or 7 that is correlated with the true
state. The parameter p € (.9, 1) 1s the probability that juror receives sig-
nal j in state J© We assume that the signal is private information. This
assumption implies that communication between jurors is limited.  Given
that juries observe the same facts at trial and engage in deliberation prior to
taking the final vote it may seem inappropriate to assume that jurors have
private information. However. there are multiple impediments standing in
the way of complete disclosure of private information throngh the delibera-
tion process. For example, some jurors mayv have technieal knowledge that
is relevant for the decision bt which cannot be fully communicated i the

“Feddersen and Pesendorfer (1996h, 1996¢1 generalize the simple two state model to
nmltiple states. Adding additional states will not fundamentally alter our resnits.

"This assiwmption can be casily relaxed without significantly changing onr results,

TThe assumption that the probability of recieving signal 7 in state [ is identical to the
probability of receiving signal ¢ in state € is can be relaxed without significantly changing
our results.



limited amount of time practically available. Jurors may also have different
standards of gnilt and innocence 1Le.. different preferences over the outcomes.
Dilferent preferences will make the sharing of all information very difficult if
not impossible. Of conrse. if there is no private information and no prefer-
cnce diversity then all voting rules will produce the same outcome and the
voting rule is unimportant.

lach juror must choose how to vote based on her private signal. The
standard assumption is that jurors will vote sincerely. A juror votes sin-
corely by voling 1o conviat il she receives a guilty signal and voting to acquit
ot herwise. )

A compelling argument for the requirement of a unanimous verdiet, (k=
n . is that it lowers the probability of convieting an inmocent defendant. Tt is
thought that the additional protection of the Innocent comes at the expense of
acquitting the gnilty and that such a trade-off is appropriate. This argument
has merit if jurors vote sincerely. When a nnanimous decision is required
to conviel aud when jurors vote sincerely the probability of convicting an
innocent defendant is minimized.”

The trouble with intuitions derived [rom sincere voling 1s that sincere
voling may not be rational. Suppose all jurors have preferences which are
oiven by w{ A d) = w(C.G) = 0. w(C ) = —g and u{A.G) = —(1 — g)
where g € (0.1). If a guilty defendant is convicted or an innocent defendant
is acquitted then each juror's payoll is zero. If an innocent defendant is con-
victed then the jurors’ payofl is —¢ whereas if a guilty defendant is acquitted
then the juror's payoll is —{1 — ¢}. The parameter g exactly characterizes
what constitutes reasonable doubt for the jurors. A juror who believes the
defendant 1s guilty with probability higher than ¢ will prefer the defendant
1o be convicted. The larger the value of ¢ the less concern jurors have for
acquitting a guilty defendant relative to convicting an innocent. We assume
that jurors emplov the same standard of reasonable doubt. Le., g is identical
for all jurors. This assumption is made purely for technical convenience. Our

results generalize to the case in which jurors preferences are represented by

*The probability an innocem defendant is convicted under unanimity rule given sincere
voting is {1—p)™. 1t is casy tosce that this probability is smaller than }:;—l:k (;)(l—p}jp” 7.
the probability of convicting an innocent defendant under any rule that requires only &
out of 7 voles to conviet. The probability of acquitting a guilty defendant is strictly
higher under unanimity rule. This probability is 1 — p™ which is strictly larger than the
probability Z;:;\- (;’){1 —p)" 79 using any other rule.



different values of ¢.'

Fach juror must vote either to convict (C') or acquit (). Given the voting
rule k. a juror’s behavior can be deseribed by a strategy. o @ {g.7} — [0.1].
that maps the set of signals into a probability of voting to convict. a(s).

Let 3k, n) denote the posterior probability that the defendant is guilty
conditional on A of n guilty signals (and. therefore. n — k signals i):

pﬂ'(l 7}))11 k
pi.'(l _ p)n b + (l _ p)kpn S

k.n) =

If 3(k.n) > ¢ then. given all the information available to the jury, the defen-
dant is guilty bevond a reasonable doubt. Therefore, the optimal outeome
from the jurors” point of view is to convict. Similarly, if 3(k. n) < ¢ then the
optimal outcomne for the jurors is to acquit. We assume that there is a £*
with 1 > k" > 1 such that

HET— L) < g < Ak n).

