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Can diversity make for better science? Although diversity has ethical and political value, argu-
ments for its epistemic value require a bridge between normative and mechanistic considera-
tions, demonstrating why and how diversity benefits collective intelligence. However, a major
hurdle is that the benefits themselves are rather mixed: quantitative evidence from psychology
and behavioral sciences sometimes shows a positive epistemic effect of diversity, but often
shows a null effect, or even a negative effect. Here we argue that, in order to make progress
with these why and how questions, we need first to rethink when one ought to expect a benefit
of cognitive diversity. In doing so, we highlight that the benefits of cognitive diversity are not
equally distributed about collective intelligence tasks, and are best seen for complex, multi-
stage, creative problem solving, during problem posing and hypothesis generation. Through-
out, we additionally outline a series of mechanisms relating diversity and problem complexity,
and show how this perspective can inform meta-science questions.
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Diversity is valuable for obvious reasons of justice and
fairness. But is it similarly important for knowledge? Does
it make for better science (Intemann, 2009; Medin, 2017)?
Arguments from fairness do not immediately translate into
arguments about epistemic outcomes (Intemann, 2009), so
we will show why diversity is good for problem solving, and
especially for the kind of complex problem solving involved
in doing science.

This claim may sound unnecessary: are positive empiri-
cal results (e.g., AlShebli, Rahwan, & Woon, 2018; Bosetti,
Cattaneo, & Verdolini, 2012; Campbell, Mehtani, Dozier, &
Rinehart, 2013; Nielsen et al., 2017) not sufficient to settle
the matter? However, existing evidence and arguments do
not settle the issue, as they are not shared across the mul-
tiple disciplines concerned with diversity, such as philoso-
phy, psychology, cultural evolution, economics, or manage-
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ment/organizational sciences. Normative approaches typi-
cally demonstrate clear benefits of diversity, whereas more
applied approaches commonly report weak or null effects, or
find that these benefits are often outweighed by various costs
(Bell, Villado, Lukasik, Belau, & Briggs, 2011; Horwitz &
Horwitz, 2007; Stahl, Maznevski, Voigt, & Jonsen, 2010;
Van Knippenberg & Schippers, 2007; Williams & O’Reilly,
1998).

Our goal is to address this Diversity Gap — the gap be-
tween the promise and reality of diversity, or between what
we normatively think ought to be the case and what empiri-
cally is the case. Specifically, we tackle two core questions:
how to explain the Diversity Gap, and how to close it.

The main concern here will be epistemic or cognitive di-
versity: the various ways in which people use and store in-
formation, including knowledge, beliefs, ability, expertise,
goals, or values. This can theoretically be distinguished from
diversity in surface or demographic factors such as age, eth-
nicity or gender (Hong & Page, 2004; Roberson, Ryan, &
Ragins, 2017; Van Knippenberg, De Dreu, & Homan, 2004;
Williams & O’Reilly, 1998). However, it is unhelpful to in-
sist on a clear distinction between these broad types of di-
versity (Van Dijk, Van Engen, & Van Knippenberg, 2012;
Van Knippenberg et al., 2004). Demographic and cognitive
diversity often interact, as demographic differences can affect
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what information people have via different life experiences
or cultural values (Barrett, 2020; Bohman, 2006; Gutiérrez &
Rogoff, 2003; Hanel et al., 2018; Ragins, Lyness, Williams,
& Winkel, 2014; Taras, Kirkman, & Steel, 2010; Williams
& O’Reilly, 1998). Demographic differences can also affect
how people share information, if they are biased to gain in-
formation from those more similar to themselves or to dis-
trust information from those who are different (Mannix &
Neale, 2005; Van Knippenberg et al., 2004).

Thus, we suggest, articulating and distinguishing demo-
graphic and cognitive sources of diversity matters less than
the informational vs. interactive domains in which the ef-
fects of those factors play out. ‘Informational’ refers to the
contributions that individuals bring to collective endeavors:
the relevant information that may help solve the problem.
‘Interactive’ refers to the ways in which the group makes
use of those contributions while collaborating: the ways in
which relevant information is shared, integrated, aggregated
and implemented. Both demographic and cognitive factors
can have an effect in both informational and interactional
domains. For instance, in science, immigrant status can si-
multaneously evince informational benefits and interactional
costs (Hofstra et al., 2020).

The benefits of diversity

Three main approaches make the case that diversity is
epistemically beneficial. Philosophy provides a normative
account: why diversity ought to be useful. Computational
modeling provides a bridge between the normative and em-
pirical: how the theoretical effects of having diverse individ-
uals is likely to play out to yield group-level effects. Finally,
empirical studies speak to the question of whether these ef-
fects are in fact realized.

Philosophical accounts of the benefits of diversity date
back to Aristotle: if each individual contributes some prac-
tical wisdom, then the collective can yield better judgment
by pooling these individual contributions (Waldron, 1995).
Mill (1989) further argued that the optimal epistemic out-
come for the group depends not only on the range of opin-
ions on offer, but also on the deliberation provoked by this
range, highlighting the need for both informational and in-
teractional domains. A recent refinement is that ideas and
values are the things that are deliberated over, whereas per-
spectives are the relevant properties of the people who are
deliberating (Bohman, 2006). On this view, epistemic out-
comes are optimized by maximizing the range of perspec-
tives rather than maximizing the range of ideas or opinions,
as perspectives are the source of variation in ideas.

