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Abstract: Many factors contribute to whether juries reach right verdicts. Here we focus on the role of diversity.
Direct empirical studies of the effect of altering factors in jury deliberation are severely limited for conceptual,
practical, and ethical reasons. Using an agent-based model to avoid these difficulties, we argue that diversity
can play at least four importantly different roles in affecting jury verdicts. We show that where different sub-
groups 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 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.
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Introduction

1.1 Computational simulation of jury decision-making has a venerable history, anticipating major aspects of con-
temporary agent-based modeling with the work of Penrod and collaborators as a seminal beginning (Penrod &
Hastie 1980; Hastie et al. 1983; Tanford & Penrod 1983; Stasser & Davis 1981). These early models use a basic
‘strength-in-numbers’ mechanism for opinion updating, in which individuals’ opinions are swayed by the num-
ber of other jurors in each ‘camp,’ although individuals may differ in ‘persuadability.’ Stasser’s (1988) model
for small group decision-making was a significant further step, using items of information with weights and
valences, a parameter for advocacy in ‘sharing’ items with the group, probabilistic ‘retention,’ and consensus
in terms of a decision rule. A major focus of the Stasser model was the failure of groups to find ‘hidden pro-
files,’ with group decisions that failed to reflect information individually distributed. More recent modeling has
emphasized affect dynamics rather than cognitive and epistemic considerations. Heise (2013) builds a small
group decision model with application to juries, in terms of affect control theory. Agents carry a more per-
manent affective role identity (defined by EPA dimensions of evaluation, potency, and activity) and keep track
of a transient affective meaning (defined in the same dimensions) determined by recent exchanges. The core
mechanism is agents’ attempt to reduce differences in the two affective measures by the choice of partners and
behaviors; the agent ‘active’ on each turn is the one with the greatest tension between those measures, choos-
ing an interactive partner and a behavior (itself with an EPA signature) which optimally moves the transient
affective meaning of both participants toward their role identities. With specific application to juries, Heise’s
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attempt to match distributions of behavior types to data on mock juries from the 1950s (Strodtbeck & Mann
1956; Strodtbeck & Hook 1961). Zöller et al. (2021) add hierarchical network structure to the affect control the-
ory model.

1.2 With an eye to contemporary modeling in social epistemology (Hegselmann & Krause 2002; Zollman 2007; Weis-
berg & Muldoon 2009; Rosenstock et al. 2016; Grim et al. 2013; Weatherall et al. 2018; Singer et al. 2019, 2021;
Mohseni et al. 2023), ours is a return to the basic epistemic questions of the earlier models. Whereas much
of the contemporary work in social epistemology is in philosophy of science, our focus is on juries. What role
might different communicative dynamics and cognitive limitations of agents play in the collective decisions
and ‘truth-tracking’ success of juries? Here Stasser (1988) is our clearest precursor. Our focus, however, is on
a particular factor in the dynamics and outcomes of jury decision-making: the issue of diversity (Hong & Page
2004; Thompson 2014; Page 2015, 2018; Kuehn 2017; Singer 2019; Grim et al. 2019). Our modeling points out
four very different and sometimes unexpected roles that diversity can play in the accuracy of jury decisions.

1.3 Traditionally, juries are conceived of as finders of fact. In that regard, the question of what makes a good jury
is a question of social epistemology. Here we’ll use criminal juries as a paradigmatic example. On the standard
characterization, it is the jury’s job to find a criminal defendant guilty if and only if they really are guilty. 1 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 jury’s job as a finder of fact
is to make a judgement about what’s true, and in that sense, the job of the jury is essentially epistemic. Our
attempt is to construct a simple model in which we can track a number of ways in which diversity or the lack of
it can either contribute to or hinder the epistemic success of juries.

1.4 Models are of particular benefit where direct empirical studies are severely limited or impossible for concep-
tual, practical, or ethical reasons, all of which apply to understanding the dynamics of jury deliberation (Macy &
Willer 2002; Heise 2013; Zöller et al. 2021). It is moreover widely recognized that highly idealized models of social
phenomena can contribute to our understanding of social mechanisms even when they are far from descrip-
tively realistic (Epstein 2006; Eason et al. 2007; Weisberg 2013; Batterman & Rice 2014; Page 2018). By idealizing
and simplifying parameters of a target system, a simple model can help us explore the role that different factors
may play in generating the epistemic outcomes of jury decision-making.

1.5 In this context an agent-based model is particularly appropriate with regard to the issue of diversity in juries
as finders of fact. In the models that follow, the goal is to capture the heterogeneity and stochasticity of ac-
tors who exchange and retain different bodies of information on the basis of information they already have – a
heterogeneity and stochasticity for which it would be difficult to conceive traditional equation-based models,
but for which agent-based models are perfect. Although we have pursued it in only limited ways in the current
work, an agent-based model of this sort also offers the prospect of easy extension to studies of diversity in more
complex networks.

The Many Parameters of Jury Decision-Making

2.1 It is important to emphasize the limited focus of our modeling 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. We’ll
begin by giving an overview of several of these – jury size, unanimity requirements, standards of proof, and
deliberative styles – primarily to contrast them with our focus on diversity here.

Jury size

2.2 Despite the familiar 12-member jury in criminal cases, the number 12 was held in Williams v. Florida, 399 U.S.
78 (1970) to be a “historical accident,” although later, Ballew v. Georgia, 35 U.S. 223 (1978) required that juries
contain at least 6. The largest contemporary jury size requirement is Scotland’s, which requires juries of 15
(but with only a requirement of a majority vote). On review, Kenny MacAskill, Cabinet Secretary for Justice,
concluded that Scotland’s jury requirements were “uniquely right” (The Scotsman 2009).