This assumption mplies that 1f the jurors know that all received the guilty
sivnal then they always want to convict the defendant. On the other hand, if
the jurors believe that everyone has recetved an innocent signal thev alwayvs
wanl to acquit.

As has been shown in the Iiterature cited above, jurors may have an
imcentive 1o bheliave strategically. Therefore. the natural benchmark to nse
when evalnating the performance of various voting rules is Nash equilibrium.
Weo deline a voling cquilibrium as a svmmetric Nash equilibrium.

Under any voting rule there s a voting equilibrium i which all jurors
vote the same way independent of their signal. Since no juror can influence
the onteome this is alwayvs an equilibrian.'' In the following we will ignore
such cquilibria and mmstead focus on voting equilibria where jurors sometimes

"See Feddersen and Pesendorfer {1991, 1996a and b) for examples of strategic voling
under preference diversity,

A syiumnetric strategy profile is one in which all jurors who receive the same signal
take the same {possibly inixed ) action.

Viven when the unanimity rule is used the profile in which all jurors vote 1o acquit
regardless of their signal is a voting equilibrium. Ruling out weakly dominated strategies
does not eliminate this equilibrium. This equilibrium s even trembling hand perfect if
p < . Note that in this case a single juror, if he is pivotal. and if he has no information
about the other jurors' signals would vote to acquit. On the other hand, if p > . then the
cguilibrinim where all jurors always vote to acquit is not trembling hand perfect.

~



change their vote as a function of their private information. We call such
cquilibria responsive.

2.1 Unanimity

In this section we examine voting cquilibria under the unanimity rule. e
k=

First consider the case where &* = n. Thus 3{n —1.0) < g and A{n.n) >
. In this case sincere voting is a voting equilibrium nnder unanimity rule. To
see this suppose that all jurors vote to conviel if and only if they receive the
signal ¢. If a juror is pivotal and receives the signal 7 then he knows that n—1
of n jurors received the signal g. Therefore. he believes that the defendant is
onilty with probability J(n — 1.0} < ¢, L.e.. not guilty beyond a reasonable
doubt, and hence he {weakly) prefers that the defendant is acquitted. Thus
a vote s optimal. Conversely, if the juror receives the signal g then he
believes that the defendant is gnilty with probability J{n. n) > g and hence he
prefers that the defendant is convicted. Thus if the preflerences of the jurors
arc svich that their threshold ¢ is larger than 3{n — 1. 1) then the standard
intuition is correct and the nnanimity rule minimizes the probability that an
imnocent defendant 1s convicted.

In the following we will focus on the case where
Jn—1.n) >q. (1)

T'his assnmption savs that il a juror conld observe all the signals and if n —1
of the nosignals are g. the juror prefers to conviet the defendant. We behieve
that this is a weak assumption which is satislied in a large fraction of jurics.
Furthermore., for any fixed ¢ there is an 7 such that (1) is true for any n > 2.2

Suppose that (1) 1s satisfied and a juror believes that the other jurors are
voting sincerely. How should such a juror vote? Recent papers by Fedder-
sen and Pesendorfer {1994.1996a) and Austen-Smith and Banks (1996) have
demonstrated that 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 nnanimity rule a vote is pivotal only when
all the other jurors have voted to conviet. A juror who recelves an innocent

S _ L and. since
T T T T (e - and. since
. ) e 7

"o see this observe that J(n — 1.n) =

p> 120 follows that limy, . J{n—1.n) = 1.

0



sienal and believes that the other jurors are voting sincerely must believe
that the probability the defendant is gnilty is exactly J{n — 1, n). But since
3(n—1.n) > g such a juror will ignore her private signal and vote to convict.
Thercfore. if (1) holds sincere voting cannot be a Nash equilibrinm.

Given that sincere voting is not an equilibrium, any responsive voting
cquilibrinm must be in mixed strategies. More precisely. cach juror must
both vote to conviet and vole 1o acquit with positive probability whenever
she receives a signal 7. When the juror receives the signal g she votes 1o
convict with probability 1."

We defline such a responsive voting equilibrinm by the probability that a
juror with signal 7 votes to convict, i.e. @, € {(0.1). Given ;. the probability
that a juror votes to convict if the defendant is guilty 1s given by

go = p~ (L - plo;
whercas the probability that a juror votes to convict if the defendant is
muocent is siven by

gr={(1—p)+pr.

