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Abstract: Identity diversity in teams brings advantages for complex decision-making because it is associated
with cognitive diversity among team members. At the same time, homophilous interactions along shared iden-
tity dimensions can hinder information exchange among dissimilar individuals and threaten successful ex-
ploitation of the team’s cognitive diversity. We present an agent-based model to investigate how homophily
impacts decision-making quality in diverse teams. Team members communicate information in a ‘hidden pro-
file’ setting where some pieces of information are known only to single individuals while other pieces of infor-
mation are known to subgroups with the same identity. While intuition may suggest that homophily impairs
collective decision-making, our model reveals how homophilous environments lead to better collective de-
cisions: homophily fosters temporary disagreements between dissimilar team members, which grant teams
additional time to uncover crucial information that would not have been shared otherwise. Longer discussion
time comes along with improvements in the quality of the final decision, indicating a trade-off between the
time needed to deliberate and decision quality.

Keywords: Homophily, Collective Decision-Making, Team Diversity, Hidden Profile, Transient Diversity

Introduction

A large literature on work teams documents that diverse teams have a greater pool of social, human, and cul-
tural capital translating into a higher potential for team performance (Phillips & O’Reilly|1998). Yet, when diver-
sity activates social identity processes (Tajfel|2010), this potential may not be used. Homophily, the tendency
to preferentially interact with those similar to oneself is a strong force in humans (McPherson et al.|2001) and
prevents team members from communicating with dissimilar others providing them with information needed
to reach higher performance. With an agent-based model, we challenge here the intuition that homophily is
detrimental to the performance of diverse teams. We demonstrate that homophily can improve team decision-
making, studying agent teams confronted with a hidden profile task (Stasser & Titus{1985) which requires team
members to share information not known to others in order to collectively find the best solution to a problem.
Our finding contrasts with the conjecture that homophily can hamper the performance of diverse teams (Ertug
et al.[2022; Estévez-Mujica et al.|2018;|Reagans|2013) and highlights instead the benefits of limiting the flow of
information between dissimilar team members.

Structuring collaboration processes and interaction patternsin diverse teams so that they enhance team decision-
making has become an increasingly important issue, as a globalized division of labor, rising international mi-
gration, and increasingly diverse workforces have led to a ubiquity of heterogenous decision-making groups
in organizations (Jackson et al.|1995). Research investigating how this trend shapes collaborative work pro-
cesses identifies both challenges and benefits (Carter & Phillips|2017;Milliken & Martins|1996; Phillips & O’Reilly
1998). Successful integration of cognitive diversity, referring to the wealth of perspectives, knowledge, and
skills present in a team is found to have mostly beneficial outcomes for the quality of a task, especially when

JASSS, 27(1) 14,2024 http://jasss.soc.surrey.ac.uk/27/1/14.html Doi: 10.18564/jasss.5224



1.3

14

1.5

1.6

1.7

1.8

tasks are complex because a conjunction of diverse skills and perspectives is expected to enhance team cre-
ativity and foster innovative solutions (Page|2019).

At the same time, identity diversity in teams can provide a challenge to the successful integration of cognitive
diversity. Identity diversity is sometimes also referred to as ‘surface-level diversity’ or ‘demographic diversity’
(Peters|2021). Including potential demographic or ‘surface-level’ traits, we focus specifically on identities that
are easily observable for others, salient during collaborative work, and plausibly correlated with cognitive traits.
! Even without assuming that identity diversity leads to intergroup conflict (Lau & Murnighan|1998) stereotyping
and negative outgroup attitudes (Harrison et al.[1998;|Northcraft et al.|1995;|Phillips|2003), it has been consis-
tently documented that individuals tend to associate themselves with similar others and that similarities are
usually recognized along common identities (Brechwald & Prinstein|2011; |Ertug et al.[2022;McPherson et al.
2001).

Simulation studies on opinion dynamics (Flache et al.|[2017;|Hegselmann & Krause|2002) and experimental stud-
ies (Bail| 2016} Balietti et al.|2021;|Mas & Flache|2013) show that such homophilous preferences are sufficient
to drive groups apart and induce polarization. Empirically, identity traits often correlate with cognitive traits
(Phillips|2003) and theoretical as well as empirical studies have shown that such correlations tend to amplify
polarization tendencies (DellaPosta et al.|2015;Mas et al.|2013;|Stark & Flache|2012). If individuals socially influ-
ence each other but tend to interact with similar others, patterns emerge where distinct sets of opinions revolve
around similarities in other, seemingly unrelated dimensions.

Models of opinion dynamics highlight how opinion divergence in teams can disable consensus, but they do not
clarify how opinion polarization links to the quality of decision-making in a team. In this paper we move beyond
modeling the dynamics of opinions alone and develop expectations about how homophilous preferences and
social influence affects decision-making quality in a team. Intuitively, one can expect this theoretical exten-
sion to show how homophily in diverse teams can negatively affect decision-making quality. For complex tasks
where diverse knowledge must be brought together to obtain an optimal decision, a lack of communication
between team members with different identities hampers the conjunction of valuable information, leading to
failure to realize good solutions. Second, even if some team members find the optimal solution to the task at
hand, a lack of consensus endangers the possibility that this solution is adopted by the team. Finally, lacking
communication slows down the deliberation process, making decision-making more costly. This expectation
aligns with previous experimental and simulation-based research on problem-solvingin groups (Estévez-Mujica
et al.[2018): especially in those groups where demographic diversity was high, homophilous interactions pre-
vented access to valuable information. This resulted in worse performance on the group level.

Epistemological studies on decision-making in diverse groups, on the other hand, oppose the conjecture that
homophily negatively affects group performance in deliberative tasks. Instead, bounded communication be-
tween different individuals is beneficial to team decision quality (Zollman|2010) because restrictions on social
influence will prevent individuals from prematurely adopting others’ solutions. In other words, boundaries in
communication hinder the rapid dissemination of inferior knowledge, ultimately ensuring that individuals ex-
plore the full spectrum of possible decisions before exploiting suboptimal knowledge (Frey & Se3elja/2020; Wu
& 0’Connori2021}Zollman|2010). Similar to the opinion dynamics literature, these works also suggest that ‘tran-
sient diversity’ will lengthen the deliberation process but point out that added discussion time gives room to
ensure that knowledge is optimally explored and disseminated.