Computational models simulate how group-level out-
comes can depend on diverse perspectives or strategies. For
instance, the ‘Diversity Trumps Ability’ thesis originates in
a model (Hong & Page, 2004) where simulated agents em-
ploy different strategies to discover the point of maximum

value on an epistemic landscape. Each position on the ab-
stract landscape represents an epistemic outcome, such as a
different scientific discovery, research method, engineering
design, or collective decision. The altitude of the position
represents its epistemic value: the importance of the discov-
ery, the efficiency of the design, or the accuracy of the deci-
sion. The challenge is to identify the peak with the highest
epistemic value (the global optimum) without getting caught
on local optima. Individual strategies vary in quality, each
reaching points of different value. Crucially, a randomly
selected group is more likely to find the optimal epistemic
outcome than a group of experts — those whose individual
strategies yielded the greatest individual gain (Hong & Page,
2004).

Other models make similar claims based on a ‘Division
of Cognitive Labor’ (Kitcher, 1990). In these models, some
agents have a basic hill-climbing strategy and, individually,
achieve good outcomes. Other agents tend to explore unfa-
miliar areas, and still others exploit familiar areas. The ex-
plorers frequently have poor individual outcomes, but their
presence radically improves group outcomes (Thoma, 2015).
Overall, diverse groups have the best outcomes (Pöyhönen,
2017; Thoma, 2015; Weisberg & Muldoon, 2009).

One contribution of such models, then, is to undermine the
intuition that a group of experts is always best, and to show
how cognitive diversity produces a range of behaviors that
leads to better problem solving. Further, they highlight how
the best outcomes for an individual do not straightforwardly
translate into the best outcomes for a group. In general, such
models aid theory building (Guest & Martin, 2021), though
we note recent calls for ‘empirically sensitive robustness’ in
simulation studies (Fazelpour & Steel, in press).

Empirical evidence for the benefit of different judgments
began with the ‘Wisdom of Crowds’ effect (Galton, 1907;
Surowiecki, 2004). For instance, people estimated the weight
of a bull, producing a range of guesses that, when aggregated,
were close to the true value (Galton, 1907). There is some ex-
perimental support for aforementioned computational mod-
els. For instance, the Diversity-Trumps-Ability thesis was
supported by a semester-long experiment where participants
— running startup companies as part of a business course
— were assigned to teams of either diverse or homogeneous
cognitive ability. Diverse teams outperformed high-ability
teams (Hoogendoorn, Parker, & Van Praag, 2017).

Looking more broadly, there are two important pathways
through which informational variation can have a positive ef-
fect on collective problem solving. In Wisdom-of-Crowds
phenomena, where each person’s estimate has some error,
aggregating the group’s opinions can reduce overall error.
Call this the ‘error-reduction’ pathway. In phenomena like
the Diversity-Trumps-Ability thesis, where no individual has
all the information necessary to complete a task, the in-
creased variety of information held by the group is needed
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to reach the optimal outcome (Williams & O’Reilly, 1998).
Call this the ‘information-augmenting’ pathway.

However, other studies find null or negligible effects of di-
versity. For instance, diverse crowds were no better than ho-
mogeneous ones at predicting the likelihood of global events
in a Wisdom-of-Crowds study (de Oliveira & Nisbett, 2018).
Generally, meta-analyses of job performance frequently find
small or null effects of diversity (Bell et al., 2011; Bowers,
Pharmer, & Salas, 2000; Eagly, 2016; Horwitz & Horwitz,
2007; Van Dijk et al., 2012; Williams & O’Reilly, 1998).
Even in cases where there are benefits, those benefits may
fail to materialize in group outcomes unless various practi-
cal conditions are met (Paulus, van der Zee, & Kenworthy,
2019).

Thus, even though normative and computational accounts
propose benefits of diversity, empirical studies offer consid-
erably less support. One aspect of the Diversity Gap is that
the promise of diversity frequently fails to materialize in re-
ality. Another is that the benefits may be outweighed by
various costs. The focus in the literature thus far has been
on why, how and whether diversity has an epistemic benefit,
but genuine progress on this issue needs a better theoretical
understanding of when. When are the benefits clearest and
when should we not expect to see any? When are the costs
genuine, and when incidental?

Null effects are common, but are not a mark against
diversity

If the promised benefits of diversity sometimes fail to ma-
terialize, is this because they don’t exist, or because we are
looking in the wrong places? Not all epistemic tasks are
equally likely to benefit from informational diversity. In a
task where there is no reason to expect diversity to help, a
null effect does not have much to teach us about the value
of diversity. To illustrate: nobody would expect an effect of
diversity on the outcomes of people playing a fixed number
of games on a row of identical slot machines. If one stud-
ied the effects of diversity on slot machine outcomes (or the
epistemic analogue) and found no benefit of diversity, then
this result would be less a failure of diversity, and more an
artifact caused by a paradigm ill-suited to testing the effects
of diversity.

What tasks can benefit from diversity? Our first conjec-
ture is that diversity is useful for problem solving. To the
extent that a task does not require problem solving, then, an
empirical null result is more like the slot-machines example,
and thus does not meaningfully undermine the promise of
diversity. A problem exists when one has a goal to attain, but
one does not have an existing strategy or sufficient informa-
tion, and one must work out how to get from one’s current
state to one’s goal state (Frensch & Funke, 1995). This tech-
nical sense excludes cases where the strategy exists because
it is innate (e.g., many animal behaviors), or because one has

previously learned which strategy to apply (e.g., doing long
division). Scientific inquiry is a clear example of problem
solving, but problems also occur in many other occupations
(Van Knippenberg & Schippers, 2007). However, ‘problem’
need not be a binary category — something can be more or
less of a problem, depending, for instance, on how accessible
the strategy is.

Empirical studies confirm that this basic distinction is im-
portant. A meta-analysis of job performance (Van Dijk et al.,
2012) found that the positive effect of diversity was stronger
when a particular task was out-of-role (thus less familiar or
more novel, requiring problem solving) than when the task
was in-role (thus routine, with a familiar strategy, and not a
problem in the technical sense above). Similarly, a stronger
benefit of immigration or demographic diversity is found for
jobs that involve problem solving than for those that do not
(Cooke & Kemeny, 2017). Thus, a preliminary explana-
tion of the Diversity Gap is that null effects may be driven
by studying performance generally, rather than the problem-
solving aspects of performance in particular.