2.3 Saks & Marti (1997) offers a meta-analysis of empirical studies of jury size, indicating that larger juries took
longer to deliberate, with more thorough discussion, but with no particular lean toward verdicts in either direc-
tion. Of most importance to our work on diversity here is the simple observation in Saks and Marti that larger
juries were more likely to contain at least one non-white member. Luppi & Parisi (2013) notes that, contrary
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to simple probabilistic models, reductions in jury sizes in a number of states since Williams v. Florida have not
reduced mistrial rates. They propose an explanation in terms of information cascades. On the basis of an agent-
based model, Angere et al. (2016) concludes that “while it is in principle better to have a larger jury,” the value
of having more than 12-15 jurors is likely to be minimal. Given assumptions of honest information and with jury
deliberation modeled as a random walk, Helland & Raviv (2008) concludes on the basis of cost considerations
that the optimal number of jurors is one.

2.4 In ways evocative of some of our results here, results from early computational models indicate the epistemic
importance of including minority views, with their influence a factor of relative representation rather than the
absolute size of the jury (Tanford & Penrod 1983; Stasser 1988).

Unanimity vs. Majority

2.5 In Ramos v. Louisiana, 590 – U.S. (2020), by a 6 to 3 vote, the Supreme Court held that the Sixth Amendment,
as incorporated against the States under the Fourteenth Amendment, requires a unanimous verdict in cases
of serious crime. An amicus brief in Ramos from ‘Law Professors and Social Scientists’ of the Constitutional
Accountability Center claims that the cost of requiring unanimity is small, with benefits of more thorough de-
liberations, increased consideration of minority viewpoints, and more accurate outcomes as a result.

2.6 In empirical work, Hastie et al. (1983) found that juries that were required to be unanimous deliberated longer,
discussed key facts to a greater extent, touched on more case facts than two-thirds quorum juries, corrected
mistaken assertions by members more often, and elicited the participation of minority-view jurors to a greater
extent. Toward a meta-analysis, Devine (2012) reports consistent results from the empirical literature on the jury
decision rule: that deliberation in juries under a requirement of unanimity, rather than some smaller majority,
take longer and result in more hung juries, though their findings are not systematically related to ‘guilty’ or ‘not
guilty’ verdicts.

2.7 Tanford & Penrod (1983) offers an early computer model in which use of a majority versus unanimity rule makes
no difference to the results. In analytic results, Austen-Smith & Banks (1996) and Feddersen & Pesendorfer
(1998) show that unanimity is suboptimal if each juror considers themselves pivotal and conditions the prob-
ability of guilt on the remaining jurors believing so (but see also Margolis 2001). In a Bayesian model of jury
voting as a game of incomplete information, Duggan & César (2001) demonstrates that the probability of a mis-
taken judgment goes to zero with increased jury size for every voting rule except unanimity. List (2004) further
offers a formula intended to reflect the chance that a suspect is guilty, given a particular percentage of guilty
judgements in the jury. That formula indicates that it is only an absolute margin between those favoring ‘guilty’
and those favoring ‘not guilty’ that determines the result, whether that reflects a unanimous jury or not (see
also Hawthorne 1996). As Bovens & Hartmann (2003) notes:

There is something very counterintuitive about this result. When 10 out of 10 jurors pass a guilty
verdict, we would take this to be strong evidence that the suspect is guilty. When 55 out of 100
jurors pass a guilty verdict, then we would not think much of this narrow proportional margin . . .
on List’s model the additional 10 guilty votes have precisely the same evidential value as 10 guilty
votes when there are only 10 voters (Bovens & Hartmann 2003, p.82). 2

2.8 On the basis of an agent-based model, Angere et al. (2016) conclude that “no more than a >50% majority should
be required for a conviction, even in criminal cases.”

2.9 The contrast between conclusions from analytic and computational models on the one hand and some empir-
ical findings and the legal tradition on the other is striking. Part of the contrast may be due to measures of jury
success: Angere, Olsson and Genot’s model in particular is more complex than that offered here and includes
a major role for hung juries in their gauge of jury success. But it should also be noted that none of the models
mentioned consider the role of diversity in the information aggregation of jury decision-making. That is the
central topic of our work here.

Standards of legal proof

2.10 Criminal juries are charged to convict only if the prosecution has proven their case ‘beyond a reasonable doubt,’
a standard the Supreme Court has held is grounded in “a fundamental value determination of our society that
it is far worse to convict the innocent than to let a guilty man go free” (In re Winship, 397 U.S. 358, 90 S. Ct. 1068,
25 L. Ed. 2d 368, 1970).
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2.11 But what constitutes reasonable doubt? Surveys of judges would seem to equate ‘beyond a reasonable doubt’
with a subjective certainty of 90 percent, though a number of studies indicate that jurors apply a far lower
threshold (Hastie et al. 1983; Dane 1985). A wording that has passed muster with the Supreme Court, offered
by the Federal Judicial Center in 1987, specifies that evidence ‘beyond a reasonable doubt’ is that which leaves
a juror “firmly convinced” of the guilt of the accused (Devine 2012).

2.12 Laudan (2008) offers a thorough and biting critique of inconsistent jury instruction regarding standards of proof.
Underscoring Laudan’s charge, the small body of relevant empirical work has emphasized the wide variability
with which juries interpret those instructions (Horowitz & Kirkpatrick 1996; Koch & Devine 1999). Although there
are prospects for creating agent-based models that use a notion of epistemic confidence levels, the legal and
empirical background is murky enough that it is not clear how these would connect. In the present study, we
model jurors only in terms of belief content (‘guilty’ or ‘not guilty’); while we have a natural measure of the
strength of their beliefs, we do not use that to model a particular standard of proof.