Studies of transient diversity emphasize possible advantages of boundaries to communication in team decision-
making, but they leave us in the dark as to how homophily interacts with diversity in teams. Scholars of this
canon are primarily concerned with communication processes in science and argue that skepticism and sparse
communication can be induced by adapting macro-level incentive structures such as changing funding policies
in research. Yet, we would expect that meso-level social processes such as homophily induced by identity diver-
sity can also bound excessive communication and limit exchange between dissimilar members, even if macro-
level structural boundaries are absent. This notion is similar to the ‘value in diversity’ hypothesis (McLeod et al.
1996), arguing that salient markers of diversity can be beneficial to decision-making quality even when they
are unrelated to cognitive traits (Levine et al.[2014;|Pagel2019; Peters|2021} Phillips & Loyd|2006). Easily observ-
able diversity in identities can help groups to apply healthy skepticism, prevent the placement of undue trust,
and foster constructive discussion. In sum, it follows from both the transient diversity literature and the value
in diversity literature that tendencies to associate with similar over dissimilar individuals improve collective
decision-making quality and help groups to examine information critically instead of converging around early,
suboptimal consensus.

Research on opinion dynamics in diverse teams and studies of transient diversity lead to competing intuitions:
preferential interactions among similar over dissimilar team members are either beneficial or detrimental to a
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team’s performance. The present paper uses an agent-based model to theorize how homophilous interaction
preferences shape decision-making quality in diverse teams. The model combines central aspects that have
not been studied in tandem before: first, it evaluates the quality of the decision that is made, which opinion
dynamics models have paid little attention to so far. Second, it considers that background traits shape interac-
tion preferences between individuals without having to assume exogenous incentive structures as outlined by
the transient diversity literature.

Our model builds on hidden profile tasks, an established paradigm that has been widely used in experimental
research to study decision-making in groups (Lu et al.[2012;|Schulz-Hardt & Mojzisch|2012;/Sohrab et al.|[2015;
Stasser & Stewart|1992; Stasser & Titus|1985,/2003). In a hidden profile, a team of decision-makers is equipped
with a set of information pieces and instructed to deliberate before choosing one of several available decision
alternatives, which differ in quality. Individuals are given different pieces of information at the onset of the de-
liberation task. Pieces of knowledge that point towards inferior options are ‘common information’, i.e., known
to everyone in the group. Common information anchors decision-makers to initially prefer inferior options.
Anchoring effects, a tendency to share knowledge supporting one’s own views, and social validation from oth-
ers with similar decision preferences can prevent members from sharing or accepting dissenting information.
This makes hidden profiles difficult to solve (Lu et al.[2012), which resonates with the conjecture that diver-
sity has a much greater impact on the outcome of a task when it is complex and challenging (Wittenbaum et al.
2004). Information supporting the optimal option is ‘unique’, in that itis known to not more than one individual.
However, a conjunction of multiple pieces of unique information will reveal the optimal option, which captures
the well-studied phenomenon of cognitive diversity that bringing together knowledge from different individu-
als will produce better solutions (Hong & Page|2004). In addition, hidden profiles are a suitable paradigm for
the purpose of the present research because they incorporate a number of features that are often hard to ob-
serve or hold constant in natural settings: Hidden profiles allow the experimenter to control the distribution of
knowledge, as a predefined set of decision options can be perfectly ranked according to their quality, and all
communication processes and their outcomes can be observed and subsequently analyzed.

By using the hidden profile paradigm for studying the interplay of identity diversity and homophily in affect-
ing team decision-making quality, we also contribute to the hidden profile literature itself. Identity diversity
is a feature that is rarely considered in the literature on hidden profiles and has not received much attention
in experimental research using this paradigm (see |Phillips et al.|2006| for an exception). Since the impact of
identity diversity on decision-making quality is a key aspect of our study, our model extends the traditional
hidden profile framework by assigning identity traits to individuals, making them either similar or dissimilar to
each other. We capture the aspect that identity is associated with the kind of knowledge individuals possess
by distributing a separate set of common information to any group of individuals with a common identity. We
further condition interaction preferences on identity traits in such a way that higher homophily levels reflect
how much identity-similarity increases the chances of communication between individuals. More precisely, the
stronger homophily, the higher are the chances of individuals of identical background to communicate relative
to the chances of communication between individuals of different background. Our key interest is in assess-
ing the effects of homophily on decision-making quality. Thus, as further outlined in the ‘setup of simulation
experiments’ section, we measure how likely teams were to obtain optimal consensus given different levels
of homophily, and how long it took them to reach a decision. In the results section, we show how homophily
affects consensus outcomes, uncovering the underlying mechanism and investigating how other discussion
features such as deliberation length and belief changes among team members are affected.

Model Description

Our model develops a formal representation of a diverse work team facing a decision problem as implemented
in the experimental setup of the hidden profile paradigm. Figure [1]illustrates key aspects of the model. We
implement a setup where a team seeks to identify the best out of a set of possible decision options. Individu-
als are equipped with different pieces of information that need to be combined to identify the best option. To
this end, we assume a team of N agents. Each agent belongs to one of M groups where each group consists of
agents who share a common identity. Identities could represent, for example, different branches in an organi-
zation, or different academic disciplines in an interdisciplinary project. Our main model assumes that groups
are assumed to be of equal group size, although Figure[g]in the[Appendix], shows that results generalize to un-
balanced group contexts. We also abstract from power imbalances between agents or the effects of multiple
group memberships.
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The virtual teams in our model face a decision problem, in that the best option 0,,,, out of a set of J discrete
options needs to be identified. Every team member forms her own belief about which decision option is best
but is open to influence by other team members. Influence is implemented as a sequence of communication
events (right side of Figure[L). Agents take turns in sharing an argument with an interaction partner. Every time
an argument is emitted, the recipient updates her beliefs and tells her team what option she currently believes
to be best. This influence process continues until all agents prefer the same option. This option is the team s
decision. Alternatively, if no consensus is reached after a large number of interaction events (5,000 interactions),
the simulation is stopped.

setup hidden profile deliberation dynamic
arguments sender receiver
* initialize
* determine option share argument
quality
distribute * choose argument * include argument
(common / unique) * choose receiver * update beliefs
* communicate beliefs
team members
* assign group repeat
membership
* form initial beliefs activate «—| ho “~
* communicate beliefs next sender team

| yes <— | consensus?
|
v

Figure 1: Overview of model procedure. A detailed representation of the model procedure in pseudocode is
included in the replication package (see[Data Availability).