Compare two superficially similar Wisdom-of-Crowds
studies (de Oliveira & Nisbett, 2018; Pescetelli, Rutherford,
& Rahwan, 2020). Both posed questions that could not be
answered with certainty (e.g., ‘Before 1 August 2018, will
the Moroccan government and the Polisario Front meet for
official negotiations over Western Sahara?’, Pescetelli et al.,
2020). de Oliveira and Nisbett found no benefit of diversity,
whereas Pescetelli et al. found a benefit in larger groups. This
seeming contradiction is an instance of the Diversity Gap.

A crucial difference is that participants in Pescetelli et al.
(2020) could do their own research online before answering.
They could engage in problem solving, so there was a clear
pathway through which individual differences in exploration
strategies could meaningfully contribute to group-level ag-
gregate beliefs. A similar benefit of diversity exists in other
studies where such a pathway is present (Bhatt et al., 2017).

de Oliveira and Nisbett (2018) admit that there must be
variation in information if diversity is to have an effect, but
their design limited participants’ contributions to their prior
knowledge. Participants were given questions that many
would not know the answer to, so what should they do but
guess? Such a task focuses on the error-reduction pathway
rather than the information-augmenting pathway, but error
reduction — like the slot-machines example — does not re-
quire cognitive diversity. For instance, in a model of ant for-
aging, random variation in behavior and subsequent pooling
was sufficient to produce a Wisdom-of-Crowds effect even
though individuals were cognitively identical (Sasaki, Gra-
novskiy, Mann, Sumpter, & Pratt, 2013). Thus, if a particular
Wisdom-of-Crowds task does not involve problem solving, it
is not a good place to look for a benefit of diversity.

Problem solving is a process, thus involving multiple sub-
parts (Watson, Kumar, & Michaelsen, 1993), including both
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divergent and convergent processing (Paulus et al., 2019).
Thus, a focus on single-step tasks may also contribute to the
Diversity Gap. To illustrate: let’s say factor X helps people
do better at task type A and factor Y helps them do better
at task type B. If a study looks at the effects of having both
X and Y in just one task type — as is common in the litera-
ture — it may fail to find a benefit of diversity. But genuine
problems often comprise multiple subtasks. If A and B are
part of some larger undertaking, then diversity of Xs and Ys
will produce a benefit for that broader goal. In that case, the
lack of benefit found in a single-task study would be mis-
leading. Scientific inquiry has multiple subparts (e.g., dis-
covering new things vs. showing that findings replicate). Di-
versity should thus be crucial overall if scientists are to pro-
duce work that is both novel and replicable (Devezer, Nardin,
Baumgaertner, & Buzbas, 2019).

What types of informational diversity are likely to be
useful

We have highlighted when diversity is beneficial — that
is, for problem solving. Are we then better placed to see
how it does so? The seminal Diversity-Trumps-Ability re-
sult (Hong & Page, 2004) is concerned with cognitive abil-
ity. However, subsequent developments with both agent-
based simulations (Pöyhönen, 2017; Thoma, 2015; Weis-
berg & Muldoon, 2009) and human participants (Aggarwal,
Woolley, Chabris, & Malone, 2019; Basadur & Head, 2001;
Mello & Rentsch, 2015) have instead found diversity in cog-
nitive style to be an important predictor of problem-solving
performance. Cognitive style refers to consistent individual
differences in how people tend to represent and approach
problems, such as being more analytic or intuitive, visual
or verbal, novelty-seeking or tradition-bound (Kozhevnikov,
Evans, & Kosslyn, 2014; Roebuck & Lupyan, 2020). In an
explicit comparison of diversity in ability vs. style, the latter
was found to be a better predictor of performance, so think-
ing differently can be more important than thinking better
(West & Dellana, 2009).

Why does cognitive style diversity matter for problem
solving? First, cognitive style mediates the effect of cog-
nitive ability on epistemic outcomes, since it is the semi-
stable, semi-flexible intermediary between stable traits (such
as intelligence or working memory capacity) and temporary
problem environments (Viator, Harp, Rinaldo, & Marquardt,
2019). For instance, people with a more spatial-visualization
style (vs. object-visualization style) were more likely to
identify what sub-tasks needed to be done within a larger
navigation and identification task, which improved accuracy
(Aggarwal & Woolley, 2013).

Second, in an epistemic landscape, two components are
critical to group success: climbing an already-discovered hill
to evaluate its epistemic value, and exploring undiscovered
areas to locate new hills. Diversity of style (some individuals

preferring to strike out for unexplored areas, others prefer-
ring to exploit known areas) is essential for groups to do well
overall (Pöyhönen, 2017; Thoma, 2015; Weisberg & Mul-
doon, 2009).

Additionally, diversity of values is a crucial aspect of
many explore/exploit tasks (Thoma, 2015). Exploration of
the landscape is costly and risky (Boyd, Richerson, & Hen-
rich, 2011), and explorers on average make few individual
gains (Thoma, 2015). However, if reward is tied to individ-
ual performance, agents are unlikely to risk exploring alter-
natives (Mann & Helbing, 2017). Yet exploration of the land-
scape is crucial for optimal group epistemic progress (Pöy-
hönen, 2017). Thus, for the group to benefit from diverse
strategies, either explorers have to be motivated by some-
thing other than individual success (such as finding novelty
intrinsically valuable), or there must be concomitant diver-
sity of rewards. For instance, scientists who bridge previ-
ously unrelated research topics get fewer citations on aver-
age, but are more likely to win prestigious academic prizes
(Foster, Rzhetsky, & Evans, 2015).