For a mixed strategy profile to be an equilibrium. a juror who receives
an innocent signal must be indifferent hetween voting to acgnit and voting
to convict. This oceurs when. conditional on n — 1 others voting guilty and
the juror receiving signal 7. the probability that the defendant is gnilty 1s
exactly equal to g, By Baves' law we get the following equilibrinm condition
for nnanimity rule

(1-pige)™
(1~ pigey "4 plgnm !

Therelore. we have that

= q. (2]

T

= l 3
I ol -p)ynm 1
p—(( wa ;) 1P

It s straightforward to verify that there are no mixed strategy equilibria in which

jurors who get the signal g vote with positive probability to acquit. In order to support
such a mixed strategy equilibriun it is necessary that those who receive a guilty signal are
indifferent hetween convicting and acquitting given Lheir 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 conviel are those who receive the guilty signal. Under unanimity a vote is only
pivotal when all others vote guilty. Thus. such a strategy profile is not a Nash equilibrium
by the same argument as was Uscd to show sincere voting is not an equibibrium,



Since @, is a mixed strategy it must be that o, < 10 Examining equation
(3) wo see that this is satisficd as long as ¢ > 1 — p. If ¢ < 1 — p then there
does not exist a respousive voting equilibrinm. Instead. if ¢ < 1 — p the
voting cquilibrium 1s

o, = 1. (J‘U

Thus. if ¢ < 1 — p then jurors vote to conviet independent of the signal '

To see why this is the equilibrinm note that in this equilibrinm the fact
that another juror voted to convict does not provide any information about
the enilt of the defendant. Thus. a juror who reccives the signal @ believes
that the defendant is gnilty with probability 1 — p conditional on his vote
being pivotal. Since the juror favors conviction of the defendant if he 1s guilty
with probability 1 — p > ¢. it follows that #; = 1 in this casc.

To understand why there cannot be a respousive equilibrinm in this case
note that {in equilibrium) a gnilty vote of some other juror can never be
information in favor of the imnocence of the defendant. Hence. conditional
on his vote being pivotal, cach juror must believe the defendant to be guilty
with probability at least 1 — p if he recelves the signal 7 and hence cach puror
must vote to conviet even i he receives the signal 7.

Now. it is fairly straightforward to compute the probability of making
cach type of error in equilibrinmn. When ¢ > 1 — p the probability that an
muocent defendant is convicted 1s given by:

1 n

(?;}—l)(g—ﬂ—)l a)(1 p)ﬁ

4 ]
p—{1-p) ({2

and the probability of acquitting a guilty defendant is:

no__

Iilpog.ony = (g)" =

2p—1
I(;(p- q-”') =1- (.()'(.')” =1- ( £ ) i
p— (l . P) ((l )1 p])u [

2

When ¢ < 1 — p then all defendants are convicted and hence the prob-
ability of convicting an innocent defendant is one and the probability of
acquitting a guilty defendant 1s zero.

M As we argued above there s another (non-responsive) symmetric Nash eguilibreinm in
which all jurors vole 10 aquit independent of their signal. However, for ¢ < 1 —p < p this
cquilibrium is not trembling hand perfect. Tn contrast, the equilibrivm in which all jurors
vote 1o conviet independent of their signal is trembling hand perfect for ¢ < 1 —p.



We summarize our findings in the following proposition.

Proposition 1 If ¢ > 1 — p the unique responsive vobing cquilibrium for
wnanimity rule s given by (3). Morcover. 0, — 1 as n — o¢c and

(L= )1 —p) )7
qp
1 p

(1—g){(L—p)\F
qp

lim 4 (p.q.0) =

lim l(p.gn) = 1-

If g < 1= p then there is a voting cquilibrium given by (4} and L{(p.g.n) =
Lode (p.g. ) = 0.

Proof. We demonstrated in the text above that the unigue responsive voting
cquilibrium under nnanimity rule is given by (3). In appendix A we show
that

) n

(2}’) o l) i:l f]{ 1 ])! -1 l . l o )_pp_]
lim {(p.q.n) = lin ( = ) I - (—Q)—(——p} |
e noex B . !] f”(] P} w1 qp

p— (1 p) (Bl

aqp
I'he results in Proposition 1 present a stark contrast to the results nunder

1
The proof that lim, . Ag{p.g.n)=1— (U—QM) T s analogous. W

sincere voting. In a voting equilibrinm the probability of convicting an inno-
cent defendant. I (p.g. ). stavs bounded away from zero for all n. Similarly.
the probability of acquitting a guilty defendant also stays bounded away [rom
zero. In the event that ¢ < 1 — p all defondants are convicled regardless of
the probability of their gnilt or innocence. This is true idependent of the
size of the jury.