Decision options and arguments

To create a decision problem as implemented in the hidden profile paradigm, we assume that there is a set of
I arguments A = {ay,a,,...,q;} pertaining to a predefined set of J decision options O = {01,03,...,0;}. An
example of a set of arguments and decision options is presented in Figure[2A. The set of arguments is fixed, im-
plementing a setting in which agents cannot invent new arguments during the deliberation process. Following
common practice in hidden profiles, we define the set of arguments and options prior to the start of the deci-
sion process. This excludes the possibility that agents come up with ‘creative’ solutions, which would be hard
to design, track, and explain in a simulation. Each argument contains J weights reflecting the degree to which
the argument supports the different decision options, i.e. a; = {w; 1, wi2,...,w; }. Following the standard as-
sumption of the hidden profile literature, we assume that each argument has a positive weight for only one
of the options and a weight of zero for the other options. We further assume that there is an equal number of
arguments with a positive weight for each decision option. For a given simulated team, weights are randomly
drawn from a uniform distribution so thatw; ; € [0, 1] The sum of the weights associated with a decision option
determinesits true quality Q; = 3| w; ;, and the decision option j with the highest quality is the optimal option,

Omax
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(A) Argument availability (B) Argument distribution in the team
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* Empty cells represent weights with a value of zero.

Figure 2: Arguments, decision options and option quality. Panel A: example set of available arguments and
decision options. Panel B: argument distribution across groups and agents. Highlighted arguments represent
common arguments within groups. Quality scores in red indicate the optimal option in panel A and agents’
beliefs about what option is optimal in panel B.

Unique and common arguments

The last ingredient needed to implement a hidden profile task is concerned with the initial distribution of argu-
ments across team members. In hidden profile experiments, participants are provided with so-called ‘common’
and ‘unique’ information. An argument is common when all participants know it already at the outset of the
deliberation process. Unique information, in contrast, is provided only to a single participant. This principle is
modified for the study of diverse teams: We added that a given piece of common information is provided only
to the members of one group (Figure[2B). In this sense, common arguments can reflect certain disciplinary ba-
sics that everyone of the same profession was trained with, or specific knowledge shared by everyone working
in the same organizational branch. We distribute common arguments in such a way that each agent of group
gm receives the same set of arguments in favor of option o;. Agents in group g; receive C arguments favoring
option o1, agentsin group g, receive C arguments favoring option 0,, and so on. Like scientists of one discipline
thinking that their approach is superior to others or employees being convinced that the ‘way things are done’
within their organizational branch is best, the distribution of common arguments biases agents of one group
to initially favor a specific, but not necessarily optimal option over others. We assume that there are more de-
cision options than groups (J > M) so that the optimal option can reside outside of those options supported
by common arguments, and thus supported initially by all members of one group.

The procedure by which arguments are distributed initially is designed to ensure that teams face a hidden pro-
file task as described above. Once common arguments are assigned to groups, we consider all arguments that
remain. These can pertain to any of the decision options. However, because common arguments are distributed
already, those arguments that remain unassigned at this stage most often support options other than those fa-
vored by common arguments. In the initialization procedure, agents take turns at randomly drawing from the
remaining arguments without replacement until all arguments are distributed. By doing so, these arguments
represent ‘unique information’ thatis held by single agents but not by groups. Whether a taskis ‘hidden’ and dif-
ficult or ‘manifest’ and easy is determined by whether the optimal option o,,,, is among those options favored
by common arguments. In line with the hidden profile paradigm, we select for our simulation experiments
those tasks where only unique arguments favor the optimal option but none of the common arguments in ei-
ther of the groups do. Hence, to stay within the example of a scientific collaboration, we model a situation in
which interdisciplinarity has true advantages because it enables better solutions than those common to either
discipline alone. Altogether, our initialization procedure creates the situation of most theoretical interest to this
study: distinct sets of common arguments ensure cognitive diversity where groups bring different knowledge
to the table, with the different groups initially favoring different alternatives and none of the groups favoring
the optimal alternative. Unique arguments provide cognitive diversity at the individual level, but they are dis-
persed over agents across groups and must be brought together to outweigh common stocks of arguments
pointing to inferior solutions.

Argument processing and communication

Similar to how true quality scores Q; are computed, agents form a perceived quality score for each decision
option, g, j, by summing over the weights of the arguments they possess. Agents always believe the decision
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option to be best that has the highest perceived quality to them and communicate this belief publicly to every-
one at the onset of the simulation.

Over the course of the simulation, agents share arguments and update beliefs, thereby deliberating which op-
tion is best. Agents are activated sequentially and according to their identifier, i.e., agent 1 in round 1, agent 2
in round 2, and so forth. Additional analyses included in the[Appendix show that results do not depend on a
sequential activation of agents but are also obtained when agents are activated at random (see Figure[9). The
first task of the active agent is to select an argument she wants to share. Because the agent has limited capaci-
ties to communicate information and can only share one argument per round, she carefully needs to consider
which argument is most important to communicate. This consideration is represented by a two-step discrete
choice procedure. In the first step of the procedure, the agent chooses an option 0] she wants to support. Psy-
chological research suggests that individuals are most inclined to advocate options they deem most preferable
themselves (Wittenbaum et al.2004). For this reason, we assume that the agent is more likely to choose options
with higher perceived quality scores relative to the quality score of other options. The probability to choose op-
tion j at a given moment is formalized by Equation|1]

ePax

- (1)
Sy P

Po; =

The parameter g reflects agents’ adherence to choosing an option of higher versus lower perceived quality.
When 8 — oo the probability of choosing the option with highest perceived quality approximates one while
probabilities of choosing other options are zero. When g is zero, all options are chosen with equal probability,
regardless of their perceived quality.

After an agent has decided which option to support, the second step of the discrete choice procedure deter-
mines which argument to communicate. Here, an agent regards all arguments she holds but only considers
those weights w; ;- that contain information on her chosen option o;.. She picks one of her arguments with the
probability given by Equation[2}

eﬁwi,j*

< o (2)
ZLI:I eﬂw,-,j*

Pa; =

Again, the 8 parameter determines agents’ adherence to choosing stronger versus weaker arguments pertaining
to her chosen option. As long as 8 does not approach large numbers, the discrete choice equation assigns all
arguments a positive probability of being chosen, including those with a weight of zero. For simplicity, we
assume that the value of beta in Equation[I]and Equation[2]is the same, representing a general tendency to
select arguments that most strongly support the alternative an agent believes to be best, given the information
she possesses.