Reward is not the only sense of ‘value’ relevant here:
scientists have different notions of what makes a theory or
explanation valuable (Kuhn, 1977). If some scientists are
interested in theories that are simple and others in theories
that are fruitful, this diversity of values may improve overall
scientific progress (though empirical research on this is thin
on the ground). Further, the distinction between these epis-
temic values and more social values is not always clearcut,
and variation in such values can be related to demographic
differences such as gender (Longino, 1995). Given that gen-
der diversity can make for better science (Campbell et al.,
2013), diversity of values may be a possible concrete mech-
anism by which this occurs (Longino, 2002; Nielsen, Bloch,
& Schiebinger, 2018).

When interactional costs arise, they are often not
inherent to diversity

When people interact, dissimilarity is associated with in-
creased conflict, worse communication, or lower satisfac-
tion (De Dreu & Weingart, 2003; Mannix & Neale, 2005;
Stahl et al., 2010; Van Knippenberg et al., 2004; Williams
& O’Reilly, 1998). Demographic features are salient inputs
to social categorization processes, so people may prefer to
associate with and learn from those who are more similar
to them, or be less willing to trust those who are dissimi-
lar (Mannix & Neale, 2005; Van Knippenberg et al., 2004;
Williams & O’Reilly, 1998). This is not limited to demo-
graphic diversity: congruence of cognitive style influences
people’s choice of who to learn from (Hunt, Krzystofiak,
Meindl, & Yousry, 1989), and diversity in cognitive style
negatively impacts consensus formation (Aggarwal & Wool-
ley, 2013) and lowers satisfaction (Basadur & Head, 2001).

Thus, interactional costs may outweigh the benefits of in-
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formational diversity (Galinsky et al., 2015; Van Knippen-
berg et al., 2004). This occurs even in science: demographic
minorities are more likely to make novel connections be-
tween concepts, but their ideas are less likely to be taken
up by the demographic majority (Hofstra et al., 2020) or to
make it past reviewers (Murray et al., 2019).

To understand the Diversity Gap, we need to know when
such costs are caused by diversity specifically, vs. when they
are due to aspects of the interactional context that can af-
fect the flow of information, but that can vary independently
of diversity, such as social norms or individual motivations
(Paulus & Brown, 2007).

Costs frequently occur in fields with unbalanced repre-
sentation (e.g., when a field is dominated by white males),
whereas in fields with more balanced representation, demo-
graphic diversity can have a more positive effect on group
outcomes (Joshi & Roh, 2009). Further, costs of demo-
graphic diversity are reflected in subjective ratings of per-
formance, but these costs are ameliorated when performance
is measured more objectively(Van Dijk et al., 2012)1. Even
when diverse groups outperform homogeneous groups, they
can report lower confidence in their performance (Phillips,
Liljenquist, & Neale, 2009) or lower liking of their group
(McLeod, Lobel, & Cox, 1996).

Thus, it is often the ‘context’ part of ‘interactive context’
that is the problem (Joshi & Roh, 2009; Mannix & Neale,
2005), and it is there that solutions must be sought. For in-
stance, these costs can be ameliorated by changes in culture-
, organization-, or group-level values and policies (Bell et
al., 2011; McLeod et al., 1996), fostering diversity mind-sets
(Van Knippenberg & Schippers, 2007) or a common identity
that does not obscure individual differences (Crotty & Brett,
2012; Salazar, Feitosa, & Salas, 2017).

One such change is pro-diversity messaging or attitudes
(Paulus et al., 2019). For instance, gender-diverse groups
who had been told that diversity would be beneficial in
solving a problem outperformed groups who had been told
that homogenous groups would be advantaged (Homan,
Van Knippenberg, Van Kleef, & De Dreu, 2007), and pro-
diversity messaging can help close the gap between perfor-
mance of demographic minorities and majorities (Murrar,
Campbell, & Brauer, 2020). Similarly, as perspective tak-
ing is one practical condition for the benefits to be realized
(Paulus et al., 2019), diversity has a more positive effect
on team creativity when there is team-external motivation
to engage in perspective taking (Hoever, Van Knippenberg,
Van Ginkel, & Barkema, 2012).

As the effects of such policies may be limited by persistent
individual bias (Galinsky et al., 2015), exposure to diversity
earlier in development (e.g., at school) may ameliorate some
negative outcomes. Indeed, results from the Program for
International Student Assessment (PISA) show that demo-
graphic diversity at school has a positive effect on collective

problem solving (Graesser et al., 2018).
These lines of evidence suggest that this aspect of the Di-

versity Gap — when costs seem to outweigh benefits — is
really two problems in one. The first is really more of a
‘Diversity Hump’: the inclusion of demographic minorities
or those with very different ideas may initially be met with
negative interactional outcomes. But this is not an argument
against the benefits of diversity, as once this hump is passed
and the context itself becomes diverse, the gap is substan-
tially reduced (Hoogendoorn & Van Praag, 2012). Indeed, as
societies grow more diverse, people perceive others as more
similar (Bai, Ramos, & Fiske, 2020).

The second is more a matter of implementation. Even
once the diversity hump is passed, there are still a number of
practical conditions that should be met, to allow the benefits
of diversity to actually impact the group collaborative out-
come. In addition to the pro-diversity attitudes and motiva-
tions for perspective taking mentioned above, these include
having enough experience working together as a team, and a
safe climate (Paulus et al., 2019). Nonetheless, the cognitive,
social and motivational factors may be hard to disentangle
(Paulus & Brown, 2007).

Such implementational issues aside, the core message
here is that the contextual costs are all too often exacerbated
by homogeneity, rather than caused by diversity (Apfelbaum,
Phillips, & Richeson, 2014). But why frame it in this way,
rather than just treating context as moderating the relation-
ship between diversity and outcome (as is all too common in
the literature)? We feel that treating context as a moderating
factor seriously mischaracterizes the problem. It is analo-
gous to claiming that queer-bashing is a consequence of ho-
mosexuality, and that homophobia is a moderating variable.
Doing so is wrong. Calling it ‘moderation’ either misplaces
the cause of the problem if meant literally, or at least ob-
scures the cause if meant as a statistical shorthand. Although
this is perhaps more obvious in our analogy than it is in the
literature on diversity, the principle is the same.