Propesition 1 also implies that the probability that a guilty defendant is
convicted [1—1¢;) is bonnded away from zero for all #. This 1s again in contrast
1o the case of sincere voting where the probability of conviction converges to
zero as 1 — 0 independent of whether the defendant is guilty or inmocent **
Thus. a sccond implication of strategic voting is that the probability of a
ity verdiet 1s much larger than under sincere voting.

Y Note however, that under sincere voting the probability of convicting an innocent
defendant condilional on a conviction converges to zero. As Proposition | shows this is
not the case for voting equilibria.



To provide an intuition for Proposition 1 first observe that Eguation (3)
implics that o; — 1 as n — x. As a conscquence g (the probability that
a juror votes to conviet if the defendant is guilty) and g; (the probability
that a jnror votes to conviel if the defendant 1s innocent) both converge
to one. This s not enough to show that the probability of convieting an
innocent defendant, (gp)". stays bounded away from zero. In Appendix A we
demonstrate that for large 1. g; can be approximated by

Py

1+
n—1\2p—1

whoere f = l qup] 2L and hence (g7) converges 1o fﬁ which 1s the bound
given in Proposition 1.1

The convergence to the bounds given in Proposition 1 s fast and hence
the limit formmla allows s 1o approximate the probabilities of cach kind of
error even for small juries. Figure 1 illnstrates the convergence of I (p.q.n)

for the values p = 0.7.¢ = 0.2

- 1,(0.7.0.5.n)

Fioure 1

Fienre 1 is gquite startiing for several reasons. irst. the limit probability
of convicting an innocent defendant is quite large at 22'% . Sccond. when there
are only 12 jurors the probability of convicting an innocent is 21%. There
is only a 1% difference between the probability of convicting an imnocent
defendant with a jury size of n > 12 and the limit probability. Third. the
probability of convicting an innocent defendant is inercasing in the size of
the jurs.

P Recall that €7 = limy, .~ (1 + £)".

10



Figure 2 shows the probability of acquitting a guilty defendant for the
values p = 0.7.4 = 0.5.

.54
0.52 .
03.
. l(;(0705 H-)
048 .
o460 Tw T T T an 0 a0

n

Fisure 2.

The limit probability of acquitting a gnilty defendant is 47%. Once again
the limit probability 1s a very good estimate of the actual probability of this
1ype of mistake even for small juries. Note that the probability of acquitting
a enilty defendant is actnally decreasing i the size of the jury.

The assumption that ¢ = .5 in the above examples may seem unreason-
able. Tt implies that jurors are very willing to conviet. Indeed. they arc
willing to conviet if they believe the defendant is more hkely guilty than
innocent. We certainly hope that jurors would have a higher threshold of
reasonable doubt than ¢ = 5. however. the rationale for the nnanimity rule
i5 to protect innocent defendants from such nnreasonable juries.

Ploure 3 shows the limit errors 1 (p.q) = lim,, . 4(p.g.n) and lg(p.g) =
lim,, .+ lz(p.g.n) for the value p = 0.7 as a [unction of q.

lT

U'Sé !(,(07(])
().4;

n.zg (0.7, q)

Ligure 3

Ll



Pignure 3 demonstrates that for large jurics the probability of convicting
an innocent is decreasing in g while the probability of acquitting a gulty
defendant is ncreasing in g, Thus. the unanimity rule does a poor job n
protecting innocent defendants from unreasonable juries. While, if the jury
is responsible (e.g.. ¢ = .9). the innocent defendant is protected at the cost of
a high probability of acquitting the gnilty. In the next seetion we show that
unanimity mle is a unigquely bad voting mle in terms of the probabilities of
both kinds of errors 1t induces.

