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Mathematical Models of Juror
and Jury Decision-Making

THE STATE OF THE ART

BERNARD GROFMAN

INTRODUCTION

The jury is a remarkable example of the use of groups to make decisions.
A jury is composed of untrained citizens, drawn randomly from the eligible
population, convened briefly for a particular trial, entrusted with great offi-
cial] powers, permitted to deliberate in secret, to render a verdict without
explanation, and without any accountability then or ever, to return to private
life. In that such a firm institution is composed of such fluid members, and
that these ordinary citizens judge criminal responsibility in place of profes-
sional agents of the state, the jury is a unique political institution. More than
representative legislatures and popularly elected executives, it is the jury that
characterizes democratic political systems. (Saks, 1977, p. 6)

The twelve-member unanimous jury was introduced into the American
colonies by Great Britain and became a fixture of American legal proce-
dure which was copied by states which subsequently entered the union.
For most Americans, the notion of “trial by jury” is synonymous with
judgment by a group of twelve members which requires unanimity of its
members to reach a verdict. Historically, however, even in the United
States, juries have varied in size and decision requirements, with
smaller juries and the absence of a unanimity requirement relatively
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common in civil cases (Bloomstein, 1968). Recently, reversing earlier
precedents, the United States Supreme Court has upheld the constitu-
tionality in state criminal cases of juries which do not require unanimous
verdicts and of juries with less than twelve members.? What minimum
size and what minimum decision rule the court will ultimately decide
the Sixth Amendment does require is, as far as we can tell, impossible to
determine from the Court’s reasoning in these cases (Grofman, 1974).
The rulings have generated impetus in state legislatures to move to
smaller juries and/or to less than unanimous verdicts in both criminal
and civil cases (Oelsner, 1975).

The Supreme Court’s rulings have also triggered a great deal of
interest in jury decision-making on the part of social scientists. There
have been at least three times as many studies involving juries or mock
juries done in the 1970s as in the previous two decades combined. Re-
cent research has looked at a range of questions, but much of it has dealt
with variations in the jury size and the decision rule; the nature of the
jury selection process; and the personality and demographic characteris-
tics of individual jurors in terms of consequences for the nature of jury
verdicts, the process of group deliberation, the reliability of the jury as a
fact finder, the representativeness of juries as a community cross sec-
tion, and the vulnerability of jurors in the minority to conformity pres-
sures by the majority. Most of this recent work stems from an experi-
mental social psychological tradition (see Tapp, 1976). Because there are
a number of extensive reviews of the empirical and experimental litera-
ture on jury decison-making (see, e.g., Bray, 1976; Davis, Bray, & Holt,
1977, Factor, Eisner, & Shaw, 1977; Gerbasi, Zuckerman, & Reis, 1977;
Saks, 1977), we shall deal with this literature only as it relates to our
primary focus on formal models of juror and jury decision-making.

We shall look first at the nature of juror choice in the general context
of statistical decision theory and in terms of the expected predeliberation
distribution of verdict preferences and judgments among a group of
jurors of size N drawn from a larger jury pool of specified characteristics.
We shall then examine, for different jury sizes, ways in which individual

In Williams v. Florida 398 U.S. 78 (1970), the Court upheld the constitutionality of felony

convictions by state juries of less than twelve. In reviewing Johnson v. Louisiana 406 U.S.
356 (1972) and Apodaca v. Oregon 406 U.S. 404 (1972), the Court held that 10 to 2 and 11 to
1 decisions (in Oregon) and a 9 to 3 decision in Louisiana did not violate the 6th A mend-
ment right to a jury trial. In Colgrove v. Battin 413 U.S. 149 (1973), the Court wupheld
six-member civil juries in Federal Courts.

We might also note that in United States military court-martials, except for those
carrying a mandatory death penalty, unanimous agreement is not required. General
court-martial “juries” may be composed of as few as five members, although panels of
seven, nine, or eleven are more common (Larkin, 1971, p. 238).
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predeliberation juror verdict preferences and judgments might come to
be aggregated into a final group verdict under various assumptions as to
the nature of the process of majority persuasion-minority conformity in
the group and the specific quorum rules required for decision-making.
Finally, we shall examine closely the impact of variation in the jury size
and the decision rule on verdict outcomes, and on the probabilities of
Type I and Type II errors.2 In our discussion we shall confine ourselves
to criminal trials and, unless otherwise indicated, to cases where the
juror choice is dichotomous—acquittal or conviction.

SIGNAL DETECTION MODELS OF ]UROR'DECISION-MAKING

GUILT BEYOND A REASONABLE DoUBT

The task set for jurors is to evaluate the evidence and to determine
on the basis of it the defendant’s guilt or innocence of the crime of which
he is accused. We can conceptualize this task in terms of some well
known results in the theory of signal detectability (see, e.g., Coombs,
Dawes, & Tversky, 1970, Chap. 6; Restle & Greeno, 1970, Chap. 5).

Signal detection models contain two distinct components. One
component is a model of the observer as a sensor, that is, of his ability to
discriminate stimuli. The second component is a model of the observer as
a decision-maker, that is, of the effects of his values and expectations on
his responses.