Interactional costs sometimes have epistemic benefits

A further reason not to frame these as interactional costs
inherent to diversity is that the same processes can also
yield epistemic benefits. Communication can be maladap-
tive if conformity leads the majority of a group to converge
on a suboptimal outcome, yielding herding or groupthink
(Lorenz, Rauhut, Schweitzer, & Helbing, 2011; Stahl et al.,
2010; Toyokawa, Whalen, & Laland, 2019; Weatherall &
O’Connor, 2020; Zollman, 2010). Thus, it can sometimes
be epistemically useful if communication is disrupted.

If diversity in an interactive context is met with distrust,

1We note that the same study showed that objective (vs. subjec-
tive) measures also weaken the benefit of diversity, but they remain
significant and positive in any case.
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this can reduce herding, yielding epistemic benefits. For ex-
ample, beliefs were better calibrated for diverse groups than
for homogeneous groups in an experimental stock-market
task, where people had to gauge the value of some com-
modities (Levine et al., 2014), and in a murder-mystery task
where people had to gather and evaluate evidence (Phillips
et al., 2009). While distrust can slow the spread of infor-
mation, it can also slow the spread of pernicious misinfor-
mation (Fazelpour & Steel, in press). It is not even neces-
sary that this effect be driven by distrust, as homogeneity
can make people less aware that different perspectives exist
(Apfelbaum et al., 2014). Given that different perspectives
do exist, focusing on diversity can in fact improve communi-
cation (Todd, Hanko, Galinsky, & Mussweiler, 2011).

Several mechanisms explain these benefits. For one,
errors are more correlated both for homogeneous groups
(Levine et al., 2014) and for communicating groups (Hahn,
von Sydow, & Merdes, 2019), so heterogeneity and break-
downs in communication can both prevent correlated errors
from dominating group decisions. Diversity lowers people’s
drive to conform (Gaither, Apfelbaum, Birnbaum, Babbitt,
& Sommers, 2018), whereas as a pressure to conform cre-
ates a disconnect between what people publicly say and what
they believe (Weatherall & O’Connor, 2020). Diverse con-
texts can also increase people’s evaluation of the unique-
ness of their own information (Phillips, Northcraft, & Neale,
2006), and increase their perceptions of tolerance of dissent-
ing viewpoints (Phillips & Loyd, 2006).

However, our account does not explain away all interac-
tive costs: if people have genuinely different perspectives,
it is hard to reach an integrative understanding (Cronin &
Weingart, 2007). This takes effort and time to overcome
(Paulus et al., 2019; Watson et al., 1993). In that case, it
is particularly salient that diversity plays a double role. Not
only does it increase the range of information brought to
problem solving (Galinsky et al., 2015; McLeod et al., 1996;
Sommers, 2006; Williams & O’Reilly, 1998), but it can also
improve people’s ability to consider or integrate this range of
information. The synergistic effect is that diversity provides
diverse perspectives, and also promotes perspective taking
(Antonio et al., 2004; Maddux, Adam, & Galinsky, 2010;
Nemeth & Wachtler, 1983; Tadmor, Tetlock, & Peng, 2009;
Todd et al., 2011). This may occur because diversity can in-
crease people’s tendency to process information more deeply
(De Dreu, Nijstad, & van Knippenberg, 2008; Galinsky et
al., 2015), divergently (Nemeth, 1995) or abstractly (Tylén,
Fusaroli, Smith, & Arnoldi, 2020); it can raise their tolerance
of ambiguity and open-endedness (Tadmor et al., 2009); and
it can increase their openness to diversity (Chang, Denson,
Saenz, & Misa, 2006).

Given that there are limits on the extent to which group- or
organization-level policies can effect behavior change, learn-
ing to acknowledge differences in perspectives (Apfelbaum

et al., 2014) and engage with those perspectives (Galinsky et
al., 2015) are important aspects of closing the Diversity Gap.
Perspective taking is a further way in which demographic
diversity can interact with cognitive diversity to boost group
outcomes. For instance, the proportion of women in a group
positively predicted group problem solving, and this effect
was mediated via increased levels of social perceptiveness
(Woolley, Chabris, Pentland, Hashmi, & Malone, 2010).

Diversity in social learning strategies resolves an
underlying tension

Collective problem solving involves a fundamental ten-
sion: the same factor — communication — pulls in oppo-
site directions. The benefit is that social learning spreads in-
formation necessary to solve a particular problem; the cost
is that this simultaneously reduces both the informational
diversity in the group (Lazer & Friedman, 2007) and the
group’s tendency to find new information (Yahosseini, Rei-
jula, Molleman, & Moussaïd, 2018). Social learning can also
cause a group to converge on something because it is popular,
rather than because it is good, making outcomes increasingly
unpredictable (Salganik, Dodds, & Watts, 2006).

This cost arises, in part, because human cognition is not
geared towards sharing the most epistemically useful infor-
mation. People amplify information that is already public,
even if they hold private information that is more useful
for the problem (Gigone & Hastie, 1993; Stasser & Titus,
1985). Further, people choose who to get their information
from based on factors that are — at best — noisily related
to the value of their information such as prestige (Henrich
& Gil-White, 2001) or popularity (Salganik et al., 2006) or
— worse — are orthogonal such as the desire to boost social
affiliation (Cialdini & Goldstein, 2004).