2.2 Non-unanimous rules

T compare the nnaninity rule to other voting rles we must compnte the
voting cquilibriumn for general rules & In Appendix B we compnte the re-
spousive voting equilibrium for all n. k. This allows ns to compute the proba-
bilities of convieting an innocent defendant. £y (p. g n. k). and the probability
of acquitting a guilty defendant. I (p. ¢. n. k) as a function of the mle k.
We use these resnlts to investigate a particular class of rules: Consider
the rule which requires & = an votes to conviet where 0 < o < 1. (In the
following we always assume that an is an integer.) Thus, it takes an o
fraction of jurors to convict the defendant. For a fixed a consider a sequence
ol voting equilibria corresponding to an increasing jury. In the followmg
proposition we show that as n — > the probability of making either of the

two kinds of crror converges to zero.

Proposition 2 Fiz any o with 0 < o < 1. (1) There s a n' such that
for n > n' there is a responsive voting cquilibrivm.  (2) For any scquence
of responsive voling cquilibria the probability of convicting an innocend de-
Jendant. 1{p.q.noan). and the probability of acquitting o guilty defendant.
le:(p.g.ieoan) both converge Lo zoro.

Proof. Sce Appendix 3. B

Proposition 2 holds in mmch more general environments. Feddersen and
Pesendorfer (1994) prove the analogous result for an environment that -
cludes preference diversity and a much broader range of imformation envi-
rommnents.  Myerson (19951 proves a similar result for the case of simple
majority rule.

Proposition 2 shows that for any o € (0.1) the probability of convicting
an innocent defendant converges to zero and the probability of acquitting a

12



guilty defendant converges 1o zero for large juries. This is in sharp contrast
to the result of Proposition 1 where it was shown that both types of mistakes
stay bonnded away [rom zero for the nnanimity rule. What acconnts for this
diflerence?

As we noted above, under the nnanimity rule the probability that a juror
votes 10 conviet converges 1o one independent of the signal. "Fhis can never
happen for the mles considered in Proposition 2. Consider a profile with
7, = L and suppose 0; — 1. If a juror is pivotal it must be that an a—{raction
of the remaining jurors have voted to acquit, A vote to acquit oceurs with
probability p(1 — a,) if the defendant is innocent and with probability (1 —
(1 — ;) if the defendant is guilty. If o; Is close to one it is very unhkely
that an a—[raction jurors votes to acquit both when the defendant 1w gy

p(lfa:r,-! _
(o)

ﬁ > 11t is much more likely that an a—fraction of jurors voted to acqguit

if the defendant is innocent than if the defendant is guilty.'” For large n the

and when the defendant is inmocent. However. for large n, since

juror must therefore conclude that being pivotal implies that the defendant
is innocent with probability arbitrarily close to one. Since g < 1 the Juror
therefore has a strict preference for voting to acenit. Henee o; must be zero
and we have a contradiction to @; — 1. Thus we have demonstrated that o
must stay bounded away from one. (An analogons argument shows that
must stay bounded away from zero.) As a consequence, even in the limit as
n — oc. a juror is more likely to vote to convict if the defendant is guilty
than if the defendant is innocent. In the appendix we demonstrate that the
expected [raction of gnilty votes must be smaller than o if the defendant 1s
innocent and larger than o if the defendant is guilty. This implies that both
I, and I converge 1o zero since for large n the actual fraction of guilty votes
converges in probability 1o the expected fraction of guilty votes. '
Propositions 1 and 2 imply that the nnanimity mle is uniguely bad for
large juries. A sccond conclusion that can be drawn from IProposition 2
is that under non-unanimons rules the size of a jury is more important in
determining the probability of making a mistake in the verdict than the
voting rule. Therefore, if the probability an mmnocent defendant is convicted
is considered to be too large, then the natural remedy is to fix a rle. say
2/3 majority. and then increase the size of the jury to the appropriate level.

_ 23]
'""Phe ratio of these two conditional probabilitics is approximately (I—P—F) which con-
verges to infinity as 1 — oo

Repry. - - - .
P This s an immediate consequence of the law of large numbers.

13



In the next scection we provide examples which indicate that convergence
is fast and hence our limit results are indeed relevant for relatively small

Juries.