Deliberation styles

2.13 There is a distinction in the social psychological literature on juries between ‘verdict-driven’ and ‘evidence-
driven’ styles of jury deliberation. In verdict-driven dynamics, jurors enter deliberations with an initial opin-
ion regarding guilt or innocence, marshalling evidence and argument in terms of that initial inclination. In
‘evidence-driven’ deliberation, jurors tend to withhold judgment until a full set of evidence and arguments have
been reviewed. Several studies indicate that a verdict-driven style of deliberation results in less thorough exam-
ination of the evidence and more hung juries (Devine et al. 2007; Hastie et al. 1983). Although room remains for
exploration, the deliberation style of the jurors in our model is quite simple, involving merely putting forward
random reasons heard by all.

Modeling diversity in juries

2.14 The diversity of juries has become a topic of increasing concern in the legal literature (Chopra 2014; Joshi &
Kline 2015). Recently, Chief Judge Juan R. Sánchez of the Eastern District of Pennsylvania said that “The public’s
engagement and trust in the court system is dependent on jury diversity . . . Jurors from a cross section of the
community bring different life experiences and perspectives to jury deliberations, leading to more informed
discussions and greater public confidence in the judicial process” (U. S. Courts 2019). An older statement from
Thurgood Marshall in Peters v. Kiff, 407 U.S. 493, 503 (1972) echoes the value of diversity in juries: “When any
large and identifiable segment of the community is excluded from jury service, the effect is to remove from the
jury room qualities of human nature and varieties of human experience, the range of which is unknown and
perhaps unknowable”.

2.15 There is a series of models and mathematical results (some contested), which support an important role for
cognitive diversity in group epistemic success (Hong & Page 2004; Zollman 2010a; Weisberg & Muldoon 2009;
Thoma 2015; Page 2007, 2011; Thompson 2014; Kuehn 2017; Grim et al. 2019; Singer 2019). Here we develop
and apply an agent-based model of collective information aggregation to the specific topic of diversity in jury
decision-making. As indicated below, some aspects of diversity in group decision-making beyond cognitive
diversity per se can also have an epistemic impact.

2.16 In section 3 we introduce the basics of the model, which we employ with variations in sections 4 through 7 in
order to explore four different contributions diversity can make to epistemic jury success. Section 4 shows that
where different subgroups have access to different information, in cases of what we call ‘sided access,’ equal
representation among subgroups favors epistemic jury success, measured in terms of percentages of correctly
modeled verdicts. Section 5 highlights the important effect of diversity in cases we call ‘sided access to better
information,’ where one subgroup has special epistemic access to particularly strong evidence. Section 6 ex-
plores the effect of diversity in cases of ‘random differential access,’ where we show that different subgroups
having access to any different information at all can help the group by reducing the redundancy of the infor-
mation on which a jury focuses, a finding with links to Hong & Page (2004) and later literature (Page 2007, 2011;
Thompson 2014; Kuehn 2017; Grim et al. 2019; Singer 2019). Section 7 presents the surprising result that in
increasing ‘enclave communication,’ limiting communication between diverse groups can favor jury success as
well.

2.17 The model of jury decision-making we’ll describe is of course not meant to fully capture the complex and so-
phisticated ways real juries deliberate. Indeed, although we will occasionally refer to the process as ‘deliber-
ation,’ our emphasis is on collective information aggregation and consensus on the basis of diverse individual
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information introduction, exchange, processing and retrieval. Other aspects of full deliberation – complex argu-
ment, 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. What is of interest is that positive epistemic effects of jury diversity are evident even within this simple
and limited model.

Modeling the Sharing and Aggregation of Reasons

3.1 We will model the aspects of jury decision-making in which jurors exchange reasons for or against different
possible verdicts, individually changing opinions toward a final verdict. We take inspiration from the iconic jury-
room scenes from 12 Angry Men (Lumet 1956). There, we see jurors sharing reasons for thinking the eighteen-
year-old is guilty or not guilty and responding to each other’s reasons. For example, we can think of the fact that
the store sold the peculiar knife that was used in the crime to the defendant as a strong reason for thinking the
defendant is guilty. But the fact that the stab wound was made at an awkward angle is a reason to think he’s
innocent. Inspired by these examples, we model reasons as propositions that support different verdicts with
different strengths. As we argue in previous work (Singer et al. 2019, 2021), this conception of reasons is flexible
enough to capture important aspects of collective information aggregation while also being simple enough to
allow us to understand the mechanisms that give rise to our results.

3.2 At the beginning of each run of our model, we create a pool of 100 reasons, each of which has both a valence –
positive or negative, thought of as indicating whether it’s a reason to think the defendant is guilty or not guilty –
and a real-valued strength between 0 and 1. The 100 reasons represent all of the facts relevant to the case. For-
mally, we create each reason by drawing a strength at random from a beta distribution with α = 1 and β = 1.5,
then assigning a positive or negative valence uniformly at random (see Figure 1). We use a beta distribution
because we want a probability distribution that generates values constrained on the [−1, 1] interval, and we
choose these specific values so that weaker reasons are more plentiful than stronger reasons. Exploratory tests
show that the qualitative results are invariant to changes in the parameters that roughly preserve the preva-
lence of weak versus strong reasons.

Figure 1: Visualization of the reason strengths generated from a beta distribution with α = 1 and β = 1.5 and
valence (positive or negative) assigned uniformly at random.

3.3 In each run of the model, there are 12 jurors, each of which starts out with 15 reasons. We’ll say more below
about how those reasons are chosen, but for now, let’s think of those reasons as a combination of the juror’s
background knowledge and the reasons the juror takes to be salient from the trial. Then, on each step of a
run of the model, a random juror is chosen to share a random reason they have. When a reason is shared, all
of the other jurors hear it and add it to their bank of reasons (except in the version of the model we discuss
in section 7). At any moment, we take the view of a juror to be modelled by the mean of the reasons they
hold. 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, and one reason of strength 0.35 for not guilty, the juror will, all-things-considered, believe
the defendant is guilty and will do so with strength (0.2 + 0.2 + 0.2 + 0.05 − 0.35) = 0.3. In other work we
consider the roles of different ways of sharing reasons and different ways of managing a limited memory in
models like this (Singer et al. 2019, 2021). Here, however, we put aside complications of limited memory and
complex ways of sharing by idealizing jurors as having unlimited memories and using random sharing in the
course of information aggregation and decision-making.