People differ in how much they use social informa-
tion when making decisions or solving problems (Efferson,
Lalive, Richerson, McElreath, & Lubell, 2008; Mesoudi,
Chang, Dall, & Thornton, 2016; Molleman, Kurvers, &
van den Bos, 2019), with some being more independent and
others more conformist. However, given that social informa-
tion can have both positive and negative effects, it follows
that neither heavy use of social information nor avoidance
of social information are likely to be universally success-
ful strategies (Laland, 2004). Overall, intermediate levels of
connectedness can maximize a society or culture’s ability to
evolve (Derex, Perreault, & Boyd, 2018).

Thus, we propose that diversity in social information use
is an important mechanism whereby diversity benefits collec-
tive problem solving. There are computational models show-
ing that diversity in social information use is beneficial for
epistemic outcomes, with most individuals being rather con-
formist, but some more maverick (Pöyhönen, 2017; Thoma,
2015). Again, though, these benefits may only accrue in cer-
tain situations (Sulik, Bahrami, & Deroy, 2021), and as this
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represents a major gap in the experimental literature, one av-
enue for further research is whether this factor has a wider
effect.

Better models are needed to weigh benefits vs. costs

As there are both benefits and costs (whether inherent or
incidental), neither total homogeneity nor maximal diversity
are likely to be optimal. Indeed, there is frequently a curvilin-
ear relationship — specifically, an inverted U-shape (Fig. 1a)
— between diversity and epistemic outcomes (Aggarwal
et al., 2019; Basadur & Head, 2001; Curşeu, Schruijer, &
Boroş, 2007; Dahlin, Weingart, & Hinds, 2005; Derex et
al., 2018; Hoogendoorn & Van Praag, 2012; Lazer & Fried-
man, 2007; Mannix & Neale, 2005; Monechi, Pullano, &
Loreto, 2019; Van Knippenberg & Schippers, 2007; Williams
& O’Reilly, 1998).

This implies a pressure towards moderate diversity. How-
ever, it is an intuition trap to think that this pattern is driven
by the presence of both benefits and costs. This intuition does
not explain the curvilinear pattern, because it is compatible
with a wide range of overall outcomes (Busse, Mahlendorf,
& Bode, 2016). All scenarios in Fig. 1 involve both costs and
benefits, but vary in their overall patterns. Thus, the mere ex-
istence of costs and benefits is not enough to create an overall
pressure in any direction.

Figure 1. Schematic representations of the costs and benefits of
diversity, and the total outcome (the sum of the cost and benefit
values), all represented on an arbitrary unit scale. (a) Costs and
benefits have nonlinear relationships with diversity, and the curves
are not symmetric about y=0, yielding an inverted-U pattern. (b)
Costs and benefits change linearly and symmetrically, yielding no
overall pressure. (c) Both change non-linearly and symmetrically,
also yielding no overall pressure. (d) Both change linearly, but the
benefit slope is larger, yielding an overall pressure towards high
diversity.

Overall pressures depend on the specific shapes of the
relevant cost/benefit functions (Busse et al., 2016; Grant &
Schwartz, 2011). If costs and benefits are symmetric about
the x-axis (Fig. 1b, c), the net outcome is flat: there is no

pressure either towards high or low diversity. If the relation-
ships are not symmetric, this can produce an overall pres-
sure towards either high or low diversity (Fig. 1d). For an
inverted-U pattern, costs and benefits must be asymmetric,
and at least one must be nonlinear (e.g., a benefits curve that
initially increases steeply and then plateaus, and a cost curve
that does the opposite, Fig. 1a).

In applied approaches to diversity, theoretical models are
frequently represented as chains of causal relationships that
have either positive or negative effects. However, as Fig. 1
demonstrates, just knowing if an effect is positive or neg-
ative is insufficient to explain the presence or absence of
pressures towards low, moderate or high diversity. Thus, for
progress to be made on the Diversity Gap, better theoretical
models are needed, including parameters for curve shapes
(Grant & Schwartz, 2011). Articulating such relationships
more clearly is one benefit of computational models (Guest
& Martin, 2021).

This is not merely a matter for theory, but also has prac-
tical implications. For instance, if it turns out that the bene-
fits of diversity tail off (or the costs grow steeper) for larger
groups (Cummings, Kiesler, Bosagh Zadeh, & Balakrish-
nan, 2013), then this captures one source of the problem and
highlights where potential solutions may be sought. For in-
stance, if communication is especially difficult for larger di-
verse groups, the large groups could be restructured so that
problems are tackled by smaller subgroups (e.g., Navajas,
Niella, Garbulsky, Bahrami, & Sigman, 2018).

However, the particular challenge this raises for the Diver-
sity Gap is that it is not enough to know when diversity of-
fers epistemic benefits. Rather, it is important to know when
such benefits climb steeply enough, relative to costs, so as to
produce an overall pressure away from low diversity.

A more nuanced view of problem solving: complexity
matters

Our initial claim was that diversity is beneficial for collec-
tive problem solving (and not necessarily for epistemic per-
formance generally), but this glossed over a key factor: the
benefits of diversity are stronger for more complex problems
(Bosetti et al., 2012; Bowers et al., 2000; Cooke & Kemeny,
2017; De Dreu et al., 2008; Grim et al., 2019; Hong & Page,
2001; LiCalzi & Surucu, 2012; Page, 2014; Pöyhönen, 2017;
Van Dijk et al., 2012; Yahosseini & Moussaïd, 2019). ‘With-
out diversity, one cannot have much complexity. But without
complexity, diversity becomes mere variation, noise about
the mean’ (Page, 2014, p 268).

Thus, problem complexity can affect the shapes of the
aforementioned cost-benefit curves to yield an overall pres-
sure for higher diversity. But what does ‘complexity’ mean,
and how do different definitions contribute to the benefits of
diversity? There are three broad approaches to complexity as
moderating the effects of diversity: (i) informal approaches,



8 JUSTIN SULIK

(ii) approaches based on computational complexity, and (iii)
approaches rooted in the empirical problem-solving litera-
ture.