Homophilous interactions

After an agent chose which argument to communicate, she decides whom to share it with. Because we are
interested in the effects of homophilous interaction patterns, we assume that agents share arguments in dyadic
encounters in which they preferentially interact with those of identical group membership. Interactions are
regulated through a homophily parameter 4 which ranges from zero to one. The greater i, the more likely agents
are to interact with team members from their own group. Choosing an interaction partner is operationalized
as follows: whenever a sending agent x becomes active, we define all remaining team members as potential
receivingagents Y = {y1, y2,...,yn-1}. Each agenty; is assigned a similarity value s;, which takes on the value of
h/2+0.5if sending and receiving agent share the same identity and 1 — (2/2 +0.5) otherwise. Exactly one of the
other members of the team is chosen as recipient, where the probability of choosing agent y; as the receiving
agent is given by Equation[3]

Py = = @)

k —
’ Zszll Sk

When & = 1, homophily is maximal and the sending agent will always choose a member of her own group. When
h = 0, no homophily is present and all agents are chosen with equal probability. Once the receiving agent has
been determined, the sending agent shares the argument she picked before, and the receiving agent updates
her set of arguments and beliefs. If the new argument changed the receiving agent’s belief about which option
is best, she communicates this change immediately with the team. Receiving agents do not forget arguments
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or value them differently according to recency, frequency of receival, or group membership and beliefs of the
sender. The process of activating an agent, sharing an argument, and updating beliefs of the receiver represents
one iteration ¢ and is repeated until the team obtains consensus and all agents agree on which option is best.
If no consensus is reached, we stop simulations after a large number of iterations (r = 5000) and record the
belief distribution at the stop moment. We note that if the argument exchange within teams continued even
after a consensus is reached, all teams would eventually find optimal consensus. Specifically, because at each
iteration, arguments accessible to the sending agent and any potential receiving agent are considered with
nonzero probabilities, all members in a simulated team will have access to all arguments and agree on the best
optionifasimulation runs long enough. However, as we will show, it almost never occurs that all team members
learn all arguments because consensus obtains (on any of the options, optimal or suboptimal) before saturation
is reached. In that sense, our results show how homophily affects consensus outcomes without every team
member having access to all arguments.

Setup of Simulation Experiments

To investigate how homophily affects decision-making quality, we vary homophily while holding all other pa-
rameters constant. For each homophily level, we simulate 5000 teams and observe how often they obtain op-
timal consensus and how long it takes them to reach consensus. Homophily is varied from & = 0t0 0.9 in steps
of 0.1. Between i = 0.9 and 0.98 we vary homophily in steps of 0.02 because at such high levels of homophily
we found particularly strong effects on discussion time. We do not consider teams in which no arguments are
exchanged across groups at all (2 = 1) because they would represent two separate discussions instead of one.

The results section presents the outcomes of simulation experiments designed to assess six main questions.
Based on competing expectations derived from the opinion dynamics and the transient diversity literature, our
first and foremost question is whether homophily improves or hampers optimal decision-making. To this end,
we study how often simulated teams reach consensus on the optimal, second-best or worst decision option
given different homophily levels. Teams in which no consensus obtained in the time-horizon of our simulations
were very rare (between 0.1% and 1% of all simulation runs with a given homophily level) and are excluded
from analysis. To gain better insights into the dynamics of the deliberation process, our second question con-
cerns how homophily affects belief changes that occur among team members. Hence, we compare for different
homophily levels how often agents change their beliefs about which option is best, and which option they pre-
ferred before and after a change. Our third question is whether our model is consistent with previous claims
that bounded interactions increase discussion time (Frey & Se3elja/2020;\Wu & O’Connor|2021; Zollman|2010).
Hence, we track the number of iterations needed until a team reaches consensus and compare iteration num-
bers for different levels of homophily.

Our fourth result concerns the possible reasons behind homophily affecting optimal consensus making. One
possibility is that homophily prevents teams from finding the optimal option because they cannot combine
crucial arguments across groups. But it is also possible that homophily improves outcomes because it helps
groups to find the optimal option on their own, without this process being distorted by influence from another
group. To shed more light on the underlying driving effects of homophily, we compare the effect of homophilous
interactions on optimal consensus-making for teams in which at least one group can infer the optimal option by
themselves versus teamsin which arguments from both groups have to be combined to infer the optimal option.
The fifth question asks if our model aligns with existing works arguing that homophily matters more for tasks
that are challenging (Harrison et al.[1998; Phillips et al.[2006). For different homophily levels, we thus compare
decision outcomes in teams where the quality of different options was hard to disentangle (high difficulty) with
those where clear differences between options were easy to recognize (low difficulty). Finally, our last result
relates to the question of how homophily affects consensus-making within groups, before a decision is made
on a team level. To elucidate this question, we present the fraction of both groups and teams with high versus
no homophily that have reached optimal consensus after different (maximum) numbers of interactions.

To investigate each of the six questions outlined above, we simulate teams with the properties presented in
Table[1] Our teams have N = 6 members, which is a common size among decision-making teams in real-world
contexts and hidden profile experiments alike. They are split into M = 2 groups, reflecting a setting where
relevant identities proxy a binary. In robustness analyses reported in the[Appendix, we also present findings
for multigroup settings (M > 2). Atotal of J = 3 decision options is chosen and, given the distribution of com-
mon arguments, each group initially supports one of the two inferior options. The optimal option, on the other
hand, is only supported by unique arguments. Because real-world decision-making often involves numerous
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possible decision alternatives, the[Appendix|includes robustness analyses of the effects of homophily on de-
cision quality for / > 3. Atotal of I = 18 arguments is available in a team (i.e., six arguments per decision
option given J = 3) and each group starts off with C = 3 common arguments. There are thus 18 arguments -
2 groups X 3 common arguments = 12 unique arguments, which are distributed across the six agents. Hence,
each agent initially holds three common and two unique arguments. This distribution of arguments implies a
hidden profile: Common arguments point towards inferior options and agents initially believe such options to
be optimal. Throughout the main analyses, we examine teams where agents probabilistically select preferred
decision options and arguments according to adherence values of 8 = 3.5. This was found to be a reasonable
value for agents to select strong arguments supporting options with higher levels of perceived quality while
still allowing for small probabilities of stochastic deviation. Apart from the two, additional analyses mentioned
above - homophily in multigroup settings and with many options, respectively - the[Appendixmaterials report
on extensive robustness analyses in which we vary the number of 7 arguments, C common arguments, N team
members, and adherence values .