3.4 When all the jurors have the same view – guilty or not guilty – a verdict is declared. We also provide results
from the same model runs for verdicts declared the first time a simple majority (>50%) and an 80% majority of
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agents are in agreement, although it turns out that those variations don’t substantively affect our main claims
regarding the impact of diversity on jury accuracy. Following Singer et al. (2019), Singer et al. (2021), to measure
accuracy of a verdict, we’ll regard the ‘truth’ in a run of the model to be the valence of the sum of the full pool
of reasons, i.e. what one would believe if one had access to all of the facts relevant to the case. For ease of
exposition, if the sum of the full pool of reasons is positive we’ll think of the defendant as guilty, and if the sum
of the full pool of reasons is negative we’ll think of the defendant as not guilty. We can then gauge the epistemic
success of the jury under different parameters by looking at what percentage of jury decisions capture the ‘truth’
indicated by the total of all reasons in our original pool of 100. Our standard measure of epistemic success is
a percentage of correct verdicts in 10,000 runs of the model. Because our jurors constantly enlarge their held
reasons to include all those put forward, the number of hung juries in our data is vanishingly small.3

3.5 The model is simple by design with a small number of parameters and a clear mechanism. A diagram for the
model operation is offered in Figure 2. To further facilitate ease of understanding we also summarize the model
details in tables of the parameters and values in Table 1 and our technical terms and meanings in Table 2. We
have furthermore made the Netlogo simulation model available on CoMSES (https://www.comses.net/cod
ebases/45ed1706-c1c7-45ad-a9a8-9392e298b947/releases/1.0.0/) for those interested in digging
deeper and/or extending the model.

Figure 2: Workflow diagram describing the operational process of the model including setup, each step of the
model, and the halting condition for ending a run.
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Parameter Value(s)
Size of full pool of reasons 100
Reason strengths [-1, 1]
Number of reason types 2
Number of juror types 2
Number of jurors 15
Initial number of reasons per juror 15
Number of model runs per configuration 10, 000

Table 1: Table of parameters.

Term Descripton
Truth The valence (+ or -) of the sum of reasons in the full reason pool
Agent’s view The valence of the sum of agent’s reasons
Verdict The valence when enough (> 50%, 80% or 100%) agents have the same view
Success Percentage of verdicts that match the valence of the truth
Overlap The proportion of reasons that are accessible to both types of jurors
Correlation The percentage of A-type reasons that are positive, and B-type that are negative

Table 2: Table of definitions.

3.6 Note that positive and negative only need to be thought of as opposed verdicts; the model is entirely symmet-
rical, so one might alternatively choose to think of a negative value as indicating guilt and a positive mean as
indicating innocence. 4 Also note that although we’ll 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 of the reasons by viewing individual positive reasons as reasons to think that a guilty verdict
has been proven by the prosecution and negative reasons as reasons to think the opposite. There is nothing in
the formal model which prohibits this alternative (though perhaps more cumbersome) interpretation.

3.7 Several admitted artificialities of the model call for specific emphasis: a ‘truth’ reflected in the sum of the ini-
tial reasons pool, the random communication of reasons in the course of decision-making, and the unlimited
memory of the jurors. Because of the highly idealized and abstract nature of the model, we do not put forward
the model as either descriptively realistic of juries in a social psychological sense or as sufficient for normative
conclusions regarding jury or other small group deliberations. Of course, considerations beyond the epistemic
also bear on the proper construction and conduct of juries. Despite those limitations, however, we take our
results to suggest important ways in which certain factors can influence the epistemic success of jury decision-
making–in particular, four ways in which jury diversity can influence epistemic success.

Diversity and Sided Information Access

4.1 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 (or even straightforwardly biased in favor or against guilt). These
are cases of what we’ll call ‘sided access’.

4.2 As noted above, in our model, the full pool of reasons consists of 100 reasons with strengths between -1 to 1
(with more reasons closer to 0), where a positive valence can be understood as ‘guilty’ and a negative valence
as ‘not guilty’ (or the other way around, because everything is symmetrical). To model sided access, we’ll divide
the reasons into two types, designated with letters A and B. Initially, reasons with positive valence are desig-
nated A reasons and those with negative valence are designated B reasons. But we also allow for an overlap, a
group which contains both A and B reasons (“the AB reasons” or “the reasons in common”). We form the pool
of AB reasons by drawing a particular percentage of reasons randomly and equally from the A and B groups.

4.3 We also divide the jurors into two types, again designated with letters A and B. Jurors of each type begin de-
liberations with 15 reasons chosen uniformly at random from reasons matching their type and the reasons in
common. That is, A jurors start with 15 reasons from the A ∪ AB reasons, and the same is true mutatis mutan-
dis for B jurors. The model thus includes two subgroups of jurors who may have partially distinct and partially
overlapping access to the reasons.
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4.4 If we fix a specific percentage of reasons that are ‘reasons in common,’ we can track the effect of diversity in
modelled decision-making: the representation percentage of each jury type that results in the highest rate of
epistemic success – i.e. the percentage of correct verdicts (as outlined, those with valence matching the mean
of all reasons). Figure 3 tracks jury success across the percent of jurors that are type B when AB reasons make
up 50% of the reasons (for unanimous, 80%, and simple majority verdicts). As throughout, we average results
over 10,000 runs using juries of 12.

Figure 3: Epistemic jury success (percentage of correct verdicts) across varying percentages of two groups with
partially distinct evidence initially, shown for unanimous, 80%, and pure majority verdicts. Overlap between
initial reasons in the two groups is 0.5. As throughout, we average results over 10,000 runs using juries of 12.