These two aspects are confounded in performance. One doctor may
more often prescribe treatment for an allergy than another doctor—he may
more often be right but also more often be wrong. Is he a more sensitive
detector or is he more willing to say yes? The theory of signal detectability
makes it possible to distinguish these two aspects precisely. (Coombs et al.,
1970, p. 166)

Consider an individual observing some given stimulus. In the usual
detection experiment the subject’s task is to decide “yes” or “no” as to
whether the stimulus was generated by a “signal” or whether it was
merely the product of “noise.” The language and concepts of signal
detection theory may, however, be applied by analogy to any context in
which the sensory input is ambiguous. In the juror case, we may imag-
ine that jurors seek to monitor “evidence (appearance) of guilt,” which

2For a discussion of various other aspects of juries and jury decision-making, for example,
group memory, jury variability in assessing damage awards, representation of minority
viewpoints, participation hierarchies in group discussion, jury factionalization, the voir
dire process, and so forth, see Grofman (1976a, 1977a) and Grofman and Feld (1976).
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is analogous to amplitude of the signal. On the basis of his or her as-
sessment of the extent to which the defendant appears guilty, a juror
must decide whether or not to convict. This assessment, howevet, is
uncertain. The observed level of apparent guilt has some probability of
having arisen (as “signal’’) from the behavior of a guilty defendant, but
also some probability of having arisen (as “noise”) by chance from a
defendant who is really innocent. We can view the juror’s task in terms
of discriminating between the probability distributions shown in Figure 1.
For any given point on the x-axis, say %, labeling all defendants
whose trials rise to an appearance of guilt at least as great as x, would
lead to a “hit” probability. p ¢ ¢ (the conditional probability of convicting
a guilty defendant) and a “’false alarm” rate, p |, (the conditional proba-
bility of convicting an innocent defendant), as shown in Figure 1. Since
in the Unites States we consider innocence to be the null hypothesis, it is
easy to see that for any given criterion value, x., we are imposing a
tradeoff between Type I error (i.e., rejecting the null hypothesis when it
is, in fact, true; convicting the innocent) and Type Il error (i.e., accepting
the null hypothesis when it is, in fact, false; freeing the guilty). The
further to the right we move x, the lower the probability of Type I error,
but also the higher the probability of Type II error.
So far the discussion has been couched in familiar hypothesis test-
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Fig. 1. Determination of guilt by discrimination between probability distributions of "'sig-
nal” and “noise.”
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ing terms (see, e.g., Feinberg, 1971). Signal detection theory, however,
is Bayesian in orientation and is couched in terms of likelihood ratios,
rather than significance regions. Let us look again at the criterion level
x.. For each level we have a likelihood ratio

_px|G) _ 5%
X =Tan == M

The probability of observing a value of x if the defendant were guilty is
symbolized by p(x|G). Similarly, p(x|I) represents the probability of
obtaining an appearance of guilt of level x if the defendant were indeed
innocent. These conditional probabilities are given by the line lengths %
and 7%, respectively. It can readily be shown that, for “reasonable”
assumptions about the probability distributions shown in Figure 1, the
farther x. is to the right, the greater is the value of the likelihood ratio.
Thus, we may use the likelihood ratio to establish a criterion for declar-
ing guilt, since if we convict all defendants for whom

=
&l

£(x.) <
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we will convict all defendants whose appearance of guilt falls to the right
of x,.

We shall now look at how a criterion value for I(x) might be chosen
in terms of convicting only those defendants whom a juror believes to be
guilty “beyond a reasonable doubt”” and then in terms of specifying
explicit values (weights) to “freeing the innocent” and “convicting the
guilty,” respectively.?

3We have chosen to conceptualize the standard of “beyond a reasonable doubt” as a
standard for juror choice. As Kerr, Atkin, Stasser, Meek, Holt, and Davis (1976, p. 282)
note, “[Vlerdicts are group decisions. Reasonable doubt may be interpreted as both an
individual and a group decision criterion. As an individual choice criterion it relates to
the degree of certainty about the defendant’s guilt which a juror must feel before assent-
ing to a guilty verdict. As a group criterion, it may be related to the degree of group
consensus required for a guilty verdict,”” We believe it important to distinguish carefully
between these two usages, and we shall reserve the term “reasonable doubt” for the
individual juror. When discussing group decisions later in the paper we shall talk about
jury verdicts in terms of their “‘reliability” and/or “‘accuracy.” Thus, we reject the view of
some legal scholars that “the unanimity of verdict in a criminal case is inextricably
interwoven with the required measure of proof. .. for there cannot be a verdict sup-
ported by proof beyond a reasonable doubt if one or more jurors remain reasonably in
doubt as to guilt. It would be a contradiction in terms” (Judge Simons, cited in Larkin,
1971, p. 243). For more on this point see Kerr et al. (1976), Saks (1977, pp. 24-27), and
discussion below. For evidence dealing with jurors’ perceptions (or lack thereof) as to the
meaning of “‘beyond a reasonable doubt,” see Simon and Mahan (1971) and Strawn and
Buchanan (1976). '
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Consider (p(G|x). This is the conditional probability that a defen-
dant is guilty given some observed appearance of guilt x. A juror might
wish to choose x, such that only if

p(Glx) = p(Glx.) ®)

would he be willing to convict, where p(G|x,) reflects the probability
which defines for that juror a standard of guilt “beyond a reasonable
doubt.” Since p(G|x,) increases as x, moves to the right, choosing a
value for p(G|x,) is equivalent to choosing a criterion value for x. Let us
label as p the probability, p(G|x.), which the juror minimally requires to
satisfy his standard of “beyond a reasonable doubt.” From Bayes
theorem we have

p(Gh) = 2P @

where P(G) is the a priori expected proportion of defendants who are
guilty, and similarly ‘

pt) = B0 ®
Hence,
Gh) _ p&lGp(G)
TR Ty ©
= o)
The ratio on the right-hand side
pG)
E

is often referred to as the “prior odds”; the ratio on the left-hand side
gives the “posterior odds.” Let us define

pd) _
o)~ 7
We know that _
p(Glx) + p(l) = 1 (8)