2.3 Example

It the following we consider 12 person jnry. We set the parameter lor rea-
sonable doubt at g = 0.90. 1.c.. jurors need to believe that the defendant 1s
sty with probability 0.9 in order to conviet. We assume that p = 0.8, Le..
the probability of receiving a gnilty signal if the defendant is gnilty 15 0.8,
The probability of convicting an innocent defendant, { (k). 1s given by

i =32 () (i) (0 antiyy

ik

where

gi(k) = (1 — pla,(k) + po(k)
is the probability that any juror votes for conviction if the defendant is -
nocent.,
Similarly. the probability of acquitting a enilty defendant. I (k). is given

by

l','(f;‘) =1- i (j) ((]((!‘))I (1= ge:(F)" !

bk

where _

g (k) = poy (k) + (1 = p)o(k)
~ Table 1 gives the probability of making mistakes as a function of the rule
b when bk > 7

kT R 9 10 11 12
[ | 0.004 1 0.0001 | 0.0025 | 0.0045 | 0.0066 | 0.0069
l; | 0.019 1 0.066 10.135 | 0.245 | 0.42 (.6541
a; | 0 0.023 | 0.143 | 0.277 | 0.423 | 0.57D
Table 1
Atk = 7 sincere voting is the equilibrinm. Thus every juror who receives
a sienal g votes 1o conviet and every juror who receives a signal 7 votes to

g



acquit.. For all k > 7 the jurors who reccive the signal i mix hetween voting
to convict and voting to acquit while those who receive signal g always vote
to convict,

As the table shows, unanimity has the largest probability of convicting an
inmocent defendant when & > 7. Tnaddition. all mles & > 7 have the property
that thev lead to a lower probability of acquitting a guilty defendant.

The uext table shows the probability of making an crror for & < 7

kol L2 3 1 5 6

Lt 0] 0.0159 | 0.034 1 0.027 | 0.019 | 0.010

fe: 11| LTS 0.41 1021 4 0.095 | 0.036

7, [0 10.091 | 0.306 | 0512 | 0.704 | 0.879
Tabic 2

For k < 6 the equilibrinm strategies are such that a jnror who receives
the signal 7 always votes to acguit while a juror who receives the signal g
mixes between voting to conviet and voting to acquit.

For & = 1 the defendant s never convicted, Le.. lg = 1. To sce why this
is the case suppose that no juror ever votes to convict. In this case. each
juror is alwavs pivotal sinee one guilty vote is enongh for a conviction. Bt
this implies that the ouly 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 defendamt is gnilty with probability 0.3, Since the
reasonable doubt threshold is 0.9 cach juror votes to acquit.

The probability of conviceting an innocent defendant reaches a maximum
at k = 3 while the probability of acquitting a guilty defendant is monoton-
ically decrcasing for & < 6 and the probability of convieting an inmocent
defendant is zero at b = 1.""

Taken together our results raise serious guestions about the appropri-
ateness of the nimanimity rule. Unanimity rle results inoa strictly positive
probability both of acquitting the guilty and convicting the imnocent even
in the limit. Increasing the size of the jury does not help, 1 may actnally
increase the probability of a mistake. Unanimity rule is almost never optimal
from the perspeetive of the jurors. Finally, given even modestly large juries
unanimity rule is uniquely nferior 1o a variety of other rules.

70 this case, conditional on a vote being pivotal the juror knows that all other jurors
have voted to acquit. In equilibrinm 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
he euilty with probability at most p. Since p < g the juror votes to acquit.

15



3 Conclusion

We have demonstrated that strategic behavior dramatically alters our in-
tuitions about the consequences of jury voting rules. It is appropriate to
conclude with a note of caution. We remind readers that onr results de-
pend upon the 1win assumptions of private information and strategic voting.
The degree 1o which either of these assumptions characterizes actual juries
is ultimately an cmpirical gquestion and. therefore. bevond the scope of this
paper.

For example. consider an alternative model in which jurors are not pri-
vately informed and all the information is common knowledge.  Suppose
further that jurors differ in their threshold for reasonable doubt. In such a
setting, the unanimity rule implies that the juror with the highest threshold
must be convinced. Any other rule would only serve to lower the threshoid
for conviction. Thus, the assumption of private information is essential for
our conclusions.

The note of caution is appropriate because jury reform is not an abstract
proposition. In California a group calling itself "Citizens for a Saler Cali-
fornia” is sponsoring the "Public Safety Protection Act of 19967, This act
would eliminate the requirement of nunanimous jury verdicts in all but capital
murder cases and replace it with a rule requiring only 10 of 12 jurors to con-
viet ! The jury reform proposal enjoys the support of the current governor
of California. Pete Wilson, as well as presidential candidate Lamar Alexan-
der.”! Clearly, onr results lend some support to such initiatives. On the other
hand. our results suggest that retaining the nnanimity rule in capital cases
is exactly the wrong thing to do. Presumably. the motive for retaining una-
nimity rule in capital cases is to protect against the terrible consequences of
convicting an innocent. If our model is correct 1t would be better to combine
a super-majority rule with a larger jury for cases in which it is desirable to
reduce the probability of convicting an innocent.