4.5 It is clear in this case that unanimous juries do best across all percentages of A and B jurors, but it is also clear
that the distance between results in unanimous juries and those with lower majorities is most pronounced
when there is equal representation of the two sub-groups. The importance of equal representation is even
clearer when there is no overlap along the initial reasons for the two jury sub-groups (Figure 4). Here at least
25% representation of each group is required for anything better than random jury success at any of the majority
levels, with the highest rate of success prominent at equal representation.

Figure 4: Epistemic jury success (percentage of correct verdicts) across varying percentages of two groups when
there is no overlap between A and B reasons, shown for unanimous, 80%, and simple majority verdicts.
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4.6 In these first simulations, we have assumed that all A reasons are positive in valence, supporting a guilty verdict,
and all B reasons are negative, supporting a verdict of not guilty. But since there is overlap, as in Figure 3, 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 ‘pure’ A reasons. Similarly for B jurors.

4.7 But we can also relax the assumption that the A reasons that are outside of ‘reasons in common’ (what we might
call ‘pure A reasons’) are exclusively positive and that the B reasons that are outside of ‘reasons in common’
(‘pure B reasons’) are exclusively negative. In doing so, we create a new parameter of interest, one that measures
the correlation of reason type (A or B) with valence (positive or negative, ‘guilty’ or ‘not guilty’). With 100%
correlation between reason type and valence, as assumed in the simulations above, the initial reasons drawn
by A jurors outside of reasons in common (the pure A reasons) are all reasons that support a guilty verdict,
and the initial reasons drawn by B jurors outside of reasons in common (the pure B reasons) are all reasons that
support a verdict of not guilty. With lower correlations, the reasons initially drawn by A jurors beyond reasons in
common can be expected to be less exclusively positive, those drawn by B jurors to be less exclusively negative.
Figure 5 offers a simple illustration. Correlation is a distinct parameter from overlap because it applies to all A
and B reasons, including those initially available exclusively to jurors in virtue of their type.

Figure 5: A graphic representation of the degree of correlation between reason type and the valence of reasons.
With 100% correlation (top) the A (black) and B (white) reasons are cleanly separated into negative and positive
reasons respectively. With 50% correlation (middle) there is a probabilistic bias toward A reasons being nega-
tive and B reasons being positive. With 0% correlation (bottom) each reason is equally likely to be positive or
negative. (Note: vertical space is only for ease of viewing).

4.8 Figures 6 and 7 show the results of repeating our initial simulations with 50% rather than a full 100% correlation
between reason type and valence.
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Figure 6: Epistemic jury success across varying percentages of two groups with partially distinct evidence ini-
tially, shown for unanimous, 80%, and pure majority verdicts. Overlap between reasons in the two groups is
0.5. Correlation between each group with positive or negative reason valence is 0.5.

Figure 7: Epistemic jury success across varying percentages of two groups when there is no overlap between
A and B reasons with totally distinct evidence initially, shown for unanimous, 80%, and pure majority verdicts.
Correlation between each group with positive or negative reason valence is 0.5.

4.9 The epistemic superiority of juries with equal representation of subgroups is clear here as well, though the
disadvantage of unequal jury representation at the left and right ends is dampened with reduced correlation.
The epistemic superiority of requiring unanimous juries is again clear throughout. It is interesting to note that
the highest jury success rates in our tests appear with unanimous juries in which subgroups share no initial
reasons in common. Here the non-redundancy effect examined in section 6 may play an important role.

4.10 What our simulations suggest is the following: if there are juror types that can be expected to have differential
access or sensitivity to different bodies of evidence, and where there is a correlation between those bodies of
evidence on each side and evidence favoring guilt or innocence, high rates of jury success require genuinely
equal representation of the two groups. This holds even when fully half the evidence is ‘evidence in common.’
When those conditions do not hold – when the two groups have little overlap in the evidence they bring to
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discussion and when the evidence on the two sides correlate strongly with guilt or innocence – a correct verdict
essentially demands equal representation of the two groups.

4.11 In this section, all of the results are about different distributions of reasons initially brought to the table by
jurors. Once information exchange has started in the model, reasons are put forward, heard, and incorporated
by all members of the jury, whatever the valence of those reasons or the sub-group from which those reasons
are put forward. Results where communication is not fully open in this way are left to section 7.

4.12 We should again highlight our modeling assumptions. We have assumed that our two groups have differential
access or sensitivities to different bodies of evidence. We take this assumption to be motivated by real world
phenomena, such as data showing different perceptions of police bias and profiling between Black and non-
Black people (Nadal & Davidoff 2015; Nadal et al. 2017; Flexon et al. 2019). We take this data to suggest that
a minority juror may be more alive to real prospects for biased representation and self-protective falsification
in police testimony. Our modelling assumption also reflects claims typically put forward in considerations of
social diversity and systemic ignorance by proponents of standpoint epistemology (Hartsock 1987; Wylie 2003;
Mills 2007).

4.13 In setting up the model this way in this section, we have assumed that the type of reason is significantly cor-
related with whether it’s a reason for or against guilt. That is, we have assumed that not only do members
of different groups have access to different individual reasons but also that the reasons different groups have
access to are correlated in terms of whether they’re in favor of guilt or innocence. We know of only a few em-
pirical studies that support thinking that familiar forms of social identity diversity work like this. There is some
evidence, for example, that female jurors are somewhat more likely to favor conviction in trials involving sex-
ual harm to women or children (Schutte & Horsch 1997). Devine (2012) concludes that the current research
is also consistent with a similarity-leniency effect regarding race—jurors differentially favoring defendants of
their race. This effect is clearest in capital cases involving a majority of white jurors and an African-American
defendant accused of killing a white victim (Lynch & Haney 2011). The data mentioned above regarding Black
perceptions of police bias and profiling might also indicate a greater skepticism regarding police-supplied evi-
dence suggesting guilt.