Hence, if p(Glx) =p, then p(llx) =1 - p. Similarly, if we require
p(Glx) = p, thenp(lr) < 1 — p. Thus, to require guilt beyond a reason-
able doubt is to require
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PGl -,
plx) = TB_? 9)

Making use of the identity in Equation (6) we may express our re-
quirement of guilt “beyond a reasonable doubt” in terms of (x) as
follows:

x) = T g ” (10)

This is an important expression because it shows us how the standard of
discrimination depends both on the juror’s criterion for guilt beyond a
reasonable doubt and on his estimate of the a priori odds. The higher his
a priori estimate of the proportion of innocent defendants being brought
to trial (as evidenced in {2) and the higher his standard of guilt beyond a
reasonable doubt (as evidenced in p), the higher the value of I(x) the
juror requires in order to convict, and thus the further to the right will he
set his criterion value of x..*

The reader should satisfy himself as to why () enters into Equation
(10). To see why, let us compare the case where most (say, 9 of 10)
defendants brought to trial are expected to be guilty (Distributions Il and
IIL in Figure 2) to that where p(G) = p(I) = 112 (Distributions I and IIl in
Figure 2). For simplicity, let our standard of reasonable doubtbe p = .5.

4We might weigh the disutility of convicting an innocent man differently in different
cases. “The better the reputation of a defendant, the greater the tragedy of his fall from
grace, and hence, perhaps the greater disutility of convicting him should he be innocent.
If so, we perhaps have an explanation of the relatively powerful effect of character
testimony on behalf of a criminal defendant. In addition to the usual justification—that
the evidence of the good character of the defendant makes it less likely that he in fact
committed the crime—we have a second reason: that by raising the disutility of convict-
ing the defendant should he be innocent, we raise the quantum of proof or probability of
guilt necessary to convict. Converse reasoning makes clear a very important reason for
excluding evidence of previous convictions from the prosecution’s case. Not only may
such evidence lead the jurors to the wholly rational conclusion that if the defendant has
committed previous crimes he is more likely to be guilty of this one; it may also lead them
to the perhaps rational but clearly undesirable conclusion that because of his earlier convic-
tions, the disutility of convicting the defendant should he be innocent, is minimal”
(Kaplan, 1968, p. 1074, emphasis ours). According to Kaplan (1968, p. 1074), “[T]he
observed high rate of conviction in the south of Negroes for crimes against white persons
may be explained not only by the typical white southern juror's view that the white
complainant is always telling the truth, but also by his low estimate of the disutility of
convicting an innocent Negro and his high estimate of the disutility of letting a guilty
Negro get ‘away’ with something.” In other words, according to Kaplan, for many
southern white persons, R may be less than one for black defendants and thus even a
small probability of guilt may be seen as sufficient to convict, :
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Fig. 2. Hypothetical distribution of Type I and Type II errors in a.signal detection model.

In Figure 2, the point x, indicates that cutoff we would use to
guarantee that the probability was at least.5 that any defendant we
convicted was indeed guilty (i.e., that at least half the defendants we
convicted were guilty) when Distributions I and III represent the condi-
tional probability distributions of guilt and innocence, respectively. In
Figure 2, the point X, indicates the threshold we would use for the
same purpose when Distribution II rather than I represents the condi-
tional probability distribution of innocence. As we see, for a fixed
minimum probability defining “beyond a reasonable doubt,” the I(x)
threshold value (and thus the x, threshold value), is lowered when the a
priori probability of guilt is lowered. Roughly speaking, the fewer the
innocents there are to be convicted, the easier it is for us to convict more
readily without raising the ratio of innocents to guilty among those
convicted beyond our threshold value of p. Analogously, of course, for
1 fixed, the I(x) threshold value (and thus the x. threshold value) is
lowered when p (the defining standard for “beyond a reasomnable
doubt”) is lowered.

THE JuroR PAyorr MATRIX

Let us now turn to an explicit representation of I(x) in terms of
values (weights) to be attached to the four possible outcomes: C /\ G,
CANLA NG, and AN I, where C A\ G refers to the outcome where a
guilty defendant is convicted, A A I refers to the outcome where an
innocent defendant is acquitted, and so on. Consider the matrix shown
in Figure 3. Let C be a verdict of conviction and A a verdict of acquittal.
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Fig. 3. General payoff matrix for juror choice.

Let G represent the state of nature in which the defendant is guilty and I
the state of nature in which the defendant is innocent. We use Veag to
indicate the value to the juror of convicting a guilty defendant and V4
the value to the juror of acquitting an innocent defendant. Since, pre-
sumably, jurors would prefer to avoid Type I and Type Il error, that is,
would prefer to avoid convicting the innocent and/or freeing the guilty,
we show the values for those outcomes in the matrix of Figure 3 as being
negative. Suppose the juror wishes to maximize his expected value. This
means that, given an observation of appearance of guilt x, the juror
votes for conviction if the expected value of a C choice is greater than the
expected value of an A choice. The expression for the expected value of
C given the observation x is the value V¢pg times the conditional proba-
bility that the defendant was guilty minus Ve times the conditional
probability that the defendant was innocent, that is,

E(Clx) = Veaep(Glx) — Venrp(]x) 1)
Similarly, the expression for the expected value of choice A given x is
E(Alx) = Vaarp(|x) — VaneP(Gl%) (12)

Maximizing expected value requires that the juror vote for conviction if
and only if

E(C|x) > E(A|x) (13)

Substituting and rearranging we obtain as the condition for choice of C:

p(Glx) Vanr + Venr 14
o) ~ Vena + Var 4

If we substitute the identity of Equation (6) we may restate this con-
dition in terms of €(x) and Q as follows: choose C if and only if

Vanr t+ VC/\I) 15
o) > 0 (-———-—————VMG T (15)

|
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If, as before, we denote the criterion value for p(G|x) as p, we can
express the results given in Equation (14) in terms of the values shown in
the matrix of Figure 3 and our standard of reasonable doubt. However,
we shall not bother to do so. Rather, we shall first propose a simplified
form of the matrix given in Figure 3.