*The Citizens for a Safer California claim that a “broad coalition of crime victims, law
enforcement and concerned citizens™ support the Public Safety Act of 1996, They also
claim that in independent poll showed that T1% of Californians support 10:2 jury verdicts.
From material downloaded from the internet at http://taren.ns.net /edaa htm.

Flsee Kinley (19963 and a press release by the Alexander campaign reported at
the PolitiesNow web site (htip:/ /politicsusa.com/ PolitiesUSA Jcampaign96/candidates/
lamar/10191a02. html.cgi).
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4 Appendix A

We now show that
H

(umupqﬁ%_

1
lim - =
e p ((l (1 P))n T qp
PAT qE u 1
Let :
ho P (U@ T )
2p—1 qp 2p—1°
Suppose > > lim,, . A" > 0then lim,, . h 7" = - l e Now let
[= (1—q){1 —p)
. qp
We use the following facts:
1 1 i) l = 7 3
and. given f € (0.1)
—1 e .
I+ —Inf>fvi>1+ In f. (6)
n - ‘
From (6} we know
—1 1
h > - (1+ lnf)~(_, p)
2p -1 n—1 2p—1
Some simple algebra shows that
-1 , 1=y 1 —p
- L . (l+ - ln‘]‘) — p) = £ Inf
2p—1 n—1 2p—1 n—12p—1
Thus ,
. n . . —F
lim (7)" > lim (1+ Inf
n o N n—1 2p — 1
and [rom (5) we get
1 - h L—g){1—p)\&7
lim {14 P o) (U-al=p) _
neoex n—12p-1 ap
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We can nse an identical argiment using (G} to establish that

1 " (1—g)(1— p\ ¥

"o 1 2p —1 qp

5 Appendix B

First we compute the equilibrium for a general k. Denote the probabihty that
@ juror votes to conviet in state [ as

Ggr =11 -—p)o, +po;

and the probability that a juror votes to conviet in state (4 as
G = pa, + (1 — p)o,.

When 1 > o, we must have

1

) et F
(U ey’ 0 ogay F

=1

< q

—

with equality holding if 1 > a; > 0. Similarly. when o, > 01t must be true
that
1
14 0 Pt o _rn)”rk
ploc) L ea)t *
with equality holding if 1 > o, > 0.
We now show that 1> a, > 0 implics 7, = 0 {an identical exercise shows
that 1 > o; > 0 implics 0, = 1). Supposc 1 > 7, > 0 then (8) implies

30,

Zq (M

/

(1 —ap _ 9" T1—g)" "
(1(1 — ]J) (!}(’,‘)k 1 (l _ ‘(j(;)” i

Since p > 1/2 we can rewrite (7)) as

1 P =(2p-1)
. g ) 27(1)2fr(‘)Jf1)<q
LR ()
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which implies a; = 0.

Thus. in anv responsive eqnilibrinm we must have cither o; = 0 and
g, >0o0ro; <lando, =1.1f
B nok -
L —p)ip 1—p 1 .
(- ) 1 p) - S

I | [ . ok . kol r k&
(1l —p pt E 4+ (1 —p)pt V(1 - p) I 1) S A ) A
plL=p (Lot L= T weF oo

and

et - ! > q (10)

. : : L ke n ok = L
L-pfp e b (l=p " 14 U pe* oot
(1—p) pt # 4 pF (1 —p e

then the unigue responsive voting equilibrinm is ¢, = 0 and o, = 1. (Recall

that a voting cguilibrium is a symmetric Nash eguilibrinm).

To see why this is the unigne responsive voting eqnilibrinm observe that
the left hand side of Equation (7} 1s strictly decreasing in 7,. Together with
19} this implies that whenever o; > 0 (and 0, = 1} every voter has a strict
incentive to vote 1o acquit.  Similarly. the leflt hand side of Equation (%)
15 strictly decreasing in o, This together with {10} implies that whenever
7, < 1 (and 7; = 0) cvery voler has a striet incentive to vote to convict.

If one of the conditions (97 or (10) does not hold then there are two cases
to cousider.

