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Many factors contribute to whether juries reach correct verdicts. Here we focus on the
role of diversity. Direct empirical studies of jury deliberation are severely limited for conceptual,
practical, and ethical reasons. Using an agent-based model to avoid these difficulties, we argue
that diversity, in the form of subgroups within a jury, can play at least four importantly different
roles in affecting jury verdicts. We show that when different subgroups have access to different
information, equal representation can strengthen epistemic jury success, and if one subgroup has
access to particularly strong evidence, epistemic success may demand participation by that
group. Diversity among subgroups can also reduce the redundancy of the information on which a
jury focuses, which can have a positive impact. Finally, and most surprisingly, we show that
limiting communication between diverse groups in juries can favor epistemic success as well.

Traditionally, juries are conceived of as finders of fact, and the question of what makes a
good jury is a question of social epistemology. On the standard characterization, it is the jury’s
job to find a criminal defendant guilty if and only if they really are guilty. On a more
sophisticated characterization, the jury’s job is to find the defendant guilty if and only if the

prosecution has successfully shown that the accused is guilty. On either characterization, the
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jury’s job is to make a judgment about what is true—an essentially epistemic task. Grim and
Singer, et al. (2024) recently constructed a simple model to track several ways in which diversity
(or the lack of it) can contribute to or hinder the epistemic success of juries. We discuss the
model from that paper here.

Computational simulation of jury decision-making has a venerable history, with the
work of Penrod and collaborators as a seminal beginning (Penrod & Hastie, 1980; Hastie,
Penrod, & Penington, 1983; Tanford & Penrod, 1983; see also Stasser & Davis, 1981).
These early models used a basic ‘strength-in-numbers’ mechanism for opinion updating,
in which individuals’ opinions are swayed by the number of other jurors in each ‘camp,’
although individuals could differ in ‘persuadability.” Garold Stasser’s (1988) model for
small group decision-making is the clearest predecessor of our work here. Stasser’s
model used items of information with weights and valences, a parameter for advocacy in
‘sharing’ items with the group, probabilistic ‘recall’ of that information from memory,
and different levels of consensus as decision rules. A major focus of the Stasser model
was the failure of groups to find ‘hidden profiles’—superior decision alternatives that are
revealed only when members pool information initially held by just a few. In discussing
these hidden profiles, Stasser hypothesizes that “in the presence of a hidden profile, a
minority may act as a catalyst facilitating the discovery of the superior decision
alternative,” suggesting that diverse groups might perform better than more homogenous
ones (1987, p. 416). Here, we focus on that idea by exploring models of jury information
sharing where certain information may be accessible (or more accessible) to only certain

members of a group, bringing the issue of epistemic diversity to discussions of the
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dynamics and outcomes of jury decision-making (see also Hong and Page 2004;
Thompson 2014; Page 2015, 2018; Kuehn 2017; Singer 2019; Grim et al. 2019).

Recent models and mathematical results support an important role for cognitive diversity
in group epistemic success, largely because diversity either increases the amount of unique
information and cognitive skills brought to the group or because it reduces information or skill
redundancy (Hong & Page, 2004; Weisberg & Muldoon, 2009; Zollman, 2010a). However, the
precise conditions under which diversity allows groups to outperform high-ability individuals
remain contested (Thompson, 2014; Kuehn, 2017; Singer, 2019). To test these dynamics
specifically within the parameters of a courtroom setting, we develop and apply an agent-based
model of collective information aggregation to the study of diversity in jury decision-making.

Our modeling has a limited focus within a far broader literature across a range of
disciplines. There are many factors besides diversity that affect jury verdict accuracy and that
have previously been considered by scholars in the law, in empirical studies, and in some cases
with formal modeling, including jury size (Saks and Marti 1997), standards of legal proof (Koch
and Devine 1999, Laudan 2008), and deliberation styles (Devine et al. 2007). There is a
particularly interesting divergence on whether unanimity or a mere majority decision should be
required of a jury. A range of empirical results indicating that unanimity has an epistemic
advantage (Devine 2012) conflict with previous analytic and computational results that
recommend majority voting with a threshold as low as >50% (List, 2004; Angere, Olsson, &
Genot, 2016). Below we use three decision rules (>50%, >80%, and unanimity) to test the role of

diversity in jury decision-making.
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Method

There are two kinds of entities in our model: jurors (the agents) and reasons, which
support or oppose verdicts. The reasons exist independently of the jurors, each can be held by a
juror (or not), and the same reason can be held by multiple jurors. Deliberation consists of jurors
sharing reasons, and deliberation ends when the jurors all agree. Diversity is modelled by
specifying the number of jurors in each of two different subgroups (A and B). The model as
described here should be thought of as a “base version.” In the Results section, we show the
output for this base version, and we vary how diversity is operationalized in order to draw out
different ways diversity can impact group decision making.
Agents and their Properties