Without great loss of generality, let us assume that the utility of
acquitting the innocent is R times as great as that of convicting the
guilty. Similarly, let the disutility of convicting the innocent be R times
as great as the disutility of acquitting the quilty. This leads us to the
payoff matrix shown in Figure 4. Substituting the values given in Figure
4 in Equation (14), we obtain

%((% >R (15)

If we let our threshold probability for p(Glx) be p, as before, we obtain as
our condition for choice of C:

14
T—7 >R (16)
or equivalently,
_R_
P2 R+1 (17)

This last expression has a very nice interpretation. Let the tradeoff ratio
R equal the number of guilty defendants a juror is willing to set free to
prevent one innocent person from being convicted. Under the payoff
assumptions shown in the matrix of Figure 4, Equation (17) shows thata
juror, by setting R, is implicitly choosing a threshold value p. Analo-
gously, by setting a threshold probability p, a juror is implicitly assign-
ing a value to R. For the payoff matrix of Figure 4 we may also express
the expected utility maximizing rule in terms of (x), R, and ) choose C
if and only if I(x) > QR.

In criminal cases, it may be argued that R should be greater than
one, that is, we should be more concerned about protecting the innocent

C A

G 1 -1

1 -R R

Fig. 4. Simplified payoff matrix for juror choice.
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from unjust conviction than about ensuring that the guilty are convicted
of their crimes. Such a belief would explain the criminal law’s insistence
that in order to convict, the jury must be convinced “beyond a reason-
able doubt” (see Kaplan, 1968, pp. 1065-1092). Nineteenth-century legal
scholars (e.g., Blackstone) argued for various R values ranging from five
to as high as 20 in capital cases (see Kaplan, 1968, p. 1077).

In civil cases, the implicit standard is R = 1, ““the preponderance of
the evidence test” where “the jury must merely be satisfied that the
probability is greater than 50% or—in other words that it is more likely
than not that the plaintiff has a right to recover” (Kaplan, 1968, p. 1072).

The assumption of equal disutilities that the preponderance-of-the-
evidence test reflects does not completely pervade our noncriminal law,
however, In certain cases we typically require that a party demonstrate cer-
tain facts to a higher degree of probability. Thus, where the defendant is
accused of fraud, a finding against him may do more than merely cost him
money. Since he loses reputation as well, the disutility of an erroneous
judgement against him may be greater than that of an erroneous judgement
against the plaintiff; as a result we demand that the plaintiff prove his case to
a higher probability—clear and convincing evidence. The clear-and-
convincing-evidence requirement is applied in two other situations—one of
which is a denaturalization hearing. (Kaplan, 1968, p. 1072)

TaE ROC CURVE

The performance of a juror who decides whether or not to vote a
defendant guilty on the basis of a threshold value for /(x) can be com-
pletely described by what is called the receiver operating characteristic curve
or ROC curve. We have posited that the observer (juror) says yes (con-
victs) wherever the observation x exceeds the critical value x.. As may
be seen in Figure 1, the area under the signal distribution above the
point x, is the proportion of times the juror convicts the guilty, that is,
the probability of a hit, and the area under the noise (innocence) distri-
bution above the same point is the proportion of times the juror convicts
the innocent.

The ROC curve is based on the hit rate and the false alarm rate. For
any given x. “‘all the information about the receiver’s performance is
contained in the hit and false alarm rates” (Coombs et al., 1970, p. 175).
For a given hypothetical juror, we plot against each other his hit and
false alarm rates for each possible value of x,. These values fall along a
curve in the unit square, shown in Figure 5, which is known as the ROC
curve. The performance of an observer, under a fixed set of conditions,
corresponds to a point on an ROC curve. The diagonal line is the ex-
pected ROC curve if the receiver does not discriminate between signal
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Fig. 5. Hypothetical ROC curves for two cases: solid line “easy”; dashed line “hard”’; or
alternatively, for two jurors: Solid line “discriminating” juror, dashed line ““undiscriminat-
ing’” juror.

and noise, that is, does.not discriminate between the innocent and the
guilty. The further to the right on this diagonal, the greater the bias for
conviction. “As the cutoff x, moves from left to right. . . the correspond-
ing point on the ROC curves moves from right to left”” (Coombs et al.,
1970, p. 176).