Case 1: Supposc
(p)k (l o p)n IS
(L=p)p" S+ P (L p)"

then a; = 0 1s the equilibrinm and the equilibrinm condition for g, 1s deflined

P

by (®) with equality holding. Ths vields
1 — -
1+ 4 My 0 e F 4

plac)® 1 g k

whicl we can rewrite
(I—qp  (g)" "1—g0)"
q{l — p) gV M1 =g
(1=p o) "= -po) ™
(oo T ) e

 f1—p . 1= (1—=plo ok
B P 1 —po
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Thercfore we et

(1—q)( P )“ _ (1A(1—pw)“*

q I1—-p 1—po
(L-otpr) _ (1—q)( p )k n
(1 — pr) q 1—p

This vields

where

- ((1—r1) ( p )A)‘
q 1—p

Clearly. sinee o, s the unique solntion of (X)in this case. there s a unique
responsive voting equilibrium in this case.
Case 2: Supposc
kol n k
A-plp) (-p

p(l—p) "o b (Lot ) *

In this case 7, = 1 and the equilibrinm condition 1s glven by:

> q

=) ' -g0)" |
plgn) " =g T =P ) T —ga)” T

with cquality holding whenever o; € (0.1).

A stralght forward caleulation shows that for an interlor solntion in this

el

)1
p—f{1—=pi

f= ((l —q) ((1 .p))“' ki l)k—ll
(1 1)

Again. since 7, 1s the unique solution of Tin this case, there s a unigue

a;

where

responsive voling equilibrinm in this case.
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Whenever o, as delined by the previous two equations is less than zero
then 7, = 0 and whenever a; as defiued by the previons two equations is
lareer than 1 then o; = 1

Proof of Proposition 2 First we demonstrate that for sulliciently large
n there exists a responsive voting equilibrium. To see this we first compute
the limit equilibrinm as n - oc for the case where k/n = a. In case 2 we

have
ey 1
p—f(1-p)

i

whore

1
n ooty an 1 —

o (=g (- p) B
f = lim =
mo o r p

and therefore we have

_p(1+f)1p(1+(‘—;,k)z_”l)—l

T, = 0 T
p=f0=p () oy

It 1s casily checked that a; > 0 for o > 1/2 with 0, — 1 as a — 1. Similarly.
I case 1 we have that

()7

g ]P ey
()T ) -

and again it can casily be checked that 0 < g, < 1for 0 < o < 1/2 with
a, —Uasa — 0.

Torether this implies that for any § < @ < 1 there is a responsive limit
cquilibrinm. Now a simple continuity argument implies that for sufliciently
larae 1 the sobition to equations (7) and (R} must be arbitrarily close to
the limit solution and hence 1t follows that for sufficiently large n there s a
responsive voling equilibrinm.

To prove part {2} of Proposition 2 observe that in the limit as n — 2 we
have that




andd

1 (4]
I pY = _
.G'c;—p+(1gp)p(l+(f)” ) 1.
P — (1]})) o (l ——p)

Note that for ¢ < a < 1 this implies that

G > g — = (11}

[or some = > 0 which depends on o,
Next we show that
g1 < o< g (12}

To see why this is sufficient to prove proposition 2 note that by the law of
large numbers the actual share of guilty votes converges to the expected share
ol guilty votes in cach state. Hence the share of guilty votes if the defendant
i innocent converges to g; < o in probability and hence the defendant is
acgnitted with probability close to one for large n. Similarly. if the defendant
is suiltv the share of guilty votes converges to g¢; > o in probability and hence
the defendant s convieted with probability close to one for large n.
Suppose (127 is violated and g.; > g; > «. From the equilibrinm condi-
tions we know that for all »
|
14 & p)(u,:l‘”; ge! ‘[)”’()1“(\;3’1
F](-'J;;:J) (I -”';rly)

zq (13)

{where g,,, denotes the equilibrium probability of a guilty vote in state s with
n jnrorst. Note that (1 — )% ™ s a single peaked fnction of @ with a

maximum at = a. I g > g7 2 oo then PSCITR > 1 and hence
Y3 Her

Tt

()" (1 — .fh)(] K
(.(if;)'l (1-— .(k;)(1 ™)

— X

and 5o the left haud side of (13) nmst converge to zero as 0 — o and
hence ineguality (137 cannot hold. An analogons argument can be made if
4 2 e > qr. |

2
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