In our model, jurors have reasons and exchange those reasons with other jurors. Here we
discuss jurors and reasons in turn and then describe how jurors get their initial reasons.
Jurors

We assume 12 jurors per run, mimicking the most common US jury size, though the
model allows users to modify this. Jurors have two properties. The first is their memory, which
holds their collection of reasons. We assume that agents can ‘remember’ an unlimited number of
reasons. Second, agents have a fixed subgroup membership, which specifies them as either in
subgroup A or subgroup B. We use these subgroups to model diversity, and we describe in detail
further below how subgroup membership affects agents.
Reasons

Each reason has a valence—positive or negative, indicating whether it is a reason to think

the defendant is guilty (positive) or not guilty (negative)—and a real-valued strength between 0
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and 1.! At the start of each run, 100 reasons are created and remain fixed throughout. Following
Singer et al. (2019, 2021), we think of the reasons as all the facts or pieces of evidence relevant
to the verdict in any given case, and we regard the ‘truth’ in a run of the model to be guilty if the
reasons with positive valence have a higher total strength than the reasons with negative valence
(and not guilty otherwise).

Formally, we create each reason by drawing a strength value at random from a beta
distribution with a = 1 and = 1.5 (Figure 1), then assigning it a positive or negative valence
uniformly at random. With a =1 and = 1.5, the beta probability density distribution has a mean
of 0.40, so relatively weak reasons are more common than strong ones, and the resulting values
(after a valence is assigned) are constrained on the [-1, 1] interval, following Singer, et al.
(2019). Exploratory tests show that the qualitative results are invariant to changes in a and f that
roughly preserve the prevalence of weak versus strong reasons.

Figure 1. Beta distribution with o.=1 and f = 1.5
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' Although we talk as though a reason with a positive valence is a reason to see the defendant as guilty and a
negative one as a reason against guilt, it’s also possible to adopt a proof-centric conception by viewing reasons as
reasons to think that a guilty verdict has been proven by the prosecution or not. The model is also completely
symmetric with regard to guilt and innocence, so the valences can be swapped without affecting the results.
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How Jurors Get Initial Reasons

At the beginning of each run, each agent receives 15 reasons. A juror’s starting reasons
represent their background knowledge and what they find salient from the trial. To investigate
the role of diversity in jury verdicts, we start by thinking of different subgroups of the population
as having differential access or sensitivities to bodies of evidence on different sides of the
question of guilt. The idea is that members of different social groups, because of their
background information or experience, may be more sensitive to different bodies of evidence.
So, rather than simply assigning jurors reasons at random, in the base version of the model we
assign jurors reasons as a function of their membership in either subgroup A or subgroup B, in
what we think of as a model of ‘sided access.’

Like the jurors, we divide the reasons into two types, designated with letters A and B. We
start with reasons with positive valence designated as A reasons and those with negative valence
designated as B reasons. We then create a pool that contains both A and B reasons (“the AB
reasons’ or “the reasons in common”). We form the overlap pool of AB reasons by drawing a
particular percentage of reasons (controlled by the probability-overlap slider on the model
interface) equally from the A and B sets. So now we have A reasons (all positive), B reasons (all
negative), and AB reasons (a mix of positive and negative reasons).

After we divide up the reasons in this way, jurors of each subgroup (A and B) are
assigned 15 reasons chosen uniformly at random from reasons that either match their subgroup
or are in the reasons in common. That is, each A juror starts with 15 distinct reasons randomly
drawn from the A U AB reasons; similarly for B jurors. The model thus includes two subgroups
of jurors who, in expectation, have partially distinct and partially overlapping access to the

reasons, with A jurors more likely to have positive reasons (because of their exclusive access to
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the A reasons), and B jurors more likely to have negative reasons (because of their exclusive
access to the B reasons). Note that the same reason may be held by multiple jurors, and some
reasons may be held by no one. In different subsections below, we modify this assignment
method; the above is the base version.