Intuitively it is clear that the ROC curve can, for any given trial, be
expected to differ across jurors, and for any given juror, be expected to
differ across trials. Some jurors will be more discriminating than others,
that is, better capable of distinguishing, for any level of apparent guilt,
between the innocent and the guilty. Similarly, some trials will be
"“easier’” than others:

In [the figure] imagine the signal distribution shifted to the right some fixed
amount, If the false alarm rate is kept the same as before by leaving x, where
itis in [the figure] clearly the hit rate will increase as there is more area under
the signal distribution to the right of ¥, than before. As the hit and false
alarm rates are the coordinates of a point on an ROC curve, this point would
lie directly above the point before the signal distribution was shifted. This
relation would hold for any value of x,, so there is a new ROC curve gener-
ated lying above the previous one. (Coombs ef al., 1970, p. 177, with some
change in notation)

Shifting the signal distribution to the right makes any juror’s task
easier. Signal detection theory permits us to precisely conceptualize the
difference between “easy’’ cases and “hard” cases in terms of the over-
lap between signal distribution and noise distribution and the ROC
curve.5 For a given hypothetical juror, we show in Figure 5 two

5It is possible to make this notion of overlap more precise, but we shall not pursue the
issue further here. See Coombs et al. (1970, pp. 177-180).
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hypothetical ROC curves, one for an “easy”’ case and one for a “hard”
case. Alternatively, we could conceptualize these curves as being gener-
ated by only one case, but coming from two different jurors, one more
discriminating than the other. We shall make use of the idea of the basic
ideas of the ROC curve when we consider one- and two-parameter
models of juror choice below (pp. 324-330).6

MULTIPLE VERDICT OPTIONS

Juror CHOICE AS A FUNCTION OF VERDICT SEVERITY

Decision-making, whether by individuals or by groups, frequently
involves choosing from among a set of more than two alternatives. In
criminal trials, jurors may be confronted with multiple verdict options
when they are given the option of convicting the defendant of a “lesser
included offense.””” What options jurors have open to them may have
important verdict consequence. For example, Vidmar (1972) argues that
in the Algiers Motel case, the restriction of jurors’ verdict options to not
guilty or guilty of first degree murder may have led to an unnecessarily
harsh jury verdict, because jurors unwilling to acquit but unable to opt
for convicting of a lesser offense were forced into a first degree murder
conviction by the limited options available. Recently, Vidmar (1972),
Larntz (1975), and Grofman (1975a) have each proposed models of the
impact of constrained choices on the verdicts of mock jurors. We shall
review the models used by those authors, and present relevant data
from a jury simulation conducted by Hamilton (1976) in which mock
jurors were given either two verdict options (not guilty and guilty of

General questions dealing with the nature of juror judgmental processes and evidence
integration are dealt with in Finkelstein and Fairley (1970), For an insightful and carefully
reasoned article on the use of probabilistic reasoning and cost-benefit calculations in the
legal process, see Tribe (1971), This is an article which we recommend highly, although
we do not share Tribe’s quite skeptical views on the limitations of mathematical tools for
the law.

THowever, Kaplan (1968, p. 1081) points out that this case is not as important in criminal
law as one might first think: :

In the lesser included offense situation there usually will be only one intermediate
offense (in the case of first-degree murder, two) so thata conviction of a lesser offense is
much less likely to minimize the expected regret. Furthermore, the probability that the
defendant is in fact guilty of the lesser offense may be so low that although there are
high disutilities involved in each of the extreme choices, one of them will nonetheless be
preferable to the lesser included offense. Thus, the jury, in choosing between grand
larceny and acquittal, may be unable to embrace a petty larceny verdict if the amount
stolen is clearly above the dividing line. Similarly, in a homicide case in which the
defendant disputes identity and enters an alibi defense, it is rare for the jury to convict
of manslaughter.
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premeditated murder) or three (not guilty, guilty of unpremeditated
murder, and guilty of premeditated murder).

Vidmar (1972) argued that chances of obtaining acquittal increase
with the severity of the least severe nonacquittal verdict option avail-
able. He stressed the roles of jurors’ perceptions of the fairness of con-
viction in producing this result. He experimentally tested his hypothesis
using a summary of an actual second-degree murder case. His subjects
were students who simulated jurors, who did not deliberate but simply
came to individual decisions on the case. With a variety of two-, three-,
and four-verdict option conditions, his data (aggregated individual ver-
dict choices) produced strong support for the hypothesis. For example,
in the choice between first-degree and acquittal, 54% of the jurors voted
for acquittal; in the choice among all four verdict options, only 8% voted
for acquittal.

Lamtz (1975) took issue with Vidmar's interpretation of his data,
and proposed a simple probabilistic model. He argued that verdicts x, v,
z, and so on, are chosen in restricted option conditions, in proportion to
the frequency of their choice in the unrestricted choice condition, that is,

pixiS) _ piR)

PGB ~ PGR) @
Larntz’s model can’t be rejected for the Vidmar data (x* = 16.5, df =9, p
>.05). Larntz’s model offers an aggregate level analogue to Luce’s (1959)
choice axiom.

Grofman (1975a) has presented athird approach to the restriction of
decision alternatives (and to the Vidmar, 1972, data). He generalized
Vidmar's (1972) hypothesis, showing it to be subsumed as a special case
of a general scaling model; this model postulated that each juror effec-
tively orders whatever options are available to him according to severity
of consequences to the defendant, and that he chooses that available
option which is closest to the point on the continuum that represents
what Coombs (1964) refers to as his ‘ideal’” point. The Grofman (1975a)
model accounts for the Vidmar (1972) data better than Larntz’s (1975)
alternative hypotheses and more fully than does Vidmar's own
hypothesis (see Grofman, 1975a, for details).

Grofman’s (1975a) approach can be briefly illustrated using Hamil-
ton’s (1976) three decision alternatives: not guilty (N), guilty of unpre-
meditated murder (U), and guilty of premeditated murder (P). Consider
the verdict alternatives as on a continuum NUP with respect to verdict
severity, and consider an individual whose most preferred verdict out-
come is at some point on this continuum. In general, a curve is said to be
single-peaked if it changes its slope at most once from up to down
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UTILITY

N u P

Fig. 6. Single-peaked curves along a severity dimension.