As a further check of our results, we also apply our model to a situation where optimal solutions are not ‘hid-
den’ to all team members from the start. Hidden profiles are difficult because arguments pointing towards the
optimal option are not commonly known to team members. However, not all real-world decision-making tasks
are hidden profiles. Tasks can also be ‘manifest’ where agents of at least one group have common information
pointing towards the optimal alternative. We expect homophily to be less consequential for decision quality
in such situations: homophily will slow down (but is unlikely to fully prevent) the team-wide dissemination of
common arguments supporting the optimal alternative. Second, the suggested positive effect that homophily
helps to uncover crucial hidden arguments becomes obsolete: arguments pointing to the optimal option are
common arguments and do not need to be uncovered.

Parameter | Description Simulation values

N Number of team members 6

M Number of groups 2

1 Number of arguments 18

J Number of decision options 3

C Number of common arguments per group 3

B Adherence to selecting stronger arguments and better op- 3.5

tions (perceived)
h Homophily 0-0.98

Table 1: Overview of parameters (excluding variations for robustness analyses in the|Appendix)

Results

We start off by comparing how often simulated teams reach consensus on each of the three decision options
of different quality, given different homophily levels. As Figure[3A shows, more teams form consensus on the
optimal option as homophily levels increase and agents tend to interact less with team members with a dif-
ferent identity. The percentage of teams reaching consensus on the second-best option, on the other hand,
sinks symmetrically with rising fractions of teams reaching optimal consensus. The share of teams which form
consensus on the worst decision option is always below 5 percent, irrespective of the level of homophily. Con-
sidering this, and the fact that one group initially favors the second-best and the other group favors the worst
option, we conclude that suboptimal consensus is most often made when one group convinces the other of
the second-best option. To prevent suboptimal consensus on the second-best option, higher homophily levels
could thus be helpful against the diffusion of arguments favoring this alternative from one group to the other.

The explanation provided here implies that as homophily increases and interactions between members of dif-
ferent groups become less likely, fewer agents should change their belief towards finding the second-best op-
tion optimal. Figure supports this conjecture, showing how the overall proportion of belief changes from
the worst option to the second-best option decreases from 28% to 12% between & = 0 and & = 0.98. Similarly,
since homophily limits communication between groups both ways, fewer arguments supporting the worst op-
tion are being passed over to the group favoring the second-best option, and fewer belief changes towards the
worst option occur. Conversely, belief changes from both the second-best and the worst option towards the
optimal option become increasingly frequent in higher homophily levels. While changes towards this option
are obviously necessary to obtain optimal consensus, they are not easily explained. If homophily hinders the
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exchange of arguments across groups, including those that point towards the optimal option, why do more
team members change their belief towards the optimal option?

Longer deliberation uncovers optimal arguments

An explanation to this is that because homophily limits argument exchange between groups, disagreement in
beliefs across groups is preserved, and neither group can convince the other of their initially preferred option.
Hence, discussion continues. Figure[3C illustrates this, showing how higher homophily levels result in higher
median discussion time. Prolonged discussions, in turn, enable arguments favoring the optimal option (called
‘optimal arguments’ hereafter) to be revealed and spread within a respective group. This is so because optimal
arguments are unique arguments, which need more time than common arguments to be selected. In com-
parison to common arguments, unique arguments face a sampling disadvantage and are initially disfavored by
agents’ argument selection procedure. But because this procedure is stochastic, small probabilities of choosing
optimal arguments remain. When exchange between groups is limited and premature consensus kept at bay,
optimal arguments are selected and spread within a group, and agents’ perceived quality of the optimal option
rises. Once all membersin one of the groups realized what the optimal option is, they are unlikely to be swayed:
optimal arguments tend to have the highest weights and are difficult to surpass by other arguments. Hence, as
soon as one group has discovered the optimal option, the danger of a suboptimal consensus is minute, which
gives this group ample time to still convince the other group.

This explanation implies that homophily has a much more powerful effect when at least one of the groups has
sufficiently strong optimal arguments to identify the best option by themselves and without the help of the
other group. Figure|3D supports this conjecture, showing how homophily increases the share of teams with
optimal consensus to a great extent (i.e., from 51% with & = 0 to 71% with 4 = 0.9) when the arguments initially
provided to one group are sufficient to infer the optimal option. However, when neither group can infer the
optimal option without the other, homophilous interactions still increase the chances of making optimal con-
sensus, but only slightly (34% to 40%). The smaller effect is explained by the fact that homophily still prolongs
discussion time, making it more likely that optimal unique arguments spread within groups by chance. Alto-
gether, it follows that homophily improves consensus quality mostly because it grants one group with the time
to uncover unique arguments and arrive at the optimal option. At the same time, it hinders another group from
quickly convincing the team to prefer a suboptimal option through the dissemination of inferior arguments.
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Figure 3: Option choice, belief changes and discussion time by level of homophily.

Homophily is crucial when tasks are especially difficult

In Figure[3] we have shown that homophily improves decision-making quality because it prevents teams from
prematurely adopting a second-best decision option. To further test this proposition, we investigate if optimal
consensus is less likely when the second-best and the optimal option are close to each other in quality, and
therefore hard to distinguish, and if the worst option has much lower quality than the second-best option and
is therefore likely to be neglected quickly. For each simulation run, we compute a distance score reflecting the
difference in quality between the optimal and the second-best option, and the second-best and the worst op-
tion. If the mechanism works as we have suggested, a smaller quality difference between the second-best and
the optimal option should make it easier for the group initially supporting the worst option to get persuaded
into the second-best option, thus reducing the chances of reaching optimal consensus. Similarly, a large differ-
ence in quality between the second-best and the worst option should make it easier for the second-best group
to convince the worst group of the second-best option. In both cases, homophily should have a bigger effect
because it is needed more to prevent suboptimal consensus on the second-best option.