Once jurors have reasons, we think of them as having a belief or opinion about the case. At
any given moment, the opinion or belief of a juror is modelled as the sum of the reasons they
hold weighted by their valences. So, for example, if a juror has three reasons of strength 0.2 and
one reason of strength 0.05 to believe the defendant is guilty (positive valence), and one reason
of strength 0.35 for not guilty (negative valence), the juror will, all-things-considered, believe the
defendant is guilty and will do so with strength 0.3 (i.e., 0.2 + 0.2 + 0.2 + 0.05 — 0.35). On the
model’s interface, jurors are displayed as circles, with shades of blue representing belief in guilt,
shades of red representing belief in innocence, and darker colors indicating stronger beliefs.
Agent Interaction

The dynamics of our model are very simple: The model proceeds in time steps, and in each
step, a random juror is chosen to share a random reason they have. The shared reason might be a
reason they started with or a reason they have subsequently heard. In the simplest versions of the
model, anytime a juror shares a reason, all of the other jurors hear it and add it to their collection
of reasons. In the last Results subsection, we consider a modification of the model, where jurors
of different subgroups only hear each other probabilistically. The base model is simple in that
each time step consists of a random juror sharing a random reason. If a juror already has that

reason, they do nothing, but if it’s new to them, they add it to their memory.?

2 In other work, we consider more sophisticated ways jurors might share information and manage a limited
memory (e.g., Singer et al. 2019, 2021). Here, however, to focus on the effects of jury diversity, we put
aside those complications.
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Agent Decision Rules

At the end of each time step, we assess the status of the jury by examining the valence of
the beliefs held by each juror. If all 12 jurors have a belief with a positive valence, the jury
unanimously agrees that the defendant is guilty; if only 7 do, then the jury is split with >50%
believing the defendant is guilty but not the full group. Because jurors continually accumulate
reasons, hung juries are vanishingly rare.

As mentioned above, we think of reasons as pieces of information that are relevant to the
verdict, and we model the ‘truth’ as what is supported by all of the reasons, that is, what one
would believe if one had access to all the facts relevant to the verdict. Using that notion of truth,
we can assess how the jury performs. Perfect jury success happens when the jury unanimously
agrees that the defendant is guilty when the defendant is in fact guilty and unanimously agrees
that the defendant is not guilty when the defendant is in fact not guilty. We also measure
performance at less-than-full unanimity using simple (>50%) and super (=80%) majorities,
though these variations do not substantively affect our main claims about diversity’s impact on
accuracy.

Importantly, this framework allows that a jury may agree on an incorrect result through
no fault of its own. This can happen because truth is defined by all the reasons, not just those the
jury has access to. We think this accurately reflects real jury trials, where relevant information
may never reach the jury. That said, none of our results depend on this modeling choice. To
verify this, the model has a variable, initial-best-evidence, the valence of which tracks
the valence of the sum of the reasons actually held by jurors. More advanced readers will find

that they can recreate the results using that variable instead of truth.
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Process Scheduling

Figure 2 diagrams the model’s operation. It begins by creating jurors and reasons,

and then giving jurors their initial reasons. It then cycles through repeated rounds of

deliberation until all agree. We also check verdict proportions after each step and record

accuracy for simple (>50%) and super (>80%) majorities the first time they occur, in

addition to unanimity.

Figure 2. Workflow diagram of the model, including setup, each step of the model,
and the halting condition for ending a run.
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Note: The verdict and the number of steps is also recorded the first time >50% and >80% of the
jurors agree, but the model continues running until all jurors agree. We repeat the
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process from start to consensus 10,000 times.

Fixing the percentage of ‘reasons in common’ (by setting the probability-overlap slider

on the model interface to 50%, for example) and a decision rule (simple majority, super majority,

or unanimity), we track diversity’s effect by varying the A/B jury composition (0/12, 1/11, 2/10,
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etc.) and noting epistemic success—the proportion of correct verdicts. Below we report this
measure as the proportion of correct verdicts across 10,000 runs.
Results

The following four subsections explore four contributions that subgroup diversity can
make to epistemic jury success, using the base model and three variations. Using the base model,
the first subsection shows that ‘sided access’—different subgroups accessing different
information—makes equal representation favor jury success. The second subsection highlights
the importance of diversity in cases of ‘sided access to better information,” where one subgroup
has access to particularly strong evidence. The third subsection explores diversity in cases of
‘random differential access,” where differences in access to information reduce redundancy,
which benefits the jury. The fourth subsection presents the surprising result that ‘enclave
communication’—limiting communication between diverse subgroups—can also favor jury
success.
Diversity and Sided Information Access

The base model has jurors in different subgroups accessing different reasons (plus
reasons in common), thus modeling diversity as differential sensitivity to trial information or
background knowledge. Figure 3 shows jury success for different A/B juror compositions (with
AB reasons always set at 50%). This is plotted for each of the three decision rules. As
throughout, the results summarize 10,000 runs using juries of 12. They show that unanimous
juries do best across all A/B proportions, and that the gap between the unanimous and the two
lower-majority decision rules (i.e., >50% and >80%) is most pronounced with equal

representation.
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Figure 3. Epistemic jury success (proportion of correct verdicts) for juries of different A/B
compositions when Type A jurors and Type B jurors have differential access to
positively valent (incriminating) and negatively valent (exculpatory) reasons.
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Note: Type A jurors have exclusive access to half of the positively valent reasons (the Type A
reasons), Type B jurors have exclusive access to half of the negatively valent reasons (the
Type B reasons), and both types of jurors have access to all remaining reasons (the Type
AB reasons). Results are aggregated over 10,000 runs using juries of size 12 and are
plotted for three verdict decision rules: unanimity, 80%, and simple majority.