(Black, 1958; Grofman, 1969); Grofman (1975a) postulates that all juror
preference orderings of verdict options are single-peaked on a severity-
based continuum. This means that if the individual juror’s verdict pref-
erence function is indeed single-peaked with respect to the NUP con-
tinuum, then it can be represented as one of the four patterns in Figure
6. Of the six possible ways of ordering three items, the assumption of
single-peakedness permits four possible preference orderings: NUP,
UNP, UPN, and PUN. It precludes the other two: NPU and PNU. In any
choice among these alternatives (pairwise or not), that alternative is
preferred which is closest in utility to the individual’s most preferred
outcome. Actual utility assignments—that is, the desirabilities to the
juror of each of the three verdicts—are irrelevant for purposes of this
model. All that matters is the ordinality of the preference orderings.
Subjects in Hamilton's (1976) mock jury experiment were adminis-

‘tered a questionnaire which included questions about verdict and ver-

dict certainty; half of the subjects were allowed to choose only between
not guilty and guilty of premeditated murder, while half had the
additional option of guilty of unpremeditated murder. Fifty-eight sub-
jects completed this portion of the experiment. Subjects were also asked
to rate the fairness, on a scale from 0 (not at all fair) to 100 (completely
fair), of each of four verdicts: N, U, P, and manslaughter, M. 8 Fairness
judgment data is available for 56 of the 58 subjects.

Table I presents the verdict distributions by experimental condi-
tions. Hamilton’s (1976) data bear out Vidmar’s (1972} hypothesis: ac-

8We shall omit the data dealing with fairness judgments of manslaughter in the discus-
sion that follows.
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TaBLE I. VERDICT PREFERENCES BY VERDICT-
OrtioN CoNDITIONS IN HAMILTON (1976)

DaTa
N u P
Two-option condition .70 31
(20) ©)
Three-option condition .38 .52 10

aw @

Note, 58 subjects.

quittals decreased from 70% to 38% when the unpremeditated murder
verdict was permitted as an option. On the other hand, the Larntz (1975)
model applied to Hamilton's (1976) data does not yield a good fit. The
ration of P to N verdicts in the three option condition is 3/12 (.25) while
the analogous ratio in the two option condition is 9/20 (.45). The Larntz
(1975) model predicts these two ratios to be identical.

We may also check to see whether verdicts were chosen consistently
with a single-peaked preference ordering. Let x, = the fraction of jurors
with preference ordering NUP, x, = the fraction of jurors with prefer-
ence ordering UNP, x; = the fraction of jurors with preference ordering
UPN, and x, = the fraction of jurors with preference ordering PUN.
Under our single-peakedness assumption, if we assume that the under-
lying preferences of jurors are unaffected by whether they have been
put in a 2-verdict or.a 3-verdict condition, then we may reconstruct
the underlying preferences of our jurors by attempting to solve the
following set of independent equations (see Grofman (1975a) for math-
ematical details):

20

x1+x2=2—9 - (20
9
xs+X4=2—9'
11
x1='2—9"
15
XQ+X3=2_9'

Since this equation set has a consistent solution, namely x, = 11/29 =
(.38), x, = 929 = (.31), x3 = 6/29 = (.20), and x4 = 3/29 = (.10), we do
not reject the assumption of single-peakedness.
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We are, however, in a position to test the single-peaked assumption
more directly than was possible with the Vidmar (1972) data, if we
assume that verdicts are preferred in order of fairness. Then, by looking
at the individual juror’s fairness rankings of the P, U, and N verdicts,
we may establish each juror’s preference ordering over these verdict
options. Under this assumption as to the relationship between verdict
fairness and verdict choice, the hypothesis that verdict preferences are
single-peaked is strongly supported in Hamilton’s (1976) data: 55 of the
56 mock jurors for whom we have fairness data exhibit single-peaked
preference.

However, the link between perceived verdict fairness and verdict
choice is in actuality not perfect. Four of the 56 jurors violated this
decision rule. In the two-verdict option case, a juror with (nonsingle-
peaked) preference PNU voted for acquittal. In the three-verdict option
case, three of the 14 jurors with preferences NUP voted for unpremedi-
tated murder rather than acquittal. There are, also, certain other features
of Hamilton’s (1976) data that suggest the need for caution in interpret-
ing her findings as support for a single-peaked model of juror choice.
Even though we cannot reject the null hypothesis that the juror prefer-
ence orderings in the two-option and three-option conditions are de-
rived from the same population; in Hamilton's (1976) data the propor-
tion of PUN orderings is higher in the two-option condition than in the
three-option condition, while the proportion of UPN orderings is higher
in the three-option than in the two-option condition. Such a finding
suggests the possibility of an anchoring effect (Parducci, 1963; Sherif &
Sherif, 1967) in which the introduction of the unpremeditated murder
verdict option in the three-option condition reduces jurors’ perceived
fairness of premeditated murder and/or increases their perceived fairness
of unpremeditated murder in such a way as to shift some jurors from a
PUN to a UPN ordering. We shall not, however, attempt to pursue this
issue further here.

As one final point, in the case of multiple verdict options, the exis-
tence of a single-peaked ordering underlying juror preferences elimi-
nates the probability of a ““paradox of cyclical majorities.”” Consider three
individuals A, B, C and three alternatives x, y, and z. Assume the
individuals have transitive preference orderings:® xyz, yzx, and zxy, re-
spectively. If they must choose an alternative by majority voting, the
group’s preferences are not transitive since x receives a majority over y

“and y receives a majority over z, but z receives a majority over x. This
cycle among alternatives is known as the paradox of cyclical majorities.