4.14 More generally, it’s natural to hypothesize that in societies where the criminal justice system has systemically
been used as a tool of oppression, being a member of an oppressed group makes one more likely to be sensitive
to the ways those systems are used against members of oppressed groups. If that’s correct, it is one reason to
think that sometimes social or demographic diversity may track the kind of sided information access we model
here. That said, the equal jury representations that do best in our simulations need not be interpreted as being
about social or demographic diversity. What our results most clearly support is the epistemic advantage of
equal representation between groups diverse in their sensitivity to evidence supporting a verdict of ‘guilty’
or ‘not guilty,’ which is a kind of cognitive or epistemic diversity, rather than a kind of social or demographic
diversity.

When Evidence is Stronger on One Side

5.1 In the previous section, we looked at cases of sided access that were symmetric in the sense that they didn’t
assume that the evidence for or against guilt was necessarily stronger. Strength values between 0 and 1 were
assigned to each of the 100 reasons according to a beta distribution (as discussed above), with positive and
negative valences assigned uniformly at random. So, on average, we would expect the strength of reasons that
were accessible to the A subgroup and to the B subgroup to be about the same.

5.2 In this section, we’ll ask what happens if the evidence is stronger on one side than the other. We call these cases
‘sided access to better information.’ Here we ask, “what if B jurors are not only more sensitive to reasons favor-
ing innocence, for example, but those reasons are also stronger?” In such a case, initial ‘reasons in common’
as well as those accessible to A jurors might indicate a close call between a verdict of guilty and not guilty, but
there might still be a significant amount of exculpatory or incriminating evidence that is initially available only
to B jurors. With what comparative degree of strength and what proportion of B jurors can we expect correct
verdicts in these cases?

5.3 To model this, as above, we assume that 50% of our reasons are reasons in common (AB reasons), and we
assume B reasons to be fully correlated with innocence and A reasons with guilt. But to look only at cases
where the evidence is stronger on one side, we restrict our sample data to cases in which (by chance) the sum
of the entire pool of reasons ranges from strongly negative (min value of -10) through lesser degrees of negative
strength by unit intervals. Results are shown in Figure 8.
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Figure 8: Epistemic jury success across varying percentages of two groups with partially distinct evidence ini-
tially (0.5 overlap), with a correlation of 1 with positive or negative valence, but in which the sum of the full
reason pool is negative at different strengths from a ceiling of 10 to a ceiling of 0, increasing by unit intervals.
Results are for unanimous juries.

5.4 Not surprisingly, the stronger the overall case for innocence (guilt) is, the higher the collective success rate will
be given increased representation of a subgroup with heightened sensitivity to evidence on that side. With a
strong enough case (sum of reasons between -11 and -10), even 25% representation of that group produces an
epistemic success rate comparable to the highest success in earlier simulations. 50% representation produces
an epistemic success rate of virtually 100%. Modeling results confirm pre-theoretical expectations: when mem-
bers of a particular subgroup have more access to (or more sensitivity to) better information, representation by
members in that group is essential to jury success, and as the subtlety of the case increases, a greater number
of members from the privileged subgroup is required for a high rate of epistemic success.

Diversity and the Reduction in Informational Redundancy

6.1 In some of the literature on group cognitive diversity, one source of purported epistemic benefit of diversity is a
reduction of redundancy of information and skills in the group. Lu Hong and Scott Page offer a computational
model in which agents use ‘heuristics’ to find the highest points on a landscape. Within the constraints of that
model, they show a ‘diversity trumps ability’ effect: that groups with randomly diverse heuristics can outper-
form a group of those individuals with the highest individual performance (Hong & Page 2004; Page 2007, 2011).
A mathematical theorem that they offer as an accompaniment to the model has been critiqued, but its legiti-
mate ties to diversity have also been defended (Thompson 2014; Page 2015; Kuehn 2017; Singer 2019). It has
been shown that the landscape Hong and Page use in their original model is crucial to their results, undercut-
ting its generality, but that for a range of problems the diversity of heuristics in coordination with other factors
can play an important role in group success (Grim et al. 2019).

6.2 The informal explanation given for the Hong-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. Where
having multiple heuristics favors the possibility of success, it is the redundancy of the group of highest-performing
individuals and the non-redundancy of the random group that explains the greater success of the latter.

6.3 In this section, we consider cases where different subgroups randomly have different initial access or sensitivity
to different random pieces of information, in contrast to the previous sections where we stipulated that the dif-
ferential access or sensitivity was (probabilistically likely to be) information on different sides of the question.
In these cases of ‘random differential access,’ we see a benefit of diversity in avoiding redundancy in our model
that mirrors the Hong-Page result. Since the true verdict in our model corresponds to the sum of all possible
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reasons, the more reasons that are considered, the greater the chance of a correct verdict. Lack of diversity re-
duces the number of reasons brought to discussion and thus considered, so the non-redundancy characteristic
of diversity can be expected to have a positive epistemic effect.

6.4 In the results shown in Figure 9, we have two groups, each with partial initial access to the full pool of reasons.
But here there is no correlation between those reasons and positive or negative valences associated with guilt
or innocence, nor is the total strength of evidence accessible by one group higher than the other on average.
In other words, in these runs the only difference between the subgroups is that they initially have access to
different individual pieces of information.

Figure 9: Epistemic jury success across varying percentages of two groups with partially distinct evidence ini-
tially, shown for unanimous, 80%, and pure majority verdicts averaged over 100,000 runs. Overlap between
reasons in the two groups is 0.5. Correlation between reason type and valence is 0. Note that the base value on
the y-axis is higher than previous plots.