In this first simulation, we have assumed that all A reasons are positive in valence,
supporting a guilty verdict, and all B reasons are negative, supporting a not guilty verdict. In this
model, it is still possible for A jurors to draw both negative and positive reasons among their
initial 15, since they draw from a pool of reasons in common as well as from what we might call
a pool of ‘exclusively A reasons’ (i.e., A reasons outside of ‘reasons in common’). The same

holds for B jurors, who draw from a pool of reasons in common as well as from a pool of

‘exclusively B reasons’ (i.e., B reasons outside of ‘reasons in common’).
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We can also relax these assumptions to model cases where differential access does not
perfectly align with valence, creating a new parameter—the correlation between reason type
(exclusively A or exclusively B) and valence—controlled by the reason-type-valence-
correlation slider on the model interface. With a perfect 1.00 correlation (as above), exclusively
A reasons all support guilt and exclusively B reasons all support innocence. With lower
correlations, exclusively A reasons are less likely to be positive and exclusively B reasons less
likely to be negative. Figure 4 repeats the simulation with a 0.50 correlation—75% of positive
reasons are A and 75% of negative reasons are B, with 50% of each type converted to AB—
achieved by setting the reason-type-valence-correlation slider to 0.50.

In this case, equal representation again shows epistemic superiority, though the
disadvantage at the unequal ends is dampened by the reduced correlation (compare Figures 3 and
4). Unanimous juries remain clearly superior, and the difference between using the 80% and the

simple majority rules has nearly vanished.
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Figure 4. Epistemic jury success (proportion of correct verdicts) for juries of different A/B
compositions when there is only a 0.50 correlation between reason Type A vs. B and
reason valence.
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Note: As before, Type A jurors have exclusive access to the Type A reasons, and Type B jurors
have exclusive access to the Type B reasons, and both types of jurors have access to all
remaining reasons (the Type AB reasons). However, now only 75% of the Type A
reasons are positive, and only 75% of the Type B reasons are negative. Results are
aggregated over 10,000 runs using juries of size 12 and are plotted for three verdict
decision rules: unanimity, 80%, and simple majority.
When Evidence is Stronger on One Side
In the base model, sided access was symmetric: with valences assigned uniformly at
random, we could expect that the average strength of reasons accessible to A and B jurors was
roughly equal. Here we ask what happens when evidence is stronger on one side—’sided access

to better information.” What if B jurors are not only more sensitive to exculpatory evidence, but

that evidence is also stronger? In such a case, initial ‘reasons in common’ as well as those
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accessible only to A jurors (‘exclusively A reasons’) might indicate a close call between guilty
and not guilty, yet there might still be significant exculpatory evidence that is initially available
only to B jurors (‘exclusively B reasons’). If so, at what strength and at what proportion of B
jurors can we expect correct verdicts in these cases?

To model this, we again assume that 50% of our reasons are reasons in common (AB
reasons), that all exclusively B reasons are negatively valent, and that all exclusively A reasons
are positively valent. We restricted our sample data to cases in which (by chance) the sum of the
entire pool of reasons was negative (so, the truth is “not guilty”). We collected 10,000 randomly-
produced runs where the sum of the entire pool of reasons fell between -11 and -10 (including -
10 but excluding -11), between -10 and -9 (including -9, excluding -10), etc. until the interval -1
to 0 for every possible combination of A/B jurors (0/12, 1/12, etc.). Figure 5 shows the results.

Not surprisingly here, jury success is driven by two factors: evidence strength and the
representation of the better-informed subgroup. With a strong case (sum between —11 and —10),
a jury composed of as few as 25% B jurors produces success rates comparable to the highest in
earlier simulations. These results confirm two expectations: (a) representation by the better-
informed subgroup is essential, and (b) when their evidence is particularly strong, even minority
representation can suffice. As the case grows more subtle (the sum of reasons approaches 0),