As an example of an informal approach, ‘complexity’ in
Horwitz and Horwitz (2007) is used to distinguish project
work from service or manufacturing work. However, there
are no clear reasons why project work should count as par-
ticularly complex in any useful or important sense, or why
this is not merely ‘difficulty’. It is thus hard to know what to
make of their null results, whereas the following alternatives
both offer theoretical frameworks to decide what counts as
complex.

Computational approaches offer quantifiable measures
of problem complexity. Problems are characterized by sets
of parameters or inputs and corresponding solution outputs.
Different classes of complexity depend on the kind of func-
tion maps these inputs to the computational run-time re-
quired by an algorithm to produce the outputs (Van Rooij,
2008). For instance, if i represents some measure of the size
of a problem space to be searched and a represents some con-
stant, then a problem-solving algorithm whose run-time is a
function of ai is more complex than one whose run-time is
a function of ia, because the former value grows much faster
than the latter as i increases.

Frequently, computational complexity in problem solv-
ing is cashed out in terms of a rugged epistemic landscape,
where individuals are likely to get stuck on local optima,
but where the global optimum is hard to find (Alexander,
Himmelreich, & Thompson, 2015; Almaatouq, Yin, & Watts,
2020; Bernstein, Shore, & Lazer, 2018; Lazer & Friedman,
2007; Yahosseini & Moussaïd, 2019). Experimental results
in complex problem solving show that when communication
is throttled, this reduces herding and maintains informational
diversity, thus preventing people from converging on local
optima, and boosting the group’s chances of discovering the
global optimum (Bernstein et al., 2018; Shirado & Chris-
takis, 2017).

In contrast, the problem-solving literature has not agreed
on just what defines a complex problem. It offers several can-
didate dimensions (Frensch & Funke, 1995), but these only
have a family resemblance between them (Sternberg, 1995).

One such dimension is novelty (Dörner & Funke, 2017;
Frensch & Funke, 1995). The Diversity Gap should be nar-
rower for novel problems, which require some creativity,
and wider for problems that people are familiar with, such
as their routine jobs. Creative or innovative tasks are those
where diversity consistently has a positive effect (Basadur &
Head, 2001; Bell et al., 2011; Bowers et al., 2000; Galin-
sky et al., 2015; Hoever et al., 2012; Leung & Chiu, 2010;
Mannix & Neale, 2005; Mello & Rentsch, 2015; Parrotta,
Pozzoli, & Pytlikova, 2014; Paulus, van der Zee, & Ken-
worthy, 2016; Polzer, Milton, & Swarm Jr, 2002; Stahl et
al., 2010; Van Dijk et al., 2012; Wang, Cheng, Chen, & Le-

ung, 2019; Williams & O’Reilly, 1998). Relatedly, collec-
tive problem solving requires not only that individuals bring
a variety of information to an interaction, but also that these
pieces of information recombine in novel ways during inter-
action: ‘new ideas are born at the social nexus where previ-
ously isolated ideas meet’ (Muthukrishna & Henrich, 2016,
p 5). This is also a prime example of where diversity in de-
mographic factors such as ethnicity (McLeod et al., 1996)
and gender (Schruijer & Mostert, 1997) or both (Hofstra et
al., 2020) improve group-level outcomes. For instance, even
if diversity on a company board does not positively predict
profits (Eagly, 2016), it can still predict innovation (Bernile,
Bhagwat, & Yonker, 2018; Parrotta et al., 2014). Even then,
implementational factors such as experience together or time
spent reflecting will affect whether the creative benefits of di-
versity actually materialize (Paulus & Brown, 2007; Paulus
et al., 2019).

A second dimension of problem-solving complexity is the
distance between people and their goals (Dörner & Funke,
2017; Frensch & Funke, 1995). If one’s goal involves a solv-
ing complex sequence of problems, these are likely to vary
in their requirements, and are thus likely to benefit from di-
versity. However, if the goal requires just a single step, then
there is less scope for diversity to play a role. This is one
reason why we previously emphasized that problem solving
is a process, and why single-step Wisdom of Crowds tasks
are unlikely to be a reasonable place to search for an effect
of diversity.

Other dimensions of problem complexity center on
‘Representational Complexity’. In a recent study of real-
world problem solving, researchers probed participants’ rep-
resentations of the various problem components and the
causal relationships connecting those components, and then
used these to construct graphical knowledge maps (Amin-
pour et al., 2021). The individuals had different stakes in the
problem, and thus had different perspectives on what mat-
tered and how it mattered. The aggregated knowledge maps
of diverse groups were shown to be more accurate than those
of homogeneous groups.

This illustrates how diversity affords representational
complexity, but it does not yet demonstrate that representa-
tionally complex problems are when diversity is most likely
to be epistemically useful or, in terms set out above, to
produce especially steep benefits curves. To address this
‘when?’ question, diversity research needs better under-
standing of (and subsequently, measurement of) the specific
dimensions that contribute to representational complexity.

One such dimension is opacity (Dörner & Funke, 2017;
Frensch & Funke, 1995; Gergely & Csibra, 2006) since,
for simple problems, it is easy to discern or evaluate the
current problem state (i.e., the values of relevant variables,
and the causal relationships between them), whereas for
more opaque problems, these states, values or relationships
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must be hypothesized. Another, related dimension is rele-
vance or selective encoding (Kwisthout, 2012; Sperber &
Wilson, 1995; Sternberg, 1995). Sometimes it is compara-
tively obvious what information is relevant for a problem,
and sometimes this must be inferred. Such inferences are
notoriously intractable in the general case (Fodor, 2001;
Kwisthout, 2012), and are related to creative hypothesis gen-
eration (Blokpoel, Wareham, Haselager, Toni, & van Rooij,
2018; Sulik, 2018).