In Figure[dA, we present the percentage of homophilous versus non-homophilous teams with optimal consen-
sus by their differences in quality between the optimal and the second-best option, and the differences between
the worst and the second-best option. As suspected, a smaller difference between the optimal and the second-
best option increases the chances of finding optimal consensus. Greater differences between the second-best
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and the worst option, on the other hand, lead to lower proportions of optimal consensus. Comparing the frac-
tion of populations with optimal consensus under high homophily versus no homophily, the previous finding
persists that higher homophily levels render more populations with optimal consensus. This supports our ex-
planation and shows that the positive effects of homophily we observe generalize to a wide set of different
combinations of option quality.

However, FigureElB also indicates that the positive effect of homophily varies among problems with different
quality combinations across options. In line with our proposed mechanism, homophily appears to matter es-
pecially for those problems where chances to obtain optimal consensus are low to begin with. Here, homophily
provides the crucial barrier to the team-wide adoption of second-best arguments that are dangerous precisely
because they are either almost as strong as arguments supporting the optimal option, or because arguments
pertaining to the worst option are weak in comparison. As becomes evident from the figure, the increase
in teams obtaining optimal consensus under high homophily levels is largest when differences between the
second-best and the optimal option are small, and differences between the worst and the second-best option
are large.

A B
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Figure 4: Optimal consensus by quality difference in options and homophily level. Data grouped by quintiles of
the distribution of distance scores to ensure that each cell represents at least 200 observations.

Homophily facilitates optimal intragroup consensus

The results from Figure[3|suggest that homophily fosters optimal consensus by granting one of the groups the
crucial time to exchange their optimal arguments and, in a subsequent step, convince the rest of the team. To
further elucidate this mechanism, Figureshows the fraction of teams with high versus no homophily that have
reached optimal consensus across the whole team after a given number of interactions, and the first occurrence
of optimal consensus within any of the two groups. If the mechanism works as described, we should find that
optimal consensus within either group is more frequent, and occurs sooner under high homophily than in teams
with no homophily.

A comparison of teams with and without homophily reveals that at any discussion length, more teams will have
reached consensus on the optimal option in either group when homophily is high (dashed linesin Figure. This
finding aligns with previous results that homophily facilitates optimal consensus within a group without influ-
ence from the other group (compare Figure). However, teams with high homophily also need more time from
the first occurrence of optimal consensus within a group until team-wide optimal consensus is established. The
reason behind this is that homophily also slows down the sharing of arguments from the group with consensus
on the optimal option to the other group. This contributes to increased discussion time under homophily.

For both teams with high homophily and no homophily, most teams that reach optimal consensus in a group
also establish optimal consensus on a team level. Some teams, however, fail to achieve optimal consensus
despite having reached optimal consensus in a group before. This becomes apparent from the fact that also
att = 5000 interactions - a cutoff point at which more than 99% of teams have established any consensus -
there remains a vertical difference between the dashed and the solid lines. Suboptimal team consensus de-
spite previous optimal intragroup consensus can materialize because unless all optimal arguments have been
uncovered already, belief changes within team members from the optimal to a suboptimal option can still oc-
cur. Surprisingly, this happens more frequently in teams with high homophily. The explanation behind this is
that while one group may have found the optimal option, homophily tends to tighten intragroup consensus
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in the other group, enabling them to establish a strong belief that another (suboptimal) option is best. As dis-
cussions go on, the group with optimal consensus fails to receive additional optimal arguments from the other
group that would be needed to strengthen their belief. Receiving other arguments instead, group members
revoke their belief and suboptimal consensus is made. In sum, however, this tendency is insufficient to offset
the mechanisms that optimal consensus in a group predates and fosters optimal consensus in the team, both
of which occurring more often under homophily.

cumulative distribution of discussion time

1

= — — — inanygroup
team-wide

| | | L 1 | |
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Figure 5: Discussion time until the first occurrence of optimal consensus in any group and until optimal consen-
sus in the whole team by homophily levels.

Homophily and decision quality in manifest profiles

In the above analysis, we have shown that homophily is especially important when a hidden profile task is
difficult to solve. However, in real-world decision tasks it is rarely clear if a hidden profile is at hand in the first
place. Common arguments do not necessarily need to support inferior options, they can also point towards
the optimal option. In this case, multiple team members start off with optimal beliefs and a ‘manifest profile’
is present. Given that homophily only has strong positive effects when the task is difficult, can we still assume
homophily to foster optimal consensus-making when a task is an easy manifest profile?

Intuitively, because optimal arguments are common arguments in one group and therefore likely to be shared
early in the discussion, homophily hinders the communication of optimal arguments across groups. Hence,
we expect that optimal consensus obtains less frequently. Figure[6A shows that this is indeed the case, albeit
only to a small degree. The fraction of teams making optimal consensus decreases only slightly from 95 percent
to 88 percent over the full range of the homophily parameter. This can be attributed to ceiling effects - when
problems are very easy to solve, homophily will only delay the deliberation process but cannot thwart optimal
decision-making. Just like in hidden profiles, homophily leads to longer discussion time. However, simulation
runs ending in optimal consensus need slightly less time than those with suboptimal consensus (Figure [6B).
This is because arguments pointing towards suboptimal options may be present only in the form of unique
arguments, which comes along with more time necessary to uncover and share them.
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Discussion

Our model identifies homophilous interactions in diverse teams as a key factor to the quality of a team con-
sensus in difficult decision-making tasks. Preferential interaction with similar others prevented team members
from being convinced by inferior solutions proposed by those with identities different than their own. As dis-
cussions continued, this gave room for communicating crucial arguments that would not have been shared
otherwise. This finding resonates with the notion of ‘transient diversity’ (Zollman|2010). Simultaneously, our
investigation extends this notion to the new realm of hidden profile problems and revealed a mechanism that
had not been considered by the transient diversity literature before. While transient diversity models find that
unbounded communication leads to the insufficient generation of diverse information, our hidden profile task
showed that even when allinformation had been created prior to the task, its distribution could lead to unfavor-
able situations in which non-homophilous interactions resulted in suboptimal decisions. Extensive robustness
analyses reported in the[Appendix|reveal that this finding extends to different team sizes, argument distribu-
tions, and multigroup settings.