more members of subgroup B are required for high success.
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Figure 5. Epistemic jury success (proportion of correct verdicts) for juries of different A/B
compositions under a unanimity decision rule when the sum of the full reason pool is
negative at different strengths.
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Note: Type A jurors have exclusive access to half of the positively valent reasons (the Type A
reasons), Type B jurors have exclusive access to half of the negatively valent reasons (the
Type B reasons; so, a perfect 1.00 correlation between A vs. B reason type and reason
valence), and both types of jurors have access to all remaining reasons (the Type AB
reasons). Results are aggregated over 10,000 runs using juries of size 12.
Diversity and the Reduction in Informational Redundancy
One purported benefit of diversity is an increase in the total information and skills
in the group (Singer, 2019). Lu Hong and Scott Page show a ‘diversity trumps ability’

effect: groups with randomly diverse heuristics can outperform groups of individuals

with the highest individual performance (Hong & Page, 2004; Page, 2007; Page, 2011;
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Page, 2017). Although the landscape that Hong and Page (2004) used in their model
appears to have been crucial to this result (undercutting its generality), diverse heuristics
have nevertheless been shown to play an important role across a range of problems (Grim
etal., 2019).

The informal explanation given for the Hong and Page ‘diversity trumps ability’
effect, where it does hold, is that a group of highest-performing individuals will share the
same heuristics. A random group will likely not. It is the redundancy of heuristics in the
group of highest-performing individuals, and the non-redundancy in the random group,
that explains the greater success of the latter.

In this subsection, we consider cases where different subgroups have different
initial access to different pieces of information, but there is nothing special or distinctive
about the kind of information they have access to. This stands in contrast to the base
version of the model, where we assumed that the sided access was (at least likely to be)
information on one side of the question. In cases of ‘random differential access,” we see a
benefit of diversity that mirrors the Hong and Page result, where the mere fact that
different subgroups have access to different pieces of information provides a benefit
(albeit a smaller one) to the group.

In this variation of the model, juries again have two subgroups with exclusive
access to different reasons, but with no correlation between reason type and valence
(reason-type-valence-correlation = 0) and no difference in average evidence strength on
either side. The only difference between subgroups is which individual reasons they

initially have access to. The results are shown in Figure 6.

16
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Figure 6. Epistemic jury success (proportion of correct verdicts) for juries of different A/B
compositions when there is no correlation between reason Type A vs. B and reason
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Note: As before, Type A jurors have exclusive access to the Type A reasons, and Type B jurors
have exclusive access to the Type B reasons, and both types of jurors have access to all
remaining reasons (the Type AB reasons). However, now reasons are assigned randomly
to the A and B types, without regard to either the sign or strength of their valence. Results
are aggregated over 10,000 runs using juries of size 12, and are plotted for three verdict
decision rules: unanimity, 80%, and simple majority.

Success is again highest when juries use the unanimous decision rule, with the 80% and
>50% rules performing worse. The difference is small (note the y-axis range) but clearly
evident. Success is fairly uniform with substantial representation of both subgroups, falling off
only at the less-diverse ends.

Why does this happen? Since the true verdict is fixed by all the reasons, the more reasons

that are considered, the greater the chance of a correct verdict. Since different subgroups have
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access to different pieces of information in these runs, in a more diverse jury, jurors are less
likely to bring the same reasons to the discussion, increasing the number of different pieces of
information considered. So here, non-redundancy explains diversity’s positive epistemic effect,
and redundancy explains the weaker results of homogeneous juries.

The Benefits of Limited Communication with Diversity

It is a standard part of liberal belief (at least as old as John Stuart Mill) that diversity has
epistemic benefits. For example, this is a central tenet of the recent literature on the epistemic
benefits of democracy (Anderson, 2006; Estlund, 1993, 2008; Goodin & List, 2001; Landemore,
2012; Berger & Sales, 2020). All of our results so far support this idea.

At the same time, it is often noted that diversity brings communication difficulties
(Beyer, Edwards, & Fuller, 2015; Rickford & King, 2016; Jones, et al., 2019; Putnam, 2007). In
this subsection, we model the effect of limiting communication between diverse enclaves. Our
results challenge the liberal idea that increased communication between subgroups is always
epistemically advantageous (Berry, 1999; Mutz, 2002; Gronlund, et al. 2015; Pettigrew & Tropp,
2006, 2013; Iyengar, et al. 2019). Creating epistemic enclaves, by restricting communication
between subgroups, can in some cases result in greater epistemic success of the full group.

Our previous results assumed perfect communication: all shared reasons were heard and
incorporated by all jurors. To examine the effect of imperfect communication, we start with the
base version of the model, with 12 jurors divided into two subgroups, A and B. We add a
variable probability that a reason shared by a member of one’s own subgroup will be heard by a
member of the other subgroup (the chance-of-hear-offtype-speaker slider), while within-
subgroup sharing remains perfect. For instance, when an A juror shares a reason, all other A

jurors hear it, but each B juror hears it only with some probability. To isolate the effect of
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imperfect communication, we assume 100% reason overlap (all reasons are AB reasons) and 0
valence correlation. Figure 7 shows jury success under unanimity when cross-subgroup
communication is limited.