6.5 Here jury success is again highest for unanimous juries, with 80% and mere majority decisions performing sig-
nificantly worse. Success is fairly uniform as long as there is substantial representation of each of the two
groups. At the ends of the graph, however, where we approach less diverse juries, jury success falls off slightly.
What must explain this result is that the diversity of the jury means that jurors are less likely to bring the same
reasons to the discussion. So it must be informational redundancy that explains the weaker results of the less
diverse juries.

6.6 It should be noted that, in the Hong-Page model, the benefit of diversity is small but consistent. The same is true
of our results here, where the non-redundancy benefits of diversity help only minimally. 5 But, absent stronger
evidence on one side than the other and even absent correlation of the two sides with information favoring
‘guilty’ or ‘not guilty’ respectively, a reduction of information redundancy indicates a small but beneficial role
for diversity in jury information aggregation and decision-making.

The Benefits of Limited Communication with Diversity

7.1 It is a standard element of liberal belief (perhaps as old as John Stuart Mill) that diversity is to be applauded
for its epistemic benefits. This is also a central tenet of the more recent literature on the epistemic benefits of
democracy (Anderson 2006; Estlund 1993, 2008; Landemore 2012; Berger & Sales 2020). All of our results so far
support this idea.

7.2 But another standard element of the liberal picture is that increased communication between social groups
also leads to increased benefits (Berry 1999; Mutz 2002; Grönlund et al. 2015; Pettigrew & Tropp 2006; Iyengar
et al. 2019). Indeed, it is often lamented that diversity brings with it difficulties of successful communication
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(Beyer et al. 2015; Rickford & King 2016; Jones et al. 2019; Putnam 2007). In this section, we model the effect
of ‘enclaving communication’ on diversity in juries. The results in this section are in tension with the idea that
increased ease of communication between groups is always epistemically advantageous. In many cases, in
our model, limiting communication between subgroups can actually increase the epistemic success of the full
group.

7.3 Our results above assumed that there was perfect communication between members of different groups. To
examine the effect of enclave communication, we’ll start with the simplest possible version of the model. As
above, we have 12 jurors that we divide into two types, A and B. We then model limited communication between
the jurors of different types by adding a variable probability that a reason shared by an A juror will be heard by
a B juror and vice versa. To focus on the effect of limited communication, we won’t assume (at first) that there
is any correlation between the type of a juror and what reasons they start with (i.e. the overlap is 100%) nor will
we assume there is any correlation between the type of a reason and its valence (so the correlation is 0). The
results in Figure 10 show how likely unanimous juries are to be right when communication between opposite-
type jurors is limited in this way.

Figure 10: Unanimous jury success with limited communication between groups with 100% reason overlap and
0 correlation between reason type and valence. Results shown are colored according to the probability [0.1 to
1] of A jurors incorporating a reason announced by B jurors and vice versa.

7.4 As Figure 10 shows, with each decrease in probability of successful communication between members of the
two groups overall jury success increases. The effect is most noticeable with equal representation of our two
groups, as before. With full communication, jury success is about 78.6%, whereas with a probability of only 10%
of hearing off-type jurors, the success rate of the whole group reaches about 83.5%. In these runs, because we
assume there is 100% reason overlap and reason type isn’t correlated with reason valence, there is no difference
between members of different groups 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 sense in which the benefits of diversity we see
here could be made sense of in terms of the cognitive diversity of the group. The effect we see here is purely
due to members of diverse groups communicating in an enclaved way.

7.5 Does the effect remain if groups have access to different information? Figure 11 shows the results of limited
communication when there is a perfect correlation between reason type and valence and a 50% overlap of
reasons (mimicking the parameters of the model discussed at the beginning of section 4). We see the same
effect here. With full communication, jury success is only slightly above 75%. With a communication probability
of only 10%, jury success reaches about 82.5%. The effect remains no matter how much we increase correlation
between reason type and valence and no matter how much we decrease overlap. The same result also occurs
if we limit communication on the basis of whether the reason is the same type as that of the hearer, rather than
limiting the speaker type.
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Figure 11: Unanimous jury success with limited communication between groups with 50% reason overlap and
full correlation between reason type and valence. Results shown are colored according to the probability [0.1
to 1] of A jurors incorporating a reason announced by B jurors and vice versa.

7.6 In the previous section we argued that the epistemically positive non-redundancy effects of diversity echoed
aspects of the Hong-Page model. The explanation for the epistemically positive effects of enclave communica-
tion 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 di-
versity.’ 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 off either +1 or 0). The agents also com-
municate results with linked neighbors in a network (Figure 12). 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 to a universally-agreed result most slowly. Related results regarding benefits of restricted commu-
nication appear in Grim et al. (2013).

Figure 12: A 10-agent ring, wheel, and complete communication graph. After Zollman (2010a).

7.7 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 move around 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. In other words, 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 the whole group converges on the right answer. So ultimately, the increased success of less connected
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networks in Zollman’s models is explained by the agents in less connected networks collectively exploring more
than agents do in more connected networks.

7.8 Our jury model exhibits a similar effect. Limiting communication makes it less likely that members of one sub-
group will hear reasons put forward by members of the other subgroup. Like in Zollman’s models, this means
that agents who would have been convinced by that reason (potentially resulting in unanimity for the group)
are sometimes able to maintain their view when the reason goes unheard. This results in longer times to conver-
gence 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 num-
ber 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 when communication between the groups is limited to 10% chance of success. So
even though limiting communication limits the chance that a reason will be taken up by an opposite-type juror
on any particular occasion of sharing, overall, limiting communication increases the total number of reasons
heard by slowing down the time to unanimity. The higher number of reasons held by jurors in these limited
runs explains their higher success rates. So like in Zollman’s models, the increased success of juries with lim-
ited communication can be explained in terms of the limited groups exploring more before agreeing.

7.9 With regards to limitations of the Zollman effect, it should be noted that Zollman’s specific effects rely on ex-
tremely close payoffs for chosen alternatives (Rosenstock et al. 2016). Wider differences can cancel out the
advantages of limited communication, arguing against easy policy applications or any generalization that lim-
ited communication is always better. We take both the general explanatory force of the Zollman point and this
reminder of its limitations to be consistent with the results we offer here.