Our results thus run contrary to expectations suggested by the opinion dynamics literature - namely, that
homophily will undermine team functioning. Regardless, our simulations feature two central commonalities
with prominent opinion dynamics models (Flache et al|[2017; Hegselmann & Krause|2002} |[Mas et al.|2013):
homophilous interactions prolong discussion time, and they produce disagreement. Different from opinion
dynamics research, however, disagreements had a transitionary character that eventually enabled better deci-
sions. Many opinion dynamics models produce irresolvable and lasting intergroup dissent because they have
different behavioral assumptions: agents do not search for optimal solutions but strive to maintain consensus
with ingroup members and differentiate themselves from outgroup members. In consequence, emerging fac-
tions increasingly distance themselves from each other to such an extent that the odds of interaction between
them become zero. Integrating assumptions of differentiation from those with different opinions, a possible
opportunity for ‘model docking’ with opinion dynamics models (Axtell et al.|1996) and extension to this model
is to condition homophilous encounters on endogenously changing interaction preferences based on beliefs.
While this may result in unresolvable disagreements, the necessity to study alternative means for making de-
cisions arises. A common approach in real-world teams is to rely on voting procedures and other aggregation
rules when failure to obtain consensus isimmanent (Levy|2007). Hence, studying decision quality while assum-
ing voting procedures within the context of this model, or an adapted version thereof, provides a promising
avenue for future research. Our results also run contrary to those of [Estévez-Mujica et al.|(2018) who found
homophily to limit problem-solving potential in diverse groups. We attribute this divergence to the fact that
their task resembled a manifest profile more than a hidden profile: because optimal pieces of information were
relatively easy to recognize by agents but needed to be disseminated across groups, homophily hampered per-
formance.
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Considering that in our model, individuals truthfully communicate the information they consider most valu-
able and process information in an unbiased manner, the question arises how homophily also improves team
decision-making when individuals are less rational. Previous works on hidden profilesidentify anchoring heuris-
tics, recency biases, and needs for social validation that can lead individuals to report and process information
less accurately (Stasser & Stewart|[1992; [Stasser & Titus||2003). While such biases are not considered by our
model, it is unlikely that fully accounting for them would fundamentally change the mechanism by which ho-
mophily improves decision-making. Due to the setup of the hidden profile and in line with empirical research,
behavioral heuristics make it less likely that unique information is shared and accepted (Lu et al.|2012; Witten-
baum et al.[2004). Making the task at hand more difficult, accounting for them would likely amplify the effect
that homophily has. In a similar vein, future research may consider status distinctions or different group sizes
that would introduce inequality in the influence that one group has over another. Here, homophilous interac-
tions could again provide a crucial mechanism to improve deliberation tasks that would otherwise have been
dominated by the group with the greatest influence. This notion is supported by robustness analysisincluded in
the[Appendix] showing that homophily is especially important when the group initially supporting the second-
best option is larger in size.

A feature that is inherent to hidden profiles is that individuals ultimately share the same goal and are likely
to agree on one option to be best when faced with complete evidence. While this is applicable to many real-
world situations, it abstracts from the possibility that team members of different identities may have group-
based interests that make them attach different values to decision options, or even attach value to maintain
disagreement with other groups. Such a case would make it necessary to redefine what an ‘optimal’ solution is
and poses interesting distributive and ethical questions. While outside the scope of this paper, an extension of
this model could be used as a starting point to investigate whether homophily is helpful in reaching decisions
that maximize welfare for the team as a whole versus solutions that optimize payoffs for some groups of team
members at the expense of reduced team performance.

For the purpose of this paper, probabilistic encounters between team members represented homophilous in-
teraction preferences. However, the same encounters can also be seen as a manifestation of underlying social
foci that structure team deliberation (Feld|1981). Translating the insights of this paper to such a perspective
implies that better decisions will be made in settings where team members are structurally guided to interact
with similar over dissimilar others more frequently. This resonates with suggestions made by the transient di-
versity literature (Zollman|2010). Simultaneously, studying the effects of interactions in structurally embedded
environments calls for a possible extension of our model in which encounters are not probabilistic but occur
along a network that specifies who exchanges information with whom. If the mechanism proposed here holds,
networks in which members of different groups are increasingly kept apart should also feature better decisions.

In a more general sense, the model presented here can also be seen as an example of a larger class of phe-
nomena exhibiting puzzling and often unexpected social change. Similar to how information transmission in
networks is highly sensitive to ‘percolation thresholds’ (Newman & Watts|1999), residential segregation can
emerge from minor preference shifts (Schelling|1971), and spread of new attitudes critically depends on the way
supporters of new beliefs are spatially located (Nowak & Vallacher|2019), our model exhibits phase transitions
where unlikely sharing of optimal information can determine failure or success to obtain optimal consensus.

While the simulation results reported here convincingly show how homophily fosters the quality of the team de-
cision, itis important to note that homophilous interactions may have other, unintended consequences. Limit-
ing interactions between members of different identities may amplify social identity processes that can lead to
negative outgroup attitudes, lower levels of trust, and less cooperative behavior in general (Carter & Phillips
2017; Lau & Murnighan|[1998). This raises the question whether improved decision-making can be reached
through alternative means. Within the context of our model, such means could involve increased skepticism
towards information coming from dissimilar members. However, this would involve that spillover effects from
increased skepticism resulting in negative outgroup attitudes had to be tempered all the same. Similar to the
extension suggested in the paragraph above and in line with simulation research suggesting that the timing of
outgroup contacts matters crucially for multigroup discussions (Flache & Mas|2008), an alternative to achieve
improved consensus while minimizing negative affective consequences is to structurally embed conversations.
For example, deliberation could be broken up into phases where groups are first kept apart and given enough
time to uncover crucial information without influence from other groups, and only then brought together to
find a consensual solution. In addition to future computational experiments, the effectiveness of such an inter-
vention could easily be tested in an empirical setting where teams with a structurally embedded deliberation
procedure likely made better decisions than those without.

Lastly, the finding that keeping groups apart has positive effects on decision quality relies to some degree on
at least one of the groups having sufficient information to infer an optimal solution by themselves. This pro-
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vides a scope condition for the mechanism found by this paper, but also raises the important question whether
homophily can be helpful in cases where only a specific conjunction of arguments from different groups can
reveal the best solution. While exceeding the scope of this paper, this calls for a promising model extension in
which this is addressed more explicitly - namely, a model where a complex underlying function enables certain
argument combinations to have nonlinear impacts on team members’ beliefs.