Figure 7. Epistemic jury success (proportion of correct verdicts) for juries of different A/B

compositions as a function of the probability that a reason shared by a juror of one
type will be heard by a juror of the other type.
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Note: Both Type A and Type B jurors have access to all reasons (i.e., all reasons are AB
reasons), unanimity is the verdict decision rule, and results are aggregated over 10,000
runs using juries of size 12. Results are shaded according to the probability [0.1 to 1] of
an A juror incorporating a reason announced by a B juror, and vice versa.
As Figure 7 shows, overall jury success increases with each decrease in the probability
of successful communication between members of the two juror subgroups. Here the effect is

again small but noticeable, especially when there is substantial representation of both juror

subgroups. When we look at groups that are perfectly split between A and B jurors, with perfect
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communication (chance-of-hear-offtype-speaker = 1), jury success rate is about 78.6% (see
Figure 6). But with a probability of 0.1 of hearing off-type jurors, the success rate of the whole
group reaches about 83.5% (Figure 7). In these runs, there is no difference, on average, between
the subgroups in terms of what reasons they can access or what the valence of those reasons is
likely to be. So, unlike the sections above, there is no way in which the benefits of diversity we
see here could be made sense of in terms of diversity increasing the number of reasons held by
the jury as a whole. The effect we see here is purely due to members of different groups
communicating in an enclaved way. Further, although we do not show the specific results here,
this effect is one that remains no matter how much we decrease overlap and increase the
correlation between reason type and valence.

In the previous section we argued that the epistemically positive non-redundancy effects
of diversity echoed aspects of Hong and Page’s (2004) ‘diversity trumps ability’ effect. The
explanation for the epistemically positive effects of enclave communication that we see here, we
propose, echoes another familiar effect from a model of the social structure of science. In a series
of papers, Kevin Zollman (2007, 2010a, 2010b) shows that there is an epistemic benefit from
‘transient diversity.’ In the simplest case, Zollman considers networks in which agents
independently explore payoffs from two one-armed bandits (essentially two simple slot-
machines that pay either +1 or 0). The agents also communicate results with linked neighbors in
different network structures, including fully connected networks, hub networks, and ring
networks. The communication network that performs best is not the fully connected network in
which all agents have access to results from all others. Rather, the best network is the least

connected one, the maximally distributed ring network. That is also the network that converges
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to a universally agreed result most slowly. Related results regarding the benefits of restricted
communication appear in Grim et al. (2013).

As in our model, information exchange in Zollman’s models ends when the group
converges on a shared answer. Convergence happens because evidence sharing eventually gets
everyone on the same side. In networks that are less connected, it takes longer for a piece of
evidence to be shared across the network, meaning that some agents who might have changed
their mind upon hearing the evidence (potentially resulting in convergence for the group) have
more time to explore. What Zollman saw was that agents in less connected networks generally
have more time to explore on their own before the group converges. That extra exploration
results in the whole group collectively producing more insight into which bandit is best, thereby
increasing the chances that the whole group will converge on the right answer. The increased
success of less connected networks in Zollman’s models is explained by the agents in the less
connected networks collectively exploring more than agents do in the more connected networks.

Our jury model exhibits a similar effect. Limiting communication makes it less likely that
members of one subgroup will hear reasons put forward by members of the other subgroup. As
in Zollman’s models, this means that agents who would have been convinced by such reasons
(potentially resulting in unanimity for the group) are sometimes able to maintain their view when
those reasons go unheard. This results in longer times to convergence in models with more
limited communication. The longer times to convergence mean that more reasons are shared and
a higher average number of reasons end up being held by individual jurors. We see this in the
data: when communication is unlimited in an evenly-split jury (with 100% overlap and 0
correlation), the number of reasons held by an agent when a unanimous verdict is reached is 36.4

(averaged over 100,000 runs). That number shoots up to 45.1 (a 24% increase) when
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communication between the groups is limited to a 0.1 chance of success. So even though limiting
communication reduces the chance that a shared reason will be taken up by a juror of the other
subgroup on any particular occasion, overall, limiting communication increases the total number
of reasons heard by increasing the time to unanimity. This explains their higher success rates. So,
like in Zollman’s models, the increased success of juries with limited communication can be
explained by their exploring more reasons before agreeing.

Our model thus challenges the liberal idea that more cross-group communication is
always better: insulating subgroups can be epistemically beneficial. Of course, taking this to the
extreme would be detrimental—without any cross-subgroup communication, consensus would

rarely occur and success would plummet.