9An ordering is said to be transitive if x preferred to y and y preferred to z guarantees that
x is preferred to z.
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In the case where there is a paradox of cyclical majorities the order in
which alternatives are voted on is often crucial in determining the group
choice (see Grofman, 1969). Analogous cycles can obtain for any quorum
rule other than unanimity. Even in the case of unanimous verdicts,
"“unless all the jurors prefer the same action some will have to retreat on
their preferences in order to secure a unanimous verdict’” (Kaplan, 1968,
p- 1081). Thus, multiple verdict options could be expected to (a) result in
deadlock, or (b) result in a paradox of cyclical majotities where no one
verdict alternative is the “clear” group choice, or in manipulation of
verdict choice based on the order in which alternatives are voted. How-
ever, Black (1958) has shown that when preferences are single-peaked,
the paradox of cyclical majorities cannot occur. 1 Thus, we would antici-
pate that, when juror preferences are single-peaked, that verdict alterna-
tive which can receive a majority in paired contest versus each and every
other verdict alternative would be the one chosen, and Black’s (1958)
theorem guarantees that for single-peaked preferences such an alterna-
tive will always exist.

ExPECTED REGRET

Kaplan (1968) has proposed a model of juror choice, minimizing
expected regret, which can be extended to the multiple verdict options
case, and which can be related to our discussion of single-peakedness.
Consider the payoff matrix shown in Figure 3. Denote the ij entry of this
matrix as Vi;. We may define a new ““regret” matrix with entries

maxV (21)
() _y,

Such a matrix is shown in Figure 7.

Kaplan (1968) has proposed that jurors should prefer C to A if and
only if their expected regret is less in the former than in the latter case,
that is, if and only if

Vere P(Glx) + Vapg p(Glx) < Vynr p(Ilx) + Vep, p(Ilx)

It is easy to see that this condition is identical to the expected utility
maximizing condition previously expressed in Equation (13). More gen-
erally, we may readily show (Grofman, 1976b) that the rule ““minimize
expected regret” and the rule “‘maximize expected utility” are identical,
even for cases where there are more than two alternatives.

10Strictly speaking, this result holds only for N odd. However, we may posita tie-breaking
mechanism for N even.
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G [ 0 Vorg * Vg ]
! l YSEAN| 0 J

Fig. 7. Regret matrix analogue to matrix shown in Figure 3.

Kaplan extends his analysis of the minimize-expected-regret rule to
cases where jurors are confronted with multiple decision alternatives
and presents a regret matrix for a four option case (M, 1st-degree mur-
der; M,, 2nd-degree murder; M, manslaughter; and I, acquittal) which
‘we have reproduced as Figure 8. This matrix expresses values on a scale
from O to 100 as assigned by a nonlawyer decision-theorist colleague of
Kaplan (Kaplan, 1968, p. 1079).

In Kaplan's (1968, p. 1079) view, this matrix, while

it probably corresponds to what most lawyers would write down as their
regret matrix, . . . appears to show much too little regret over the conviction
of the innocent or the conviction of the guilty of an unjustifiably severe
offense. Thus, according to the matrix, the conviction of the defendant for
manslaughter when in fact he was guilty of first-degree murder is just as
regrettable as the conviction of first-degree murder of a defendant who is in
fact guilty only of second degree murder.

While there are an infinite number of utility matrices compatible with
the regret matrix shown in Figure 8, if, for simplicity, we let V, = 100,
we obtain the utility matrix shown in Figure 9. Note that the payoffs
shown in each column of this matrix are, in fact, single-peaked. Hence
the verdict judgments of Kaplan’s colleague also appear to reflect a
unidimensional severity continuum.

Kaplan’s (1968) model permits an important extension on the
analysis offered by Grofman (1975a) in that it makes explicit the proba-

v v v VI
M1 M, Mg

5 10 20

My 0
0 5 15

M, 10
Mg 40 15 0 10
1 100 70 40 0

Fig. 8. Kaplan's (1968) regret matrix for four-option case.
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v v v v
My M, Mg I
My 100 95 90 80
My 90 100 95 85
Mg 60 85 100 90
1 0 30 60 100

Fig. 9. Utility matrix constructed from matrix of Figure 8 assuming vy = 100.

bility component of juror choice in which jurors estimate the likelihood
that a defendant is guilty of the various possible offenses and then pick
that verdict alternative which maximizes their expected value (minimizes
their expected regret).

NONDELIBERATIVE MODELS FOR AGGREGATING JUROR
CHOICES AS A FUNCTION OF JURY SIZE AND JURY QUORUM
RULE

THE ONE-PARAMETER MODEL

So far, we have looked only at the individual aspects of juror choice,
using signal detection theory to characterize jurors in terms of an ROC
curve and looking at juror utility and regret matrices. Clearly we need to
know how juror choices come to be aggregated into a jury verdict. This
aggregation can be expected to vary as a function of the predeliberation
distribution of juror choices, and as a function of the persuasion-
conformity process by which the jury comes to a consensus. Each of
these factors might, in turn, be expected to vary as a function of jury size
and jury quorum, that is, majority requirements. In this section, we
will confine ourselves to models for predicting the predeliberation dis-
tribution of jury opinion. On p. 330 we will deal with modeling the
impact of the group deliberation on jury verdict.

A simple model to predict the impact of jury size on the predelibera-
tion distribution of verdict choices is one which postulates that jurors
have some identical probability, p., of voting for conviction. Presum-
ably pc is a function of juror discrimination capacities and the “diffi-
culty” of the case. (See our discussion of the ROC curve above. Note
that p. here has a different meaning than the p previously used.) This
simple binomial model can be used for juries of sizes six and twelve, to
predict the probability of a predeliberation majority of at least any given
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number or proportion. Results for 4/6 (8/12), 5/6 (10/12), or 6/6 (12/12) are
shown in Table II.