In conclusion, the work presented here provides a novel insight on how to better shape interactions in diverse
teams with regards to their decision-making abilities. When tasks are difficult, unbounded communication
among team members can cause cognitive diversity to pose a liability. In such cases, homophilous interactions
improve decision quality because they keep individuals from convincing dissimilar others with their suboptimal
responses too quickly. Pointing to a trade-off between decision quality and efficiency, homophily also resulted
in increased discussion time. This is an important finding to consider when finite resources have to be weighed
against convex returns to optimal over inferior solutions.
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® Appendix

Robustness of findings

In our main results, analyses pertained to small teams with no more than two groups, three decision options,
and a limited number of arguments. Here we investigate if the positive effect of homophilous interactions on
decision quality also persists under different parameter settings. In each of the panels of Figure we measure
discussion time and the fraction of teams obtaining optimal consensus under high (& = 0.9), medium (k = 0.5)
and no homphily (h = 0), and vary one of the default parameters described in the section ‘Setup of simulation
experiments’. Finally, we vary one component not originally covered by the variable parameters in the model:
the proportion of the group initially supporting the second-best option relative to the size of the whole team.
All analyses are conducted to investigate if our findings hold in more generalized ecological environments. The
finding that homophily improves discussion quality turns out to be remarkably robust across all analyses.

Figure Panel A shows that regardless of the number of total available arguments I, homophily improves de-
cision quality. This is because the mechanism by which homophily operates - enabling one group to find the
optimal decision while limiting influence from the other - stays the same, regardless of the number of argu-
ments. However, as visible from the decreasing fractions of teams with optimal consensus, a greater number
of available arguments also makes problems more difficult to solve correctly. As more arguments pertain to
each option and weights pertaining to arguments are drawn randomly, the law of great numbers makes the
true quality scores of the different options more similar and therefore harder to differentiate. More arguments
also increase discussion time because there are more possible argument sets team members can hold to form
beliefs: in turn, longer deliberation is needed to align everyone’s beliefs.
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Figure 7: Optimal consensus-making and discussion time for variables I, C, J, N, M and B under high, interme-
diate, and no homophily.

From Figure[7, Panel B it becomes evident that a greater number of common arguments per group leads to
decreasing fractions of teams with optimal consensus but amplifies the effect of homophily. This is because
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an increasing number of suboptimal common arguments will lead to their increased circulation and hence,
chances rise that one group will be able to convince the other of a suboptimal option. This makes homophilous
interactions even more important, providing the necessary barrier to the diffusion of inferior arguments across
groups.

In Figure[7} Panel C we show that the positive effect of homophilous interactions on decision quality persists
under arising number of available decision options J. To ensure that each decision option had a constant num-
ber of available arguments pertaining to it, we increased the number of total available arguments by six in each
additional option (hence, I = Jx6). As J rose, the effect of homophily on optimal consensus-making decreased
slightly but remained positive. We attribute this to the fact a greater number of options diversifies team mem-
bers’ sets of unique arguments and weakens the correlation between initial beliefs and group membership.
This weakens the effect of keeping groups separate. Additionally, greater J increased discussion time, which
is intuitive because an increasing number of options makes it increasingly difficult to align all team members’
beliefs about which option is best.

Figure[7} Panel D confirms that homophily improves decision quality irrespective of the number of team mem-
bers. As team size increases, the fraction of teams with optimal consensus sinks while the positive effect of
homophilous interactions becomes larger. An explanation to this is that as N rises while the number of avail-
able arguments J and common arguments per group C are kept constant, each agent holds fewer unique argu-
ments relative to their common arguments. Similar to the effects found in Figure[6B, this leads to an increase
in common arguments that are circulating, which in turn makes homophily even more important to prevent
suboptimal consensus. In addition to the fact that it takes longer to align everyone’s beliefs when the team is
larger, the increase in (redundant) common information that circulates prolongs discussion time.

Figure[7] Panel E shows that homophilous interactions increase the fraction of teams with optimal consensus
alsowhen morethan M = 2 groups are present. To ensure that each group featured sufficiently many members,
we increased team size in steps of three with each group added. Because each group needs to hold common in-
formation different from those of other groups, we added one additional decision option with each group, and
six arguments with each option (hence, N = M x3;J = M + 1 and I = J x 6). As the number of groups and de-
cision options rose, chances decreased that one group alone had the arguments necessary to infer the optimal
option without information from others and hence, the effect of homophily was smaller when the number of
groups was large. Given that additional groups, arguments, and options also increased the overall complexity
of the deliberation process, discussion time increased greatly.

Figure[7} Panel F reveals robust homophily effects under varying levels of the adherence parameter 8 by which
agents select a decision option to supportand an argument favoring this option. The homophily effect is smaller
at low levels of B, which is due to a ceiling effect. Most teams reach optimal consensus also in the absence of ho-
mophily. The high fraction of teams with optimal consensus results from the fact that lower 8 values result in an
increasingly random selection of arguments. This helps optimal unique arguments to be uncovered. High 8 val-
ues, on the other hand, cause quasi-deterministic sharing of arguments that support agents initial yet inferior
beliefs. Discussion time is maximal when g is lowest because randomly selected arguments allow for greater
diversity in beliefs, which prevents consensus and delays the deliberation process. Discussion time slightly in-
creases again at high 8 because increasingly deterministic argument sharing leads to greater redundancy in
argument sharing, which is insufficient to convince one group of another group’s preferred option. This leads
to lack of consensus, especially when interactions are homophilous.

Figure[8|presents the effect of homophily for teams of unbalanced group sizes. All simulated teams have eight
members and the size of the group initially supporting the second-best option ranges between two and six
members. All other parameters have the default values reported in the main paper. As becomes evident from
the figure, homophily makes optimal consensus-making more likely throughout the imbalance levels tested.
Optimal consensus is least frequent and homophily effects strongest when the fraction group of members ini-
tially supporting the second-best optionis large. Thisis so because creating more team members that prefer the
second-best option gives this option additional support, which increases the risk of a second-best consensus.
To prevent this, homophily is especially important.
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Figure 8: Optimal consensus-making and discussion for teams of unbalanced group sizes under high, interme-
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Lastly, Figure[9]presents the main results from Figure[3} but this time using simulated teams where the sending
agent is not activated sequentially but randomly. A comparison with Figure[3|reveals that results are virtually
identical, leading us to conclude that the model is robust to potential statistical artefacts resulting from a fixed
order activation of agents.
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Notes

lidentities satisfying these conditions could be, for example, ethnic identities in a team developing a prod-
uct targeted towards a diverse consumer base or team members’ disciplinary identities in a scientific collabo-

ration.
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