Discussion

We have used a simple agent-based model to explore an overlooked aspect of jury
information aggregation: the role of diversity in epistemic success. Diversity proves important in
four ways. When different groups are sensitive to different kinds of reasons, jury success
demands the maximal diversity of equal representation between the two groups. When reasons
are particularly strong on one side and the differential sensitivity remains, diversity is of even
more importance. Even without assumptions regarding correlation and strength of reasons, lack
of diversity threatens jury success in ways analogous to Hong and Page’s ‘diversity trumps
ability’ result. Finally, and somewhat surprisingly, diversity is of value to jury success in limiting
communication between the groups—a result evocative of Zollman’s ‘transient diversity’ effect.

It is worth emphasizing the limits and artificialities of the model. Our ‘truth’ is reflected
simply in the sum of the strengths of the initial reasons weighted by their valences. Further,

reasons are communicated randomly during decision-making, and jurors have unlimited
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memory. Although we refer to jury opinion-formation as ‘deliberation,” our emphasis is on
collective information aggregation and consensus based on diverse individual information
introduction, exchange, processing, and retrieval. Other aspects of full deliberation—for
example, challenging the structure of other jurors’ arguments, questioning the credibility of
witnesses or the interpretation and relevance of circumstantial evidence—are clearly beyond the
simple model offered here. We do not claim that practical or policy implications follow directly.
These results are best understood as theoretical insights into mechanisms that could operate, at a
high level, in real-world phenomena. Despite those limitations, our results suggest four important
ways in which jury diversity can influence epistemic success.

As noted, empirical results indicate that unanimity has an epistemic advantage (Devine,
2012), even though some previous analytic and computational results have not shown such
benefit (List, 2004; Angere, Olsson, & Genot, 2016). Our results, which incorporate diversity in
ways that those models do not, suggest that unanimous juries do likely have an importantly
higher success rate across all the conditions considered. The suggestion, worthy of further
investigation, is that the epistemic case for unanimity is ultimately tied to fully exploiting the
benefits of diversity.
Engaging with the Model

To deepen understanding of the dynamics between diversity, information sharing, and
jury verdicts, we encourage readers to download and explore the model. It can be found on the
book’s companion website. Below we suggest four experiments, ranging from simple parameter
adjustments to code modifications, all bearing on diversity, unanimity, and jury success.

First, try exploring a “Separate Worlds” scenario. In the results discussed above, we

maintained a moderate overlap in the information available to different subgroups. But what
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happens when that common ground vanishes? Readers can test this by setting the probability-
overlap slider to 0 while keeping the reason-type-valence-correlation slider set at 1.0. In this
scenario, A and B jurors begin with completely distinct facts pointing in opposite directions, as if
from separate epistemic worlds. By running the model a few times and watching the three
monitors below the heading Time (tick) when jury reached..., as well as the Percent of Jurors
with True Belief plot, readers can observe how these “echo chambers” struggle to reach even a
simple majority, let alone full consensus. This is most evident if you compare these runs to a few
runs with the probability-overlap slider set to .5 instead of 0. In the latter case, jurors share a
portion of their reasons in common (i.e., their worlds are only partially separate), and they are
generally able to come to a decision more quickly. Does the lack of common ground in the first
case simply delay the verdict, or does it destabilize the jury entirely? If a unanimous verdict does
still occur, consider why that happens in the model. Comparing these two types of runs will
highlight the role of shared information in bridging diverse groups.

Second, simulate a ‘Lone Dissenter’ scenario, reminiscent of the classic movie /2 Angry
Men. Set num-people to 12 and proportion-type-B-jurors to 0.08 (type this in the box above
the slider). This will generate a jury of eleven members of one subgroup and one of the other. If
the reader also sets reason-type-valence-correlation to 1.0 and the probability-overlap slider
to 0, that lone juror becomes the sole possessor of a specific set of exculpatory or incriminating
evidence. How often can this lone agent persuade the majority? Run the scenario 20 times and
tally the number of correct verdicts under each decision rule (watch the three monitors below the
heading Jury converged on truth?). Compare what you see to what happened when you ran the
completely Separate Worlds scenario (for a fair comparison, you may want to re-run that

Separate Worlds scenario 20 times). How would you characterize the performance of the juries
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with a “lone dissenter” in terms of both speed and accuracy? How does this differ from the
“Separate Worlds” juries? Based on the results you generated, how realistic does the plot
depicted in the movie /2 Angry Men seem to you?