This one-parameter binomial model (or a variant thereof) has been
investigated by a number of authors (see, e.g., Auchmuty & Grofman,
1972; Davis, 1973; Davis et al., 1977 Feinberg, 1971; Friedman, 1972;
Gelfand & Solomon, 1973; Grofman, 1974, 1976b; Lempert, 1975a; Nagel
& Neef, 1975, 1976; Saks & Ostrom, 1975; Walbert, 1971).

As we see from Table II, expected differences in predeliberation
verdict distributions between juries of six and twelve depend heavily on
the size of the special majority the probability of whose occurrence we
are estimating, and on pc. When pc is high, expected distributional
differences between six-member and twelve-member juries are minimal
indeed, especially when we are looking at the probability of a predelib-
eration conviction majority of at least two-thirds. When cases are “hard”
and/or jury discrimination capacities limited (i.e., p¢ near .5), predelib-
eration verdict distributions differ considerably for different sized juries.
Larger juries are more “reliable,” that is, the juries of size twelve are
more likely to reach the same verdict than two juries of size six, when all
juries are drawn from the same juror pool and exposed to the same
evidence.1! (For a more extensive discussion of this point, see Grofman,
1974.)

Using the binomial theorem, it is straightforward to calculate the
probability that, for any given p¢, any particular required verdict major-
ity will be obtained on the first ballot. It can be shown that, regardless of
pc, some jury size and quorum rule combinations are more likely than
others to give rise to a sufficient predeliberation majority to reach a
verdict even before deliberations begin. For example, Saks and Ostrom
(1975, pp. 170-171) note that twelve-member juries with a 9/12 quorom
rule will always be less likely to have achieved a first deliberation major-
ity sufficient to reach a verdict than will five-member juries under a 5/5
rule, regardless of p¢. Unless we know the nature of the group con-
formity and persuasion process in juries of different sizes and with
different decision rules, we cannot conclude from the above finding that
five-member juries under unanimity are less likely to deadlock—in the

1This is a function of the “law of large numbers” (see Feller, 1971; Zeisel, 1971). A related
result applies to damages in civil cases. Zeisel (1971) points out that verdict variance
(measured in monetary terms) should be less in larger sized juries; that is, the larger
sized jury would be more likely to award similar damages in similar cases (see also
Lempert, 1975, pp. 680-681). The same argument applies to verdict variance in general,
that is, two twelve-member juries hearing the same case are more likely to reach the
same verdict than two six-member juries hearing the case—where all juries are drawn
from the same juror pool.
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end—than juries of twelve members operating under a 9/12 rule, a point
which Saks and Ostrom (1975, p. 173) clearly recognize. Nonetheless,
such a computation supports *‘the view . ... that a 9-of-12 standard is less
stringent than 5-of-5.” (Saks, 1977, p. 33).12

In looking at juty decision-making, itis necessary to look at both the
outcome of deliberations and the process of deliberation. The U.S. 5u-
preme Court majority in Johnson v. Louisiana (406 U.S. 356 (1972)) and
Apodaca v. Oregon (406 U.S. 404 (1972) has argued that neither verdict
outcomes nor the deliberative process would be significantly affected by
the elimination of a jury unanimity requirement. Similarly in Williams v.
Florida (399 U.S. 78 (1970)), the Court held that size reduction would not
affect the deliberative process. Justice White, speaking for the five-
member majority in Johnson, asserted,

We have no grounds for believing majority jurors, aware of their respon-
sibility and power over the liberty of the defendant, would simply refuse to
listen to arguments presented to them in favor of acquittal, terminate discus-
sion, and render a verdict. On the contrary, it is far more likely that a juror
presenting reasoned argument in favor of acquittal would either have his
arguments answered or would carry enough jurors with him to prevent
conviction.

Justice Douglas, speaking for three of the minority in Johnson, rebut-
ted these sanguine observations.

As soon as the requisite majority is obtained, further consideration is not
required . . . even though dissident jurors might, if given the chance, be able
to convince the majority. . . . It is said that there is not evidence that majority
jurors will refuse to listen to dissenters whose votes are unneeded for convic-
tion. Yet human experience teaches that polite academic conversation is not
substitute for the earnest and robust argument necessary to reach unanimity.

12The Louisiana law whose constitutionality was challenged in Johnson v. Louisiana in-
volved covarying levels of size and jury quorum rule. In Louisiana, capital crimes are
tried before twelve-man unanimous juries (in Louisiana, until its recent nullification by
judicial review, the law required that women be excluded from jury service unless they
specifically requested the opportunity to serve). Serious crimes are tried before twelve-
man juries where at least nine must concur ona verdict and lesser crimes are tried before
five-man unanimous juries. The appellant argued that his trial by a 9-0f-12 jury gave him
less protection from conviction than persons tried before 12-0f-12 or 5-0f-5 juries, the
9.0f-12, he asserted being the easiest rule to obtain a conviction.
The Court's answer to this argument was:
{TThe State does make conviction more difficult by requiring the assent of all 12
jurors. Appellant might well have been ultimately acquitted had he committed a capital
offense. But. .. the State may treat capital offenders differently without violating the
Constitutional rights of those charged with lesser crimes. As to the crimes triable by a
five-man jury, if appellant's position is that it is easier to convince nine of 12 jurors than
to convince all of five, he is simply challenging the judgment of the Louisiana legisla-
ture. (Saks, 1977, pp. 32, 35, note §, with citation from majority opinion in Johnson v.
Louisiana 406 U.S. 356.)