Both aspects of representational complexity offer concrete
mechanisms that lie at the nexus of several factors raised
above, such as variation in perspectives, problem represen-
tations, and creativity. For instance, the relevance dimension
is foundational for pragmatics, the aspect of communication
that involves understanding people’s perspectives and inten-
tions in context (Sperber & Wilson, 1995), and perspective-
taking is hard (Sulik & Lupyan, 2018), partly because it is
cognitively opaque (Gergely & Csibra, 2006). In turn, shifts
in perspective are central to group creativity (Hoever et al.,
2012) and to insightful problem-solving, where solving a
problem explicitly requires a shift in problem representa-
tions (Beeman, 1993; Bowden & Jung-Beeman, 1998; Sulik,
2018).

As opacity and relevance are both under-explored in the
diversity literature, we can only speculate about their role.
We predict that the Diversity Gap will be wider when people
are simply given hypotheses to evaluate, along with the nec-
essary data, and narrower when people must generate their
own hypotheses, or find and gather their own data. Similarly,
we predict that the Diversity Gap will be wider when there
is general consensus about what information might be rele-
vant to solving a problem or about how to represent the prob-
lem, and narrower when relevance presents a challenge, or
when the relevant problem representation is non-obvious, or
when the obvious representation is misleading. The last two
features characterize ‘insight problems’ (Bowden & Jung-
Beeman, 1998; Durso, Rea, & Dayton, 1994; Gilhooly &
Murphy, 2005), so this class of problems represents an im-
portant avenue for future research on closing the Diversity
Gap.

Diversity needs an inclusive sense of ‘complexity’

Only one experiment (to the best of our knowledge) has
studied the effect of diversity on problem solving while vary-
ing complexity, and it found no interaction between diversity
and complexity (Almaatouq et al., 2020). However, it varied
only computational complexity, so it does not undermine the
promise of diversity for complex problem solving. Instead,
we need an inclusive approach that incorporates both com-
putational and representational complexity.

Representational complexity is logically prior to compu-
tational complexity, which assumes that some degree of ab-
straction has already taken place, a problem representation

has been chosen, and the information relevant to solving
the problem has been identified (Kwisthout, 2012). Prob-
lem solving often starts prior to this point, because deciding
what information may be relevant to solving the problem is
often part of the problem, and the same is true for decid-
ing how to represent the problem. Similarly, whereas the
computational complexity approach assumes a well-defined
solution state, real-world complex problem solving often in-
volves ill-defined solution states (Dörner & Funke, 2017).
Finally, computational complexity is mathematically formal-
ized, whereas relevance and hypothesis generation are noto-
riously hard to formalize (Fodor, 2001; Reichenbach, 1938).

Thus, we propose that representational complexity is cru-
cial for problem posing, problem construction or hypoth-
esis generation. This is one of the biggest gaps in diversity
research, and thus offers the potential for a transformational
leap forward. Although one genuine cost of informational di-
versity is that it can impede consensus formation, consensus
is not important for all stages of problem solving (Basadur
& Head, 2001), especially not for the initial stages of the
process highlighted here.

In sum, representational complexity (and its role in prob-
lem posing) can complement analytic computational ap-
proaches to well-defined problems. Focusing exclusively on
either approach in isolation can contribute to the Diversity
Gap, because both approaches are in fact integral to com-
plex problem solving more broadly construed. As science
is a complex undertaking in both senses of ‘complex’, the
issues raised here illustrate why there is a need for diversity
in science. For instance, diversity can affect what research
questions are generated, or what alternative hypotheses are
considered (Intemann, 2009).

Conclusions and future directions

The benefits of diversity obtain most clearly in complex
problem solving, rather than performance in general. In par-
ticular, they depend on an inclusive or enhanced sense of
‘complex’, one that can account for the importance of cre-
ativity and problem posing, and the role that diverse cogni-
tive styles, perspectives and values can play in these.

Throughout, we have been mentioning results from, and
implications for, doing science. Science is a prime exam-
ple of a complex problem, in many senses covered here. It
comprises multiple and various subtasks; it involves a rugged
epistemic landscape; and frequently includes conflicting per-
spectives, creativity and problem posing. It also highlights
how the promise of diversity can be diminished by institu-
tional or individual bias. The role of diversity in science re-
flects in microcosm the role of diversity in general.

Our focus has been on how diversity affects problem solv-
ing, but what about the reverse? Given that humans display
cognitive diversity, what was it about the ancestral human
environment — and specifically what sorts of problems were
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our ancestors faced with — that made cognitive diversity an
adaptive evolutionary strategy for our species? Fields such
as anthropology, cultural psychology and cultural evolution
have made a start on this problem, by arguing that cogni-
tion itself is culturally variable (Bender & Beller, 2016), that
we have brains evolved for both social norms and variabil-
ity (Muthukrishna & Henrich, 2016), that ecological factors
contribute to a society’s tolerance for deviation from such
norms (Gelfand, Harrington, & Jackson, 2017; Gelfand et al.,
2011), and that diversity in personality increases in response
to socioecological complexity (Lukaszewski, Gurven, von
Rueden, & Schmitt, 2017; Smaldino, Lukaszewski, von Rue-
den, & Gurven, 2019).

We have highlighted several types of cognitive diversity
(e.g., in values and cognitive style, including variation in
social-information use) that are comparatively rare in the lit-
erature on diversity and problem solving, but another impor-
tant avenue for research is the benefits of neurodiversity in
this regard (and answers to the previous question on evolu-
tion may also speak to this question). There have been argu-
ments for the value of neurodiversity in the workplace (e.g.
Krzeminska, Austin, Bruyère, & Hedley, 2019), but as yet,
we know of no studies of the specific mechanisms whereby
neurodiversity benefits collective problem solving.
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