7.10 At issue is the standard liberal idea that more communication across diverse groups is always better. The re-
sults suggest that limiting communication, effectively insulating subgroups from each other, can be epistem-
ically beneficial in some cases. But, of course, the extent to which limiting communication is helpful is itself
limited. It’s easy to see that taking limited communication to the extreme would be extremely detrimental.
Were there no communication between subgroups, consensus would often not occur and the epistemic suc-
cess of the whole would plummet. Moreover, limiting communication has costs in terms of how much time is
required to reach consensus. Figure 13 shows the epistemic success of evenly split groups graphed along with
the average number of steps it takes for the group to reach consensus (with 0 reason type-valence correlation
and 100% overlap).

Figure 13: Time to unanimous result plotted against percent of unanimous jury success with limited commu-
nication between subgroups. Results shown with probabilities of 0.01 through 1 of A [B] jurors incorporating a
reason announced by B [A] jurors (with data at each 0.01 for 0.01 to 0.1 and then each 0.1 to 1).

7.11 The figure shows a trade-off between group epistemic success and the amount of time that’s required for the
group to agree. This too matches the pattern found by Zollman (2007, 2010a, 2010b) and Grim et al. (2013).
As the figure also shows, in our model, limiting communication between subgroups improves the epistemic
success of the whole group in a generally linear way. But, as communication becomes more limited, the time
costs increase exponentially.

Conclusion

8.1 Here we’ve used a simple agent-based model to focus on an aspect of jury information aggregation and decision-
making that has been overlooked in previous modeling: the role of jury diversity in epistemic success. We find
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diversity can be an important factor in four different ways. Where different groups are sensitive to different
kinds of reasons, and particularly without initial ‘reasons in common’ between the two groups, jury success
demands the maximal diversity of equal representation between the two groups (section 4). Where reasons
are particularly strong on one side and the differential sensitivity remains, diversity is of even more importance
(section 5). Even without assumptions regarding correlation and strength of reasons, lack of diversity threat-
ens jury success in ways analogous to Hong and Page’s ‘diversity trumps ability’ result (section 6). 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 in philosophy of science (section 7).

8.2 As mentioned, we don’t suggest that practical or policy implications can be drawn directly from these results.
The proper way to understand these results is as a theoretical insight into what mechanisms might be at play,
at a high level, in real world phenomena. We hope that these results might inspire future empirical and theo-
retical work. The results in sections 4, 5, and 6 all suggest that increasing diversity increases epistemic success
of unanimous juries. This concords nicely with recent empirical findings (Anwar et al. 2022). It’s harder to see
what the practical import of the benefits of limited communication might be. It’s common to think of jurors as
fact-finders and if the goal were truth at any cost, then limiting communication between subgroups at close-
to-extreme levels might be beneficial. That said, real jury deliberations need to finish in reasonable amounts
of time, and there are probably both moral and morale reasons not to artificially limit communication between
jurors. We hope the model results here might inspire further research into alternative mechanisms of capturing
some of the benefits that limited communication might bring. Possible mechanisms might include encouraging
subgroups of jurors to have private sessions to discuss their views in “breakout sessions” during jury delibera-
tion, permitting subgroups of jurors to privately “backchannel” during the group discussion, or possibly having
smaller parts of the jury (“subjuries”) independently deliberate to consensus before joining the other subjuries
to deliberate together. Discovering whether and how the theoretical benefits of limited communication be-
tween groups can be captured in real jury deliberation will require careful empirical research that goes beyond
the scope of what the methodology here can provide.

8.3 Finally, as noted in the introduction, other models have shown no positive effect from a requirement of una-
nimity (Tanford & Penrod 1983; List 2004; Austen-Smith & Banks 1996; Angere et al. 2016). Our results, which
incorporate diversity in ways that those models do not, show that unanimous juries do have an importantly
higher success rate across all the conditions considered. The suggestion, worthy of further investigation, is that
an epistemic justification for demanding a unanimous verdict does not stand alone. It is ultimately tied to fully
exploiting the benefits of our diversity.
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Notes

1Laudan (2008) terms this ‘material guilt,’ as opposed to ‘probatory guilt’ – a court finding of guilt, correct or
incorrect. Laudan also distinguishes a correct verdict from a valid verdict: the first in accord with material guilt,
the second in accord with whether evidence at trial meets the applicable standard of proof, which again may or
may not accurately indicate material guilt. Our first characterization here is that of material guilt. Whether the
prosecution has proven its case is closer to Laudan’s concept of validity, though not an exact match. All that is
crucial here and throughout is the fact that the jury’s task is fundamentally epistemic.

2In response to List’s model, Bowens and Hartmann propose an alternative in which estimated reliability of
jurors is moderately keyed to divergence, which does give intuitive results.

3The number of hung juries in our data is vanishingly small as a result of our jurors having unlimited memory
and constantly enlarging their held reasons to include those put forward. The contrast we emphasize here
between our results and those of Angere, Olsson and Genot is the fact that our model, unlike theirs, factors in
diversity in important ways. But it is also true that memory management is different in their model and that
the negative scoring they assign for hung juries plays a major role.

4As noted, a predecessor to our model is Stasser’s DISCUSS model of group decision making (Stasser 1988).
Stasser’s gauge of group success is discovery of hidden profiles. Intriguingly, he also finds a role for something
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akin to diversity: “. . . in the presence of a hidden profile, a minority may act as a catalyst facilitating the discovery
of the superior decision alternative” (Stasser 1988, p.416).

5In Figure 9, results are shown averaging over 100,000 runs, rather than 10,000 as is done in the preced-
ing figures, because the results are slight and the noise in the data makes the effect less visible with less data
(although it is subtly visible).
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