The preceding activities are easy, but their conclusions rest on small samples—20 runs
per condition—which can mislead. More experienced readers can use a BehaviorSpace
experiment to run many trials quickly, with results stored automatically in a spreadsheet. We
have provided three such experiments: one for the ‘Separate Worlds’ scenario, one for the ‘Lone
Dissenter’ scenario, and a third that is explained below. These pre-set experiments can be found
by going to Tools >> BehaviorSpace, and then click open the one you wish to run.?

The Separate Worlds experiment runs the model 1,000 times with proportion-type-B-
jurors set at 0.5, probability-overlap set at 0, and reason-type-valence-correlation set at 1.0
(the completely separate worlds condition), and 1,000 times with proportion-type-B-jurors set
at 0.5, probability-overlap set at .5, and reason-type-valence-correlation set at 1.0 (the
partially separate worlds comparison condition). We recommend selecting ‘table output’ (click
run, then browse next to table output). This produces a data file with one output line per run,
which can be easily tallied in a spreadsheet.

The Lone Dissenter experiment works similarly, but in this case the model runs 1,000
times with proportion-type-B-jurors set at 0.08, probability-overlap set at 0, and reason-
type-valence-correlation at 1.0 (the lone dissenter condition), and 1,000 times with proportion-
type-B-jurors set at 0.5, probability-overlap set at 0, and reason-type-valence-correlation at

1.0 (the same completely separate worlds condition as above). Again, we recommend choosing

* Additional information about creating and running BehaviorSpace experiments can be found in the
BehaviorSpace section of the NetLLogo User Manual: https://docs.netlogo.org/7.0.3/behaviorspace.
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table output. With 1,000 runs per condition, you should now be able to answer more confidently
the questions raised above.

The third BehaviorSpace experiment concerns our finding that limiting communication
between jury members (creating enclaves) can improve jury verdict accuracy. As mentioned,
however, if communication drops too low, the jury will fail to communicate at all. So, up to what
point does limiting communication help? Readers can explore this question with the Limited
Communication BehaviorSpace experiment. It systematically lowers the value of the chance-of-
hear-offtype-speaker slider from 0.1 down to 0.0 in increments of 0.01, running the model 50
times at each step. This is done for both a small jury (num-people = 6) and a large one (num-
people = 50)—1,100 runs total (50 x 11 x 2). Again, select table output. Despite fewer runs than
the other experiments, this one takes longer—be patient. When done, open the output file and
tabulate the percentage (out of 50) reaching a correct verdict under each decision rule in each of
the 22 conditions.* Note in particular the percentage of 6-person and 50-person juries that
reached a correct decision when chance-of-hear-offtype-speaker dropped to 0. Are the larger
juries more or less successful than the smaller juries in this minimum communication situation?
Does the decision rule (>50% vs. >80 vs. unanimity) make a difference? And how is it possible
for a jury to reach unanimity in such a situation? The answer to this last question lies in the
trade-off between the redundancy provided by a large group and the insulation provided by

restricted communication.

4 If a jury deliberates for more than 100,000 ticks without coming to a unanimous decision, the model run
for that jury is terminated, the jury is declared to be hung with respect to the unanimity decision rule, and
no result is output. The same jury may or may not also be hung according to the simple majority and 80%
decision rules, depending on whether or not those less stringent criteria were exceeded before reaching
the 100,000 tick limit.
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Finally, we have several suggestions for more sophisticated modelers who feel
comfortable modifying the model’s underlying code. One is to introduce a third juror subgroup.
Real-world juries are rarely perfectly binary; they often contain factions with distinct theories of
the case or varying focus on procedural versus factual evidence. Adding a C subgroup of jurors
can change the social dynamic from a polarized dyad to a complex triad. This requires adding a
C subgroup and C-exclusive reasons, then creating AC, BC, and ABC reasons in common.
There are many new possibilities to test in this kind of model, since moving from a dyadic
dynamic (A vs. B jurors) to a triadic one (A vs. B vs. C jurors) may reveal non-linear effects in
how diversity impacts verdict accuracy, particularly if the third group acts as a bridge or a buffer
between the other two.

Another suggestion is to modify how jurors’ memory works. As noted, jurors retrieve
reasons randomly from a perfect, unlimited memory—not an accurate description of real jurors.
Several modifications could help. One is to make retrieval (and thus sharing) a function of reason
strength, with stronger reasons more likely to be recalled. Another is to make retrieval also a
function of the juror’s current belief about guilt—an idea from Stasser (1988). Finally, a
forgetting feature could be added: reasons heard during deliberation are forgotten with a
probability that varies with their strength and recency (stronger and more recently heard reasons
are less likely to be forgotten). Determining whether these features—individually or in
combination—preserve the epistemic benefits of diversity described here would bring the model

meaningfully closer to the realities of jury deliberation.
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